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For many reasons, dermatology has acquired a special status among medical specialties. 
As the most accessible organ, skin was from the origin of humanity frequently exposed 
to therapeutic interventions and manipulations by spouses, wizards, physicians, art-
ists and scientists. With the tremendous development of science in the 19th century, 
dermatology benefited early from the most advanced technologies. Photography, 
bacteriology, and pathology proved especially efficient for studying skin diseases. 
The “clinical-pathological” method arose as the gold standard for describing a myr-
iad of diseases. As a consequence, dermatology textbooks became two to three times 
thicker than internal medicine textbooks. 

As a heritage from this caricatural historical background, the definitions and bound-
aries of dermatological diseases are more complicated and controversial than the bor-
ders of Caucasian countries and regions.

Too many physicians, rebuffed by its confusion and complexity, have a poor knowl-
edge of dermatology, and seldom appreciate the impact and consequences of skin 
disease. Most of them underestimate the physiological role of the skin as an organ, as 
important for life as any other one. Nearly all, including some dermatologists, are 
skeptical regarding the very concept of “dermatological emergencies”. 

This concept of emergency in dermatology is nevertheless very familiar to 
patients. Who would not be frightened by the brutal occurrence of fever and 
a painful rash? Family physicians and emergency physicians are therefore fre-
quently confronted with acute skin lesions. It matters little if they do not give an 
adequate diagnosis to the 90% that are benign or not clinically significant. On the 
other hand, they should not miss those that are dangerous, either through a direct 
impact on the function of the skin or as marker of a serious systemic disease. The 
editors of this book, all of whom have worked in hospital units specialized in life-
threatening dermatological diseases, have the common experience that diagnoses 
with prominent cutaneous manifestation are often delayed, resulting in less than 
adequate management. 

One major aim of this book was therefore to help general practitioners, emer-
gency room physicians, and intensive care specialists to recognize life-threatening 
dermatoses and to better interpret the skin symptoms of acutely ill patients. Another 
important goal was to remind dermatologists that they may, like every other medi-
cal specialist, be on the front line to fight life-threatening diseases, and that they 
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should not miss the occasional dangerous disease that may hide behind a common 
skin manifestation. 

The format of this book was designed to support these aims. There are often 
several entries for a single disease: (1) by dermatological diagnosis, (2) by pre-
senting skin symptoms with a decisional tree emphasizing urgent diagnoses that 
should not be missed, and (3) by risk factors (associated diseases, immunosup-
pression, etc.)

As any multi-authored book, this one has not avoided duplications, expression of 
different points of view and, occasionally, contradictions. As far as contradictions 
concerning matters of classification, mechanisms of action and investigation priori-
ties, they were respected by the Editors. In settings where emergency management 
was concerned, we tried to solve all discordant point of views based on the best 
available evidence, even if often the evidence was poor. 

September 2008 Jean Revuz
 Jean-Claude Roujeau
 Francisco A. Kerdel

Laurence Valeyrie-Allanore
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Skin Barrier

Joachim W. Fluhr and Razvigor Darlenski

1

J. Revuz et al. (eds.), Life-Threatening Dermatoses and Emergencies in Dermatology, 3
DOI: 10.1007/978-3-540-79339-7_1, © Springer-Verlag Berlin Heidelberg 2009

J.W. Fluhr (*)
Medical Director, bioskin, Seydelstrasse 18, 
10117 Berlin, Germany

Abbreviations: aSMase Acidic sphingomyelinase, 
AMP Antimicrobial peptide, BCs Barrier creams, 
β-Gluc-Cer’ase Beta glucocerebrosidase, Ca Calcium, 
CS Cholesterol sulphate, CLE Corneocytes-lipid enve-
lope, CE Cornifi ed envelope, DM Diabetes mellitus, ET 
Exfoliative toxins, FFA Free fatty acids, KVE Kaposi’s 
varicelliform eruption, LB Lamellar bodies, LXR Liver 
X receptor, LEKTI Lymphoepithelial-Kazal-type 5 
inhibitor, NMF Natural moisturing factor, NS Netherton 
syndrome, NHR Nuclear hormone receptors, PPAR-α 
Proliferator-activated receptor alpha, PS Psychological 
stress, sPLA2 Secretory phospholipase A

2
, SLS Sodium 

lauryl sulfate, SSSS Staphylococcal scalded skin syn-
drome, SS’ase Steroid sulfatase, SC Stratum corneum, 
TJ Tight junctions, TEN Toxic epidermal necrolysis, TG 
Transglutaminase, TEWL Transepidermal water loss

1.1  Introduction: Skin as a Reflection 
of Internal Milieu

The epidermal barrier is the outermost part of our body, 
or more precisely, of our skin. Approximately 90% of 
the barrier function can be attributed to the stratum cor-
neum. A barrier separates two distinct areas or com-
partments, or as defi ned in the Merriam-Webster Online 
Dictionary [1] is either (a) ‘something material that 
blocks or is intended to block passage’, or (b) ‘a natural 
formation or structure that prevents or hinders move-
ment or action’. The importance of the epidermal bar-
rier, and more specifi cally the stratum corneum with its 
major components the corneocytes, the intercorneoal 
bilamellar lipids and the cornifi ed envelope, has become 
increasingly evident over the last years. The mutation 
in the cornifi ed envelope protein, namely the gene 
encoding for fi laggrin in atopic dermatitis has brought 

› Skin accomplishes the protection of the mam-
malian organism against exogenous physical, 
chemical, and biological agents, as well as sus-
taining the organism’s homeostasis.

› The majority of the barrier mechanisms of the 
skin are attributed to the stratum corneum.

› The concept of ‘bricks-and-mortar’ organisa-
tion of the stratum corneum comprises the cor-
neocytes with their cornifi ed envelope and the 
intercellular bilamellar lipids.

› The regulation of the skin barrier homeostasis 
involves different mechanisms: skin surface 
pH, hydration of the stratum corneum, calcium 
ion gradient in the epidermis, nuclear hormone 
receptors and their ligands, and immune-cell 
mediators.

› The cutaneous barrier is perturbed in skin 
diseases such as atopic dermatitis, irritant der-
matitis, and psoriasis, as well as in certain life-
threatening dermatoses, e.g. toxic epidermal 
necrolysis, staphylococcal scalded skin syn-
drome, and Netherton syndrome.

› Skin barrier function can be assessed by non-
invasive methods in vivo, e.g. transepidermal 
water loss, stratum corneum hydration, and 
skin surface pH measurement.

Core Messages



4 J.W. Fluhr and R. Darlenski

a broad interest to the epidermal barrier [2]. With addi-
tional knowledge on the skin barrier, its link to infl am-
mation, disease induction and disease activity will be 
more at the centre of clinical and basic research.

The skin separates the inner part of our body from 
the potentially harmful external environment. During 
fetal development and after birth, the epidermal barrier 
with its respective functions develops [3]. The skin bar-
rier protects the human body against many external 
stressors, namely physical stress (e.g. mechanical, ther-
mal, UV radiation), chemical stress (e.g. tensides, pro-
longed water exposure, solvents) and environmental 
conditions [4]. Furthermore, the skin as a barrier pre-
vents the organism from loss of essential components 
such as ions, water and serum proteins. The epidermal 
barrier also refl ects internal processes, diseases, disease 
activity, and some of the lifestyle manifested in intrinsic 
and extrinsic aging. The skin has also socio-cultural 
functions and plays an important role in communication 
and self-expression. On the other hand, many skin 
 diseases are not only aggravated by psychological 
 factors [5] but also refl ect psychosomatic confl icts [6].

The stratum corneum became ‘alive’ over the last 
decades and its understanding evolved from the sim-
ple two-compartment system (bricks-and-mortar 
model) to a system with a regulated metabolic 
activity and, ultimately, as a biosensor for external 
factors to regulate (e.g. proteolytic activity, DNA-
synthesis, and lipid-synthesis) [7]. Recently the new 
concept of ‘Dermatoporosis’ has been suggested, 
comparable to osteoporosis [8]. This term implies 
the progressive alteration of the skin with the clinical 
signs of senile purpura, stellate pseudoscars, and 
skin atrophy. The functional expression of skin fra-
gility results in minor traumas such as frequent skin 
laceration, delayed wound healing, unhealing atro-
phic ulcers, and subcutaneous bleeding with the for-
mation of dissecting hematomas leading to large 
areas of necrosis.

Ontogenetically, the epidermal barrier is formed 
relatively late during embryogenesis [3]. The estab-
lishment of the barrier is completed at approximately 
34 weeks gestational age [9]. Premature infants show 
increased transepidermal water loss (TEWL) and 
high susceptibility to infections, both indicating 
immaturity of the epidermal barrier. Independently 
from the gestational age, further maturation processes 
take place in the fi rst weeks after birth, e.g. formation 
of the surface acidity of the skin [10]. The incom-

plete acidic mantle in neonates is one element in the 
vicious cycle of susceptibility to developing diaper 
dermatitis [11].

1.2  Components and Structural 
Organization of the Skin Barrier

The concept of the bricks-and-mortar model is sche-
matically presented on Fig. 1.1. In this model, the 
major components of the SC barrier are corneocytes 
with their cornifi ed envelope (‘bricks’) and the inter-
cellular bilamellar lipids (‘mortar’). The mechanical 
strength of the skin is provided by the corneocytes, 
embedded in a cornifi ed envelope (CE) consisting of 
extensively cross-linked proteins such as loricrin, invo-
lucrin and fi laggrin. The adjacent lipid bilayers are 
responsible for the repletion of water and regulate 
electrolyte movement.

1.2.1 Lipids

The major biochemical compounds of the SC barrier 
include lipids and proteins. The lipids of SC comprise 
approximately 50% ceramides, 25% cholesterol, 15% 
free fatty acids, and some minor lipid components 
[12]. The composition of SC lipids differs markedly 
from the biomembrane lipids. Ceramides represent a 
family of structurally heterogeneous lipids, containing 
long-chain base components and omega-hydroxyacids 
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Fig. 1.1 Schematic overview of the bricks-and-mortar model 
of the organization of SC. Link to protective functions of the 
epidermal barrier and their biochemical correspondence
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and 6-hydroxysphingosine as binding blocks. Although 
new members continue to be discovered, ceramide 1 is 
the least polar of SC ceramides and plays a major role 
in the organization of the intercorneocyte lipid bilayers 
[13]. There is also evidence that covalently-bound 
bilayers of omega-hydroxyceramides on the exterior 
surface of the CE form the so-called corneocytes–lipid 
envelope (CLE) [14]. The functions of CLE are to sus-
tain SC cohesion, to serve as a scaffold for extracellu-
lar lamellar organization, and/or to keep the osmotically 
active material inside the corneocyte.

The three major classes of SC lipids originate from 
their precursors (phospholipids, glucoceramides, sphin-
gomyelin, free sterols) derived to the SC by ovoid 
membrane-bilayer-enriched secretory organelles, named 
lamellar bodies (LB) or Odland bodies [12]. The LB 
contain enzymes including lipid hydrolases and pro-
teases important for further extracellular lipid process-
ing and desquamation. Once secreted into the 
intercellular space of the SC, the precursor lipids are 
transformed by the enzymes delivered from LB them-
selves (Fig. 1.2). This process is known as ‘lipid pro-
cessing’. Different factors affect this step in lipid 
transformation, e.g. changes in surface acidity and bar-
rier disruption. Inhibition of phospholipase A

2
, respon-

sible for conversion of phospholipids to free fatty acids, 

results in defective structure of the intercorneocyte lipid 
membranes [15]. Experimental perturbation of the skin 
barrier leads to a rapid increase in the epidermal choles-
terol synthesis associated with increased activity and 
mRNA levels of HMG CoA reductase, a key enzyme 
in the cholesterol biosynthesis [12]. Defi ciency in 
beta glucocerebrosidase (β-Gluc-Cer’ase) and acidic 
sphingomyelinase (aSMase) activity, respectively in 
Gaucher’s and Niemann Pick disease, leads to defects 
in the extracellular lipid bilayers and disturbance in the 
skin barrier function [12].

In lipid processing the polar lipid precursors are 
enzymatically converted into non-polar products and 
assembled into lamellar structures. Different models 
for the organisation of the membrane sheets have been 
proposed, e.g. a ‘domain-mosaic’ model [16], a ‘sand-
wich’ model [17] and a ‘single gel phase’ model [18]. 
Electron microscopy studies using ruthenium tetroxide 
as postfi xation reagent have revealed the unique lamellar 
arrangement of the intercellular lipids. The electron-
lucent lamellae appear as pairs of continuous leafl ets, 
altering with a single fenestrated lamella, and each 
electron-lucent lamella separated from electron-dense 
lamella. According to the sandwich model, ceramide 1 
plays a key role in the formation of the interstitial SC 
structure. Cholesterol may provide some necessary 

Fig. 1.2 Lipid processing of 
the lipids in SC

pH 7.4

pH 5.5

sPLA2
SS’ase

ßGlcCer’ase
aSMase



6 J.W. Fluhr and R. Darlenski

fl uidity to the membranes, thus facilitating the elastic 
properties of the skin [19, 20].

1.2.2 Proteins

Proteins, such as keratins, loricrin, involucrin, fi llagrin 
and corneodesmosine, play an important role in the 
structuring of corneocyte cytosol, as well as in the form-
ation of the CE and the intercorneocyte junctions.

Keratins form the intermediate fi laments of the 
cytoskeleton. The major keratins expressed in the 
suprabasal layers of the skin are K1, K2e and K10. 
They form approximately 80% of the corneocyte’s 
mass [21]. In forming the corneocyte scaffold, K1 and 
K10 are bound to the corneodesmosomal desmoglein 1 
and desmocollin 1, via desmosomal plaque proteins, 
e.g. plakoglobin and desmoplakins. Moreover, keratins 
interact with the cross-linked proteins of the CE, thus 
providing further stability of the SC barrier. Frameshift 
mutations of K1 genes in ichthyosis hystrix resulted in 
defective intermediate fi lament bundling [22].

Filaggrin is a member of the S100 Ca2+ binding pro-
tein family. The enzymatic transformation of profi lag-
grin, packed in the keratohyalin granules of stratum 
granulosum, generates two end products — fi laggrin 
and a N-terminal peptide. In the lower layers of SC, 
fi laggrin aggregates keratin fi laments into macrofi brils. 
Approaching the skin surface, fi laggrin is mostly 
degraded into free amino acids, thus forming a major 
part of the highly hygroscopic complex called natural 
moisturing factor (NMF). NMF is important for main-
taining SC hydration and skin fl exibility [23]. The pro-
fi laggrin N-terminal peptide plays a role in the process 
of programmed epidermal cell differentiation [24]. A 
small amount of fi laggrin has been found cross-linked 
to loricrin as a component of the CE [25].

Members of distinct protein families are cross-linked 
in the formation of CE, e.g. involucrin, loricrin, envo-
plakin, fi laggrin and small praline-rich proteins [25, 26]. 
Loricrin is the major protein composition of the CE, and 
constitutes around 70% of its mass [26]. It is derived 
from the keratohyalin granules. Patients with mutations 
of the loricrin gene alleles demonstrate a different dis-
ease pattern, known as Vohwinkel syndrome, with digital 
constrictions (pseudo-ainhum), honeycomb keratoderma, 
and mild to moderate generalized ichthyosis [27]. 
Involucrin predominates in the outer portion of the CE. 

It is supposed to be the fi rst envelope precursor cross-
linked in the formation of the CE. The process of cross-
linking is regulated by the calcium-dependent enzyme, 
transglutaminase-1 (TG1) [28, 29]. Although there are 
at least two other isophorms of TG, their activity has 
been demonstrated insuffi cient to compensate the TG1 
insuffi ciency in lamellar ichthyosis [28, 29].

Corneodesmosomes (desmosomes of SC) are com-
prised of different proteins, i.e. desmosomal cadherins, 
desmogleins, and desmocollinis, of desmosomal plaque 
proteins, and of extracellular protein (corneodesmosin) 
[30]. Corneodesmosin, an LB-secreted protein, is 
bound to the outer part of the CE in regions correspond-
ing to corneodesmosomes [30]. This protein plays a 
central role in SC cohesion, as an association between 
its degradation and the shedding of corneocytes is 
observed [31]. It has been proposed that the sites of cor-
neodesmosome hydrolysis correspond to the ‘aqueous 
pore pathway’ for water, drug and xenobiotic move-
ment in the epidermis [32].

Although SC physically separates the living organism 
form the environment, barrier function can not only be 
attributed to this layer. Knockout mice defi cient in 
 claudin-1 showed elevated TEWL [33]. Claudins are 
transmembrane components of the tight junctions (TJ) of 
the viable epidermis. SC and TJ cooperate in forma-
tion of the skin barrier. Transgenic mice overexpressing 
claudin-6 developed barrier defects resulting from 
changes in both TJ and SC [34].

1.3 Protective Functions of the Skin

Skin, being the largest and the outermost organ, 
accomplishes the interface of the living organism with 
the surrounding environment. Major functions of the 
skin are dedicated to maintaining the homeostasis of 
the organism against external changes. As the poten-
tially ‘hazardous’ components of the environment are 
of  different nature the protective functions of the skin 
barrier can be summarized as: (1) defence against 
exogenous physical (mechanical stress, thermal 
changes, UV light) and chemical (xenobiotics, toxic 
chemicals, allergens) insults, (2) antimicrobial protec-
tion, (3) antioxidant defence, (4) water loss restriction 
and hydration, (5) permeability barrier (selective 
absorption), and (6) integrity/cohesion/desquamation/
programmed renewal.
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The distinct defensive functions of the skin barrier 
are not performed independently from each other. The 
opposite is true: molecular and biochemical interac-
tions, and common regulatory mechanisms fulfi l the 
integrated and interrelated protective functions of the 
skin barrier. For example, barrier permeability and 
antimicrobial function are interrelated on the molecular 
level. Protection against pathogenic microorganisms 
of the skin is accomp-lished by the mechanical barrier 
of SC, antimicrobial lipids and peptides, enzyme 
inhibitors, receptors, and chemokines. Beyond these, 
some SC lipids exhibit antimicrobial activity, i.e. free 
fatty acids, sphingosine and glucosylceramides. A crit-
ical component of the innate immune response in the 
skin can be attributed to three antimicrobial peptides: 
the cathelicidins, defen sins, and dermcidins. These 
three classes of peptides have been shown to act as 
antimicrobials by directly inhibiting pathogen growth 
as well as by potentiating other branches of the innate, 
humoral, and cell-mediated immune system [35, 36]. 
Human beta-defensin 2 is an antimicrobial peptide 
(AMP), which is co-packaged along with lipids within 
epidermal LB before their secretion [37]. As it was 
previously noted, LB lipid and enzyme contents are 
essential for forming the permeability barrier homeo-
stasis. Conversely, LB-derived AMPs are also related 
to the permeability barrier homeostasis. A delayed 
permeability barrier recovery has been demonstrated 
in cathelin-related AMP −/− mice [37]. This abnor-
mality was attributed to defective LB contents and 
abnormalities in the structure of the lamellar mem-
branes that regulate permeability barrier function 
[37]. Finally, the levels of human beta-defensin and 
LL37 (human analogue of cathelin-related AMP) were 
signifi cantly decreased in acute and chronic lesions 
from patients with atopic dermatitis. A defi ciency in the 
expression of AMPs may account for the susceptibility 
of patients with atopic dermatitis to skin infection with 
Staphylococcus aureus [38].

Another example of functional interrelations is the 
diverse effect of psychological stress (PS) on the pro-
tective functions of the epidermal barrier. Delayed 
skin barrier recovery has been demonstrated in experi-
mental animals exposed to PS [39]. Pre-treatment 
with phenothiazine sedatives restored the kinetics of 
barrier recovery toward normal, suggesting that PS is 
the basis for this alteration in barrier homeostasis. 
Furthermore, the results showed that PS stimulates 
endogenous production of glucocorticoids, which, in 

turn, adversely affects permeability barrier homeostasis. 
Additionally, pre-treatment with a glucocorticoid 
receptor antagonist blocks the delay in barrier recovery 
[39]. The integrity of SC is decreased by PS. An 
animal model of insomniac PS revealed compromised 
SC integrity, as well as disturbed epidermal barrier 
homeostasis [40]. The authors showed the mechanisms 
of the barrier abnormalities caused by PS: reduction 
in the number of LB in the granular layer, inhibition of 
the synthesis of epidermal lipids, decreased desmog-
lein 1, diminution in both the size and number of 
corneodesmosomes, and decline in the expression of 
epidermal differentiation-related proteins (involucrin, 
loricrin, fi laggrin) [40]. PS also infl uences the antimi-
crobial defence function of the skin barrier. Recent 
results showed downregulation of two AMPs (murine 
epidermal cathelicidin and moues beta-defensin 3) in 
both the epidermis and the skin appendages of animals 
exposed to PS [5]. PS-induced decline in epidermal 
AMPs correlates with increased susceptibility to cuta-
neous infections, and is mediated by an increase in 
endogenous glucocorticoids.

The effects of PS on the skin barrier functions have 
clinical implications. A large number of skin diseases 
associated with abnormalities in the epidermal barrier, 
including atopic dermatitis and psoriasis, are precipi-
tated by PS [41]. During periods of PS, the homeostatic 
and the defensive functions of the skin are disturbed, 
which results in disease exacerbation.

1.4  Regulation of Skin Barrier 
Homeostasis and Functions

Several regulatory mechanisms and signal pathways 
interact in the formation and the maintenance of the 
intact skin barrier.

1.4.1 SC Hydration

Water is essential for the normal functions in the living 
organism. Mammalian skin is exposed to a relatively 
dry surrounding environment. Retaining water, a function 
predominantly attributed to SC, ensures skin fl exibility 
and elasticity. Water distribution is not homogenous in 
the epidermis. A novel technique, in vivo confocal 
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Raman microspectroscopy, confi rmed the epidermal 
water gradient [42, 43]. The authors showed a continu-
ous rise in water concentration in the SC from 15 to 
25% at the skin surface to about 40% at the SC/stratum 
granulosum border. This is followed by a steep rise to 
a constant level of about 70% in the viable epidermis 
[43]. A typical curve for the water distribution in the 
epidermis as a function of depth is demonstrated on 
Fig. 1.3.

Water acts as a plasticizer of the corneocyte pro-
teins and the intercellular medium [44]. Skin hydration 
is responsible for the resistance to mechanical stress. 
At reduced hydration, SC is less extendable [45]. 
Furthermore, SC in aged skin (which tends to be less 
hydrated) shows reduced elasticity [44].

The process of corneocyte desquamation on the 
skin surface depends on SC hydration. Corneodes-
molysis is regulated by several enzymes, i.e. serine 

proteases and glycosidases. Water in SC is required 
for the normal function of these enzymes, thus result-
ing in normal cornecyte desquamation [46]. Impaired 
desquamation occurs in diseases with reduced SC 
hydration, e.g. ichthyosis vulgaris and winter xerosis 
[47]. Furthermore, visual scaling has been linked to 
decreased SC ceramide levels [44]. It was shown that 
the barrier properties of intercellular lipid membranes 
contribute to the water-binding properties of the SC 
[48]. Thus reduction in the structural components of the 
intercellular space is an important element of impaired 
water retention in scaly skin. The degradation of fi lag-
grin is also catalyzed by hydrolytic enzymes, a process 
that produces the free amino acids and amino acid 
derivatives that, together with specifi c salts, form the 
NMF (essential for maintaining SC hydration) [49]. 
Proteolytic activity of these enzymes is modulated by 
the SC water content. Studies have shown that high 
water content in the SC prevents the production of 
NMF by fi laggrin proteolysis. Decreased water content 
triggers the proteolysis of fi laggrin, and subsequently 
the generation of NMF [50]. Reduction of NMF 
 generation in ichthyosis vulgaris leads to impaired 
 barrier repair after disruption [46].

The formation of rigid CE is impaired in dry skin, 
related to the level and the activity of transglutami-
nase (TG, key enzyme in the cross-linking of CE 
proteins) [47]. Patients with lamellar ichthyosis due to 
TG1 defi ciency have abnormal CE and are clinically 
presented with scaly skin [51]. Low humidity expo-
sure directly increases epidermal interleukin-1 (IL-1) 
[52]. SC contains a preformed pool of this proinfl am-
matory cytokine, the latter playing a key role in skin 
infl ammation [53]. This could be an explanation of 
the exacerbation of certain infl ammatory dermatoses 
in a dry and cold environment. Water content of SC is 
also important for the repair of disrupted barrier. The 
induction of lipid biosynthesis after barrier disruption 
was shown to be reduced at high humidity [54]. The 
barrier recovery was faster in animals acclimatized to 
a dry environment, in comparison to those acclimated 
to a humid environment [54, 55].

1.4.2 Calcium Ion Gradient

Calcium (Ca) is important for the normal functions 
of biological barriers. For example, disturbance of 

Fig. 1.3 A typical curve for the water distribution in the epidermis 
as a function of depth in the epidermis. The values are obtained by 
in vivo Raman microspectroscopy of the volar forearm
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the Ca homeostasis has been correlated to the 
disruption of the blood–brain barrier in stroke [56]. 
Under basal conditions, low levels of Ca in the basal 
and spinous layers are observed, followed by an 
increase with a peak in the SG [57]. Calcium ion 
gradient plays a key role in the restoration processes 
after skin barrier disruption. The recovery process 
was impeded when immersing the barrier-disrupted 
skin into Ca-containing bathing solutions. Moreover, 
perturbations of the permeability barrier homeosta-
sis resulted in alteration of the normal Ca gradient, 
with decrease of Ca levels in the outer epidermis 
[58]. The restoration of the perturbed barrier was 
parallel to the normal Ca gradient recovery. It has 
been postulated that the decrease of Ca concentra-
tion after acute barrier disruption stimulates the 
secretion of preformed pool of LB at the SG/SC 
boundary. Hence, the required components for the 
barrier recovery are delivered. It was further demon-
strated that lowering the Ca levels can regulate 
directly the exocytosis of the LB, independent from 
disruption of the skin barrier [59].

Increasing the Ca concentration in the media 
resulted in induction of cell differentiation and strati-
fi cation. Calcium is also necessary for the formation 
of intercellular contacts. The synthesis of cadherin-
mediated cell-to-cell junctions is compromised in the 
absence of Ca [60].

Internalization of the extracellular Ca is required 
for completing the regulatory functions. Protein 
kinase C (PKC) is proposed as a signal transducer 
that regulates the Ca transport between extra- and 
intracellular compartments [61]. Selective inhibi-
tion of PKC-delta impedes barrier-repair responses 
by increasing intracellular free Ca [62]. Dysfunctions 
in the epidermal Ca gradient have a clinical implica-
tion. Diseases such as X-linked ichthyosis and pso-
riasis demonstrate both defective permeability 
barrier and abnormalities in epidermal Ca gradient 
[63, 64].

1.4.3  Nuclear Hormone Receptors 
and Their Ligands

The functions of nuclear hormone receptors (NHR) 
are connected to regulation of the process of tran-
scription. The role of NHRs has been proven in the 

regulation of epidermal development and permeability 
homeostasis. Glucocorticoids and estrogens bind 
NHRs and stimulate skin barrier ontogenesis [65]. 
However, administration of supraphysiologic systemic 
or topical glucocorticoids leads to delayed barrier 
recovery after acute disruption [66]. Such an effect 
has been observed in psychological stress, linked to 
an increase of the endogenous steroid levels [39]. On 
the other hand, androgens delay the ontogenetic 
development of the epidermal barrier, stimulate 
epidermal hyperplasia and suppress the barrier 
permeability function [67].

Several NHRs are activated by lipids and their 
metabolites, hence being called ‘liposensors’. The role 
of peroxisome proliferators-activated receptor alpha 
(PPAR-α) in the epidermal development in utero was 
demonstrated in experiments with homozygous 
PPAR-α knockout mice [68]. PPAR-α −/− animals 
displayed delayed formation of the SC, decreased SC 
cell layers, decreased β-Gluc-Cer’ase activity, delayed 
processing of extracellular lamellar bilayer membranes, 
and lower expression of CE proteins [68].

Activation of PPAR-α stimulates keratinocyte differ-
entiation and inhibits proliferation. Pharmacological 
PPAR-α activators caused in vivo decrease in the epider-
mal thickness and increase in the markers of differentia-
tion, i.e. involucrin, loricrin, and profi laggrin/fi laggrin 
[69]. The application of PPAR-α agonists in experimen-
tal models of irritant and allergic contact dermatitis 
decreased the magnitude of the infl ammatory infi ltrate 
and the expression of proinfl ammatory cytokines (tumor 
necrosis factor alpha and interleukin-1-alpha) [70].

A similar anti-infl ammatory effect was also shown by 
activating the liver X receptor (LXR), another member 
of the NHR family [71]. Moreover, LXR activators stim-
ulate keratinocyte differentiation, improve permeability 
barrier homeostasis, and accelerate the in utero develop-
ment of the SC. In addition, fi ndings from experiments 
with neonatal rats revealed that LXR activators acceler-
ate postnatal SC acidifi cation [72]. These studies suggest 
the possibility that LXR activators could be of clinical 
benefi t in the prevention and/or treatment of cutaneous 
disorders during the neonatal period, as SC acidifi cation 
is essential for formation of intact skin barrier.

The fact that liposensor NHRs are activated by lipids 
and their metabolites, and that the LB derive to the epi-
dermis lipids and are then further processed, created the 
suggestion that these receptors could be the linking unit 
that regulates the bricks-and-mortar formation during 
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epidermal development and recovery of the impaired 
skin barrier [65].

1.4.4  Stratum Corneum pH 
as a Regulatory Mechanism

The acidic nature of skin surface is widely recognized 
and has been known for a long time [73]. Traditionally, 
exogenous (originating outside the epidermis) mecha-
nisms have been invoked to explain the formation of 
the acidic surface pH. These exogenous mechanisms 
include the generation of (a) microbial metabolites 
(e.g. free fatty acids (FFA), generated by resident 
microorganisms lipases), (b) FFA of pilosebaceous 
origin [74], and (c) eccrine gland-derived products, 
such as lactic acid [75]. In addition to exogenous 
mechanisms, three endogenous pathways have been 
identifi ed as potential contributors to SC acidity: gen-
eration of cis-urocanic acid by histidase-catalyzed 
degradation of histidine [76]; secretory phospholipase 
A2 (sPLA2) generation of free fatty acids from phos-
pholipids [77]; and a nonenergy- dependent sodium 
proton exchanger [78]. A schematic overview of the 
present concept of the formation of SC pH is presented 
in Fig. 1.4.

The acidic pH of SC is essential for the formation 
of intact skin barrier. Although in rodent skin the basal 
permeability barrier function is competent at birth 
[78], skin surface pH is neutral at birth in both humans 
and in animal models [79–81]. Following acute barrier 
disruption either by tape stripping or by acetone treat-
ment, barrier recovery was markedly delayed in the 
newborn rats [79]. Further animal studies excluded a 
variety of exogenous and endogenous mechanisms 
previously implicated in SC acidifi cation after birth 
[82]. The results proved the roles for two endogenous 
mechanisms, the sPLA2 pathway and NHE1, in the 
generation of the postnatal acid mantle. It was also 
noted that neonatal epidermis, although morphologi-
cally similar to day 5–6 epidermis, is more hyperpro-
liferative at birth than day 5–6 epidermis [82]. The 
functional consequences of neutral surface pH included 
abnormal permeability homeostasis and defects in SC 
integrity, attributed respectively to the reduced β-Gluc-
Cer’ase and increased serine proteases activity directly 
after birth [79]. Exogenous acidifi cation of SC normal-
ized barrier recovery kinetics and improved SC integ-
rity [79].

An acidic surface pH develops within the fi rst weeks 
to months of life in humans [81]. A prospective study in 
a cohort of 202 healthy neonates demonstrated decreased 
surface pH and an increase in desquamation in the fi rst 
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12 weeks after birth (reviewed in [73)]. Moreover, the 
absence of an acidic SC at birth has been associated with 
an increased risk for bacterial and yeast infections in 
neonates [83]. The clinical importance of these fi ndings 
is refl ected in the pathophysiology of diaper dermatitis. 
The incomplete acidifi cation of the SC, together with the 
ammonia-induced alkalization, activates stool enzymes 
(trypsin, lipase) causing irritation and further perturbation 
of the skin barrier.

SC acidity is essential for epidermal barrier recovery, 
the latter being delayed at a neutral pH, due to distur-
bance in processing of the secreted extracellular SC 
lipids, while lipid secretion remains unimpaired [84]. 
The abnormalities in barrier homeostasis have been 
attributed to the acidic pH optima of the key lipid-pro-
cessing enzymes, i.e. β-Gluc-Cer’ase and aSMase. 
Rising of pH resulted in perturbations in the processing 
of the LB-derived lipid precursors. Later it was shown 
that prolonged increase of pH leads to degradation of 
these enzymes by sustained serine protease activity [85]. 
It was further demonstrated that prolonged increase of 
pH not only delays barrier recovery, but also increases 
the basal TEWL values [85]. It has been proposed that 
an acidic pH directly impacts lipid–lipid interactions in 
the SC extracellular lamellar bilayers [86].

The acidity of the skin surface is also involved in regu-
lation of the corneocyte desquamation, respectively SC 
integrity and cohesion. The main enzymes proven to reg-
ulate integrity/cohesion, kallikrein 5 (previously known 
as SC trypsin-like enzyme, SCTE) and kallikrein 7 (pre-
viously known as SC chymotrypsin-like enzyme, SCCE), 
exhibit normal-to-alkaline pH optima [87, 88]. A super-
base-induced elevation in SC pH resulted in reversible 
increase of the activity of these enzymes [31]. Moreover, 
these changes are followed by degradation of desmoglein 
1 and reduction of the corneodesmosome density, thus 
stimulating the process of desquamation [31].

Finally, the acidic buffer system, or the so called 
acidic mantle of the skin, is essential for performing an 
unspecifi c antimicrobial protection. Elevation of the pH 
values is benefi cial for growing pathogens on the skin 
surface, such as Staphylococcus aureus and Candida 
albicans, while normal fl ora predominantly grow best 
in an acidic environment [73, 89]. Hence, the alteration 
of a single regulatory mechanism, such as surface pH, 
leads to perturbations of multiple functions of skin 
barrier-permeability homeostasis, integrity/cohesion, 
and antimicrobial defence.

1.5  Barrier Disturbance and Skin 
Disorders

1.5.1  Atopic Dermatitis as a Model 
of Impaired Barrier Function

The assessment of the epidermal permeability barrier 
function routinely employs measurements of TEWL, 
which provides information about permeability barrier 
status under either normal, experimentally-perturbed, or 
diseased conditions [90]. Atopic dermatitis is one of the 
most important skin diseases not only for the patients 
but also for their treating physicians. Dermatologists, 
general practioners, and pediatricians feel the challenge 
of treating a rising number of patients with an increasing 
complexity with regard to their clinical picture and 
resistance to classical therapeutical approaches. Five to 
ten percent of children in western countries are affected 
by atopic eczema and epidemiological studies provide 
evidence that the prevalence of atopic dermatitis is 
increasing in wealthy populations [91, 92].

The physiology of atopic skin has been character-
ized over the last two decades. The low stratum cor-
neum hydration [93, 94] is parallel to decreased 
water-binding capacity [94]. Both lesional and non-
lesional skin suffers from an increased transepidermal 
water loss, indicative of a defi cient epidermal permea-
bility barrier function [95]. The assessment of atopic 
dermatitis activity is usually based on the so-called 
SCORAD (Score of atopic dermatitis) [96]. Recently, 
an objective activity score has been introduced based 
on the measurement of biophysical parameters (TEWL 
and SC hydration) [97, 98]. The observation of a defec-
tive barrier function was sustained by biochemical 
alterations in atopic skin, namely a decrease in cer-
amide 1 and 3 fractions [99–102]. Biochemical studies 
revealed the importance of alterations in the activity of 
sphingomyelin deacylase and glucosylceramide deacy-
lase, resulting in decreased ceramide levels [103–106]. 
Furthermore, pathological extruding mechanisms of 
lamellar bodies are partly responsible for the biochemi-
cal alterations of epidermal lipids and for the impaired 
permeability barrier function in atopic dermatitis [107]. 
The vulnerability to bacterial colonization (S. aureus) 
of the skin of atopic patients might be associated with 
reduced levels of a natural antimicrobial agent, sphin-
gosine, which results from decreased ceramide levels 



12 J.W. Fluhr and R. Darlenski

as a substrate and from diminished activities of its meta-
bolic enzyme, acid ceramidase [108]. The physiological 
regulation of the permeability barrier function, infl am-
mation and SC integrity, cohesion, and desquamation, 
as well as anti-infl ammatory activity and antimicrobial 
defense, have been attributed to acidity of the SC [10]. 
Atopic dermatitis, in contrast, is characterized by an 
increased stratum corneum pH. Recent studies have 
now revealed that the mutation in different genes 
(R510X, 2282del4, and others) encoding for fi laggrin 
are associated with an increased risk of developing 
atopic dermatitis, asthma, and ichthyosis vulgaris [109]. 
This genetic defect leads to a premature termination of 
the fi laggrin protein. An early exacerbation, as well as 
an increased risk of allergic contact sensitization, has 
been reported with this mutation [110]. In previous 
years, the main attention in the pathogenesis of atopic 
dermatitis was drawn to the importance of immuno-
logical factors. A key role for impaired epidermal 
barrier function can now be attributed to the develop-
ment of atopic diseases [109].

1.5.2  Irritant Contact Dermatitis 
and the Skin Barrier

Irritant contact dermatitis, defi ned as the infl ammatory 
response of the skin to an exogenous agent without 
requirement of prior sensitization, presents a major 
health problem with serious social and occupational 
impacts. The main pathological mechanism of irritancy 
include skin-barrier disruption, induction of a cytokine 
cascade, and involvement of the oxidative stress net-
work, all of them resulting in a visible or subclinical 
infl ammatory reaction.

The integrity of the epidermal barrier plays a pivotal 
role in the interaction and the response of human skin to 
irritating stimuli. Different mechanisms of barrier impair-
ment are involved depending on the various irritating 
stimuli. Organic solvents, e.g. acetone and toluol, extract 
the SC lipids, thus disrupting the entity of the epidermal 
barrier [111]. On the other hand, the anionic surfactant 
sodium lauryl sulfate (SLS) damages protein structures 
such as keratins, which exposes new water-binding sites 
and causes hyperhydration of SC and disorganisation of 
the lipid bilayers [111, 112]. Regardless of the nature of 
the affecting agent, acute barrier disruption induces pro-
cesses of restoration of the homeostasis. The triggering 

factor in the repair process is the increased water release 
through the impaired SC and the consequent reduction of 
Ca concentration in stratum granulosum, thus inducing 
lamellar body secretion and lipid restoration [113].

Chronic exposure to solvents, water and detergents, 
which is inevitable in many occupations, may lead to 
an impairment of the skin barrier, so that hazardous 
substances are allowed to reach the reservoir of the SC 
or even deeper layers of the skin [114]. Multiple strate-
gies are known to prevent dermatitis. Improving skin-
barrier function by use of barrier creams (BCs) is of a 
special interest not only in the fi eld of occupational 
skin diseases. Skin BCs reduce or even prevent the 
penetration into the skin by building up a physical bar-
rier, like a thin fi lm, between the skin and the irritant. 
Barrier repair creams act on three different levels of 
the epidermis: (a) an immediate effect is provoked by 
adding a lipid mixture to the skin surface (occlusion), 
(b) an intermediate effect by adding a lipid mixture to 
the intercellular spaces, and (c) a delayed effect by 
providing lipids to the epidermal cells, which should 
restore the natural barrier function of the skin (reviewed 
in [114]). Despite the use of BCs in the prevention of 
irritant dermatitis, the best strategy remains the avoid-
ance of the contact of the skin barrier to the irritant.

1.6  Epidermal Barrier and 
Life-Threatening Dermatoses

Skin-barrier properties could be seriously perturbed in 
a number of life-threatening skin diseases such as dis-
orders of keratinization and cornifi cation, toxic epider-
mal necrolysis (TEN), and staphylococcal scalded skin 
syndrome (SSSS) in particular. The loss of the epider-
mal barrier functions may result in excessive electro-
lyte and fl uid loss, and/or massive invasion of 
pathogenic and opportunistic microorganisms [115]. 
Impaired epidermal barrier homeostasis is a well-
known predisposing factor for the development of gen-
eralized cutaneous infections. A classical manifestation 
of the skin barrier abnormality and insuffi cient defen-
sive mechanisms is the Kaposi’s varicelliform eruption 
(KVE) in patients with atopic dermatitis. Erythroderma, 
characterized by impeded barrier homeostasis, has also 
been recognized as a cause for an increased suscepti-
bility to KVE in psoriatic patients [116].
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Studies in the past decade linked skin-barrier abnor-
malities and the SSSS on the molecular level. Virulent 
stains of Staphylococcus aureus produce exfoliative 
toxins (ET), which cause the loss of cell-to-cell adhe-
sions in the upper layers of the epidermis [117–119]. 
Different isoforms of the ET (A, B, D) are capable of 
cleaving a single peptide bond in the extracellular 
region of desmoglein 1, responsible for formation of 
the desmosomes in the superfi cial part of the epidermis. 
ET are glutamate-specifi c serine proteases that do not 
possess enzymatic activity in their native state. 
However, the specifi c binding of desmoglein 1 to the 
ET promotes their enzymatic activity and leads to deg-
radation of the cell-to-cell junctions in the superfi cial 
epidermis. It has been shown that this process was 
dependent on Ca ion concentration (reviewed in [120)]. 
Indeed, the alpha toxin of S. aureus exerts its proin-
fl ammatory and cytotoxic effects on the keratinocytes 
by forming a transmembrane pore, which represents 
an ionophore for ions such as Ca [121]. Thus, a mobi-
lization of the intracellular Ca is stimulated. The 
changes in the Ca ion gradient, on the other hand, 
could infl uence the repair processes of the perturbed 
epidermal barrier as noted previously in this chapter. 
Furthermore, S. aureus induces the expression of tumor 
necrosis, factor-alpha in human keratinocytes [122]. 
Hence, this microbe–keratinocyte interaction could be 
the initial event in the S. aureus-induced infl ammation 
and skin-barrier disruption in SSSS.

Skin-barrier abnormalities have been demonstrated 
in ichthyosiform erythrodermic syndromes such as 
Netherton syndrome (NS) and nonbullous congenital 
ichthyosiform erythroderma. NS is a life-threatening 
multisystemic congenital disorder characterized by 
ichthyosiform erythroderma, hair-shaft defect and 
atopic diathesis. Mutation in the gene encoding the 
lymphoepithelial-Kazal-type 5 inhibitor (LEKTI), a 
serine protease inhibitor with specifi c activity against 
epidermal kallikrein 5 and kallikrein 7, is the cause for 
the genodermatosis [123]. The increased activity of the 
epidermal serine proteases leads to enhanced loss of 
corneodesmosomes related to increased degradation 
of desmoglein 1 and desmocolin 1. Moreover, extra-
cellular lipid processing was impeded in patients with 
NS due to decreased content of β-Gluc-Cer’ase and 
aSMase (key lipid processing enzymes). The skin-barrier 
abnormalities corresponded to the disturbed forma-
tion of the mature lipid lamellar bilayers [123, 124]. 
However, accelerated and premature LB secretion, 

together with the upregulation of the lipid processing 
enzymes in the nucleated epidermal layers, could com-
pensate partly for the defective skin barrier in NS.

The role of skin-barrier impairment has been studied 
as a risk factor for the development of anaphylaxis and 
TEN after non-mucosal topical drug application [125]. 
Application of topical medication to wounds or to skin 
with compromised barrier function was revealed as a 
risk factor for anaphylaxis in 88% of the published 
cases. In the majority of these cases, the causative agent 
was an antibiotic or topical antiseptic agent. The role of 
perturbed barrier homeostasis in life-threatening der-
matoses plays a key role in the systemic absorption of 
topical medications. An increased blood concentration 
of tacrolimus has been shown in patients with general-
ized leukaemic erythroderma treated with this topical 
medication [126]. Along with the large body surface 
area of treatment, perturbed skin-barrier function was 
disclosed as a cause for the excessive percutaneous 
absorption of the drug. In order to diminish the risk of 
the development of adverse events (e.g. nephrotoxicity), 
drug monitoring and decreasing the size of the applica-
tion area are advisable in erythrodermic patients treated 
with tacrolimus.

Restoring the skin barrier is important in the therapy 
of potentially fatal diseases such as TEN. Wound cov-
erage with glycerol-preserved donor allografts is rec-
ommended, in order to prevent fl uid/protein loss and 
the development of infection [127]. Re-epithelization 
was completed for 8 days, and pain relief was achieved 
after the graft application. The effi cacy and the limited 
costs of this treatment make it useful in the manage-
ment of burns characterized by extensive skin loss. 
Understanding epidermal barrier and its diverse func-
tions is important not only for the explanation of the 
pathology mechanisms of some deadly skin diseases 
but also for therapeutic considerations in connection 
with skin-barrier abnormalities.

1.7 Assessing Epidermal Functions

Transepidermal water loss (TEWL) is the most promi-
nent parameter for evaluating the epidermal permeabil-
ity barrier function of the skin. A low TEWL therefore 
is a characteristic feature of a healthy skin state.

TEWL measurements can be used to assess the 
inside–out barrier but also indirectly to predict the 
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infl uence of topically applied substances at the skin 
surface. Furthermore it might be an indicative param-
eter for the permeability of the barrier to externally 
applied compounds.

Measurement of TEWL is typically used to assess 
objectively skinbarrier function [128, 129]. Thus, the 
use of this parameter is reasonable in objective dis-
ease evaluation scores, such as in atopic dermatitis 
[97, 98]. There are different methods for TEWL mea-
surement; the unventilated chamber (closed) method, 
the ventilated chamber method, and the method using 
an open chamber. To perform accurate and reliable 
measurements, variable factors related to the panel-
lists, environment, and the instrument should be taken 
into account.

Basal skin barrier properties, evaluated by TEWL 
value, could be used as a predictor for susceptibility 
to irritating substances. Indeed, a number of studies 
have revealed good correlation between pre- and post-
exposure TEWL in SLS irritation models, mainly after 
a single exposure [130, 131]. In terms of irritancy 
testing, TEWL measurement is the most appropriate 
non-invasive parameter for distinguishing skin changes 
over time in experimental irritation induced by SLS 
and tape stripping, compared to irritation models with 
dithranol and UV irritation [132]. Consequently, 
TEWL is useful in the evaluation of the irritants that 
interact primarily with the epidermal barrier.

Monitoring barrier function in clinical settings has 
revealed increased TEWL in diseases characterised by 
skin-barrier impairment, such as atopic and contact 
dermatitis, ichthyoses, and psoriasis.

Generally, one of the characteristics of healthy skin 
is the proportionality between TEWL and hydration 
[133]. Failure of the SC to retain water induces dry-
ness, and thus leads to impairment of the skin-barrier 
function. Different techniques for evaluation of skin 
hydration have been introduced. Most commonly used 
methods are based on measuring the electrical conduc-
tance, capacitance, or impedance as an indirect indica-
tion for SC hydration. However, the classical electrical 
methods do not give the actual gradient distribution of 
water in SC. Novel techniques, e.g. confocal Raman 
microspectroscopy, are helpful in determination of the 
water gradient over the whole extent of SC [49]. The 
method is based on the inelastic light-scattering of 
different molecules. Beyond water gradient, it was also 
shown to be useful in detection and semi-quantitive 
measurement of skin components (lactate, urea, uro-

canic acid) and exogenously applied substances (dim-
ethyl sulfoxide, trans-retinol) in the depth of the 
epidermis [134, 135].

Harvesting SC material is convenient ground for 
further research of skin-barrier components and func-
tions. Different techniques for sampling skin surface 
material exist, e.g. scraping with a blade, use of quick-
setting cements, and use of topical extracting solutions. 
Nonetheless, application of adhesive methods for har-
vesting SC is widely used in skin-barrier investigations. 
Collected material is then the object of further investi-
gation with spectroscopic, cytological and qualitative/
quantitative analysis. Skin-barrier disruption by adhe-
sive tapes is infl uenced by different variables, such as 
pressure, time and anatomical site. The demand to gain 
reproducible and reliable data resulted in standardiza-
tion of the D-Squame® adhesive tape method [136]. 
Sampled material with the D-Squame® method is pro-
cessed further for studying the compounds and the 
regulation of biochemical processes in SC [137], oxi-
dative stress [138], tracing of chemical substances 
[139], and the effi cacy of cosmetic products [140].

Adhesive tape methods are applied in investigations 
of SC integrity and cohesion. The integrity of the SC is 
quantifi ed as the number of tape strips required to 
induce a predefi ned degree of barrier disruption, e.g. to 
raise the TEWL to a certain level [136]. It refl ects 
resistance to the dissociation of adjacent corneocytes. 
On the other hand, SC cohesion is evaluated by the 
amount of SC removed by sequential tape stripping. 
Thus, an increase in the mass removed by tape is a 
marker for a decrease in the cohesion of SC, and con-
versely, a lower amount of SC removed with increas-
ing tape number is due to the increased cohesion 
between the cells in deeper layers.

In summary, skin as an integument organ plays an 
essential role in the survival of animals and humans. It 
accomplishes the protection of the human organism 
against the potentially hostile surrounding environment. 
The skin barrier is not just a fortuitous combination of 
biochemical compounds but a strictly organized and syn-
chronized system acting as a unifi ed entity. By perform-
ing simultaneously multiple protective functions, skin 
contributes to the sustaining of the homeostasis of the 
organism. The diverse defensive functions of the skin 
barrier are in intimate interrelation. The disturbance of 
one protective mechanism could lead to perturbation of 
other functions. Different regulatory mechanisms, such 
as surface pH, ion gradients, and hormonal regulation, 
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are required to sustain skin-barrier functions and homeo-
stasis. Breakdown of the regulatory processes results in 
skin-barrier perturbation, which is clinically expressed 
as disease manifestation (e.g. atopic dermatitis, ichthyo-
sis, psoriasis). Restoration of skin-barrier components 
and functions is the basis for the future perspectives of 
dermatological therapy.
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2.1 Introduction

Daily contact with the environment exposes the skin to 
a large number of external microorganisms including 
pathogens. In healthy individuals, however, the deeper 
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› The epidermis has a powerful innate immune 
system.

› Keratinocytes are immunologically active cells, 
able to identify and kill invading microbes.

› Keratinocytes recognize highly conserved 
structures of the pathogens, called pathogen-
associated molecular patterns (PAMPs), via 
pattern recognition receptors (PRRs), which 
results in the secretion of antimicrobial and 
proinfl ammatory mediators.

› Antimicrobial peptides and proinflammatory 
chemokines/cytokines, effector molecules of 
innate immunity, also act as regulators of 
acquired immune responses, inflammation 
and wound repair.

› Keratinocyte-derived effector molecules are critical 
in the recruitment of dendritic cells, T cells and 
neutrophils into sites of infection, linking innate 
and acquired immune responses in the skin.

Core Messages layers of the skin remain free of infection, suggesting 
that skin has the ability to fi ght against invading 
microbes. The outermost skin layer, the epidermis, 
provides the fi rst line of defense against pathogens. 
Historically, keratinocytes, which form 95% of all epi-
dermal cells, were believed to function in maintaining 
the structure of the epidermis via production of cytok-
eratins, and in constituting the physical barrier to a 
variety of exogenous microorganisms. In the last 
decade, after observations that keratinocytes express 
pattern recognition receptors (PRRs), are potent 
source of cytokines, chemokines, antimicrobial pep-
tides, and are able to express the class II MHC anti-
gens, it has become clear that keratinocytes play key 
roles in epidermal immune responses [1, 2]. This chap-
ter will summarize recent fi ndings concerning the role 
of PRRs, antimicrobial peptides and proinfl ammatory 
chemokines/cytokines in innate and acquired immune 
responses of the skin.

2.2  Ancient and Modern: Innate and 
Acquired Immunity

Innate immunity is the most ancient and common sys-
tem for defense against microbial infections. It evolved 
a detection system, a limited set of receptors (e.g., toll-
like receptors; TLRs) against microbial signatures that 
remain invariant inside a class of microbes [3]. Given 
that epithelial cells lie at the interface between the host 
and the environment, the expression of TLRs on these 
cells provides the fi rst line of defense against invading 
pathogens through the recognition of microbial motifs. 
Although termed pathogen-associated molecular pat-
terns (PAMPs), these motifs are not restricted to dis-
tinct pathogens, since they include structural molecules 
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such as lipopolysacharide (LPS), lipoteichoic acid 
(LTA), peptidoglycan (PGN), lipoarabidomannan 
(LAM), fl agellin, zymosan or double-stranded (ds) 
RNA (Table 2.1.), which are common to multiple spe-
cies of bacteria, yeast or viruses. In addition, a number 
of endogenous ligands, such as heat-shock proteins or 
β-defensins, are also TLR ligands (Table 2.1). These 
endogenous molecules are also called ‘danger signals’, 
released from dying or dead cells in order to trigger an 
infl ammatory response [3].

The innate immune network of the skin consists of 
a range of pre-existing, rapidly mobilized host defense 
components including keratinocytes, neutrophils, mast 
cells, eosinophils, macrophages, and sebocytes. The 
key cellular components of the pathophysiologic pro-
cesses of the skin are the keratinocytes, cells that are in 
a unique position between the interface of the environ-
ment and the host organism [4]. The fi ndings that kera-
tinocytes, which form 95% of all epidermal cells, 
express PRRs and are potent source of antimicrobial 
peptides and chemokines/cytokines emphasize their 
key role in the innate immune responses of the skin [1, 
2]. Epidermal keratinocytes express, in a constitutive 
or inducible manner, at least seven out of 11 known 
TLRs (TLR1-TLR6 and TLR9) [5–10], as well as 
nucleotide-binding oligomerization domain protein 2 
(NOD2) [11]. Recognition of PAMPs by PRRs initi-
ates quick innate immune responses such as phagocy-

tosis, and the production of antimicrobial compounds 
and infl ammatory mediators, resulting in the killing 
and elimination of microorganisms. In addition, these 
mediators link innate and acquired immunity, as they 
also function as chemoattractants for the effector cells 
of the acquired immune response [4].

A rapid innate immune response mediated by kerati-
nocytes subsequently promotes acquired immunity [12]. 
Importantly, upon cutaneous infl ammation, innate and 
acquired immunity operate simultaneously, leading to 
extravasation and homing of cutaneous lymphocyte-
associated, antigen-expressing (CLA+) memory T 
cells to the skin, permitting them to encounter and 
respond to appropriately presented antigen. The ability 
of not only T but also B cells to recombine antigen 
receptor genes during development provides an effi cient 
and powerful acquired immune system with nearly 
unlimited specifi city for antigen. Although a fundamen-
tal aspect of mammalian biology, immunologic mem-
ory is a relatively recent evolutionary event.

2.3  Molecular Mechanisms of Pathogen 
Recognition in the Skin

2.3.1  TLR/IL-1R Superfamily and Their 
Signaling Pathways

TLR/IL-1R superfamily members are characterized 
by the presence of a variable extracellular domain 
devoted to specifi c ligand-recognition, and a highly 
conserved intracellular toll-interleukin-1 (IL-1) recep-
tor (TIR) domain that mediates the signal transduction 
(Fig. 2.1).

2.3.1.1  Members of the TLR Family Expressed 
by Keratinocytes

Since Gram-positive skin-infecting bacteria such as 
Staphylococcus aureus or Borrelia burgdorferi are 
known to be rich sources of LTA and lipoproteins that 
are well-known ligands of TLR2 homodimers (Table 
2.1), the abundant and constitutive expression of TLR2 
in the epidermis is not surprising [7–9]. TLR2 homodi-
mers are also involved in the recognition of LAM of 
mycobacteria and atypical LPSs of Leptospira and 

Table 2.1 Toll-like receptors (TLRs) expressed by keratinocytes 
and their ligands

Receptor Ligand Origin of ligand

TLR1 Triacyl lipopeptides Bacteria and mycobacteria
TLR2 Lipoproteins and 

lipopeptides
Phenol-soluble modulin
Lipoarabidomannan
Lipoteichoic acid
Atypical 

lipopolysacharide
Zymosan
Heat-shock protein 70

Various pathogens

Staphylococcus epidermidis
Mycobacteria
Gram-positive bacteria
Leptospira interrogans and
Porphyromonas gingivalis
Fungi Host

TLR3 Double stranded RNA Viruses
TLR4 Lipopolysacharide

Heat-shock protein 70
Gram-negative bacteria
Host

TLR5 Flagellin Bacteria
TLR6 Lipoteichoic acid

Zymosan
Diacyl lipopeptides

Gram-positive bacteria
Fungi
Mycoplasma

TLR9 CpG-containing DNA Bacteria and viruses
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Porphyromonas species [13]. TLR2 also forms heterodi-
mer complexes with other members of the TLR family, 
namely with TLR1 and TLR6 [8]. These complexes are 
characterized by different ligand specifi city, thus recog-
nition of microorganisms through different complexes 
gives specifi city to the immune response. The TLR2/
TLR6 heterodimer is necessary for the recognition of 
diacyl lipopeptides, a common cell wall compound of 
all Gram-positive bacteria, but it is also involved in the 
recognition of PAMPs of fungal pathogens (Table 2.1). 
In contrast, TLR2/TLR1 heterodimers recognizes tri-
palmytoylated lipopeptides (Table 2.1) [14].

TLR3 has recently been demonstrated to provide 
a mechanism by which dsRNA species activate the 
innate immune response (Table 2.1.). Signaling through 
TLR3 leads to the expression of high levels of inter-
feron (IFN)-γ and type-1 (Th1)-associated chemokines 
in a variety of cell types, suggesting that it has a key 
role in the innate immune responses against viral infec-
tions [6, 15].

The expression level of TLR4 by keratinocytes is 
anatomical location-dependent [8]. Moreover, the 
expression of TLR4 (together with that of TLR2) cor-
relates with the differentiation state of keratinocytes 
[16]. Interestingly, the level of expression may also 
show interindividual differences or may be inducible 
by mechanical injury or infl ammation [6, 9]. The rec-
ognition of Gram-negative bacteria-derived LPS 
requires at least two cofactor proteins in addition to 
TLR4. During LPS signaling, LPS fi rst binds to 
CD14, which then interacts with TLR4 and initiates 
intracellular signal transduction. MD-2 is a protein 
that associates with the extracellular domain of TLR4, 
and enhances LPS responsiveness (Table 2.1, Fig. 
2.1) [17].

TLR5 recognizes the bacterial motor protein fl agel-
lin (Table 2.1) [6] required for motility of microorgan-
isms such as B. burgdorferi, which causes migratory 
erythema during the course of Lyme disease, or 
Salmonella typhi causing cutaneous ulceration [18]. 

Fig. 2.1 Signal transduction pathways via 
TLR/IL1R. The TLR signaling pathway is 
highly homologous to that of the IL-1R 
family. After binding of an appropriate ligand, 
both TLRs and IL-1R interact with an adaptor 
protein, MyD88, through their TIR (Toll/
IL-1R) domains. Upon signaling, MyD88 
recruits a serine/threonine kinase, IRAK. 
IRAK is activated by phosphorylation and 
then associates with TRAF6, another adaptor 
protein, leading to activation of either the 
JNK pathway, through MAP kinase, or the 
NF-κB pathway, through the IKK complex. 
Signal transduction via TLRs and/or IL1Rs 
leads to the expression of antimicrobial and 
antiviral peptides, cytokines and chemokines. 
[IKK IκB kinase kinase, IRAK IL-1R-
asssociated kinase, JNK c-Jun N-terminal 
kinase, MyD88 myeloid differentiation 
primary-response protein, NF-kB nuclear 
factor kappa B, TAK1 growth factor-β-
activated kinase 1, TIRAP TIR- (TLR-
IL1-R1-) associated protein, TRAF6 
TNF-receptor-associated factor (TNF tumor 
necrosis factor), TRIF Toll-receptor-
associated activator of interferon]
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Keratinocytes are able to upregulate their chemokine 
expression in response to B. burgdorferi, indicating 
that TLR5 is indeed functional on keratinocytes, 
enabling them to respond to invading fl agellated bacte-
ria [19].

During infection, TLR9 senses unmethylated bacte-
rial CpG DNA derived from many classes of bacteria 
(Table 2.1.). Its expression in the epidermis is induc-
ible, either by microbial compounds or by physical 
trauma [6, 20, 21]. Unlike TLR1-TLR6, TLR9 is not 
expressed on the cell surface but in the endoplasmic 
reticulum [22].

2.3.1.2 IL-1 Receptors in the Skin

IL-1 receptor type 1 (IL-1R1) can bind both IL-1α 
and IL-1β, resulting in the initialization of MyD88-
dependent signaling (see below and Fig. 2.1). The 
receptor, expressed on the surface of a variety of 
cells, mediates all known biologic activities of IL-1 
by initializing a cascade of events leading to recruit-
ment and activation of macrophages and neutro-
phils, vascular dilation, fever and proinfl ammatory 
immune response. The central role of the IL-1 sys-
tem is the protection against microbial colonization 
and infection [23].

The second receptor for IL-1, IL-1R2 also binds 
both IL-1α and IL-1β. By binding the functional 
ligands for the IL-1R1, IL-1R2 serves to inhibit IL-1 
mediated infl ammatory responses [23].

2.3.1.3 Signaling Pathways via TLR/IL-1R

Myd88-Dependent Signaling Pathway

Binding of specifi c ligand/s to TLRs initiates a signal-
ing cascade mediated by the cytoplasmic TIR domain 
(Fig. 2.1). Due to the structural homology between the 
intracellular domains of TLRs and IL-1R, the TLR sig-
naling pathway is highly homologous to that of the 
IL-1R family. Both TLRs and IL-1Rs interact with an 
adaptor protein MyD88, through their TIR domains 
(Fig. 2.1). Upon stimulation, MyD88 recruits the 
IL-1R-asssociated kinase (IRAK), that associates with 
TNF receptor associated factor 6 (TRAF6) leading to 
the activation of at least two distinct signaling path-
ways, JNK and NF-κB. TLR signaling through MyD88 

leads to the phosphorylation and degradation of IκB, 
the regulator protein of NF-κB, allowing the nuclear 
translocation of NF-κB (Fig. 2.1). In the nucleus, 
NF-κB binds to the promoter region of genes of proin-
fl ammatory chemokines/cytokines, antimicrobial pep-
tides, inducible enzymes and adhesion molecules, 
which are important effectors or mediators of innate 
and acquired immune responses [24, 25]. Keratinocytes 
respond to the challenge with S. aureus or Candida 
albicans with TLR2-MyD88-NF-κB-dependent induc-
tion of inducible nitric oxide synthase (iNOS), sup-
porting the role of TLR-MyD88-NF-κB pathway in 
innate immune functions of the skin [8, 9].

Myd88-Independent Signaling Pathway

In addition to their common activation of the MyD88-
IRAK-TRAF pathway, individual TLRs may activate 
different, alternative signaling pathways. These 
MyD88-independent pathways involve the activation 
of interferon-regulatory factor-3 (IRF-3) and are uti-
lized by several TLRs such as TLR3 and TLR4/4 (Fig. 
2.1). TLR signaling pathways are therefore not identi-
cal, and the specifi city of some pathways may deter-
mine the pattern of gene expression, which accounts 
for the distinguishable biological responses following 
the activation of specifi c TLRs by different classes of 
pathogens [26]. These specifi c responses may be par-
ticularly important in the epidermis [27], which is con-
stantly colonized by numerous microorganisms that do 
not induce immune response.

2.3.2  NOD2 and Downstream Signaling 
Events

While TLRs are mainly involved in recognition of 
pathogens in the extracellular compartment, the NBS–
LRR (nucleotide-binding site and leucine-rich repeat) 
family of proteins (e.g., NOD2) is involved in intracel-
lular sensing of microorganisms and their products; 
thus it may contribute to the innate immune defense 
against various pathogens [28, 29]. Indeed, keratino-
cytes express NOD2, a receptor responsible for the 
recognition of broad range of bacterial pathogens, as it 
recognizes muramyl dipeptide (MDP), the minimal 
bioactive structure of peptidoglycan [11, 28]. Induction 
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of the signaling cascade results in proinfl ammatory 
response through NF-κB and, to a lesser degree, AP-1 
activation [11, 30]. Once activated, NOD2 promotes 
the release of antimicrobial peptides, such as hBD-2 in 
keratinocytes, thereby strengthening the cutaneous 
innate defense system [11].

2.4  Keratinocyte-Derived Effector 
Molecules

Human skin is exposed to a wide variety of pathogenic 
microorganisms. Despite these microbial threats, skin 
is highly resistant to infections. PRR-mediated signal-
ing upon challenge with microbes and/or microbial-
derived compounds induces a chemical cutaneous 
defense system based on the production of antimicro-
bial and proinfl ammatory proteins. These keratinocyte-
derived soluble factors are fundamental in the elimination 
of invaders and recruitment of professional immune 
cells into the sites of skin infection.

2.4.1 Antimicrobial Peptides

Activation of PRRs, expressed by epidermal keratino-
cytes, is directly involved in the induction of antimi-
crobial peptides [11, 31, 32]. This diverse family of 
small, mostly cationic polypeptides exerts a broad 
spectrum of cytotoxic activity against bacteria, fungi, 
parasites and enveloped viruses. During the infl amma-
tory processes of the skin, keratinocytes are the main 
cellular sources of antimicrobial peptides, and their 
expression levels correlate with the susceptibility of 
the skin to infections. The local accumulation of anti-
microbial proteins offers a fast and very effi cient way 
to prevent microbes from establishing an infection. 
Expression of antimicrobial peptides is induced upon 
encounter with pathogens as well as during wound 
healing [33–35]. Activation of antimicrobial genes by 
PAMPs can be further increased by proinfl ammatory 
cytokines produced at sites of infl ammation [33–38]. 
Most keratinocyte-derived antimicrobial peptides 
belong to the defensin, cathelicidin, RNase or peptido-
glycan recognition protein (PGRP) gene families that 
are able to kill or inactivate a wide spectrum of 
microorganisms.

2.4.1.1 b-Defensins

The expression of human β-defensin-1 (hBD-1) is 
constitutive in epidermal keratinocytes, and shows anti-
microbial activity against predominantly Gram-negative 
bacteria such as Escherichia coli and Pseudomonas 
aeruginosa [39, 40]. The constitutive expression of 
hBD-1 in the suprabasal layers of the epidermis 
suggests that it contributes to the innate resistance of 
the skin to Gram-negative infections.

The second human β-defensin, hBD-2, was origi-
nally isolated from the desquamated scales of psori-
atic skin [34]. Several data suggest a complex role for 
hBD-2 in cutaneous host defense. It has a microbi-
cidal effect against various microorganisms, such as 
E. coli, P. aeruginosa, S. aureus, or Streptococcus 
pyogenes [37], but also acts as a chemoattractant for 
immature dendritic cells and neutrophils, and induces 
the migration of memory T cells. In vivo expression 
of hBD-2 is localized to the upper layer of the epider-
mis and the stratum corneum. hBD-2 was also found 
in the intercellular space indicating that the lipid 
‘permeability’ barrier of the skin contains antimicro-
bial substances [41]. In correlation with the localiza-
tion of hBD-2 in the more differentiated suprabasal 
layers of epidermis, the expression of hBD-2 is 
differentiation-regulated [35, 39]. Furthermore, the 
abundant expression of hBD-2 in inflamed and in 
infected skin goes in parallel with the finding that 
its expression is induced by Gram-positive (E. coli, 
P. aeruginosa, and Propionibacterium acnes) and 
Gram-negative (S. aureus or S. pyogenes) bacteria 
and also by C. albicans in cultured keratinocytes and 
in reconstructed human epidermis [34, 38, 42–45]. 
In vivo, the secretion of hBD-2 by keratinocytes 
activates dendritic cells, inducing their migration 
from the skin into local lymphoid organs, leading to 
the generation of cellular immune response through 
the activation of antigen-specifi c T-cells [46]. Thus, 
hBD-2 plays multiple roles in cutaneous host defense: 
(a) it provides the fi rst line of defense against infec-
tion by acting as a ‘natural antibiotic’ against sensi-
tive pathogens, and (b) it plays a key role in the 
initiation of acquired immune responses against 
infections by directing the migration of dendritic 
and/or T cells and inducing the maturation of 
dendritic cells. Taken overall, hBD-2 provides a link 
between the innate and acquired immune responses 
during skin infections.
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hBD-3 has been cloned from keratinocytes, and it 
shows a broad spectrum of antimicrobial activity 
against Gram-negative and Gram-positive bacteria, 
including multiresistant bacteria. Its expression in 
keratinocytes is induced by PAMPs, by infl ammatory 
mediators such as TNF-α, IL-1β, IFN-γ, and by the 
state of differentiation [38, 47].

Similarly to hBD-2 and -3, the production of 
hBD-4 in keratinocytes is inducible by infl ammatory 
stimuli, PAMPs or differentiation [38]. Synthetic 
hBD-4 revealed antimicrobial activity against P. aerug-
inosa and Staphylococcus carnosus, implying a role 
for this peptide in the innate epidermal defense against 
bacterial infections.

2.4.1.2 Cathelicidins

LL-37 (CAP18), the only human antimicrobial peptide 
that has been identifi ed in the cathelicidin gene family, 
is produced by neutrophils but is also induced in kera-
tinocytes of infl ammatory skin disorders [33]. In vivo, 
LL-37 provides protection against necrotic skin infec-
tion caused by Group A Streptococci, and it also exerts 
antimicrobial activity against a wide variety of Gram-
positive and Gram-negative bacteria [48]. Similarly to 
β-defensins, LL-37 plays multiple roles in the fi ght 
against pathogens: in addition to its antibiotic effect, it 
has potential to recruit mast cells, neutrophils, mono-
cytes and T cells to infl ammation foci, and is involved 
in the reepithelization of skin wounds [36, 49, 50].

2.4.1.3 RNase7

RNase7 exhibits high antimicrobial activity against 
several potentially pathogenic microorganisms such as 
S. aureus, P. acnes, P. aeruginosa, E. coli, and C. albi-
cans [51]. Detection of RNase7 gene and protein 
expression in keratinocytes, together with its high 
abundance in stratum corneum as well as its broad 
antimicrobial activity, indeed stress the role RNase7 
plays in cutaneous innate immunity.

2.4.1.4 Antileukoprotease (Alp)

ALP, a serine protease inhibitor isolated from stratum 
corneum, has antiprotease capability and exhibits 

high antimicrobial activity against a broad range 
of skin associated microorganisms such as P. aerugi-
nosa, S. aureus, Staphylococcus epidermidis, and 
C. albicans [52]. Its constitutive expression in kerati-
nocytes indicates that ALP actively participates in 
mechanisms allowing homeostasis of bacterial and 
yeast colonization on human skin.

2.4.1.5  Peptidoglycan Recognition Proteins 
(PGRPs)

PGRPs are a new class of bactericidal and bacterio-
static proteins that kill bacteria by interacting with 
their cell-wall peptidoglycan [53]. Although not 
expressed in healthy human skin, the expression of 
PGLYRP2 in keratinocytes is induced by bacteria and 
cytokines [54]. This induction, limited to epithelial 
cells, does not involve TLR2 or TLR4, and correlates 
with keratinocyte differentiation and stress responses 
that proceed through the activation of the p38 mitogen-
activated protein kinase [54]. Two other members of 
the family, PGLYRP3 and PGLYRP4, are highly 
expressed in keratinocytes of the healthy skin, and are 
also induced upon exposure to bacteria [53].

2.4.2 Proinflammatory Chemokines

Chemokines, a superfamily of small chemotactic pep-
tides, are key mediators of the immune system, playing 
pivotal role in the initiation, propagation and regula-
tion of immunologic responses [55]. They are of 
utmost importance in the pathogenesis of numerous 
diseases including infl ammatory and malignant skin 
diseases, also coordinating innate and acquired immune 
responses. Chemokine-regulated migration of leuko-
cytes and neutrophils from peripheral blood vessels 
into inflamed skin occurs as a sequence of tightly 
controlled events involving the activation of vessel 
endothelium, transendothelial migration and chemot-
axis. Once recruited into the skin, leukocytes play an 
essential role in the initiation and amplifi cation of skin 
infl ammation [56, 57].

Skin-pathogenic microorganisms such as P. acnes, 
S. aureus, B. burgdorferi, or C. albicans, together 
with several PAMPs (e.g., LPS or PGN), induce the 
abundant secretion of CXCL8 [a chemokine which 
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used to be referred to as interleukin-8 (IL-8)] from 
keratinocytes in a TLR-NF-κB-pathway-dependent 
manner [9, 33, 58, 59]. Pathogen-induced secretion 
of keratinocyte-derived CXCL8 initiates neutrophil 
chemoattraction and transendothelial migration. In 
addition, CXCL8 is selectively involved in the 
transendothelial migration of CLA+ T cells, empha-
sizing the role of CXCL8 in the homing of specifi c 
T cells to infl amed skin. Similarly to CXCL8, patho-
gens and microbial products such as heat-killed 
S. aureus and staphy-lococcal PGN stimulate the 
expression of other chemokines in keratinocytes, 
such as CCL5/RANTES (regulated on activation, 
normal T expressed and secreted) or CCL2/MCP-1 
(monocyte chemoattractant protein-1) [58]. Interes-
tingly, CCL5-expressing keratinocytes were detected in 
the lesional skin of patients with atopic dermatitis and 
psoriasis, implying a role for CCL5 in skin infl amma-
tion, possibly through the recruitment of distinct 
leukocyte subsets [60].

Chemokines also exert in vitro antimicrobial 
properties against a wide variety of microorganisms 
[61]. Under physiological conditions, 20 out of 45 
known human chemokines function as potent anti-
microbial factors, providing evidence for the close 
functional and evolutionary relationships between 
chemokines and antimicrobial peptides [61–63]. 
After challenge with microbial constituents or infl am-
matory signals, many of these ‘antimicrobial chemok-
ines’ are expressed by epidermal keratinocytes (e.g., 
CCL18, CCL19, CCL20, CCL25, CXCL1, CXCL10), 
suggesting that keratinocyte-derived chemokines 
are involved not only in the recruitment of profes-
sional immune cells to the sites of infection but in 
the direct killing of pathogens as well. Still, further 
functional studies are needed to elucidate the exact 
role chemokines play in the elimination of skin-
infecting pathogens.

2.4.3 Proinflammatory Cytokines

Upon challenge with microbial compounds, keratino-
cytes express numerous cytokines acting as cytopro-
tective factors in the processes of the immune 
response.

In primary keratinocytes, S. aureus-derived PGN 
induces the secretion of granulocyte-macrophage 

colony-stimulating factor (GM-CSF) [58], an essen-
tial cytokine for survival, differentiation and matura-
tion of dendritic- and Langerhans cells. Effects of 
GM-CSF on the antigen-presenting cells shift the 
immune response to Th2-type.

Skin contains a reservoir of preformed IL-1α, lead-
ing to the concept that epidermis is a shield of seques-
tered IL-1 surrounding the host, waiting to be released 
upon injury. External stimuli such as wounding, burns 
and microbial infection, or internal stimuli such as 
local cytokine release from stimulated leukocytes, can 
induce the release of IL-1 for local or systemic deliv-
ery. Although high levels of the IL-1RA also coexist 
within keratinocytes, the amount of IL-1 is suffi cient 
to overcome any potential for inhibition mediated by 
the IL-1RA.

Both heat-killed S. aureus and Staphylococcal PGN 
induce the expression of TNF-α, IL-1β and IL-6 of pri-
mary keratinocytes [58]. TNF-α enhances the bacteri-
cidal effect of neutrophils and promotes the adhesion of 
neutrophils to endothelial cells. Thus, keratinocyte-
derived TNF-α plays a crucial role in the recruitment of 
phagocytic cells into the sites of infection. The contri-
bution of IL-6 and TNF-α to the granulomatous skin 
conditions, such as cutaneous leishmaniasis, granuloma 
annulare or leprosy, is suggested by the occurrence of 
these cytokines in the granulomatous reactions. Upon 
contact with pathogens, TNF-α, IL-1α, IL-1β and IL-6 
are also implicated in the autocrine induction of antimi-
crobial peptide (e.g., β-defensins and LL-37) expres-
sion of keratinocytes.

2.5  Skin Infections and Innate Immune 
Responses of the Epidermis

Normal human skin supports the growth of resident 
microbiota and is colonized by a wide variety of 
resident microorganisms. In addition to normal fl ora, 
the skin is constantly challenged by pathogens, most 
of which do not cause clinical symptoms. Beside 
microbial adherence and virulence, environmental 
and local factors, as well as the host immunity, are 
important components of cutaneous infections. In 
particular, skin becomes more susceptible to infec-
tions when the epidermal barrier function is damaged 
or when the keratinocyte-mediated innate immune 
functions are inhibited. A typical example is the 
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pilosebaceous unit, which is an important place of 
skin infections such as inflammatory acne, follicu-
litis, furunculosis and carbunculosis. A common 
pathogen associated with infections in the piloseba-
ceous unit is P. acnes. It is proposed that hypercorni-
fi cation of the outer root sheath and the pilosebaceous 
duct, increased sebum production, abnormalities of 
the normal microbial fl ora and infl ammation are the 
major factors in the pathogenesis of acne. Although 
infl ammatory acne is not an infectious disease, the 
role of P. acnes in the pathogenesis of acne is well 
documented [64]. Recent results describing the 
expression of TLRs in the pilosebaceous unit, together 
with the increased amount of bacteria in infl amma-
tory acne, suggests that infl ammation found in acne is 
at least partially mediated by the TLR signaling path-
ways [45, 65, 66].

2.6 Conclusions

Increasing evidence suggests that keratinocytes not 
only participate in cutaneous immune responses 
against pathogens but may play key initiation roles. 
Keratinocytes are able to recognize a wide variety 
of microorganisms through their PRRs, and have 
evolved mechanisms to distinguish between skin 
commensals and pathogens. Signaling through spe-
cific PRR combinations provides selectivity and 
specifi city to keratinocyte immune responses. As a 
result, keratinocytes produce a wide range of antimi-
crobial peptides and/or proinfl ammatory cytokines/
chemokines. The secretion of antimicrobial peptides 
is indeed crucial, as skin lesions characterized by low 
levels of such host-defense peptides are more suscep-
tible to infections. By exhibiting chemoattractant 
activity, keratinocyte-derived cytokines/chemokines 
and antimicrobial peptides can recruit T cells, neutro-
phils and dendritic cells into sites of infection, 
thus providing an improved immune response against 
pathogens. These fi ndings indicate a close interde-
pendence of keratinocytes and infl ammatory infi l-
trate, as well as a balance between the innate and 
acquired immune systems. Any perturbation in this 
system, for example deregulation and abnormal 
expression of infl ammatory mediators or their recep-
tors in keratinocytes, can lead to the pathogenesis of 
chronic infl ammatory skin diseases.
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3.1 Introduction

Normal human skin is colonized by a large variety of 
organisms that exist as commensals on its surface. 

› Normal human skin is colonized by a large 
variety of organisms that exist as commensals 
on its surface. Some bacteria are normally pres-
ent on the skin and represent the resident fl ora, 
while other bacteria occur occasionally and 
correspond to the transient fl ora.

› The major groups of microorganisms from the 
skin are various genera of bacteria and yeasts.

› Various factors may infl uence the normal micro-
fl ora of the skin, e.g. climate, body location, gen-
der, race, occupation and various antiseptics or 
drugs.

› There are host factors that prevent colonization 
and invasion of pathogenic organisms. Many 
organisms may also produce protein or protein-
complex antibiotics that have antagonistic effect 
on other organisms, but not on the producer 
bacterium.

› The skin colonisation may lead to various infec-
tions that respond to treatment but may relapse. 
These infections may occasionally be severe in 
immunocompromised patients.

Core Messages There are quantitative differences in different regions 
of the skin, related to temperature difference, moisture 
content, pH, oxygen concentration, ultraviolet radi-
ation, interactions with other microbes and the pres-
ence of various concentrations in skin lipids. All these 
factors may infl uence microbial survival and growth on 
the skin. The skin is not a favourable place for the 
bacteria to live, due to its dryness and because the fl uids 
on its surface have a relatively high osmotic pressure 
that will favour the survival of Gram-positive bacteria 
and will tend to exclude the Gram-negative species [1].

Some bacteria are normally present on the skin and 
represent the resident fl ora, while other bacteria occur 
occasionally and correspond to the transient fl ora [2].

The skin microfl ora resides on the surface of the 
stratum corneum, in the ducts of hair follicles and in 
the sebaceous glands. There are no bacterial inhabit-
ants of the sweat ducts or glands [3].

3.2 Classification of Microorganisms

The major groups of microorganisms from the skin are 
various genera of bacteria and yeasts (Table 3.1) [3, 4].

3.2.1  Micrococcaceae: Staphylococci and 
Micrococci

Micrococci and staphylococci are Gram-positive, cata-
lase-positive cocci in the family Micrococcaceae.

Staphylococcus spp. are able to produce acid aero-
bically from glycerol in the presence of erythromycin 
(0.4 μg ml−1), and they are sensitive to lysostaphin and 
nitrofuran at defi ned concentrations, whereas 
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Micrococcus spp. are not. Staphylococci are divided 
into coagulase-positive Staphylococcus aureus and 
coagulase-negative species. Ten different species of 
the genus Staphylococcus have usually been isolated 
from the normal skin.

S. aureus should not be considered as a resident of 
the normal skin, and humans have a natural resistance 
to skin colonization by S. aureus. Despite the classifi ca-
tion as a transient pathogen, it is estimated that 86.9 
million people (32.4% of the population) are colonized 
with S. aureus [5]. This bacterium may be found as a 
part of the transient fl ora of normal skin or the nasophar-
ynx [6]. Persistent nasal carriage occurs in 20–40% of 
normal individuals [7] and can lead to recurrent infec-
tions. S. aureus may be also found in the perineum of 
20% of the population. Hospital workers [8], diabetics, 
patients on hemodialysis and intravenous drug abusers 
[9] are more susceptible to bacterial colonization.

S. aureus•  clinical infections range from minor skin 
infections to life-threatening diseases. It is respon-
sible for impetigo, folliculitis, furuncles, carbuncles, 
mastitis, hidradenitis suppurativa, subcutaneous 
abscesses and (through the production of exfoliative 
toxins) staphylococcal scalded skin syndrome [6, 
10]. S. aureus may cause invasive infections such as 
septic arthritis, osteomyelitis, pneumonia, meningi-
tis, septicaemia and endocarditis. Production of 
superantigen toxins can induce staphylococcal toxic 
shock syndrome [10]. Unfortunately, there has 
been a dramatic increase in antibiotic resistant 
strains: methicillin-resistant S. aureus (MRSA) and 
vancomycin-intermediate and vancomycin-resistant 
S. aureus strains (VISA and VRSA) [11, 12].

In patients with skin diseases such as psoriasis [13] or 
atopic dermatitis [14], S. aureus may be found widely 
over both diseased and normal skin and may produce 

infections, being the most common superinfecting 
agent [10]. The presence of S. aureus may both aggra-
vate the eczema and prevent its resolution [6].

Colonization by • S. aureus. can not be considered 
synonymous with infection. Healthy persons sel-
dom contact invasive infections due to this bacte-
rium [15], and S. aureus found on healthy human 
skin and in nasal mucosa are acting as a commen-
sal, rather than a pathogen [10].

Various coagulase-negative staphylococci are the 
organisms of the normal fl ora most frequently found on 
the skin. Staphylococcus epidermidis and Staphylococcus 
hominis are the most important numerically [3].
S. epidermidis colonizes the upper part of the body pref-
erentially [16], and represents more than 50% of the 
resident staphylococci [17]. Staphylococcus haemo-
lyticus, Staphylococcus capitis, Staphylococcus cohnii, 
Staphylococcus saprophyticus, and Staphylococcus war-
neri [18] have also been isolated from many individuals.

Some have predilection for particular areas, for 
example S. hominis and S. haemolyticus are found 
principally in areas where there are numerous apocrine 
glands, such as axillae and the pubic region [4, 19] and 
S. saprophyticus is often found in the perineum [6].

S. epidermidis•  has emerged as a common cause of 
nosocomial infections. There are extrinsic factors 
that promote the conversion from a member of the 
resident microfl ora to an aggressive agent. This 
bacterium infects drug abusers, patients with 
acquired immune defi ciency syndrome, premature 
neonates and patients with an indwelling foreign 
device [10]. Once systemic, S. epidermidis may 
produce sepsis or native valve endocarditis, and 
biofi lm production reduces the access of antibiotics 
to the bacteria and may require the removal of 
implanted devices [20]. Patients with ulcerated 
tumours (squamous cell carcinoma, breast carci-
noma or sarcoma) have a tendency for infection by 
S. epidermidis [10]. The specifi c skin infections 
caused by this bacterium require a predisposed host, 
and do not refl ect bacterial–host interaction [10].

Peptococcus saccharolyticus is a strict anaerobic 
staphylococcus, and a member of the normal fl ora in 
20% of individuals. It may be present in large numbers 
on the forehead and antecubital fossa [21].

Micrococci are found on the skin, especially in 
women and children [22], and Micrococcus luteus and 

Table 3.1 The indigenous microbiota of the skin [3, 4]

Genus Characteristics

Staphylococcus Facultative anaerobic, Gram-positive cocci
Micrococcus Aerobic, Gram-positive cocci
Corynebacterium Aerobic/facultative anaerobic, Gram-

positive pleomorphic rods
Propionibacterium Anaerobic Gram-positive rods
Acinetobacter Aerobic, Gram-negative coccobacilli
Brevibacterium Aerobic, Gram-positive rods
Dermabacter Gram-positive rods
Malassezia Lipophilic yeast
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Micrococcus varians are the prevailing species. 
Micrococcus kristinae and Micrococcus sedentarius 
are also accepted as residents [23]. Micrococcus lylae 
is more frequently seen in cold months [18], and may 
have signifi cance in infancy [23].

Micrococcus•  species are generally considered contam-
inant when isolated from clinical specimens. M. luteus 
has occasionally been implicated in bacteremia, 
pneumonia, septic arthritis, and meningitis [6].

3.2.2 Coryneforms (Diphteroids)

Coryneform organisms are non-acid-fast, non-branching, 
non-sporing, pleomorphic Gram-positive rods, whether 
aerobic or anaerobic [1], that were initially all thought to 
be Corynebacterium species. Classical Corynebacterium 
species compose an important part of the normal fl ora 
from the intertriginous areas. These organisms were 
poorly classifi ed in the past into two groups: lipophilic 
organisms that require lipid supplements for growth in 
artifi cial media, and non-lipophilic organisms [6].

A simple scheme divides aerobic coryneforms into 
four Corynebacterium spp. complexes (Corynebacterium 
bovis, Corynebacterium minutissimum, Corynebac-
terium xerosis, and Corynebacterium hofmani), together 
with Brevibacterium epidermis, Dermabacter and an 
apparently aerobic Propionibacterium spp. [1, 23]. 
Corynebacterium minutissimum appears to be a complex 
of as many as eight different species [24].

Corynebacterium minutissimum•  causes erythrasma 
and Corynebacterium xerosis is associated with 
axillary odour [1]. Coryneforms are also involved 
in pitted keratolysis and trichomycosis [6].

Brevibacterium spp. are separable from the genus 
Corynebacterium by cell-wall composition studies, 
nutritional requirements and by the production of 
methane thiol [3]. They are obligate aerobic, produce 
proteolytic enzymes, are penicillin-resistant, and are 
the most rapidly growing of the coryneforms [25]. 
They are particularly associated with moist sites [3].

Brevibacterium mcbrellneri•  is implicated in the 
superfi cial fungal infection of hair shaft, white pie-
dra [26]. Brevibacteria are frequently isolated from 
the toe webs of patients with tinea pedis and are 

implicated in foot odour [27]. Brevibacteria are 
occasionally responsible for severe infections in 
humans.

3.2.3 Propionibacteria

Propionic acid-producing bacteria were fi rst described 
by von Freudenreich and Orla-Jensen in 1906, and 
were originally isolated from cheese [28]. Propioni-
bacteria have been classifi ed over the years as Bacillus 
spp, Corynebacterium spp, anaerobic diphteroids and 
Propionibacterium spp.

Propionibacterium genera are composed of Gram-
positive anaerobic non-motile non-spore forming rods. 
These rods can grow in oxygen, but at reduced rates 
because they possess oxygen de-toxifying enzymes. 
Propionibacteria have preference for hair follicles, and 
they grow at varying depths beneath the skin surface 
where oxygen levels are optimal. They also survive on 
skin surface in situations where oxygen utilization by 
aerobes and facultative anaerobes will help to offer an 
oxygen-depleted environment [1].

The cutaneous propionibacteria are Propionibacte-
rium acnes and Propionibacterium granulosum, which 
are isolated mainly from sebum-rich areas (head, chest, 
back), Propionibacterium avidum (mainly in moist 
areas such as axillae, inguina, and the perianal area), 
Propionibacterium propionicum (on the eyelids and 
mouth) and Propionibacterium lymphophilum (it is not 
known if this should be regarded as a part of the normal 
fl ora). A sixth commensal strain previously known as 
Propionibacterium innocuum has been reclassifi ed as 
Propioniferax innocua [29].

P. acnes is the most predominant specie in both 
prevalence and population among propionibacteria, 
while P. granulosum density is signifi cantly lower 
[30]. P. acnes earned its name because it was fi rst iso-
lated from the skin of acne patients [31]. The name is 
improper, because P. acnes is present in nearly 100% 
of healthy persons [32].

P. acnes•  is the causative agent of severe infections 
including endocarditis, endophtalmitis, osteomyeli-
tis, and infections of implanted devices and wounds. 
P. granulosum may cause the same type of infec-
tions as P. acnes, while P. propionicum cause canali-
culitis and dacryocystitis [1].
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3.2.4 Acinetobacter

Acinetobacter spp. are non-fermentative aerobic 
Gram-negative coccobacilli that are widely dispersed 
in nature and are found in up to 25% of individuals 
as normal fl ora [33]. They include species that were 
previously referred to as members of the genera 
Mima and Herellea. Mima polymorpha has become 
Acinetobacter calcoaceticus var. lwoffi  and Herellea 
vaginicola is Acinetobacter calcoaceticus var. 
anitratus.

Males are more frequent colonized than females, 
and there is a signifi cant increase in colonization 
during the summer. The explanation would be that 
high moisture content is necessary for survival of these 
bacteria [18].

Infections with • A. calcoaceticus occur commonly 
in hospitals and immunosuppressed patients. 
Acinetobacter can cause bacteremia, endocarditis, 
meningitis, and infections of the genitourinary and 
respiratory tract [6]. A. calcoaceticus var. lwoffi  has 
occasionally been isolated from the blood of patients 
with catheter-associated infections [1].

3.2.5 Dermabacter

Dermabacter hominis is the single member of the genus 
Dermabacter. This is a non-motile, Gram-positive 
bacillus, and until now there have been no reports of its 
involvement in any infectious diseases [1].

3.2.6 Malassezia

In the normal microfl ora, fungi are commonly pres-
ent. Yeast organisms predominate both in temperate 
[34] and tropical [35] environments. At least seven 
species of lipophilic yeasts exist on the human skin: 
Malassezia restricta, Malassezia globosa, Malassezia 
sympodialis, Malassezia slooffi ae, Malassezia furfur, 
Malassezia obtusa [36] and the recently described 
Malassezia dermatis [37]. Malassezia pachydermatis 
is often seen on animal skin, and M. furfur includes a 
complex of species.

These isolates are found in the scalp, upper trunk 
and fl exures [38]. M. globosa is frequently associated 
with pityriasis versicolor, and M. sympodialis is often 
found on normal skin [39].

A number of lipases, a lipoxygenase and a phos-• 
pholipase are secreted by these organisms, and the 
latter may be considered as a virulence factor. 
This fi nding may explain why these organisms are 
involved in a number of infl ammatory skin diseases: 
atopic dermatitis, seborrhoeic dermatitis, and folli-
culitis [1].

3.2.7 Transient Flora

Any microorganism that is found in nature or that 
belongs to the resident fl ora in non-cutaneous areas 
may be transiently found on the skin.

Transient Gram-negative organisms are frequently 
found as contaminants from the gastrointestinal sys-
tem. Sporadically these may become resident fl ora in 
intertriginous areas and mucosal surfaces [23].

Pseudomonas aeruginosa is commonly found in 
non-sterile areas on healthy individuals.

This bacterium may infect any tissue with which • 
it comes into contact. Infections occur generally 
in compromised patients (individuals with AIDS, 
cystic fibrosis, bronchiectasia, neutropenia, dif-
ferent malignant diseases) and in association 
with hospital stays. P. aeruginosa may cause 
dermatitis on the skin or deeper soft-tissue infec-
tions. Dermatitis occurs after skin contact with 
infected water, and is usually mild. Into the 
blood, this bacterium may cause severe bone, 
joint, gastrointestinal, respiratory and systemic 
infections [10].

Group A streptococcus (Streptococcus pyogenes) rarely 
colonize the skin because they die rapidly on normal 
skin [40]. However, streptococci have been recovered 
from clinically normal skin in children for up to 10 
days prior to the development of impetigo [41].

S. pyogenes•  may cause both superfi cial and invasive 
disease. These infections are generally associated 
with diabetes, alcoholism, immune defi ciency, skin 
ulcers and trauma. Superfi cial infections differ with 
age and cutaneous morphology. Pyoderma (non-
bullos impetigo) occurs frequently in infants and 
children [10]; S. pyogenes is associated with deeper-
seated cutaneous infections such as cellulites and 
erysipelas, especially in the elderly and in densely 
populated areas [42]. The ‘fl esh-eating disease’ or 
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invasive necrotizing fasciitis is associated with a 
high degree of morbidity and mortality, and may be 
followed by streptococcal toxic shock syndrome. 
Group A streptococcus may cause infections in 
lung, bone and joint, muscle or heart valve [10].

Rheumatic fever is a complication of S. pyogenes phar-
yngitis, but occurs after pyoderma rarely if at all. The 
serotype of the organism is not relevant. Acute glom-
erulonephritis follows both throat and skin infections 
with certain nephritogenic serotypes of S. pyogenes 
[3]. Erythema nodosum, psoriasis and scleredema of 
Buschke have been linked with streptococcal infec-
tions of the throat [3].

3.3 Factors Modifying the Normal Flora

3.3.1 Climate

Increased temperature and humidity increase the bac-
terial density. In a study by Aly in 1982, after 24 h of 
occlusion on forearm skin, bacterial counts increased 
10,000-fold, and the relative numbers of Gram-negative 
rods and coryneform bacteria had increased over coc-
cal forms [43].

3.3.2 Body Location

The face, neck, and hands are exposed areas and have 
a higher bacterial density. The upper arms and legs 
are dry environments, and have lower bacterial counts. 
The axilla, perineum and toe webs are partially 
occluded and thus are heavily colonized with all 
microorganisms, particularly with Gram-negative and 
coryneforms [6].

3.3.3 Age

The fl ora is most varied in young children, who also 
carry a higher proportion of pathogens or potential patho-
gens on their skin. Pityrosporum and Propionibacterium 
species are present at lower levels before puberty, due 
to reduced levels of skin lipids [6]. In elderly persons 

streptococci may become skin residents, and enteric 
organisms start to colonize moist areas [3].

3.3.4 Gender

Males carry higher absolute numbers of microorgan-
isms as well as more biotypes, probably due to higher 
sweat production, as well as to the tendency to wear 
occlusive clothing [6]. It was shown that males are 
more likely to be disseminators of S. aureus, if they are 
perineal carriers, than are women [44].

3.3.5 Race

White individuals are more likely to carry nasal S. 
aureus than black individuals [45]. Black individuals 
have fewer cutaneous streptococcal infections than 
whites [46]. Differences may be due to differences in 
HLA antigen expression [47], adhesion, or environ-
mental conditions [6].

3.3.6 Occupation

Hospital workers carry more pathogenic organisms on 
their skin as transient organisms. They may become 
permanently colonized with these bacteria if they are 
consistently exposed [48].

3.3.7 Antiseptics

Antiseptics applied on the skin will remove the tran-
sient fl ora, and generally will reduce the resident 
organisms [49]. Various skin hygiene products may 
have incorporated antimicrobial agents such as clor-
hexidine or triclosan which will result in a reduction in 
the number of organisms on the skin. There is, in any 
case, concern about the development of resistance to 
such agents. Alcohol-based hand rinses are effective 
and safe formulations: they have a broad-spectrum 
antimicrobial activity, there is no risk for resistance 
development and their use is less damaging to the skin 
than washing with water and soap [1].
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3.3.8 Medication

Antibiotics may suppress the normal fl ora and 
increase colonization by other bacteria. Antibiotics 
may also impair bacterial adherence to epithelial 
cells [50] and allow for the natural selection of 
Gram-negative rods [51].

Oral retinoids, such as 13-cis-retinoic acid, cause a 
decrease of P. acnes due to a signifi cant decrease in 
sebum production. This decrease will persist even after 
treatment is discontinued [52]. The number of Gram-
negative rods of the mucous membranes decrease sig-
nifi cantly, while the S. aureus from the anterior nares 
increase [6, 51].

Oral steroids can increase susceptibility to infec-
tions [6].

Patterns of colonization by cutaneous microbiota 
related to the local environmental conditions are pre-
sented in Table 3.2.

3.3.9  Natural Resistance of the Skin 
against Bacterial Infections

There are host factors that prevent colonization and 
invasion of pathogenic organisms. Intact stratum 

corneum will offer defence, and dryness of the skin 
will limit the growth of species that require moisture. 
Skin appendages may represent routes of infection 
with S. aureus [6]. Skin breaches represent an absolute 
condition for inducing a streptococcal infection [53]. 
Rapid cell turnover, the lipid layer and the humoral 
and cellular immune systems of the skin may also 
infl uence the composition of the skin bacteria [6].

Many organisms produce protein or protein-com-
plex antibiotics that have an antagonistic effect on 
other organisms, but not on the producer bacterium. 
Substances produced by Gram-negative bacteria have 
a wide range of antibacterial activity, while those pro-
duced by Gram-positive bacteria are effective against 
strains of closely related species. The latter substances 
are called bacteriocins [6]. A resident bacterium will 
prevent colonization by other strains by competitive 
inhibition on binding sites. Certain resident bacteria 
may exercise antagonistic inhibition over other resi-
dents that are of dissimilar species. The large numbers 
of S. aureus in atopic dermatitis will eliminate the lipo-
philic coryneform bacteria from the skin [54].

3.4 Conclusions

The resident bacteria and the human skin form a com-
plex ecosystem in which bacteria tend to adapt to the 
changes of the environment and to the action of the 
other bacteria.

There is an unexpected stability of the normal 
microfl ora in response to changes in environment, sug-
gesting close co-evolution of the skin microfl ora and 
the skin environment [29]. Occasionally, skin coloni-
sation may lead to various infections that respond to 
treatment but may relapse. These infections may on 
rare occasions be severe in immunocompromised 
patients [6].
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› Widespread skin diseases can be life-threatening.
› Skin is much more than an inert barrier.
› Skin contributes to important functions including 

thermoregulation, metabolism, innate, and 
acquired immune defense.

› Skin failure can result from several dermatologi-
cal diseases.

› A few easy symptomatic measures can improve 
rapidly the systemic consequences from skin 
failure.

Core Messages

The skin has many more functions than the mechanical 
barrier it had been considered only to be for decades. To 
emphasize this complex role and the danger to life that 
may result from widespread skin diseases, we proposed 
20 years ago the concept of ‘acute skin failure’ (ASF) [1]. 
In this chapter, we will briefl y review the principal func-
tions of the skin, the known consequences of their distur-
bance, and some symptomatic measures to correct these 
effects, whatever the cause of acute skin failure may be.

4.1 Functions of the Skin

4.1.1 Barrier Function

As detailed in another chapter (page 3) this function is 
principally devoted to the stratum corneum (corneal layer). 
This upper part of the epidermis is very thin (20–80 μm) 

and constituted of a few dozen layers of corneocytes, cells 
that are the fi nally differentiated form of keratinocytes 
after they have lost their nuclei, accumulated resistant pro-
teins in their cytoplasm and acquired very thick lipid 
membranes. The frequent comparison with the bricks and 
cement of a wall provides a good image of an effi cient 
barrier, but underscores the fact that corneocytes are still 
living and especially capable of transmitting biochemical 
messages of danger to the proliferating and differentiating 
keratinocytes of the lower layers of the epidermis. 
Keratinocytes will respond by accelerating or down-
grading their multiplication and differentiation rates. For 
example, removal of a few layers of corneocytes by an 
adhesive tape will result in activation of keratinocyte pro-
liferation and prompt restoration of the barrier. The quality 
of the barrier also depends on a correct balance between 
the variety of lipids (sterols, sphingolipids and free fatty 
acids) that constitute the intercellular cement. This is in 
turn dependent on nutrition, endocrine and metabolic 
factors, and also on systemic medications acting on lipids.

A normal barrier function is essential to the conser-
vation of the ‘milieu interieur’. It prevents the loss of 
electrolytes and water. In conditions that block sweat-
ing, the trans-epidermal water loss (TEWL) varies 
between body sites, with an average value of 5 ml m−2 
h−1, i.e., 100–250 ml per day.

The barrier also mechanically prevents the penetration 
of xenobiotics, including most bacteria and hydrophilic 
chemicals.

4.1.2 Thermoregulation

The skin provides a major contribution to the control of 
body temperature through interaction between sweat 
and cutaneous blood fl ow. Blood fl ow to the skin is 
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0.5–1 l per min in basal situations, i.e., 15–20% of 
cardiac output. That is much higher than what would be 
needed for local metabolism only, but is a key factor of 
temperature homeostasis. Regulation of cutaneous 
blood fl ow depends on arterial baroreceptors but also on 
skin thermoreceptors, and is mediated by vasoconstrictor 
nerves and by many pharmacological substances 
released in infl ammatory conditions. It is highly variable 
between extreme values of 0.3–4,000 ml m−2 min−1. 
These variations are accompanied by modifi cations of 
skin color, temperature and production of sweat. Eccrine 
sweat glands excrete basically 200–300 ml per day of 
water with low electrolyte concentration. In extreme 
conditions of exercise and heat, the volume of sweat 
can increase to over 1 l per hour. The evaporation of 1 ml 
of water, either from sweat or trans-epidermal losses, 
 dissipates 0.6 Kcal, i.e., 600 Kcal per liter.

4.1.3 Innate and Acquired Immunity

In addition to being a mechanical barrier to most 
microorganisms, the skin shares with other interface 
epitheliums a dynamic role in the defense against 
infections. That occurs through both the non-specifi c 
weapons of innate immunity and the specifi c tools of 
acquired immunity. Dendritic cells in the dermis and 
keratinocytes in the epidermis can express toll-like 
receptors (TLR), activated by molecular patterns that 
are conserved among a variety of microorganisms. 
This activation promotes the synthesis and release by 
keratinocytes and eccrine duct cells of two families 
of wide-spectrum ‘natural antibiotics’ — cathelici-
dins and beta-defensins [2]. Another role of these 
antimicrobial peptides is to attract immature den-
dritic cells and T cells, and so to promote acquired 
immunity. Examples of the potential pathogenetic 
relevance of skin innate immunity is exemplifi ed by 
the relative resistance to infection of psoriasis lesions 
(in which the expression of several beta-defensins is 
increased), in contrast to frequent viral or bacterial 
infections of atopic dermatitis lesions that underex-
press beta-defensins.

Activation of keratinocytes by TLRs also triggers 
their synthesis and release of cytokines and chemok-
ines that will contribute to local infl ammation and 
initiation of specifi c immune response.

More generally, keratinocytes can be activated by a 
variety of triggers, including type 1 and 2 Interferons, 
TNF-alpha, traumatism, and alteration to the stratum 
corneum. Activation manifests as phenotype changes: 
expression of HLA class II molecules, Fas-Ligand and 
ICAM 1, overexpression of HLA Class I molecules, Fas 
and other death receptors. Activation also induces syn-
thesis and release of various cytokines including inter-
leukins (IL) 1, 3, 4, 6, 7, 8, 10, 12, 13, 15, 18, IFN-alpha 
and beta, TNF-alpha, growth factors, colony-stimulating 
factors (CSF) and chemokines [3]. The results include 
attraction and activation of immature dendritic cells, 
monocytes, granulocytes and lymphocytes, infl amma-
tion and initiation of adaptive immunity. Widespread 
lesions will lead to systemic manifestations of infl amma-
tion (fever, synthesis of acute phase proteins, metabolic 
alterations …).

Langerhans cells, representing about 3–5% of epi-
dermal cells, are ‘professional’ differentiated antigen-
presenting cells. They are distinct from two other 
sub-lineages of dendritic cells: dermal dendritic cells 
and plasmacytoid dendritic cells. At variance with 
prior knowledge, dermal DC may be more important 
than Langerhans cells for initiating an immune 
response to contact sensitizers after moving to the 
draining lymph nodes [4]. Plasmacytoid dendritic cells 
in the dermis have important immuno-regulatory 
functions.

4.1.4 Cutaneous Metabolism

Keratinocytes express constitutively, or can be induced 
to express many of the enzymes needed for the metab-
olism of foreign substances. Epidermal cells have been 
shown to transform many drugs, and for example to 
oxidize sulfamethoxazole in reactive metabolites [5]. 
This metabolic capacity is much weaker than that of 
the liver anyhow, and its relevance to the physiology 
and pathology of the skin is unclear.

Synthesis of vitamin D and of its active derivatives 
is the best-studied metabolic function of the skin. The 
skin is the sole source of vitamin D3 (cholecalciferol) 
synthesis. After ultraviolet light irradiation of the 
blood precursor 7-dehydrocholesterol, keratinocytes 
transform it to Vitamin D3. After D3 has been hydrox-
ylated to 25 OH-D3 in the liver, it is transformed to the 
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most active form 1,25 (OH)2-D3 in the kidney and 
many other organs including the epidermis. In turn, 
1,25 (OH)2-D3 decreases the proliferation and increases 
the differentiation of keratinocytes. Beyond this regu-
latory effect on proliferation/differentiation, Vit D3 
derivatives also modulate the production of cytokines 
and growth factors by keratinocytes. This decreases 
the production of the infl ammatory cytokines IL1, IL6 
and IL8, but increases TNF-alpha.

4.1.5 Neuro-Endocrine Functions

Within the epidermis, Langerhans cells are in close 
anatomical contact with terminal fi bers of sensory 
nerves. LC have receptors for several neuro-mediators 
including calcitonin gene-related peptide (CGRP), 
vasoactive intestinal polypeptide (VIP), and substance 
P (SP) neurotensin [6]. On the other hand, many of the 
cytokines that are released by keratinocytes and immune 
cells during infl ammation can activate or modulate the 
activation of sensory nerves. Many experimental mod-
els have demonstrated that contact hypersensitivity is 
modulated by neuro-mediators. The cross-talk between 
the skin immune system and the neuro-endocrine sys-
tem is certainly profoundly affected in situations of 
skin failure, but the evaluation of the real impact of 
such changes needs further investigation.

4.2 Main Features of Skin Failure

Most pieces of knowledge about acute skin failure 
have been acquired from physiological investigations 
of animals or humans with extensive burns. Few of 
these fi ndings have been checked and confi rmed in 
patients with toxic epidermal necrolysis (TEN). 
Because of lack of studies, most analogies are likely 
but unproven. In addition, if the skin barrier is destroyed 
in all burns whatever the deepness, deep burns are 
characterized in addition by necrosis of blood vessels 
within the hypodermis and/or dermis. These vascular 
lesions are usually absent in most dermatological dis-
eases that may induce skin failure. That is an important 
difference that probably explains that the constitution 
of a ‘third sector’ of edema is not a feature of TEN, 

and also that the immediate fl uid requirements are 
lower in patients with TEN than in burn patients for the 
same extent of lesions.

4.2.1  Loss of Water, Electrolytes, 
and Proteins

The total removal of the stratum corneum, by tape 
 stripping in experimental conditions or as the result of 
disease, raises the trans-epidermal water loss from 5 to 
60–100 ml m−2 h−1. That is a well-known consequence 
from burns or toxic epidermal necrolysis, but it is fre-
quently overlooked that an abnormal stratum corneum 
associated with a phenotype of scaly and ‘dry’ skin also 
results in increased water losses. TEWL reaches 10–30 ml 
m−2 h−1 in skin areas affected by atopic dermatitis or pso-
riasis. In cases of exfoliative dermatitis, TEWL rates of 
60 ml m−2 h−1 were measured, corresponding to daily 
water losses of 2,000–3,000 ml per day.

In contrast with trans-epidermal water, exudates 
from blisters and erosions contain concentrations of 
electrolytes and proteins that are close to those in 
plasma, i.e., 140 mEq/l sodium and 20–50 g/l proteins.

Electrolyte and fl uid losses combined with hypo-
albuminemia lead to the reduction of intravascular vol-
umes. The fi rst consequence is a reduction in urinary 
output, with hyper-osmolar urines showing a pattern of 
secondary hyper-aldosteronism (low sodium, high 
potassium and urea concentrations). Serum levels of 
urea and creatinin are elevated, indicating functional renal 
failure. If not corrected, hypo-volemia may lead to hae-
modynamic changes, organic renal failure and shock.

4.2.2 Altered Thermoregulation

Many disorders of the skin are characterized by a mas-
sive release by keratinocytes and other infl ammatory 
cells of a variety of cytokines. Even in lesions with 
moderate extension, blood concentrations of pyrogenic 
cytokines, including interleukins 1 and 6 and TNF-
alpha, are elevated and contribute to fever, through 
deregulation of the hypothalamus ‘thermostat’.

In common feverish illnesses, such as fl u, the cen-
tral temperature is raised by a simultaneous increase 
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in the endogenous production of calories by the mus-
cles (shivering) and a decrease of thermal losses 
through the skin (vasoconstriction, reduction of blood 
fl ow and sweat). Remission of fever will be obtained 
by vasodilatation of skin vessels and sweating.

In skin diseases leading to ASF, the thalamus orders 
to raise the body temperature are antagonized by the 
vasodilatation of skin blood vessels inherent to local 
infl ammation and redness and by the increased losses of 
water (with dissipation of heat physically linked to 
evaporation).

This situation can be compared to an attempt to 
raise the temperature of a room up to 39°C with large 
open windows; the lower the external temperature, the 
larger the amounts of energy which will be needed.

In human skin diseases, dependence of caloric 
expenditures on external temperature has been per-
fectly demonstrated in patients with extensive burns. 
The metabolic rate increased with extent of burns up to 
100% at 22°C. For burns of similar severity the meta-
bolic rate increased by 50% and 30% only when room 
temperature was set at 28°C and 32°C respectively [7]. 
Even though this effect of environmental temperature 
has not been formally demonstrated in patients with 
TEN, it is very likely to be similar for extended auto-
immune blistering diseases or exfoliative dermatitis.

4.2.3 Increased Cardiac Output

From normal values of 0.5–1 l min−1, the cutaneous blood 
fl ow cutaneous blood fl ow can increase to more than 5 l 
min−1 in patients with universal erythema. This remains 
dependent on body temperature, as demonstrated in 
exfoliative dermatitis, with values of 3–5 and 5–10 l 
min−1 for temperatures of 37°C and 38.5°C respectively 
[1]. Immediate consequences on haemodynamics include 
increase in the overall cardiac output from 6 to >10 l 
min−1, tachycardia and a decrease in the blood fl ow in 
other territories, especially gut. That may result in 
impaired intestinal functions, renal failure, hyper-aldos-
teronism with low urinary output and sodium retention. 
Oedemas are frequent, whether related to kidney or car-
diac failure. They often initially mask the profound mus-
cular wastage induced by the hyper-catabolic state and a 
negative caloric balance. Sepsis and cardiac failure have 
been reported as the leading causes of deaths in patients 
with prolonged exfoliative dermatitis.

4.2.4  Altered Immune Functions 
and Infection

There is accumulated clinical evidence that extensive 
burns result in immuno-suppression, with decreased 
Th1 responses to stimulation by polyclonal or specifi c 
antigens. The depression of immune functions begins 
1 week after the burn, and can last for months. 
Increased activity of regulatory T cells has been sug-
gested as one mechanism of this depression [8]. Since 
similar alterations also occur after major stress and 
trauma other than thermal injury to the skin, the skin 
immune system can’t be the sole cause of immuno-
suppression in burns.

In cases of severe skin diseases, there are a few stud-
ies suggesting that immune response is altered [9, 10].

Local infection and sepsis are major threats for all 
patients with skin failure. Severe infections are an 
important cause of death in severe burns, auto-immune 
blistering diseases [11, 12], exfoliative dermatitis [13], 
and TEN [14]. The increased prevalence of infections 
depends for a large part on mechanical disruption of 
the stratum corneum, enhanced bacterial proliferation 
within protein-rich exudates, and selection of resistant 
rods in ICU wards. Several studies in burns have also 
pointed to a probable role of defective innate skin 
immunity. The expression of beta defensin-2 has been 
shown to be dramatically decreased in burn wounds 
[15], and remarkably the most frequent pathogens in 
patients with compromised skin (i.e., Staphylococcus 
aureus, Pseudomonas aeruginosa, and Candida albi-
cans) are sensitive to antibacterial peptides originating 
from keratinocytes. A variant allele of the toll-like 
receptor 4 (TLR4) was associated with an increased 
risk of sepsis in burned patients [12]. In a murine 
model of burns, it was also demonstrated that the 
enhanced Treg activity was restricted to the lymph 
nodes of the burned area, suggesting local cross-talk 
rather than a systemic effect of stress [8].

4.2.5 Other Consequences from ‘Stress’

Hyper-metabolism and prolonged catabolism are a 
normal response to the increased loss of heat through 
diseased skin and to systemic infl ammation. 
Endogenous catecholamines are primary mediators of 



4 Acute Skin Failure 41

hyper-metabolism in severe burns, but many other 
contributing factors are directly induced by ‘infl amma-
tory cytokines’, heat-shock proteins or neuro-endo-
crine pathways.

The consequences of the hyper-metabolic status 
include the following:

Hyper-glycaemia may result in overt diabetes, gly-• 
cosuria, polyuria, hyper-osmolarity and worsening 
of water losses. In TEN patients, hyper-glycemia 
above 14 mmol l−1 affects about 15% of patients, and 
is one of the factors that most adversely affects the 
prognosis [16].
Hypo-albuminemia, from decreased albumin synthe-• 
sis, may contribute to oedemas.
Lipolysis provides energy in the fi rst days of skin fail-• 
ure, with a resultant elevation of blood free fatty acids.
Proteolysis follows to supply elements for hepatic • 
neo-glucogenesis. Protein balance is negative and 
after a couple of weeks muscle wastage will become 
clinically patent from muscle weakness, even 
though weight loss can be masked by oedemas. In 
chronic situations such as exfoliative dermatitis, 
bone demineralisation can be marked.
Inhibition of bone-marrow function, mainly by • 
infl ammatory cytokines, will block the maturation 
of blood cells and contribute to anaemia and 
neutropenia.

Hypo-phosphoremia is often a part of this hyper-
metabolic status. It is present in about one half of 
patients with SJS or TEN [16]. It should not be over-
looked, since it contributes to insulin resistance and 
can impair ventilation through muscle dysfunction.

4.2.6 Patients at Risk for Skin Failure

As expected from the physiologic considerations 
developed above, patients at risk for skin failure are 
those with a combination of alteration of barrier 
functions and skin inflammation. In diseases with 
very active inflammation (e.g., thermal or caustic 
burns, severe dermatitis, blistering diseases, pustu-
lar psoriasis), ASF should be suspected when more 
than 10% of the body surface area is involved, espe-
cially in newborns and the elderly. Conditions with 
milder inflammation (e.g., keratinization disorders, 

atopic dermatitis, plaque psoriasis) are at risk when 
larger skin surfaces are altered (at least 30% of BSA) 
(Table 4.1).

Depending on the nature of the dermatological 
disease, the relative weights of components of ASF 
are different. Destruction of the epidermis (blisters), 
with mild or absent erythema, creates exposure to 
fl uid losses and infection but not to the skin blood 
fl ow being increased to a point compromising heart 
function. On the other hand, patients with exfoliative 
dermatitis are more prone to cardiac failure than to 
severe infection, as long as they do not have venous 
lines inserted through diseased skin.

4.3  Main Principles of Symptomatic 
Treatment

For many of the diseases that are complicated by skin 
failure, ‘specifi c’ treatments, when existing, are not of 
very rapid effectiveness. It is therefore of key impor-
tance for the management to (1) closely monitor 
patients for clinical and biological manifestations of 
skin failure, and (2) take some simple measures that 
will reduce the risk.

4.3.1 Patient Monitoring

Key clinical parameters:
Extension and infl ammation of skin lesions, mea-
surement of the percent of body surface area 

Table 4.1 Percentage of BSA of various parts of body depending 
on age (Lund and Browder Table)

Age 0 1 5 10 15 Adult

Head 19 17 13 11 9 7
Neck 2 2 2 2 2 2
Anterior trunk 13 13 13 13 13 13
Posterior trunk 13 13 13 13 13 13
Genitals and buttocks 6 6 6 6 6 6
Thighs 11 13 16 17 18 19
Legs 10 10 11 12 13 14
Feet 7 7 7 7 7 7
Upper arms 8 8 8 8 8 8
Lower arms 6 6 6 6 6 6
Hands 5 5 5 5 5 5
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(BSA) involved
Intensity of pain (visual analogue scale)
Fever
Weight
Heart and respiratory rates, blood pressure
Urinary output

Key biological parameters:
Blood saturation in oxygen (pulse oxymetry)
Glycemia
Bacterial colonisation of the skin, especially around 
venous lines

4.3.2 Simple Symptomatic Measures

Decrease the part of stress that results  from pain and • 
anxiety, with a liberal use of pain drugs including mor-
phine at doses needed for adequate control of pain.
Reduce caloric losses by warming environment tem-• 
perature and reducing patient fever (antipyretics).
Decrease the cutaneous blood fl ow. Decreasing • 
fever will substantially reduce the cardiac output. 
Potent topical corticosteroids will also contribute to 
improve rapidly the cardiac function through vaso-
constriction of skin vessels.
Reduce and compensate water losses. Intravenous • 
lines are most often needed. When possible they must 
be inserted in normal skin, avoiding central catheters 
with a tight attention to prevention of local infection.
Control the metabolic response to stress. Several • 
measures should be associated. The fi rst is to treat 
hyper-glycemia. Several oral medications have been 
shown in burn patients to decrease insulin resistance, 
but insulin is the most important treatment. A strict 
control of glycemia with intensive insulin therapy 
has been proven to decrease morbidity and mortality 
of critically ill patients, as compared with a more 
conservative attitude using insulin only when glyce-
mia was ≥12 mol l−1 [17]. The second measure is to 
provide a high caloric and protein enriched nutri-
tion. When possible oral or continuous gastro-enteric 
nutrition should be preferred, since it has been 
shown to decrease the incidence of stress ulcers and 
bacterial translocation from the gut.
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› Purpura fulminans has many causes, both infec-
tious and non-infectious.

› It is a common clinical and histological manifes-
tation of a number of distinct disease processes.

› The term was fi rst used in the nineteenth century 
to describe a rapidly progressive skin condition 
that is most commonly associated with serious 
systemic infection.

› Recent years have seen an explosion in our under-
standing of the pathophysiological processes which 
occur both in the skin and elsewhere.

› This has led to advances in management of both 
the skin condition and underlying disease.

› We now understand that abnormalities in both the 
coagulation and fi brinolytic pathways can lead to 
purpura fulminans.

› In addition, endothelial cell dysfunction may play 
a major role in the pathophysiology.

› Treatments are designed to correct the underlying 
abnormalities in the coagulation or fi brinolytic path-
way, and correct the underlying cause of these 
abnormalities.

› Understanding pathophysiology will lead to improve
ments in therapeutic modalities and outcome.

› The prognosis of purpura fulminans has improved 
in recent years, but is mainly associated with that 
of the underlying condition.

Core Messages 5.1 Aetiology and Pathology

Purpura fulminans is not a single disease, but a com-
mon clinical and histological manifestation of a num-
ber of distinct disease processes. We have previously 
proposed a classifi cation of purpura fulminans catego-
rizing patients with purpura fulminans into one of eight 
groups, on the basis of clinical and epidemiological 
criteria, and laboratory fi ndings (Table 5.1) [1].

Infections reported to cause purpura fulminans 
include Neisseria meningitidis, Streptococcus pneu-
moniae, Haemophilus infl uenzae, H. aegyptius, Staphy-
lococcus aureus, Group A and other beta-haemolytic 
streptococci, Pseudomonas aeruginosa, Rickettsiae 
and Candida albicans.

The pathophysiology of purpura fulminans due to 
meningococcal infection will be discussed in detail 
below.

Children with homozygous congenital protein C 
and S defi ciency often present in the neonatal period 
with thrombosis of major vessels, leading to tissue and 
organ infarction, with or without the cutaneous mani-
festations of purpura fulminans [2].

Post-infectious purpura fulminans usually occurs 
1–3 weeks after an acute infectious process [3], most 
commonly following varicella or streptococcal infec-
tion. Post-infectious purpura fulminans may be caused 
by an acquired defi ciency of protein S. A consistent 
feature of this condition is development of auto-
antibodies against protein S [4]. The underlying mech-
anism remains unclear, as proteins associated with the 
varicella zoster virus that have structural homology to 
protein S have not been described. It is also possible 
that auto-antibodies directed against protein C may 
cause a similar clinical picture.

J. Revuz et al. (eds.), Life-Threatening Dermatoses and Emergencies in Dermatology, 45
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Acquired protein C or S defi ciency may also occur 
due to drugs or specifi c non-infectious diseases. 
Coumarin derivatives suppress protein C and S pro-
duction; and acquired protein C and S defi ciency 
may also occur in patients with cholestatic disease, 
nephrotic syndrome, and in patients being treated 
with peritoneal dialysis, or bone marrow transplanta-
tion [5]

Purpura fulminans may occur both as part of the 
anti-phospholipid antibody syndrome and in patients 
with systemic autoimmune disease such as systemic 
lupus erythematosus (SLE), polyarteritis nodosa or 
Henoch–Schönlein purpura. The mechanisms by 
which anti-phospholipid auto-antibodies cause throm-
bosis or purpura fulminans are not completely under-
stood. Different theories have been proposed, including 
the effect of anti-phospholipid auto-antibodies on 
endothelial cells, monocytes, and platelets. Other 
mechanisms include inhibition of protein C activation 
by thrombomodulin, inhibition of the anticoagulant 
action of activated protein C, and interference with 
anti-thrombin 3 binding to endothelial glycosamino-
glycans. Non-antibody-mediated vasculitic damage to 
the vessel wall may contribute to the pathophysiology, 
mediated by neutrophils and lymphocytes or other 
infl ammatory cells [6].

Platelet-mediated purpura fulminans may occur 
at the injection site during subcutaneous heparin 
therapy, and is caused by antibody-mediated platelet 
aggregation.

Finally, more localised purpura fulminans may 
occur following snake or spider bites due to activation 
of coagulation, and endothelial injury appears to be the 
underlying mechanism.

Whatever the cause, the major histopathological 
fi nding in purpura fulminans is thrombotic occlu-
sion of dermal vessels [7]. This thrombotic occlusion 
may occur only in the dermal capillaries and venules, 
or may extend to thrombosis of the large vessels of 
deep tissues. Thrombotic occlusion of the major 
veins draining entire limbs may occur. In meningo-
coccal infection, there may be evidence of vasculitis 
surrounding areas of venous thrombosis, although 
this is not always the case. In post-infectious pur-
pura fulminans, the intravascular thrombosis usually 
occurs without any evidence of underlying vasculitis 
or inflammatory cell-induced disruption of the 
vessel wall.

5.2 Clinical Features

The specifi c clinical features occurring in patients 
with purpura fulminans depend on the cause. The 
fi rst purplish skin lesions are most commonly on the 
extremities but may occur anywhere on the body. 
Within hours, progression to sharply defi ned ecchy-
moses may occur. Lesions vary in size between small 
(a few millimeters in diameter) and large confl uent 
areas which affect entire limbs. Over days the lesions 
become black and necrotic, indicating infarction of 
the affected area of skin. Rarely, haemorrhagic bul-
lae or vesicles may occur. Where circumferential 
lesions of limbs, or major venous thrombosis develop, 
there may be evidence of peripheral ischaemia of 
whole or multiple limbs or digits, refl ected in the 
loss of arterial pulses in the affected areas. Critical 
ischaemia of entire limbs may occur within a few 
hours of disease onset.

Later in the course of disease, areas of purpura 
become sharply demarcated from the surrounding nor-
mal tissues, which may be warm and well-perfused. 
Where the thrombotic process has extended into the 
deep tissues, necrosis of the overlying skin will occur. 
Over weeks, the thrombosed and necrotic skin sloughs 
off, revealing healthy underlying granulation tissue. In 
superfi cial lesions viable skin may regrow without the 
need for skin grafting, even when there have been 
extensive areas of apparent skin necrosis, and patients 
may recover fully without extensive scarring. However, 
where lesions are deep and extensive, skin grafting 
may be required, or in the most severe cases amputa-
tion may be necessary.

The effective treatment of individual patients 
with purpura fulminans depends on the aetiology 
and specifi c treatment of that underlying condition 
(Fig. 1).

5.3  Purpura Fulminans due 
to Meningococcal Infection

Acute infectious purpura fulminans is best illustrated 
by the example of purpura fulminans seen in meningo-
coccal disease, where a greater understanding of the 
pathophysiology has been elucidated.
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Fig. 5.1 a Meningococcal septicaemia and purpura fulminans, 
severe necrotic lesions over all skin without digital gangrene. 
b Meningococcal septicaemia and purpura fulminans, peripheral 
ischaemia and digital gangrene. Note virtual absence of purpu-
ric lesions on trunk and face. c Meningococcal septicaemia and 
purpura fulminans, extensive tissue necrosis over right lower 

limb and bilateral digital gangrene. Note purpuric lesions on 
face. d Meningococcal septicaemia and purpura fulminans, 
extensive tissue necrosis over trunk. e Meningococcal septicae-
mia and purpura fulminans, convalescence (same patient as d). 
Note extensive healing with scarring of the extensive purpura 
over trunk
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5.3.1 Pathophysiology

Most commonly, but not exclusively, seen in children, 
purpura fulminans associated with meningococcal 
infection usually presents with the clinical features of 
severe sepsis [8, 9]. With recent advances in the early 
recognition and aggressive treatment of the disease, 
childhood mortality rates of 20–40% have been reduced 
to around 5–10% in countries with modern paediatric 
intensive care facilities [10].

The intravascular thrombosis of meningococcal 
purpura fulminans is due to a combination of circula-
tory failure and poor perfusion due to clinical shock, 
platelet activation and degranulation leading to local 

vasoconstriction, upregulation of procoagulant path-
ways, and downregulation of anticoagulation and 
fi brinolytic regulatory pathways due to endothelial cell 
dysfunction [11, 12].

The infl ammatory and coagulation cascades trig-
gered by meningococcal infection result from the 
presence of bacterial endotoxin derived from prolifer-
ating meningococci in the circulation. Endotoxaemia 
triggers a complex infl ammatory pathway, leading to 
release of pro- and anti-infl ammatory mediators, 
upregulation of the procoagulant pathways, and down-
regulation of the anticoagulant and fi brinolytic path-
ways. The pathophysiology of the coagulopathy is 
complex (Fig. 5.2) [11], with endothelial cell dysfunc-
tion playing a central role [13]. While coagulation 

Fig. 5.2 The pathophysiology of disseminated intravascular 
coagulation in bacterial infection-related purpura fulminans. 
Abbreviations: GAG, Glycosaminoglycans; aPC, activated pro-
tein C; PS, protein S; tPA, tissue plasminogen activator; TM, 
thrombomodulin; ADP, adenosine diphosphate; TAFI, thrombin-

activated fi brinolysis inhibitor; PAI, plasminogen activator 
inhibitor-1; TF, tissue factor; TFPI, tissue factor pathway inhibi-
tor; ATIII, antithrombin 3; PC, protein C; EPCR, endothelial 
protein C receptor; Roman numerals, clotting factor; nØ, neutro-
phil; mØØ: macrophage
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pathways are activated, the self-regulatory functions 
of the blood vessel wall are disrupted (Table 5.2), 
leading to uncontrolled local thrombosis (Fig. 5.3).

Endothelial injury mediated either by bacterial tox-
ins directly, or secondary to host infl ammatory factors 
such as tumour necrosis factor (TNF), interleukin 1 
(IL-1), reactive oxygen intermediates or proteolytic 
enzymes, results in endothelial cell dysfunction and 
loss of anti-thrombotic mechanisms. Endotoxin induces 
upregulation of adhesion molecules on the endothelial 
surface which facilitate neutrophil adhesion to the 
endothelial surface. Upregulation of endothelial proco-
agulant mechanisms, including tissue factor, occurs. 
Activated neutrophils induce loss of the anticoagulant 
glycosaminoglycans, heparin sulphate and chondroitin 
sulphate from the endothelial surface, downregulation 
of prostacyclin production, and a defect in the activa-
tion of anti-thrombin by the endothelium [8].

The normal regulatory systems which prevent 
uncontrolled coagulation on the endothelial surface are 
similarly disturbed. Acquired defi ciencies of tissue 
factor pathway inhibitor, anti-thrombin and proteins C 
and S are caused by the development of abnormal cap-
illary permeability, leading to leakage of these proteins 

and others out of the intravascular compartment, 
together with consumption of these factors by the 
thrombotic processes. Reduced thrombomodulin and 
endothelial protein C receptor (EPCR) expression on 
the endothelial surface cause depression of protein C 
activation in the dermal vessels [13].

The fi brinolytic system is also impaired, due in part 
to increased production of plasminogen activator 
inhibitor 1 (PAI-1), the physiological inhibitor of tis-
sue plasminogen activator (t-PA). In sepsis, elevated 
PAI-1 has been correlated with the development of 
shock, renal impairment, and mortality [23]. In menin-
gococcal infection, a genetically determined increase 
in PAI-1 has been associated with mortality [24].

The dysfunction of the coagulation and fi brinolytic 
pathways described above leads to the development of 
disseminated intravascular coagulation (DIC) and to 
purpura fulminans in many patients with meningococ-
cal infection. Some individuals have more severe pur-
pura than others, and some patients show little 
correlation between the degree of cardiovascular com-
promise and the extent of purpura.

It is now clear that individual susceptibility to inva-
sive meningococcal disease is determined by both 
genetic predisposition and bacterial virulence. Genetic 
factors also appear to play an important role in deter-
mining severity of disease and complications. For 
example, the factor V Leiden mutation confers a 
genetic predisposition to thrombotic disease in the 
population, and has been shown to be associated with 
an increased risk of thrombotic complications such as 
amputation and skin grafting in individuals who 
develop meningococcal infection [25]. In addition, 
those individuals who are genetically determined to 
secrete higher levels of PAI-1 in response to TNF-
alpha, due to a polymorphism in the PAI-1 gene, have 
an increased likelihood of dying if they suffer menin-
gococcal infection [24].

5.3.2 Treatment

The initial management of patients with purpura ful-
minans due to meningococcal infection is directed at 
treatment of the infection and the main complication, 
which is the presence of circulatory failure and shock 
[9, 26]. Patients with severe disease should be initially 
treated with broad spectrum antibiotics, and resusci-
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Fig. 5.3 Pathophysiology of sepsis

Table 5.2 Endothelial regulatory dysfunction in meningococcal 
sepsis

Endothelial prostacyclin production reduced [14]
Expression of anticoagulant glycosaminoglycans impaired [15]
Increased monocyte tissue factor activity [16]
Decreased tissue factor pathway inhibitor [17]
Defi ciency of antithrombin, protein C and protein S [18, 19, 
20, 23]
Dysfunction of endothelial protein C activation pathway [13]
Disruption of the fi brinolytic pathway [21, 22]
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tated with fl uid to correct circulatory failure. These 
patients will often need tracheal intubation and 
mechanical ventilation, together with inotropic sup-
port to improve multiple organ dysfunction.

There have been few controlled trials in the treat-
ment of purpura fulminans due to infection. Many of 
the commonly used therapies have no evidence to sup-
port their use. Fresh frozen plasma (FFP) or cryopre-
cipitate infusions are often used in an attempt to correct 
the coagulopathy and to reduce the risk of haemorrhage 
associated with hypofi brinogenaemia [27]. There have 
been anecdotal reports of the use of prostacyclin (a 
vasodilator and platelet inhibitor) to treat vasoconstric-
tion where impending peripheral gangrene is develop-
ing, but this agent may exacerbate hypotension and 
lead to worsening of circulatory failure. Heparin ther-
apy has also been suggested in the past, but limited 
clinical trials have not shown any benefi t for its routine 
use in sepsis [28].

Many adjunctive therapeutic agents to modulate 
infl ammation and the coagulation pathways have been 
suggested for the treatment of severe sepsis. Despite 
many clinical trials, none has proven to be benefi cial in 
the overall management of patients with severe sepsis, 
despite a rational basis for these therapies being sug-
gested in experimental models.

One of the reasons why most controlled clinical tri-
als of adjunctive therapies have not shown benefi t is 
that many of the experimental therapies have only acted 
on replacement or modulation of one component of an 
extremely complex sequence of pathway interactions.

However, one of the more promising areas for clini-
cal intervention has been the protein C anticoagulant 
pathway. Following reports of uncontrolled case series 
and a small clinical trial, some authorities have sug-
gested that administration of protein C concentrate [29] 
may be benefi cial. However, there are concerns that 
even if plasma protein C level is normalised by the use 
of protein C concentrate, it is not possible to predict 
which patients will be able to activate protein C on the 
endothelial surface, due to defective thrombomodulin 
and EPCR function. There is a theoretical risk that 
excess unactivated protein C may displace any activated 
protein C at the endothelial protein C receptor, and thus 
potentially exacerbate dermal vessel thrombosis.

A large phase 3 randomised controlled study of 
recombinant activated protein C in critically ill adults 
with sepsis has shown a signifi cant reduction in mor-
tality in those patients treated with activated protein C 

compared with placebo [30], and this has now become 
a standard of care for adults with severe sepsis and sep-
tic shock. However, a phase 3 randomised placebo-
controlled study of activated protein C in children with 
severe sepsis showed no overall benefi t in terms of 
mortality. It did, however, suggest an increased, though 
statistically non-signifi cant, mortality benefi t in those 
children with DIC [31].

Although the use of anti-thrombin to restore circu-
lating levels was suggested by animal data and some 
human series, a large placebo-controlled trial of this 
agent in adult sepsis showed no survival benefi t of 
using the drug, together with an increased risk of 
bleeding where administered with heparin [32].

There have been a number of case reports of the use 
of tissue plasminogen activator (tPA) in patients with 
critical limb ischaemia, and the use of tPA to treat severe 
meningococcal infection has a sound theoretical basis. 
However, in a retrospective European study of 62 
children with meningococcal disease treated with tPA, 
no obvious clinical benefi t was seen, and 8% of those 
children treated suffered serious intracerebral bleeding 
so that its use cannot now be recommended [33].

Many clinicians faced with a patient with a devas-
tating illness such as meningococcal disease, and the 
prospect of limb loss and death in young previously 
healthy patients, feel justifi ed in attempting to utilise 
experimental treatments in an uncontrolled way. The 
potential benefi cial effects of anticoagulant or fi brin-
olytic agents must be balanced against the potential 
risk of causing severe haemorrhage. The experience in 
evaluating tPA in severe meningococcal disease high-
lights the need to avoid such strategies, and for clini-
cians to participate in multicentre controlled trials to 
evaluate experimental therapies properly.

5.3.3  Surgical Treatment 
and Multidisciplinary Care

Patients with extensive purpura fulminans and 
peripheral ischaemia of the limbs or digits require 
multidisciplinary treatment involving physicians 
together with vascular, orthopaedic and/or plastic 
surgeons, nurses, physiotherapists and occupational 
therapists. Nutritional support and the avoidance of 
nosocomial wound infection are essential in the 
overall care package.
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In severe meningococcal infection, marked swell-
ing of the limbs and other tissues may occur 
extremely rapidly. In the acute phase of severe 
meningococcal infection complicated by peripheral 
gangrene, our unit and others have advised fas-
ciotomy (following compartment pressure measure-
ment) to relieve the potential compartment syndrome 
that may develop in severely affected limbs. 
However, there has not been any formal evaluation 
of the utility of this therapy. Fasciotomy may lead to 
uncontrolled bleeding, but rapid improvement in 
deep tissue perfusion is sometimes seen. In addi-
tion, there is a possibility of increased risk of infec-
tion in the open dead tissue, and there may be 
diffi culties with skin coverage around the amputa-
tion site once amputation has occurred, due to the 
fasciotomy incision [34].

Amputation, debridement and skin grafting of large 
purpuric areas should be delayed until complete demar-
cation of the infarcted areas from the surrounding tis-
sues has occurred. There are two main reasons for a 
delay in surgery. Firstly, the risk of bleeding and car-
diovascular compromise during major surgical proce-
dures in patients with septic shock is higher than the 
potential benefi t of surgical invention. More impor-
tantly, the extent of potential recovery is impossible to 
assess in the early stages of disease, and signifi cantly 
more spontaneous recovery may occur than may have 
been predicted at the start.

When demarcation has occurred, surgery including 
skin grafting, microvascular fl aps or amputations may be 
required. Multiple grafting procedures and scar revision 
are likely to be necessary, often for many years after the 
acute event. Decisions regarding timing of any surgical 
procedure require careful multidisciplinary discussion.

5.3.4 Post-Infectious Purpura Fulminans

With the recognition that the pathophysiology of 
post-infectious purpura fulminans involves acquired 
defi ciency of protein S and that the disorder is primar-
ily a disorder of venous thrombosis, treatment has 
become much clearer [4]. Immediate heparinisation 
should be undertaken in any patient presenting with 
purpura fulminans in the convalescent phase of 
varicella infection. Clinicians must be aware of the 
risk of superinfection with Group A streptococcus or 

Staphylococcus aureus in patients with varicella. 
Either of these infections may lead to development of 
systemic sepsis and shock, necrotizing fasciitis and 
DIC, with or without purpura. Recognition of these 
complications and appropriate antimicrobial and 
surgical therapy is mandatory before deciding that 
post-infectious purpura fulminans is present and 
embarking on the therapies described below.

Patients with post-infectious purpura fulminans do 
not usually present with signs of circulatory dysfunc-
tion and ongoing sepsis. The presence of these should 
raise the possibility of infection-related purpura fulmi-
nans or bacterial superinfection.

In those patients where post-infectious purpura ful-
minans is diagnosed, heparinisation should be started 
concurrently with infusion of FFP. Correction of 
hypofi brinogenaemia, and replacement of clotting 
factors, will usually enable full heparinisation to be 
achieved without major risk of haemorrhage. 
Heparinisation is achieved by immediate administration 
of 100 units per kg of heparin, followed by a constant 
infusion of 25 units kg/h. Patients with purpura ful-
minans are frequently heparin-resistant, and much 
larger doses may be required to achieve anticoagula-
tion. In most patients heparin alone will be adequate 
to prevent progression of the purpura. Our most fre-
quent regime would be to administer FFP on a daily 
basis (10–20 mL/kg) and to administer heparin con-
tinually, initially by the intravenous route and then 
switche to low molecular weight heparin to complete 
therapy [35]. Heparinisation is generally indicated 
until levels of protein S return to normal 2–6 weeks 
after the onset of the disease.

Although immunosuppression, or plasmapheresis, 
would theoretically hasten the reduction in plasma lev-
els of anti-protein S antibodies, these treatments are 
generally not indicated. Anti-protein S antibody levels 
decline spontaneously over a few weeks, and it is 
doubtful whether immunosuppression with steroids or 
plasmapheresis would result in a decline of the levels 
much more rapidly. In addition, there are signifi cant 
complications of both of these therapeutic options; in 
the presence of purpura fulminans and protein S defi -
ciency, major vessel thrombosis including intracardiac 
thrombosis formation may occur, and central venous 
cannulation should be avoided if at all possible. In 
addition, large areas of skin necrosis are a high risk for 
superinfection, which may be made more likely by 
immunosuppression.
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5.4 Prognosis

Purpura fulminans remains a devastating condition 
which may cause considerable long-term disability as 
well as signifi cant mortality. For patients presenting 
with purpura fulminans as a complication of meningo-
coccal or other infection, the prognosis is largely that of 
the underlying disorder. With earlier disease recogni-
tion and modern intensive care, a higher proportion of 
patients with septic shock are now surviving. However, 
with improvements in the survival rates for patients 
with severe sepsis, many patients who previously may 
have died of shock and multiorgan failure are now sur-
viving, but being left with the consequences of severe 
purpura fulminans, including potential loss of whole 
limbs or digits, and of extensive areas of skin [36].

For the other forms of purpura fulminans including 
post-infectious purpura fulminans, the prognosis has 
improved as a result of a better understanding of the 
disease. Reports in the literature of patients with post-
infectious purpura fulminans suggested mortality rates 
of 20–30%. With early anticoagulation, and judicious 
use of clotting factor replacement or fi brinolytic ther-
apy for large-vessel occlusion, the prognosis has 
undoubtedly improved, and the majority of patients in 
whom the diagnosis is made and appropriate treatment 
administered should now survive. Those patients in 
whom the true nature of the illness is not appreciated, 
and in whom appropriate treatment is therefore not 
instituted, continue to have a poor prognosis.

Improved understanding of the pathophysiology of 
infection-related purpura fulminans and DIC, and the 
link with systemic infl ammation, has led to development 
of adjunctive therapies for patients with severe sepsis 
and DIC. The next few years should see the translation of 
these theoretical treatments into clinical use, with the 
potential for further improvements in outcome.
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Severe Infections of Soft Tissues (Including 
Fasciitis and Diabetic Foot Infections)

Philippe Bernard

6

6.1 Introduction

Soft-tissue infections (STIs) can be defi ned as infec-
tions of any of the layers within the soft-tissue com-

partment: dermis, subcutaneous tissue (i.e. hypodermis), 
superfi cial and deep fascia, or even muscle. STIs are 
generally severe infections, and require hospitalisation 
in a majority of cases. They include non-necrotizing 
dermal–hypodermal infections (erysipelas), forms of 
intermediate severity with abscess and/or exudate 
and necrotizing STIs (necrotizing fasciitis), the latter 
being infrequent but life-threatening. In diabetic 
patients, severe STIs of the lower extremity represent 
a frequent and diffi cult problem; these diabetic foot 
infections frequently expand to bones and joints, and 
are associated with a poor prognosis of limb salvage. 
Except diabetic foot infections, STIs are frequently 
due to streptococci though staphylococci, particularly 
methicillin-resistant Staphylococcus aureus (MRSA), 
play a growing role in dermal–hypodermal infections 
evolving into abscesses. However, numerous other bac-
teria (Pseudomonas aeroginusa, Entero-bacteriaceae, 
anaerobes) may also be responsible for severe STIs 
with local necrosis and/or abscess formation.

6.2 Erysipelas

6.2.1 Definition

Erysipelas is an acute, superfi cial, non-necrotizing 
dermal–hypodermal infection which is mainly caused 
by streptococci [1–3]. The defi nitive diagnosis is based 
on clinical fi ndings which usually include a sharply 
demarcated shiny erythematous plaque of sudden onset 
associated with pain, swelling and fever. Erysipelas 
differs clinically from other non-necrotizing cellulitis 
by a more defi ned margin, its acute course and a more 
elevated fever.

› Erysipelas and other non-necrotizing dermal–
hypodermal infections are mainly caused by 
streptococci, though other bacteria can cause 
such infections, which often occur in specifi c 
circumstances.

› There is an increasing prevalence of soft-tissue 
infections (STIs) caused by community-acquired 
MRSA which are responsible for about half of 
the cases of cellulitis with purulent exudates in 
involved geographic areas. Contrary to erysipelas, 
the best therapeutic option will be an antibiotic 
that is effective both against streptococci and S. 
aureus.

› Treatment of necrotizing fasciitis, a rare, life-
threatening infection, primarily affecting the 
superfi cial muscular fascia and adjacent hypo-
dermis, is surgical excision of all necrotic tis-
sue; it must be considered as an emergency 
once the diagnosis is suspected.

› Diagnosis of purulent diabetic foot infections 
within soft tissues or localized osteomyelitis gen-
erally requires imaging investigations. The initial 
empirical antibacterial regimen may be tailored 
based on the results of bacteriological cultures.
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6.2.2 Bacteriology

Erysipelas is most commonly caused by β-haemolytic 
streptococci of group A, less so by group B, C or G 
streptococci [1, 4, 5] and rarely by staphylococci [2].

6.2.3 Epidemiology

A recent study in the Netherlands showed an incidence 
of about 2 per 1,000 per year when both erysipelas and 
cellulitis affecting the leg were considered [6]. 
Predisposing factors for erysipelas of the leg mainly 
include local factors, i.e., disruption of the cutaneous 
barrier (leg ulcer, wound, fi ssured toe-web intertrigo, 
pressure ulcer) and lymphedema, whereas general fac-
tors such as obesity are less important [7]. Chronic foot 
dermatomycosis increases the risk of leg erysipelas [8].

6.2.4 Clinical Features

Erysipelas affects predominantly adult patients in the 
sixth or seventh decade, and is located to the lower limb 
in more than 80% of cases, particularly the leg [9]. A 
female predominance exists, except in young patients. 
The onset is typically abrupt with high fever, chills and 
malaise, and within 24 h the erythematous, indurated, 
hot, painful plaque develops unilaterally, which is 
clearly demarcated from surrounding uninvolved skin 
(Fig. 6.1, 6.2). It may also affect less frequently other 
sites such as face, arms, hip or trunk [2, 10]. Regional 
lymphadenopathy is frequently present, with or without 
lymphatic streaking. A portal of entry exists in two-

thirds of cases (toe-web intertrigo, ulcer or wound). 
Without treatment, erysipelas spreads within 24–48 h 
without central healing or deep necrosis, though bullae, 
vesicles or pustules may form sometimes, resulting in 
small areas of superfi cial necrosis.

6.2.5 Diagnosis

It is based primarily on clinical fi ndings. Routine labo-
ratory investigations will show elevated blood leuko-
cytosis and CRP. Blood cultures are very rarely positive 
(2–5% of cases). Bacteriologic cultures from needle 
aspirates or skin biopsy are useless, since they yield 
poor results. Swabs from suspected portal of entry or 
nose may be useful in populations with a high preva-
lence of MRSA carriage. Anti-DNAse B and ASLO 
titers are only retrospective indicators of group A 
Streptococcus infections [1, 5].

Fig. 6.1 Typical erysipelas involving the leg; note the translu-
cide, superfi cial blisters

Fig. 6.2 Erysipelas involving the face; note the well-demarcated 
margin
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Dermatoses sometimes associated with fever that 
may resemble erysipelas include staphylococcal cel-
lulitis secondary to furuncle, abscess or osteomyelitis, 
erysipeloid, Wells’ syndrome, Sweet’s syndrome, 
acute lipodermatosclerosis of the leg or systemic lupus 
erythematosus (facial involvement). Necrotizing fas-
ciitis (early stage) may also resemble erysipelas, but 
general and local signs and symptoms are more severe 
(see below).

6.2.6 Course and Treatment

Erysipelas can be a severe disease, but it is seldom life-
threatening. The clinical evolution is favourable in over 
80% of the cases with an appropriate antibiotic treat-
ment [2, 10]; fever disappears within 36–48 h, whereas 
local signs resolve more slowly (8–12 days). Recurrence 
is the main complication [11]; it occurs in about 20% of 
cases. Systemic complications are very rare, including 
anecdotal cases of endocarditis, or acute glomerulone-
phritis. Local complications are more frequent, occur-
ing in up to 10% of the cases, and include dermal 
abscesses, superfi cial skin necrosis or deep gangrene 
(necrotizing fasciitis) with potential limb-threatening. 
Later, severe or repeated episodes of erysipelas may 
lead to lymphedema, sometimes substantial enough to 
cause elephantiasis [12]. Osteoarticular complications 
of erysipelas are infrequent, and include non-septic 
(mainly bursitis) and septic complications (osteitis, 
arthritis, tendinitis) [13]. Most patients with erysipelas 
are not hospitalized but treated at home by oral antibiot-
ics [6, 14]. The main reasons for hospitalization are the 
severity of general or local signs, old age, the existence 
of an associated disease (diabetes, mellitus, arterioscle-
rosis obliterans) possibly responsible for further  comp-
lications [15], and the necessity to eliminate deep 
venous thrombosis [3]. Therapy for erysipelas should 
include an antibiotic active against streptococci. 
Penicillin, given either parenterally or orally depending 
on clinical severity, is the treatment of choice for erysip-
elas [10, 17, 18]. Patients with erysipelas without local 
or general severity signs can be treated orally by amoxi-
cillin (3–4.5 g daily) for 2 weeks [cc 2000]. Pristinamycin 
(1 g three times per day) [19] or clindamycin (300 mg 
three times per day) may be used in penicillin-allergic 
patients. In hospitalized patients, parenteral penicillin G 
(12–20 MU daily) or amoxicillin (3–6 g daily) can be 

used initially in severe cases until apyrexia, followed by 
oral amoxicillin.

Measures to reduce recurrences of erysipelas 
include treatment of any predisposing factor such as 
toe-web intertrigo or wound, such as reducing any 
underlying oedema by compressive stockings or pneu-
matic pressure pumps [2, 3]. If frequent infections 
occur despite such measures, prophylactic antibiotics 
appear reasonable. Options include intramuscular 
benzathine penicillin injections (1.2–2.4 MU monthly 
or every 3 weeks) or oral therapy with twice-daily 
doses of either 250 mg of erythromycin, 1 g of pristi-
namycin or 1 g of penicillin V [3, 11, 17].

6.3  Other Non-necrotizing Bacterial 
Dermal–Hypodermal Infections 
(Cellulitis):

Very often named “cellulitis” in the literature, they are 
acute spreading infections of the skin, extending more 
deeply than erysipelas to involve the subcutaneous tis-
sues. They therefore lack a clear line of demarcation 
between involved and uninvolved tissue typical for ery-
sipelas. Associated regional lymphadenopathy and 
lymphatic streaking are inconstant, and local complica-
tions (abscesses, necrosis) more frequent than in ery-
sipelas. Petechiae and ecchymoses with frequent bullae 
may develop in infl amed skin, resulting in haemor-
rhagic cellulitis which requires both antibiotics and 
systemic corticosteroids for complete resolution 
[20, 21] (Fig. 6.3); however, if these are widespread 
and associated with systemic toxicity, a deeper infec-
tion such as necrotizing fasciitis should be considered.

Fig. 6.3 Haemorrhagic cellulitis of the leg with prominent pur-
pura and superfi cial blistering
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Although most cases are caused by β-haemolytic 
streptococci, many other bacteria can produce such 
infections, which often occur in particular circum-
stances. Following cat or dog bites, the organism 
responsible is typically Pasteurella multocida. 
A. hydrophila may cause cellulitis following immer-
sion in fresh water, whereas infection after saltwater 
exposure is generally due to Vibrio species, particu-
larly Vibrio vulnifi cus in warm climates. Periorbital 
cellulitis due to Haemophilus infl uenzae may occur 
in children. In neutropenic hosts, infection may be 
due to P. aeruginosa or other Gram-negative bacilli, 
and in patients infected with HIV, the responsible 
organism may be Helicobacter cinaedi. Occasionally, 
Cryptococcus neoformans causes cellulitis in patients 
with defi cient cell-mediated immunity. An emerging 
problem is the increasing prevalence of STIs caused by 
community-acquired MRSA, which are responsible 
for about half of the cases of cellulitis with purulent 
exudates in involved geographic areas [22]. Those 
community strains cause infections in patients lacking 
typical risk factors (hospital admission, long-term care 
facility residence); they are often susceptible to non-
β-lactam antibiotics, including doxycycline, clindamy-
cin, trimethoprim–sulfamethoxazole, fl uoroquinolones, 
or rifampicin.

As in erysipelas, needle aspirations and skin biop-
sies are unnecessary in typical cases, which should 
respond to antibiotic therapy directed against strepto-
cocci and staphylococci. In cellulitis with collections 
or exudates, needle aspiration and blood cultures are 
more fruitful, and allow identifi cation of one or several 
bacterial organisms in more than two-thirds of cases. 
These procedures should be considered for patients 
with diabetes mellitus, malignancy, or specifi c predis-
posing factors, such as immersion injury, animal bites, 
neutropenia or immunodefi ciency [17, 23].

Contrary to erysipelas, the best therapeutic option 
will be an antibiotic that is effective both against strep-
tococci and S. aureus, although this organism rarely 
causes cellulitis unless associated with an underlying 
abscess or penetrating trauma. Suitable agents include 
dicloxacillin, cephalexin, clindamycin, or erythromy-
cin, unless streptococci or staphylococci resistant to 
these agents are common in the community [17]. 
Cephalexin is the most cost-effective choice over most 
of the modeled range of probabilities, with clindamy-
cin becoming more cost-effective at high likelihoods 
of MRSA infection [24].

6.4 Necrotising Fasciitis

6.4.1 Definition

Necrotizing fasciitis is a rare, life-threatening infec-
tion, primarily affecting the superfi cial muscular fascia 
(which is comprised of all of the tissue between the 
skin and underlying muscles) and adjacent hypoder-
mis, that tracks along fascial planes and extends well 
beyond the superfi cial signs of infection [2, 3, 17, 25]. 
It can affect any part of the body, and results in an 
extensive gangrene of the surrounding tissues.

6.4.2 Bacteriology

Necrotizing fasciitis is predominantly polymicrobial 
(type 1) and, less frequently, monomicrobial (type 2) 
[2, 26]. Monomicrobial forms are mainly caused by 
S. pyogenes, especially after varicella or minor inju-
ries; those streptococcal forms are frequently associ-
ated with toxic shock syndrome, with most cases 
caused by M types 1 and 3, producing exotoxin A and 
streptolysin O. They may be also caused by V. vulnifi -
cus, Klebsiella pneumoniae, Aeromonas hydrophila, 
or anaerobic streptococci. Recently, necrotizing fascii-
tis has been described in patients with MRSA infection 
[27]. In polymicrobial necrotizing fasciitis, most 
cultures yield a mixture of aerobic (S pyogenes, 
S aureus, Enterobacteriaceae) and anaerobic organisms 
(Peptostreptoccus, Bacteroides fragilis, Clostridium, 
Fusobacterium).

6.4.3 Epidemiology

It is a rare condition, with an estimated annual incidence 
of 1–4 per million individuals in Canada [28]. Risk fac-
tors for necrotizing fasciitis are not well-established. The 
role of comorbidities, i.e. diabetes mellitus and alcoholic 
liver diseases in adults and varicella in children, has been 
suggested from retrospective cohort studies [26, 28, 29]. 
The role of non-steroidal anti-infl ammatory drugs as a 
predisposing or a severity factor of necrotizing fasciitis is 
no longer considered [30].
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6.4.4 Clinical Features

Necrotising fasciitis may occur at any age and can 
affect any part of the body, but the lower extremities, 
the perineum (syn.: Fournier’s gangrene) and the trunk 
are most commonly involved. The initial presentation 
is that of cellulitis, which can advance more or less rap-
idly. As the infection progresses, there is systemic tox-
icity with high fever. The patient may be disoriented 
and lethargic. The following clinical features are sug-
gestive of a necrotizing fasciitis, especially when a 
number of them are present [3, 17]: severe pain, haem-
orrhagic bullae, skin necrosis, ecchymosis, crepitus of 
the affected area, oedema that extends beyond the 
margin of  erythema, cutaneous anesthesia, systemic 
toxicity (fever, delirium, renal failure), and rapid spread 
despite antibiotic therapy (Fig. 6.4).

6.4.5 Diagnosis

Establishing the diagnosis of necrotising fasciitis is 
diffi cult, and often results in delay of an appropriate 
surgical treatment. Clinical characteristics (see above) 
help to raise the degree of suspicion, but the sensitivity 
of these typical fi ndings is low (10–40%). Whenever 
there is doubt and likelihood for necrotising fasciitis, a 
surgical exploration of the involved area must be per-
formed [3, 17]. The most important diagnostic feature 
of necrotizing fasciitis is the appearance of the subcu-
taneous tissues or fascial planes at operation: the fascia 
is swollen and gray necrotic, whereas there is typically 

no true pus nor bleeding emerging from the wound; 
extensive undermining of surrounding tissues is pres-
ent, and the tissue planes can be easily dissected with a 
gloved fi nger. The fi nding of soft-tissue air on plain 
radiographs is inconstant. Although CT scan or mag-
netic resonance imaging may show oedema extending 
along the fascial plane [31, 32], in practice clinical 
judgment remains the most important element in diag-
nosis. Routine laboratory investigations typically show 
elevated blood leukocytosis, CRP, serum glucose, cre-
atinine, and muscular enzymes (CPK). A defi nitive 
bacteriologic diagnosis is best established by culture 
of tissue specimens obtained during operation or by 
blood cultures, which yield positive results in a majority 
of cases [2, 26]. The diagnosis therefore remains a 
clinical one, and the clinician should not rely on 
individual tests [25].

6.4.6 Course and Treatment

Necrotising fasciitis is a life-threatening condition, 
with a high associated mortality and morbidity. Recent 
mortality rates vary from 15 to 35% [33] but may be 
higher, approaching 50–70%, in patients with organ 
failure or in post-operative forms. The risk of death is 
signifi cantly associated with co-morbidities, delay 
superior to 24 h from onset to surgery and age greater 
than 60 years [26, 33]. Morbidity is mainly represented 
by post-surgical sequelae, including amputation.

Surgical intervention is the major therapeutic 
modality of necrotizing fasciitis [2, 3, 17, 25, 34]; it 
must be considered once the diagnosis is suspected. If 
necrotizing fasciitis is recognized early and treated 
aggressively, mutilating surgical procedures may be 
avoided and mortility rate decreased. All non-viable 
skin and subcutaneous tissue, including fascia, should 
be excised. Further surgical exploration 24–48 h later 
is recommended to ensure that the necrotic process has 
not extended, and repeated debridements may be nec-
essary depending on the state of the wound and the 
general status of the patient [17, 25]. On occasion, 
amputation is necessary. Aggressive fl uid rescuscita-
tion and blood component therapy is often required in 
the preoperative period, and management in an inten-
sive care unit is recommended.

Treatment of polymicrobial necrotizing fasciitis 
must also include agents effective against both aerobes Fig. 6.4 Late-stage necrotizing fasciitis of the dorsa of the hand



62 P. Bernard

and anaerobes, such as a combination of ampicillin/
sulbactam plus clindamycin plus ciprofl oxacin [17]. 
Necrotizing fasciitis and/or streptococcal toxic shock 
syndrome caused by S. pyogenes should be treated 
with clindamycin and penicillin [17].

Hyperbaric oxygen therapy and intravenous 
γ-globulin (especially if concurrent streptococcal 
toxic schock syndrome) remain controversial, and 
cannot be recommended with certainty [3, 17, 23, 
25]. Reconstructive surgery should be considered 
only once the infection has been fully eradicated. 
Vacuum-assisted closure therapy may be employed 
to help in reducing the size of larger defects before 
grafting.

6.5 Diabetic Foot Infections

6.5.1 Definition

Diabetic foot infection (DFI) is defi ned by invasion 
of the tissues with proliferation of micro-organisms, 
causing tissue damage with or without an associated 
infl ammatory response by the patient [35]. DFIs are 
generally secondary to a skin wound, which typically 

follows trauma to a neuropathic foot. The diagnosis of 
DFI is clinical, and must be distinguished from bacte-
rial colonization. Two types of DFIs have to be sepa-
rated: (1) superfi cial infections, which involve tissue 
layers above the superfi cial fascia and present as acute 
bacterial hypodermal infections (cellulitis), and (2) 
deep infections, which involve superfi cial fascia 
(necrotizing fasciitis, wet gangrene), muscles or bones 
(including osteomyelitis) and joints. Deep infections 
are more frequent than clinically suspected, and must 
be looked for as a key marker of severity and frequent 
need for additional surgery. The diagnosis of infection 
is based on the presence of at least two of the following 
signs: swelling, induration, erythema around the lesion, 
local tenderness or pain, local warmth or presence of 
pus [35]. The severity of infection is assessed accord-
ing to the International Consensus on the Diabetic Foot 
Classifi cation System [36, 37] (Table 6.1).

6.5.2 Bacteriology

To obtain isolation and identifi cation of the micro-
organisms responsible for the infection from a speci-
men, it is mandatory to avoid contamination by the 
commensal fl ora that colonizes the skin. Before taking 

Table 6.1 International Consensus on the Diabetic Foot classifi cation of foot wound 
infection from [36]

Grade 1 No symptoms, no signs of infection
Grade 2 Lesion only involving the skin (without involvement of deeper tissues nor 

systemic signs) with at least two of the following signs:
• Local warmth
• Erythema > 0.5–2 cm around the ulcer
• Local tenderness or pain
• Local swelling or induration
• Purulent discharge (thick, opaque to white or sanguineous secretion)
Other causes of infl ammation of the skin must be eliminated (for example: 

trauma, gout, acute Charcot foot, fracture, thrombosis, venous stasis)
Grade 3 • Erythema > 2 cm and one of the fi ndings described above

or
• Infection involving structures deeper than skin and subcutaneous tissue, 

such as deep abscess, osteomyelitis, septic arthritis or fasciitis
There must not be any systemic infl ammatory response (see grade 4)

Grade 4 Any foot infection, in the presence of a systemic infl ammatory response 
manifested by at least two of the following characteristics:

- Temperature > 38°C or < 36°C
- Pulse > 90 bpm
- Respiratory rate > 20 per min
- PaCO

2
 < 32 mmHg

- Leukocytes > 12,000 or < 4,000 per mm3

- 10% of immature (band) forms
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any specimen, debridement with a sterile curette or 
scalpel is essential, while the wound must be cleaned 
with sterile physiological saline. Repeated specimens 
should be taken in the event of an unfavourable course 
or severe sepsis. Curetting or swabbing are suffi cient 
for superfi cial DFIs, while fi ne-needle aspiration of 
abscess/phlegmon, or bone biopsy in case of rough 
bone contact, are necessary in deep DFIs [35]. Gram-
positive aerobic bacteria are the most frequent micro-
organisms, and the sole causative pathogens in mild 
and moderate infections; among these, S. aureus is 
most often isolated, either alone or in association with 
other bacteria, both in superfi cial and in deep DFIs 
[38]. Gram-negative aerobic bacteria, mainly 
Enterobacteriaceae, (Proteus mirabilis, Escherichia 
coli, Klebsiella spp) are commonly isolated in chronic 
or previously treated infections [39]. Though 
Pseudomonas aeruginosa is frequently isolated, par-
ticularly after a long hospital stay, its pathogenic role 
has to be considered. Strict anaerobic bacteria are also 
often isolated in association with aerobic bacteria. 
Multiresistant bacteria, especially MRSA or P. aerugi-
nosa, must be taken into account, and represent a seri-
ous and increasing problem [40].

6.5.3 Epidemiology

Diabetic patients are at greater risk than the general 
population of developing severe foot infections. Fifteen 
to 25% of diabetic patients develop a foot ulcer at some 
time during their disease [41], and approximately half 
of these ulcers become infected. Risk factors for DFIs 
include wounds that penetrated to bone, recurrent or 
chronic (>30 days) wounds and presence of peripheral 
vascular disease [42].

6.5.4 Clinical Features

Superfi cial infections present in the form of non-necrotiz-
ing acute dermal–hypodermal infections (cellulitis) [3]. 
Deep infections include necrotizing fasciitis, muscles or 
bone and joint involvement (Fig. 6.5). Abscesses or 
phlegmon in the soft tissue of the foot, eventually extend-
ing to the leg, are frequently observed. They may be either 
evident (pus discharge) or diffi cult to demonstrate clini-
cally, requiring the use of imaging investigations (see 

next paragraph). Bone infection is present in 30–80% of 
DFIs, depending on the severity of the infection. It may 
consist of isolated osteomyelitis, affecting particularly the 
toes and calcaneum, or more frequently bone and joint 
infection, while isolated septic arthritis is rare [3, 37]. 
Bone and joint infection generally occur by contiguous 
spread from a skin wound. In acute DFIs, ostemomyelitis 
must be particularly suspected in the case of infection 
localized over a bony prominence, rough bone contact, or 
of edematous, erythematous sausage appearance of a toe 
with abnormal motility.

6.5.5 Diagnosis

Diagnosis of superfi cial DFIs and necrotizing fasciitis 
is clinical (see defi nition), and no laboratory marker is 
suffi ciently sensitive and specifi c to confi rm diagnosis 
of infection or colonization of a diabetic foot wound 
[35]. The diagnosis of purulent collections within soft 
tissues (abscess, phlegmon) or localized osteomyelitis 
generally requires imaging investigations, including 
standard radiographs (plain X-rays), magnetic reso-
nance imaging or isotope studies [43–46].

6.5.6 Course and Treatment

Several wound classifi cations have been proposed to 
guide the management of DFIs, among which the 
University of Texas classifi cation is the reference 

Fig. 6.5 Acute diabetic foot infection with distal cellulitis and 
toe-web necrosis
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(Table 6.2). According to the complementary classifi -
cation of the International Consensus on the Diabetic 
Foot (Table 6.1), DFIs may be classifi ed as mild (grade 2), 
moderate (grade 3) or severe (grade 4), which largely 
determines the approach to therapy [48]. Clinical fail-
ure rates for DFIs are between 20 and 30%, leading to 
a lower-extremity amputation [36]. Elevated white 
blood cell count and severe DFIs (grade 4) are clinical 
predictors of treatment failure [49]. DFIs solely due to 

Gram-positive bacteria can usually be treated with 
culture-based narrow-spectrum antibacterials, along 
with appropriate surgical debridement, in an outpa-
tient setting. In contrast, severe DFIs are often poly-
microbial, requiring treatment with broad-spectrum 
antibacterials, along with appropriate medical and 
surgical interventions and therefore hospitalisation 
[48]. Once infection has been confi rmed clinically, 
bacteriological specimens are taken, and empirical 

Table 6.2 Classifi cation of foot wounds in diabetic patients: University of Texas Wound Classifi cation 
combining grade and stage (1996). The amputation rate according to the wound category is shown in 
parentheses from Armstrong et al. [47]

Grade 0: Grade 1: Grade 2: Grade 3:

Completely epithelial-
ized lesion (%)

Superfi cial 
wound (%)

Wound penetrating to 
tendon or capsule (%)

Wound penetrating 
to bone or joint (%)

Stage A 0A (0) 1A (0) 2A (0) 3A (0)
Not infected
Not ischemic
Stage B 0B (12.5) 1B (8.5) 2B (28.6) 3B (92)
Infected
Stage C 0C (25) 1C (20) 2C (25) 3C (100)
Ischemic
Stage D 0D (50) 1D (50) 2D (100) 3D (100)
Infected
Ischemic

Table 6.3 First-line antibiotics in diabetic foot infections (excluding osteomyelitis) from French Consensus 
Conference [35]

Type of infection Suspected pathogens Antibiotic therapy

Recent infection of a superfi cial 
wound (<1 month)

MSSAb

S. pyogenes
MRSAc

Cloxacillin or cephalexin or (amoxicillin + 
clavulanate) or clindamycin

Pristinamycin or linezolide 
or vancomycin or teicoplanin

Extensive cellulitis MSSAb

S. pyogenes

MRSAc

Oxacillin AGa

Vancomycin or teicoplanin or linezolide

Deep and/or chronic lesion with 
or without sepsis

MSSAb

S. pyogenes, GNBd, anaerobes
MRSAc

(Amoxicillin + clavulanate) AGa

+vancomycin or teicoplanin or linezolide

Severe sepsis MSSAb

S. pyogenes, GNBd, anaerobes
(Piperacillin + tazobactam) or (ticarcillin + 

clavulanate) + AGa

Septic shock MRSAc, GNBd, anaerobes Imipenem or ertapenem + (vancomycin or 
teicoplanin or linezolide) + AGa

Shaded zone: oral outpatient treatment; for the other cases, treatment is initially parenteral, followed by oral 
therapy when possible, depending on the course and the susceptibility profi le of the bacteria isolated
a AG aminoglycosides (gentamicin or netilmicin); 
b MSSA methicillin-susceptible Staphylococcus aureus; 
cMRSA methicillin-resistant Staphylococcus aureus; 
d GNB Gram-negative bacilli
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therapy is immediately started [35]. The initial empiri-
cal antibacterial regimen may be tailored based on the 
results of bacteriological cultures. Several antibacte-
rial regimens have demonstrated effectiveness in ran-
domized controlled trials, though the evidence is too 
weak to recommend any particular antimicrobial agent 
as fi rst-line treatment [48, 50, 51]. Proposals from the 
recent French Consensus Conference [35] are shown 
in Table 6.3. No consensus has been reached about the 
type of daily dressing to be used in DFIs, while adhe-
sive or occlusive dressings must not be used in those 
situations [35]. Adjunctive growth factors treatment 
(G-CSF) does not appear to hasten the clinical resolu-
tion of diabetic foot infection or ulceration [52] and is 
not recommended; nor is hyperbaric oxygen therapy 
[35]. However, a recent meta-analysis suggested that 
although it does not accelerate cicatrisation or decrease 
hospital stay, it decreases the risk of amputation [52]. 
In every case, it is essential to evaluate the patient’s 
arterial status to assess the need for a revascularization 
procedure, which could reduce healing time. Treating 
diabetic foot osteomyelitis requires reliable cultures to 
select an appropriate antibiotic regimen. Surgical 
resection of the infected and necrotic bone favours a 
good outcome in chronic osteomyelitis. The recom-
mended duration of antibacterial therapy ranges from 
1 to 4 weeks for soft-tissue infection, to >6 weeks for 
unresected osteomyelitis. The increasing incidence of 
MRSA infection in both the hospital and the commu-
nity should be considered when selecting antibiotic 
therapy. Certain other organisms, such as P. aerugi-
nosa and Enterococcus spp., while potentially patho-
genic, are often colonisers that do not require targeted 
therapy.
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and staphylococcal diseases and community-acquired 
S. aureus (CA-MRSA) are only some of these entities 
with prominent mucocutaneous manifestations, and 
thus of great relevance to the dermatologist.

7.2  Staphylococcal Cutaneous 
Infections

7.2.1 Epidemiology and Pathogenesis

S. aureus is a Gram-positive cocci of the Micro-
coccaceae family. It is one of the most common patho-
gens in skin and soft-tissue infections, and can cause 
potentially serious nosocomial infections when 
acquired in the hospital setting. S. aureus has a diverse 
arsenal of components and products that contribute to 
the pathogenesis of infection. The virulence of S. 
aureus infection is remarkable, given that the organ-
ism is a commensal that colonizes the nares, axillae, 
vagina, pharynx or damaged skin surfaces. Infections 
are initiated when a breach of the skin or mucosal bar-
rier allows staphylococci access to adjoining tissues 
or the bloodstream (Fig. 7.1). Whether an infection is 
contained or spreads depends on a complex interplay 
between S. aureus virulence determinants and host 
defense mechanisms [1–3].

Penicillin was introduced in the 1940s as an effec-
tive treatment against S.aureus. Methicillin, a semi-
synthetic penicillin was introduced in 1959 to overcome 
the resistance to penicillin that developed shortly after 
its introduction [4]. However, within a year, methicillin-
resistant Staphylococcus aureus (MRSA) emerged as a 
hospital-acquired infection, and was fi rst detected in 
the United Kingdom and later in the United States 

› Community-acquired Staphylococcus aureus 
(CA-MRSA) infections have become epidemic 
in the United States and elsewhere, and repre-
sent a threat to the community and to persons 
without risk factors.

› MRSA infection should be suspected in certain 
patient populations, and in patients not respond-
ing to standard β-lactam therapy.

› Cultures of wounds should be obtained, and 
proper antibiotic guidelines should be followed.

› Because there are epidemiological and micro-
biological differences between community-
associated and health care-associated MRSA 
infections, strategies to prevent and treat these 
infections likely differ as well.

Core Messages

Abbreviations: HA-MRSA Hospital-acquired 
methicillin-resistant Staphylococcus aureus, 
CA-MRSA Community-acquired methicillin-resistant 
Staphylococcus aureus

7.1 Introduction

In recent years, many infectious diseases have either 
been newly described, or have re-emerged after decades 
of relative quiescence. Toxin-mediated streptococcal 
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[5, 6]. Worldwide emergence of MRSA was established 
by the 1980s [7]. Since that time, MRSA has become 
widespread in hospitals and long-term facilities around 
the world, accounting for numerous nosocomial infec-
tions [8]. In the United States, increasing MRSA rates 
have been reported with a prevalence of 2.4% in 
1975, 29% in 1991, and 36% in 1999 [9]. Wide vari-
ations in prevalence have been described worldwide, 
not only between countries but also between hospi-
tals, and even within different departments of the 
same hospital. In Europe, a north–south gradient is 
observed, MRSA strains being rare in Scandinavian 
hospitals (<2%) and far more prevalent in 
Mediterranean hospitals (>40%). Whether low or 
high, the prevalence of MRSA in European countries 
has remained approximately the same during the last 
decade [10]. Moreover, the bacteria continue to 
acquire resistance to antimicrobial agents, with some 
strains, fortunately rarely, demonstrating resistance to 
vancomycin [11].

MRSA is no longer solely a concern in the hospital 
setting, as there has been an alarming increase in the 
incidence of community-acquired MRSA (CA-MRSA). 
Sporadic reports of community-acquired MRSA infec-
tions have appeared since 1980 [12], but 1999 marked 
the beginning of the current epidemic in the United 
States, with a series of fatal cases of CA-MRSA infec-
tions in Native American children living in the Midwest 
[13]. Even though most of the reports originate in the 
continental US, CA-MRSA occurs throughout the 
world [14–17].

7.2.2  Antimicrobial Resistance and Toxin 
Genes

Interestingly, molecular analysis has shown that 
CA-MRSA differs from HA-MRSA both genotypi-
cally and phenotypically [18].

The insertion of a mobile staphylococcus cassette 
chromosome (SCC mec A) has led to methicillin resis-
tance in S. aureus. In MRSA isolates, the mecA gene 
encodes a protein designated “penicillin-binding protein 
2” that has transpeptidase activity necessary for pepti-
doglycan synthesis in S. aureus. Despite its designation, 
it actually has decreased binding affi nity of β-lactam 
antibiotics, and allows peptidoglycan synthesis even in 
the presence of β-lactam antibiotics. mecA is carried on 
a mobile genetic element called “staphylococcal cas-
sette chromosome mec” (SCCmec). The sequenced pro-
totype CA-MRSA strain MW2 was isolated from a 
pediatric case of fatal septicemia in North Dakota in 
1998, and was shown to harbor the SCCmec type IV. No 
defi nition of CA-MRSA is universally accepted, but 
several authors consider the insertion of the SCCmec IV 
as characteristic, while HA-MRSA carries the mecA 
gene types I–III [19]. Type I lacks genes conferring 
resistance to other drugs, whereas types II and III are 
associated with multiple drug resistance.

Among CA-MRSA strains, Panton–Valentine leuko-
cidin, which codes for the production of a cytotoxin that 
causes leukocyte destruction and tissue necrosis, has 
been identifi ed as the most important virulence factor 
[20, 21]. In the United States, two clones, designated as 
USA 300 and USA 400 by the Centers for Disease 
Control and Prevention (CDC), have been identifi ed as 
the primary types that cause CA-MRSA infections [22, 
23]. USA 400 was fi rst described in Native American 
children living in the Midwest, while USA 300 was 
recovered in 99% of 384 patients living in Atlanta, 
Georgia. Both of these clones have subsequently caused 
infections throughout the country [13, 23].

7.2.3  Populations at Risk and Risk 
Factors

Risk factors for infection with MRSA in health-care 
settings (HA-MRSA) include prolonged hospital stay, 
exposure to multiple or prolonged broad-spectrum 

Fig. 7.1 Cutaneous community-acquired MRSA infection pre-
senting as red, follicular papules, pustules and nodules on the 
thigh of a young man
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antimicrobial therapy, stay in an intensive care or burn 
unit, proximity to patients colonized or infected with 
MRSA, use of invasive devices, surgical procedures, 
underlying illnesses, and MRSA nasal carriage [24]. 
Typically, CA-MRSA infection occurs in patients with-
out traditional risk factors. CA-MRSA outbreaks have 
occurred among young children, prisoners, intravenous 
drug-users, athletes, military trainees, and homosexual 
men [25–27]. However, the number of populations at 
risk for CA-MRSA is steadily expanding [23]. Although 
factors associated with CA-MRSA are poorly character-
ized, some transmission factors that have been associ-
ated with outbreaks include crowding, frequent 
skin-to-skin contact, compromised skin, contaminated 
surfaces, shared items, uncleanliness, and antimicrobial 
use. Our knowledge of CA-MRSA epidemiology is 
incomplete, which adds to the challenge of controlling 
CA-MRSA infection. For example, whereas nasal colo-
nization commonly precedes serious infection with 
methicillin-susceptible S. aureus (MSSA), nasal coloni-
zation may not precede CA-MRSA infections. In fact, 
several studies suggest that the nasal carriage rate for 
MRSA in the community is considerably lower than that 
for MSSA, which can approach 30% or more. Graham 
et al. found a surprisingly low prevalence (0.84%) of 
nasal carriage of CA-MRSA strains, suggesting that 
nasal carriage is not the prime predictor of subsequent 
infection, as is believed to be the case for hospital-
acquired MRSA (HA-MRSA) and MSSA. Persons 65 
years of age or older, women, persons with diabetes, and 
those who were in long-term care in the past year were 
more likely to have MRSA colonization [28].

Less is known about skin and soft-tissue infections 
in a non-outbreak setting. In a recent study at a large 
hospital and its affi liated clinics in urban Atlanta, 
Georgia, CA-MRSA was responsible for 72% of skin 
and soft-tissue infections. Factors independently asso-
ciated with CA-MRSA were black race, female sex 
and hospitalization within the previous 12 months. 
Inadequate initial antibiotic therapy was statistically 
signifi cant, more common among those with CA-MRSA 
than among those with methicillin susceptible S. aureus 
skin and soft-tissue infections [23]. In another recent 
report by Cook et al, the authors encountered three 
households in which heterosexual transmission was 
responsible for new CA-MRSA infection. The vaginal 
and inguinal isolates obtained from the sexual partners 
were USA 300. This potential means of transmission 
might help to explain the ability of these new strains to 

become established in what would otherwise be consid-
ered low-risk communities [29]. Recent studies also 
suggest that household pets may be additional reser-
voirs for CA-MRSA [30]. Contamination of our food 
supply is also a potential mode of CA-MRSA spread. 
In Japan, mecA positive MRSA has been isolated from 
retail raw chicken meat [31].

7.2.4  Crossover Between Community and 
Health Care Settings

Overall, patients with health-care-associated MRSA 
(HA-MRSA) are signifi cantly older, and have different 
distributions of clinical infections compared with 
CA-MRSA. CA-MRSA causes the same spectrum of 
disease as HA-MRSA, but the community-acquired 
strains more often cause skin and soft-tissue infections 
(75% vs 37%) [18]. However, certain CA-MRSA cases 
can progress to invasive tissue infections, bacteremia 
and death [32]. Some of these patients may require 
hospital therapy, making the distinction between hos-
pital-acquired and community-acquired blurred. 
Moreover, CA-MRSA is now being introduced into 
hospitals, thus blurring the borders between CA-MRSA 
and hospital-acquired strains [33]. Hospital transmis-
sion of CA-MRSA has been described in postpartum 
women with skin and soft-tissue infections, including 
mastitis with abscess, postoperative wound infection, 
cellulitis and pustulosis (Fig. 7.2). It has also been 
reported in a neonatal intensive care unit [34, 35]. 
Although reservoirs of CA-MRSA are becoming more 

Fig. 7.2 CA-MRSA infection presenting as bullous cellulitis 
on the lower leg of a 49-year-old man
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common, patients colonized with MRSA at the time of 
hospital admission are still likely to have acquired the 
organism during previous encounters with health care 
facilities. As the epidemiology of strains changes, the 
defi nitions for hospital-acquired and community-
acquired MRSA may have to be altered [36].

Please see Table 7.1 for summary of comparison of 
hospital acquired vs community acquired MRSA.

7.2.5 Diseases Caused by S.aureus

S. aureus infection is a major cause of skin, soft-tissue, 
respiratory, bone, joint and endovascular disorders. 
Infections caused by CA-MRSA range from minor 
skin infections to rapidly fatal, overwhelming pneu-
monia [37] and sepsis which can be accompanied by 
the Waterhouse–Friderichsen syndrome [38]. Because 
skin infections caused by these organisms often have 
necrotic centers, physicians may misdiagnose them as 
“spider bites” [39]. The discussion below is limited to 
severe or life-threatening community-acquired staphy-
lococcal infections relevant to the dermatologist.

7.3 Necrotizing Fasciitis

Necrotizing fasciitis is a rapidly progressive, life-
threatening infection involving the skin, soft tissue and 
deep fascia. These infections are typically caused by 
group A streptococcus, Clostridium perfringens, or a 
mixture of aerobic and anaerobic organisms including 
group A streptococcus, the Enterobacteriaceae, anaer-
obes, and S. aureus [40–42]. Owing to the frequently 
polymicrobial nature of necrotizing fasciitis, most 
authorities recommend the use of broad-spectrum 
empirical antimicrobial therapy for suspected cases. 
However, therapy directed against MRSA, such as 
vancomycin, is not recommended in current standard 
guidelines, presumably because of the rarity of this 
pathogen as a cause of the disease [42]. To date, MRSA 
has been related with necrotizing fasciitis in rare cases 
such as that of a subacute, polymicrobial infection 
[43], and as a monomicrobial infection in a patient in 
a hospital setting, 1 week after knee-replacement surgery 
[44]. S. aureus has been a very uncommon cause of 
necrotizing fasciitis until recently, when an alarming 
number of these infections caused by CA-MRSA was 

Table 7.1 Comparison of hospital-acquired vs community-acquired MRSA infection

Hospital-acquired MRSA Community-acquired MRSA

Molecular genetics SCCmec I–III SCCmec IV

Population affected Elderly, sick Immunocompetent: young children, 
prisoners, IV drug abusers, 
athletes, military trainees, 
homosexual men

Colonization of nares in general 
population

High Low (< than 1%)

Skin and soft-tissue infection Less common More common
Risk factors • Multiple, prolonged 

exposure to antibiotics
• Less characterized:

• Crowding
• Frequent skin-to-skin contact
• Compromised skin
• Contaminated surfaces

• Stay in ICU/ burn unit • Shared items
• Uncleanliness
• Previous antimicrobial use

• Proximity to patients 
infected with MRSA

• Invasive devices
• Inderlying illnesses
• MRSA nasal carriage

Treatment of choice IV vancomycin Trimethoprim-sulfamethoxazole, 
tetracycline
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noted [42]. In a recent report by Miller et al., 14 patients 
out of 843 patients with MRSA infection presented 
from the community with clinical and intraoperative 
fi ndings of necrotizing fasciitis, necrotizing myositis 
or both. Coexisting conditions or risk factors for these 
patients included current or past injection-drug use, 
previous MRSA infection, diabetes, chronic hepatitis 
C, cancer and human immunodefi ciency virus infec-
tion. Four patients had no serious conditions or risk 
factors. All patients received combined medical and 
surgical therapy and surprisingly none died, given that 
the mortality rate of necrotizing fasciitis historically 
has been reported to be about 33%. The absence of 
deaths in this series suggests that necrotizing fasciitis 
caused by CA-MRSA may be less virulent than similar 
infections caused by other organisms. However, serious 
complications were common, including prolonged stay 
in the intensive care unit, the need for mechanical 
ventilation and reconstructive surgery, septic shock, 
nosocomial infections and endophtalmitis. Although 
the onset of disease in this series was often subacute, in 
some patients the infection progressed rapidly over a 
period of several hours; making the disease clinically 
indistinguishable from necrotizing fasciitis caused by 
other pathogens. The authors conclude that in areas in 
which CA-MRSA is endemic, empirical treatment of 
suspected necrotizing fasciitis should include antibiotics 
that are reliably active against this pathogen [42] 
(Fig. 7.5. see p. 76).

7.4 Pyomyositis and Myositis

Pyomyositis, an acute bacterial infection of skeletal 
muscle with localized abscess formation, is endemic in 
tropical countries, and much less common in temperate 
climates. S. aureus accounts for 75–90% of these infec-
tions, which are frequently seen in children. Acute 
bacterial myositis is an infection within the muscle, but 
infl ammation extends diffusely through more than one 
muscle group without distinct abscess formation. Acute 
bacterial myositis is much less commonly reported than 
pyomyositis, and more frequently involves adult patients. 
Most cases have been due to Streptococcus pyogenes, 
although cases secondary to S. aureus have also been 
reported [45–47]. Muscle infections are postulated to 
occur when transient bacteremia seeds a site of local 
muscle injury. MRI is the optimal imaging modality to 

demonstrate muscle infl ammation and/or presence of a 
muscle abscess. Drainage of the abscess expedites healing, 
and is helpful in isolating the causative pathogen [45]. 
Empirical antimicrobial therapy for myositis and pyo-
myositis will depend upon local epidemiologic and sus-
ceptibility patterns. The duration of therapy depends on 
clinical improvement. In cases of primary muscle infec-
tion without bone or joint involvement, treatment with 
an intravenous agent followed by an oral agent (when 
clinical improvement has occurred) for a total of 3 weeks 
seems to be appropriate [45].

In a recent report from Pannaraj et al., the authors 
found CA-MRSA to be an increasing cause of pyo-
myositis and myositis in children hospitalized at Texas 
Children’s Hospital. Children with CA-MRSA infec-
tion had a shorter duration of bacteremia than did 
those with community-acquired methicillin-sensitive 
Staphylococcus aureus (CA-MSSA) infection. Never-
theless, CA-MRSA infections were associated with 
larger abscesses and required more drainage proce-
dures than did CA-MSSA infections, suggesting that 
CA-MRSA can attack muscle and form abscesses 
more readily than CA-MSSA. Also CA-MRSA affected 
patients at a younger age, but other clinical parameters 
were similar. Almost 70% of the S. aureus isolates 
recovered from myositis and pyomyositis patients in 
this study were USA 300.

7.5  Staphylococcal Scalded Skin 
Syndrome

Staphylococcal scalded skin syndrome (SSSS) is a rare 
syndrome defi ned by the following; erythema and 
desquamation of the skin with a positive Nikolsky 
sign, isolation from the patient of S. aureus which pro-
duces an exfoliating toxin, and superfi cial intra-epidermal 
cleavage at the level of the stratum granulosum on 
histology. This syndrome was originally described by 
von Rittershain in infants and children, and is rarely 
seen in adults [48, 49]. The superfi cial epidermal blister 
formation is caused by exfoliative toxin A or B pro-
duced by S. aureus, which targets desmoglein 1, a des-
mosomal adhesion molecule, that when inactivated 
results in blisters [50]. The same toxins that are respon-
sible for causing SSSS also cause bullous impetigo. 
Adult cases of SSSS are uncommon, and this is thought 
to be due to the increased ability of adults to metabolize 



72 I.C. Valencia and F.A. Kerdel

and excrete the toxin through the kidneys. Most reports 
of adult cases concern patients with renal failure, 
although underlying immuno-suppression is also asso-
ciated [51–53].

SSSS presents with a prodrome of malaise, sore 
throat or conjunctivitis. SSSS starts as erythema 
most often of the head, involving all the body within 
few hours. Within 48 h, flaccid bullae develop, 
which commonly affect the flexures. The bullae 
may be absent, but a Nikolsky sign is present: dis-
lodging of the epidermis with lateral finger pres-
sure. Rupture of the bullae or slipping of epidermis 
after the Nikolsky maneuver reveal a moist ery-
thematous base, which gives rise to the scalded 
appearance. This base, however, is quite different 
from the raw oozing deep red dermis revealed in 
toxic epidermal necrolysis: it is more pink and less 
moist. Scaling and desquamation occur over the 
next days, leading to complete healing without 
scarring in 10–14 days. Mucous membranes are 
spared. An emergency biopsy shows the intra-epi-
dermal cleavage at the level of the stratum granulo-
sum. There are no inflammatory cells in the bullae.

The diagnosis of SSSS is mainly clinical. Its diagno-
sis can easily be differentiated from bullous auto-immune 
diseases by histology. The absence of pseudococard, 
sparing of mucous membranes and the predominance at 
fl exural areas make it possible to discriminate it from 
toxic epidermal necrolysis.

SSSS in adults is a rare disorder, though there are 
over 50 documented cases. While mortality in child-
hood SSSS is approximately 4%, the mortality rate in 
adults is reported to be much greater. There appears to 
be a spectrum of disease extent, as there is a relation-
ship between the disease extent, the amount of toxin 
produced and whether the toxin is released locally or 
systemically. Treatment is usually straightforward 
when there is no coexistent morbidity and the presen-
tation is mild, but can be challenging if the patient is 
systemically compromised [54].

The fi rst report of SSSS in an adult due to MRSA 
was described in 1999 [48]. This case was particularly 
unusual, as the MRSA produced toxic shock syn-
drome toxin 1 and enterotoxin, but not exfoliatoxin. 
There are several reports of clinical SSSS in which the 
infecting staphylococcus produces either toxic shock 
syndrome toxin 1 or enterotoxin, but exfoliatins are 
not demonstrable. Isolated reports of SSSS due to 

MRSA in adults [55] and infants have also been 
described [56, 57].

7.6  Management of Cutaneous MRSA 
Infection

Because there are epidemiological and microbiologi-
cal differences between community associated and 
health-care-associated MRSA infections, strategies to 
prevent and treat these infections likely differ as well.

7.6.1 Treatment of HA-MRSA

Vancomycin remains the drug of choice; however, 
cyclic lipopeptides such as daptomycin has been 
 effectively used to treat MRSA infections. Unfortunately, 
resistance has already been reported, and in-disk diffu-
sion testing may not be predictive of clinical outcome 
[58, 59].

Quinupristin–dalfopristin, a parental streptogramin, 
has been used in critically ill patients with severe 
MRSA infections that are unresponsive to vancomycin, 
and demonstrates synergy when used with rifampin. 
Unfortunately, resistance is emerging and side-effects 
limit its use [58, 60].

Newer-generation carbapenems such as mero-
penem, panipenem and ertapenem have shown activity 
against MRSA and synergism with vancomycin [58, 
61, 62].

Linezolid, an oxazolidinone, is useful for severe, 
refractory MRSA infections, and in some groups of 
severely ill patients has proved to be more effective 
than vancomycin [63]. Despite its cost, it might be an 
alternative to vancomycin in patients with impaired 
renal function, poor venous access, or inability to tol-
erate glycopeptides. Overall the drug is well-tolerated, 
but gastrointestinal side-effects and more rarely periph-
eral neuropathy, thrombocytopenia and myelosuppres-
sion may occur [58].

Tigecycline is a glycylcycline related to minocy-
cline that shows effi cacy against MRSA isolates 
resistant to other tetracyclines and may be particu-
larly useful for infections that involve both MRSA 
and gut organisms [64].
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A new cephalosporin, Ceftobiprole medocaril, is being 
studied for MRSA infections [65]. Early data suggest that 
it may be comparable in effi cacy to vancomycin [66].

7.6.2 Treatment of CA-MRSA

Incision and drainage with or without adjunctive nar-
row-spectrum antimicrobial therapy has been used 
abscesses with successful outcomes as a primary treat-
ment method for skin, and this may be applicable for 
some community-acquired MRSA abscesses [23]. 
Indeed, CA-MRSA skin infection may persist, even 
when the patient is being treated with appropriate 
 systemic antimicrobial therapy, if the contents of the 
infectious abscess are not released either by surgical 
intervention or spontaneous rupture [67]. As CA-MRSA 
infection is contagious and often associated with infec-
tion, appearing within other family members and close 
contacts, antibiotic therapy, in addition to appropriate 
surgical intervention, may be helpful to limit the spread 
of infection [68].

The variability in antibiotic susceptibility among 
some reported CA-MRSA infections highlights the 
need for all patients with skin and soft-tissue infections 
to undergo wound culture, in order to guide treatment 
after empiric antibiotic therapy. Subsequently, the 
patient’s systemic therapy can be altered on the basis 
of the reported antibiotic sensitivity if the culture 
reveals MRSA.

Because most CA-MRSA isolates were susceptible 
to several already available antimicrobial agents, and 
because most patients had noninvasive infections, the 
treatment of CA-MRSA infections should not routinely 
require the use of vancomycin. Most CA-MRSA cases 
isolated in the United States are susceptible to several 
non-beta-lactam drug classes including tetracyclines 
and trimethoprim–sulfamethoxazole. They are both 
inexpensive and an effective choice for the majority of 
patients [18]. Clindamycin presents an additional chal-
lenge because some strains are susceptible to clindamy-
cin in vitro, but contain genes encoding inducible 
resistance to macrolides, lincosamides, and strepto-
gramin that confer potential to develop resistance to 
clindamycin during therapy [69]. Rates of inducible lin-
cosamide resistance vary widely among staphylococci 
that are resistant to erythromycin. They have been low 

in Houston (2–8%), while they have been much higher 
in Chicago (94%) [69, 70]. However, although concern 
about clindamycin resistance is legitimate, the drug has 
been used effectively to treat invasive infections caused 
by CA-MRSA isolates [71]. Even though many 
CA-MRSA strains remain sensitive to fl uoroquinolones, 
resistance is emerging, and overuse of fl uoroquinolones 
in a population favors the emergence of CA-MRSA. It 
appears to also favor the emergence of fl uoroquinolone-
resistant Pseudomonas and uropathogens [72, 73]. 
Rifampin has been used in combination with other anti-
biotics, but should never be used alone to treat a staphy-
lococcal infection because of the rapid development of 
resistance. The combination of rifampin plus trimethop-
rim–sulfamethoxazole has been shown to eradicate 
MRSA colonization, and has been suggested for the 
treatment of MRSA in the community [74].

Multidrug-resistant CA-MRSA has emerged in 
Taiwan. In a Taiwanese children’s hospital, 198 episodes 
of S aureus infection were identifi ed among 191 children 
between July 2000 and June 2001. MRSA accounted for 
47% of 114 community-acquired infections and 62% 
of 84 hospital-acquired infections. CA-MRSA isolates 
showed a high rate of resistance to clindamycin (93%) 
and erythromycin (94%). Fortunately, 91% remained 
susceptible to trimethoprim–sulfamethoxazole, and all 
children recovered without sequelae. Six different geno-
types were identifi ed, and type IV staphylococcal chro-
mosomal cassette mec was carried by only 25% of the 
CA-MRSA isolates [75]. In contrast, recent testing of 
strains of CA-MRSA in Hong Kong indicates that the 
strains were methicillin-resistant only [76].

7.7 Prevention

Because of the epidemiological and microbiological 
differences between CA-MRSA and HA-MRSA infec-
tions, strategies to prevent and treat these infections 
also differ. To prevent clinical complications from 
CA-MRSA infections, clinicians working in emer-
gency rooms or outpatient settings should consider 
practice modalities in areas where such infections are 
known to be prevalent. These modifi cations could 
include more frequent culturing and susceptibility testing 
of S. aureus isolates, surgical drainage of infections 
when appropriate, and careful selection of empirical 
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antibiotic therapy when suspecting staphylococcal 
infections. The treatment of non-invasive CA-MRSA 
infections should not routinely require the use of van-
comycin [18]. In a prospective study, the authors were 
able to reduce nosocomial transmission of MRSA in a 
highly endemic setting by using an aggressive infec-
tion control program that included using alcohol han-
drub, early detection, isolation and a decolonization 
strategy [77]. Proper hygiene, use of barriers when 
touching patient’s wounds and bandages, limiting 
direct skin–skin contact, proper disinfection and dis-
posal of waste should be standard precautions in any 
out- or in-patient setting.

7.8 Conclusion

The epidemic of CA-MRSA in the United States and 
elsewhere raises basic questions for which we have no 
answers. We know little about the epidemiology of this 
organism, and even less about the pathogenesis of the 
severe and overwhelming infections that it can cause. 
The role of host factors in determining severity of 
infection, the optimal antimicrobial therapy, as well as 
the cellular mechanisms that have allowed certain 
clones such as the USA 300 or USA 400 to become 
dominant in the community, are still unknown.

7.9 Toxic Shock Syndrome

Toxic shock syndrome (TSS) is caused by coagulase-
positive staphylococci (S. aureus) and group A beta-
hemolytic streptococcus (S. pyogenes). Staphylococcal 
toxic shock syndrome (TSS) was fi rst described by 
Todd in 1978; however, it came to prominence in 1980–
1981, when numerous cases were associated with the 
introduction of superabsorbent tampons for use during 
menstruation. In 1983, toxins similar to the ones in S. 
aureus were described in β-hemolytic Streptococcus, 
and in 1987 streptococcal toxic shock syndrome was 
described in two patients with cellulitis (Fig. 7.3). Since 
then, multiple case reports and series have described 
the clinical spectrum of Streptococcal TSS, particularly 
in association with soft-tissue infections and pneumo-
nia [78]. In the US, staphylococcal TSS had a highest 
incidence during the menstrual-related outbreak, with 

rates ranging from 2.4 to 16 cases per 100,000 popula-
tion. Since then, staphylococcal TSS related to men-
struation has persistently diminished, largely because of 
a decrease in the use of superabsorbent tampons and con-
sumer education. A similar decline has not been dem-
onstrated in non-menstrual cases of TSS. In fact, an 
increase in the incidence of Staphylococcal TSS was 
recently reported in the Minneapolis–St Paul area of 
the United States, from 0.8 per 100,000 in January 2000 
to 3.4 per 100,000 in December 2003 [79]. The disease 
is now known to also affect neonates and non-menstru-
ating women. The prevalence of streptococcal TSS is 
not well-known, but it is estimated to be 10–20 cases 
per 100,000 population. An increasing number of 
reports describing rapidly progressive invasive group A 
streptococcal infections have appeared in the medical 
literature, and have attracted a great deal of attention, 
given their ability to cause explosive, often life-threat-
ening disease [80].

Staphylococcal TSS is caused by a strain of S. aureus 
that produces the toxins TSS-1 and enterotoxins A 
through E. TSS toxin-1 (TSST-1) suppresses neutrophil 
chemotaxis, induces T-suppressor function, and blocks 
the reticuloendothelial system. The toxins act together 
as superantigens that stimulate the release of various 
cytokines (including interleukin 1β, tumor necrosis 
factor- α and β, interferon γ and interleukin-2), prosta-
glandins, and leukotrienes, known to mediate fever, 
shock and tissue injury. TSST-1 produces an antibody 
response in vivo that is believed to be protective. By 
middle age, 90–95% of women have detectable anti-

Fig. 7.3 CA-MRSA cellulitis with abscess formation and cen-
tral necrosis
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body titers [81–85]. Streptococcal TSS is caused by S. 
pyogenes exotoxins A, B, C as well as with combina-
tions of toxins which, similar to the staphylococcal tox-
ins, activate production of superantigens that release 
infl ammatory mediators, resulting in widespread 
endothelial damage [80].

TSS has been linked to many bacterial infections, 
including osteomyelitis, sinusitis, and skin and gyne-
cologic infections. The mortality rate varies with the 
bacteria involved: with staphylococcal TSS, the mor-
tality rate is less than 3%, while mortality with strepto-
coccal TSS is 30–70%. Causes of death of group A 
β-hemolytic streptococcus include bacteremia, associ-
ated aggressive soft-tissue infection, shock, adult 
respiratory distress syndrome and renal failure [86, 
87]. Recurrences have been reported in 30–40% of 
cases. Most recurrences occur less than 2 months after 
the initial episode and are generally less severe than 
the initial episode. Women who have had TSS should 
avoid using tampons during menstruation, as re-infection 
may occur. The use of diaphragms and vaginal sponges 
may also increase the risk of TSS (Fig. 7.4).

TSS predominantly occurs in young, healthy indi-
viduals who do not have predisposing underlying 
disease. An absence of protective immunity is postu-
lated to be a major risk factor for acquisition of TSS. 
Some of the risk factors that have been related to TSS 
include: use of super-absorbent tampons, postopera-
tive wound infection, postpartum toxic shock, nasal 
packing, viral infection with Infl uenza A or varicella, 
diabetes mellitus, HIV infection, common bacterial 
infections, and chronic cardiac or pulmonary disease. 
Symptoms are similar for both staphylococcal and 
streptococcal diseases, but unlike staphylococcal TSS, 
in which blood culture results are typically negative, 
blood-culture results in patients with streptococcal 
disease are usually positive. Also, whereas group A 
streptococcal TSS is associated with extensive soft-
tissue infection, bullae formation, and bacteriaemia, 
these fi ndings are uncommon in staphylococcal toxic 
shock syndrome [88]. Nevertheless, because there is 
such clinical overlap between these two infections, 
presumptive antibiotic therapy in the setting of fulminant 
multi-system disease should include coverage for both 
streptococci and staphylococci [80].

The Centers for Disease Control and Prevention 
(CDC) criteria for the diagnosis of streptococcal TSS 
include: a positive culture for group A streptococcus, 
hypotension and involvement of two or more organ 

systems (e.g., renal impairment, coagulopathy, liver 
involvement, acute respiratory distress syndrome, gen-
eralized rash with or without desquamation, and soft-
tissue necrosis).

The CDC criteria for staphylococcal TSS include: 
fever, hypotension and rash, involvement of three or 
more organ systems and absence of serologic evidence 
of Rocky Mountain spotted fever, leptospirosis, mea-
sles, hepatitis B, antinuclear antibody, positive Venereal 
Disease Research Laboratory tests results and antibod-
ies at Monospot testing.

Laboratory abnormalities that are found in more 
than 85% of the cases include immature pleocytosis, 
hypo-albuminemia, hypo-calcemia, elevated liver 
enzyme levels, and elevated creatine phosphokinase 
levels. Thrombocytopenia, pyuria, proteinuria and ele-
vated blood urea nitrogen and creatinine levels can 
also occur [89].

The differential diagnosis of TSS is broad, but a few 
features should alert the provider. Although headache, 
myalgias, emesis, and fever can be symptoms of an 
acute viral syndrome or gastroenteritis, the severity of 
the patient’s symptoms, along with a great amount of 
immature leukocytosis, suggests a more serious infec-
tion [85].

Patients with TSS require aggressive multimodality 
therapy similar to that of other patients with septic shock 
and multiple organ dysfunction, including the rapid insti-
tution of antibiotics and aggressive fl uid resuscitation 
guided by invasive hemodynamic monitoring. Rapid and 
aggressive surgical debridement may be necessary for 
those with deep soft-tissue infections, particularly if 
there is evidence of necrosis or collections of pus.

Fig. 7.4 CA-MRSA infection presenting initially as bullous 
cellulitis, later evolving into necrotizing cellulitis
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Intravenous immunoglobulin (IVIG) therapy has 
been proposed as an adjuvant treatment in severe strep-
tococcal toxic shock, because of its ability to neutralize 
toxic superantigens toxins. A recent meta-analysis 
evaluated the effect of polyclonal intravenous immuno-
globulin therapy on death in critically ill adult patients 
with sepsis, and found a survival effect for patients with 
sepsis who received polyclonal intravenous immuno-
globulin therapy compared with those who received 
placebo or no intervention [90]. Some studies have 
demonstrated the effi cacy of IVIG in decreasing mor-
bidity and mortality in TSS in isolated reports.

Once the diagnosis is made, adequate antibiotic 
therapy with a penicillinase-resistant antibiotic and 
with coverage for both staphylococci and streptococci 
should be initiated until a defi nitive diagnosis is made. 
Antibiotics such as clindamycin may be particularly 
effective as part of the antibiotic regimen, because they 
inhibit bacterial protein synthesis and release and can 
overcome the Eagle effect (which is a manifestation of 
decreased bacterial replication, which can occur when 
local concentrations of bacteria are high) [78]. Under 
such circumstances, β-hemolytic Streptococcus may 
become relatively resistant to cell-wall inhibitors such 
as penicillin, but may succumb to protein synthesis inh-
bitors such as clindamycin. Close follow-up is recom-
mended, as not infrequently patients can have sequelae.
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› Erythroderma is conventionally defi ned as 
infl ammation of at least 90% of the skin surface, 
characterized by erythema and variable scaling. 
When the scaling is prominent it is often called 
exfoliative dermatitis.

› Erythroderma is a potentially life-threatening state 
of ‘skin failure’ in which patients are at risk from 
complications including hypothermia, fl uid, and 
electrolyte imbalance, hypo-albuminaemia, car-
diac failure and infection including septicaemia.

› There are a multitude of possible causes which 
encompass virtually all infl ammatory skin dis-
eases; a proportion develop without any appar-
ent trigger and remain ‘idiopathic’.

› The commonest causes of acute erythroderma 
are psoriasis, atopic and other varieties of eczema, 
cutaneous T-cell lymphoma and drug reactions.

› Management of erythroderma requires a combi-
nation of general supportive measures and treat-
ment directed at the underlying cause. Acute 
cases need hospital management with intensive 
monitoring and support.

› The prognosis depends substantially on the aeti-
ology and is best for drug-induced erythro-
derma, which often resolves promptly when the 
offending drug is withdrawn.
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8.1 Introduction

Erythroderma (exfoliative dermatitis) is a persistent, 
severe, generalized infl ammation of the skin. By con-
vention, the term tends to be reserved for cases affecting 
at least 90% of the body surface. Erythema is a con-
stant feature, but the scaling or exfoliation is highly 
variable. Erythroderma may develop extremely rapidly 
or quite gradually. In either event, it is an important 
dermatological emergency, as the systemic effects are 
potentially fatal.

8.2 Epidemiology

The prevalence and incidence of erythroderma are 
based on several large series [1]. A recent study from 
the Netherlands estimated the annual incidence at 0.9 
per 100,000 population [2]. Males are more commonly 
affected (male-to-female ratio of approximately 2:1 
to 4:1) and if the hereditary disorders and atopic der-
matitis are excluded, most are over 45 years old.

8.3 Aetiology

Erythroderma arises as a ‘reaction pattern’ in a diverse 
range of circumstances (Table 8.1). In adults, the most 
common causes include atopic dermatitis, psoriasis, 
cutaneous T-cell lymphoma (CTCL) and drug reactions. 
Other rarer causes include bullous dermatoses, pityriasis 
rubra pilaris, Ofuji’s papuloerythroderma, and connec-
tive tissue diseases [3, 4]. Graft-versus-host disease may 
progress to erythroderma in some cases. Erythroderma 
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has rarely been reported with seroconversion following 
HIV infection[5]. In established AIDS, erythroderma 
can arise from a variety of causes including severe seb-
orrhoeic dermatitis or lymphoma [6].

The major causes of erythroderma in the newborn 
include genodermatoses, ichthyoses, immunodefi cien-
cies, psoriasis, and infections (e.g., staphylococcal 
scalded-skin syndrome).

In addition, the possibility of drug-induced erythro-
derma needs to be considered.

Identifi cation of the underlying disease process in 
erythrodermic patients is one of the most complex 
challenges in dermatology. Despite extensive investi-
gations, a proportion of cases develop without any 
apparent trigger and remain ‘idiopathic’.

8.4 Pathology

Histology of the skin is often non-specifi c, and varies 
depending upon the severity and duration of the infl am-
matory process. In the acute stage, spongiosis and par-
akeratosis are prominent, and there is a non-specifi c 
infl ammatory infi ltrate. In the chronic stage, acanthosis 
and elongation of the rete ridges becomes more appar-
ent. Histopathological clues to the underlying disease 
are usually subtle, but may be identifi ed in some cases 
[7]. Immuno-fl uorescent staining for immunoglobulin 

deposition should be performed if an immunobullous 
disease is suspected [8].

In erythroderma resulting from CTCL, the infi ltrate 
may become increasingly pleomorphic and may even-
tually acquire diagnostic features [9]. In other cases, it 
remains non-specifi c throughout the course. Patients 
with Sezary syndrome often show features of chronic 
dermatitis, and benign erythroderma may occasionally 
show features suggestive of lymphoma. Immuno-
phenotyping of the lymphoid infi ltrate may not solve 
the problem, as it generally shows features of mature T 
cells in both benign and malignant erythroderma [10]. 
A skin biopsy for T cell receptor analysis to demon-
strate clonal proliferation of lymphocytes may have 
some diagnostic value [11, 12].

8.5 General Clinical Features

Some features are common to all patients with erythro-
derma, regardless of the cause. The condition often 
develops suddenly, particularly when associated with 
lymphoma or eczema. A patchy erythema may spread 
rapidly to be universal within 12–48 h and be accom-
panied by pyrexia, malaise, and shivering. Many 
patients feel cold, especially when the erythema is 
increasing. Scaling appears 2–6 days later and varies 
greatly in degree and character. The scales may be fi ne 
in atopic dermatitis or dermatophytosis, bran-like in 
seborrhoeic dermatitis, crusted in pemphigus folia-
ceous or exfoliative in drug reactions. At this stage the 
skin is bright red, hot, dry, and thickened. Irritation is 
sometimes severe, but a sensation of tightness is more 
characteristic. Severe pruritus is sometimes a clue to 
underlying lymphoma.

Scalp and body hair is lost when erythroderma has 
been present for some weeks. The nails become ridged 
and thickened and may also be shed. Mucous mem-
branes are usually spared, although the peri-orbital skin 
is oedematous, which can result in ectropion with con-
sequent epiphora. In very chronic cases, patients develop 
dyspigmentation, with hyperpigmentation observed 
more frequently than hypo- or depigmentation [13].

Lymphadenopathy occurs to some degree in most 
cases. The lymph nodes are usually slightly or moderately 
enlarged and of rubbery consistency, but in some cases 
may be prominent. The major differential diagnosis is 
between dermatopathic lymphadenopathy and lym-
phoma, and in diffi cult cases a lymph node biopsy is 

Table 8.1 Causes of erythroderma in adults

Common
Psoriasis
Atopic dermatitis
Drug reactions
Cutaneous T-cell lymphoma
Idiopathic erythroderma

Less Common
Other eczemas (contact allergic dermatitis, stasis with 

autosensitization)
Pityriasis rubra pilaris
Paraneoplastic
Bullous dermatoses (pemphigus foliaceous, bullous 

pemphigoid)

Rare
Lichen planus
Crusted (Norwegian) scabies
Dermatophytosis
Connective tissue disorders (dermatomyositis, cutaneous lupus 

erythematosus)
Ofuji’s papuloerythroderma
Graft-versus-host disease
Congenital ichthyoses (usually present at birth)
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recommended. However, the pathologist must be told 
that the patient is erythrodermic for a reliable histo-
pathological interpretation to be made.

8.6  Specific Features of the Underlying 
Disease

In addition to the aforementioned general features, the 
clinical presentation is modifi ed by the patient’s age 
and general physical condition. There are also addi-
tional, sometimes specifi c, features suggesting the 
underlying aetiology.

8.6.1 Eczemas

Eczema of any variety may progress to erythroderma. 
Venous eczema is a common precedent in the sixth and 
seventh decades. However, atopic erythroderma (Fig. 8.1) 
may occur at any age. It is found most frequently in 
patients with a history of moderate to severe atopic 
dermatitis, where exacerbation of existing lesions usu-
ally precedes the generalization. The pruritus is intense, 
and secondary excoriations or prurigo-like lesions are 
observed. Some patients have increased serum IgE and 
lactic dehydrogenase levels with eosinophilia [14].

8.6.2 Psoriasis

Psoriatic erythroderma (Fig. 8.2) is usually preceded by 
typical psoriatic plaques but when the exfoliative stage 
is reached, these specifi c features are lost. In some 

cases, sterile pinhead-sized pustules develop, and the 
condition may progress to generalized pustular psoria-
sis. Due to the slow turnover rate, nail changes may still 
be visible and provide valuable clues to the diagnosis. 
Psoriatic erythroderma is most frequently precipitated 
by the withdrawal of potent topical or systemic steroids 
or methotrexate, and occasionally widespread fl ares 
follow irritant contact dermatitis, inter-current illness, 
photo-toxicity, and emotional stress.

8.6.3 Drug Reactions

A wide range of drugs can cause erythroderma [15] 
(Table 8.2). The eruption usually begins as a morbilli-
form or scalatiniform exanthem often associated with 

Fig. 8.1 Erythroderma in adult atopic dermatitis

Fig. 8.2 Psoriatic erythroderma

Table 8.2 Drugs that may cause erythroderma

Allopurinol* Omeprazole*
Amiodarone Phenytoin
Ampicillin/amoxicillin* Penicillin G*
Antimalarials Phenobarbital*
Aspirin Phenothiazines*
Captopril Quinidine
Carbmazepine* Ranitidine
Cephalosporins Sulfonamides*
Cimetidine Sulphonylureas*
Dapsone* Thiazides
Diltiazem Trimethoprim
Epoprostenol Vancomycin*
Gold
Isoniazid
Lithium

“*” drugs commonly associated with erythroderma
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some irritation (Fig. 8.3). Erythema may fi rst appear 
in the fl exures or over the whole skin, and lesions may 
become prupuric around the ankles and feet. The inci-
dence of erythroderma may be higher in patients who 
use traditional remedies or self-medicate [16, 17]. St. 
John’s wort may trigger erythroderma [18].

Drug-induced erythrodermas can have an excellent 
prognosis, especially if the erythroderma is the only 
manifestation of hypersensitivity [1, 19]. Once the 
causal agent is discontinued, a drug-induced erythro-
derma will often resolve in 2–6 weeks [20].

It is important to note, however, that the erythro-
derma may be accompanied by other manifestations of 
hypersensitivity. It is not uncommon for a drug-in-
duced rash to be accompanied by haematological 
abnormalities, or evidence of hepatitis or nephritis.

An important example is the syndrome known as 
DRESS (drug reaction with eosinophilia and systemic 
symptoms) [21, 22]. The precise status of this syndrome 
as a single entity is not fi rmly established, but the term 
has been widely used and seems to have provided an 
‘umbrella diagnosis’ for a group of severe, multi-system 
drug reactions characterized by later onset than most 
manifestations of drug hypersensitivity. Typically, 
exposure to the drug lasts for weeks or months before the 
reaction emerges. DRESS may also persist for a long 
time, and even worsen after withdrawal of the causative 
agent. The pathogenesis in many cases seems to involve 
reactivation of a range of herpes viruses (including EB 
virus, HHV-6, HHV-7, and cytomegalovirus). The rash 
is of variable severity and morphology. Erythroderma is 
a frequent manifestation, but others include erythema 
multiforme and Stevens–Johnson syndrome. Multi-
system involvement may include fever, eosinophilia, 
lymphadenopathy, hepatitis, renal dysfunction and pneu-
monitis. Causative drugs have included allopurinol, vari-

ous anticonvulsants, nevirapine, abacavir, minocycline, 
and recently efalizumab [23].

8.6.4 Cutaneous T-Cell Lymphoma

CTCL is the most common malignancy to cause eryth-
roderma. Erythroderma due to CTCL is subdivided into 
Sezary Syndrome (Fig. 8.4) and erythrodermic mycoses 
fungoides [24]. Sezary syndrome is defi ned by the triad 
of erythroderma, lymphadenopathy, and abnormal cir-
culating T lymphocytes. Additional features include 
palmoplantar keratoderma, alopecia, and leonine facies. 
Pruritus is often severe, and rubbing and scratching pro-
duces secondary lichenifi cation. The manifestations of 
erythrodermic mycoses fungoides are identical, but leu-
kaemic Sezary cells are absent. The possibility of CTCL 
persists in any patient with idiopathic erythroderma.

8.6.5 Paraneoplastic Erythroderma

Paraneoplastic erythroderma is most commonly asso-
ciated with lymphoproliferative malignancies. As pre-
viously discussed, the commonest is CTCL, followed 

Fig. 8.3 Drug induced morbilliform exanthema
Fig. 8.4 Sezary syndrome. Courtesy of Dr Berty Dharma, 
University Hospitals Coventry and Warwickshire, U.K
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by Hodgkin’s disease and rarely Non-Hodgkin’s lym-
phoma, leukaemias, and myelodysplasia. Associations 
with other internal malignancies have been observed 
less often [25, 26]. In the case of solid-organ malig-
nancies, the erythroderma appears late in the course of 
the disease. Additional signs of malignancy such as 
cachexia or fatigue may be seen.

8.6.6 Ichthyoses

An erythroderma due to one of the inherited ichthyoses 
is usually present from birth or infancy. In neonates, 
one needs to consider non-bullous congenital ichthyosi-
form erythroderma, bullous congenital ichthyosiform 
erythroderma and Netherton syndrome [27].

8.6.7 Pityriasis Rubra Pilaris

The erythrodermic forms can begin in childhood or 
adult life. The presence of follicular keratotic plugs on 
the knees, elbows, and dorsae of the hands and toes is 
distinctive. Islands of uninvolved skin within erythro-
dermic regions (Fig. 8.5) are also highly suggestive of 
the diagnosis. The lesions usually have a salmon to 
orange-red colour, and the palms and soles show 
orange keratotic thickening [28].

8.6.8 Bullous Dermatoses

Among the bullous dermatoses, the most common 
cause of erythroderma is pemphigus foliaceus. The 
erythroderma is usually preceded by impetigo-like 
lesions on the face and truck. Collarettes of scale and 
scale-like crusts are conspicuous, moist, and adherent.

8.6.9 Lichen Planus

Erythrodermic lichen planus is very rare, but lichenoid 
reactions to gold, quinine, and other drugs are not 
uncommon. In idiopathic lichen planus, typical viola-
ceous papules may be revealed as the initial erythema 
subsides, and mucous membranes may show typical 
lacy white streaks.

8.6.10 Dermatophytosis

Dermatophytosis rarely presents as erythroderma [29]. If 
suspected, potassium hydroxide (KOH) preparation and 
fungal culture should confi rm the clinical suspicion.

8.6.11 Crusted (Norwegian) Scabies

The heavily crusted hands and feet with thickened 
nails so characteristic of Norwegian scabies may 
occasionally be accompanied by generalized erythema 
and scaling. The condition can be mistaken for eryth-
rodermic psoriasis. Careful attention to skin and nail 
examination for parasites is advised, especially in 
immuno-compromised patients.

8.6.12 Idiopathic Erythroderma

Thorough investigations and duration of observation 
diminish the percentage of cases of idiopathic eryth-
roderma, but in any series it is rarely below 10% [18, 
30–32]. The group consists primarily of elderly men 
with a chronic course of relapsing pruritic erythro-
derma in association with dermatopathic lymphade-
nopathy, marked palmoplantar keratoderma and a 

Fig. 8.5 Erythroderma in pityriasis rubra pilaris. Residual areas 
of normal skin persist amid the erythema
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raised serum IgE. These have been labelled ‘red-man 
syndrome’ [13, 33]. The three most common causes 
of idiopathic protracted erythroderma are probably 
atopic dermatitis, drug-induced, and pre-lymphoma-
tous eruptions [28].

8.7 Complications

Erythroderma is associated with profound physiological 
and metabolic changes [34]. The blood fl ow through 
the skin is markedly increased and there is fl uid loss by 
transpiration, with consequent tachycardia and a risk 
of high-output cardiac failure, especially in elderly 
patients [35, 36]. Furthermore, increased skin perfu-
sion leads to thermoregulatory disturbances [33, 37]. 
Shivering and hypothermia may occur even though the 
skin feels deceptively warm. The chronic and exces-
sive loss of heat leads to compensatory hyper-metabolism 
and subsequent cachexia.

Hypoalbuminaemia is common and probably has 
several causes including increased plasma volume [38], 
decrease in synthesis, increase in metabolism [39–41] 
and protein loss via scaling and exudation [42]. Oedema 
is almost invariable, and results partly from increased 
capillary permeability. This may be severe enough to 
justify plasma infusions and parenteral steroids.

Colonization of the skin with Staphylococcus aureus 
is common, and this can lead to secondary cutaneous 
infections. Respiratory infections are also common, 
and the majority who die, do so from pneumonia [43].

8.8 Prognosis

The prognosis of erythroderma depends on many vari-
ables including the underlying cause, age, speed of 
onset, concomitant medical conditions, early effective 
treatment and the development of complications. It is 
particularly dangerous in the very young [44] and in 
elderly people, where the prognosis must be guarded. 
However, with careful management, the vast majority of 
patients who are otherwise healthy will survive an epi-
sode of erythroderma. Drug-induced erythroderma in 
young adults has the best prognosis [1, 18]. Other forms 
of erythroderma eczematous, psoriatic or idiopathic may 

continue for months or years, with relapses without 
apparent cause [42]. Men with erythroderma from 
causes other than Sezary syndrome and CTCL have a 
lower survival than men in the general population [31].

8.9 Diagnosis and Investigations

The recognition of erythroderma is easy, but the diag-
nosis of the underlying cause may be diffi cult. The 
most vital steps to determine the cause are a careful 
history and review of the case notes. This may identify 
hereditary disorders, previous infl ammatory conditions 
or drug reactions. Special attention needs to be paid to 
an accurate drug history, and this should include all 
self-medication and herbal medicines. Useful investi-
gations include a full blood count, liver functions tests, 
electrolytes, serum protein levels, blood cultures, nasal 
and skin swabs for bacterial culture and sensitivity. 
Further investigations may be necessary depending on 
initial fi ndings.

For erythrodermic CTCL, a methodical evaluation of 
skin, blood and lymph node samples using histology, 
immuno-histochemistry, and molecular analysis is rec-
ommended [45–47]. A skin biopsy may show only non-
specifi c changes, and may need to be repeated before 
the subtle changes of early cutaneous CTCL become 
apparent. Peripheral blood sample for Sezary cells is an 
important investigation, but caution should be exercised 
when interpreting the results, as these are often observed 
in benign reactive erythrodermas. Only when they con-
stitute more than 20% of peripheral mononuclear cells 
do they become diagnostic of Sezary syndrome. The 
defi nitive diagnostic criteria for patients with Sezary 
syndrome should include demonstration of a clonal T 
cell receptor gene rearrangement using polymerase 
chain reaction on peripheral blood [46]. Lymph node 
biopsy may be diagnostic of lymphoma but often shows 
only features of dermatopathic lymphadenopathy [48].

8.10 Management

Patients with acute onset of erythroderma and unstable 
patients are best managed in hospital, as frequent 
monitoring and skilled nursing care are mandatory. 
Regardless of the underlying disease, the initial 
management includes attention to nutrition, fl uid and 
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electrolyte equilibrium, prevention of hypothermia, 
maintenance of normal haemodynamics, and treatment 
of infections [49].

The patient should be nursed comfortably at a 
steady temperature (preferably 30–32°C). Cooling and 
overheating must both be avoided by the use of extra 
blankets or fans respectively.

Management of fl uid and electrolyte balance is critical 
to prevent hypernatraemic dehydration. Adequate fl uid 
intake must be maintained, but if there is oedema, diuret-
ics and/or plasma infusion should be considered. Cardiac 
failure is diffi cult to diagnose, as oedema in erythroder-
mic patients is not a reliable sign of heart failure. However, 
cardiac failure must be treated if it develops.

In the fi rst instance, emollients and mild topical ste-
roids are the mainstay of treatment. Frequent and large 
quantities of bland emollients soothe the skin and par-
tially restore barrier function. Mild and moderate topi-
cal steroids control the cutaneous infl ammation. High 
potency topical steroids should be used with caution, 
due to increased transcutaneous absorption. The major-
ity of patients improve within a fortnight on this regi-
men, during which time the diagnosis of the underlying 
condition may become clear. Sedating antihistamines 
can also be very useful [27].

The use of more active topical treatment, such as 
coal tar, salicylic acid, vitamin D analogues and cal-
cineurin inhibitors is potentially hazardous, as these are 
far more irritant and the systemic absorption is greater 
than in normal skin. Care should therefore be exercised 
with the use and quantities of such topical medication.

Antibiotics are required to control secondary infec-
tion. Topical antibiotics are often adequate, although 
systemic antibiotics are used depending on the extent 
and severity of the secondary infection. Beware of 
over-interpreting blood culture results, as specimens 
are easily contaminated with skin microfl ora. However, 
septicaemia, often caused by Staphylococci, is a com-
plication requiring urgent hospital admission, intrave-
nous antibiotics and intense supportive treatment 
which may include inotropic agents.

Defi nitive treatment depends on the diagnosis, but 
requires careful consideration. Some patients with 
erythroderma have multiple drug allergies, and immu-
nosuppressive drugs may be contraindicated if malignancy 
is suspected (particularly CTCL). In psoriatic erythro-
derma, use of methotrexate [50], acitretin, azathioprine 
[51] or ciclosporin [52] is preferred to systemic steroids, 
given the risk of a pustular fl are when the steroids are 

tapered [42]. There is also increasing use of biological 
agents [53, 54]. In eczematous erythroderma, photo-
therapy and ciclosporin may be helpful. For drug reac-
tions, all non-essential drugs and all suspected drugs 
must be discontinued, and the erythroderma usually 
improves in 2–6 weeks. However, in severe and persis-
tent cases, systemic prednisolone or even intravenous 
immunoglobulins may be useful. After careful exclu-
sion of any underlying cause, idiopathic erythroderma 
may be treated with mild topical steroids and in refrac-
tory cases, ciclosporin and systemic steroids have been 
used successfully. The use of systemic steroids in drug-
induced and idiopathic erythroderma remains contro-
versial. Many dermatologists prefer to avoid systemic 
steroids, due to the dangers of fl uid retention, secondary 
infection and diabetes. However, rapid and often persis-
tent clearing of erythroderma has been achieved with an 
initial dose of 1–3 mg kg−1 day−1 prednisolone and a 
maintenance dose of 0.5 mg kg−1 day−1 [55].

The optimum treatment of erythrodermic CTCL is still 
debated. Options include systemic steroids, PUVA, total 
body electron beam irradiation, topical nitrogen mustard 
and systemic chemotherapy [56, 57]. Extracorporeal 
photopheresis appears to be effective for selected patients, 
although remission rates vary [58].

As previously discussed, many aspects of the man-
agement of a patient with erythroderma are similar, 
regardless of the aetiology. It is often necessary to treat 
a case without knowing the cause, and in such cases 
treatment should be directed at the most likely cause 
based on supportive fi ndings. However, for optimal 
management in the longer term, it is vital to establish a 
more precise diagnosis when possible.
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9.1 Introduction

Stevens–Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are severe, life-threatening condi-
tions mainly induced by drugs. The terminology of 

› Stevens–Johnson syndrome (SJS) and toxic 
epidermal necrolysis (TEN) are severe, drug-
induced skin reactions with a high morbidity 
and mortality.

› A consensus defi nition has allowed several epi-
demiological studies to estimate the risk of 
associated medications.

› Drugs with a high risk to induce SJS and TEN 
are allopurinol, antibacterial sulfonamides 
including sulfasalazine, carbamazapine, lam-
otrigine, nevirapine, oxicam-NSAIDs, pheno-
barbital, and phenytoin.

› Identifi cation and withdrawal of the inducing 
drug(s) is crucial for the progression of the dis-
ease and the prognosis of the patient.

› Supportive management is important to improve 
the patient’s state, probably more than immu-
nomodulating treatments such as intravenous 
immunoglobulin, corticosteroids etc. that have 
been tried so far.

Core Messages these severe cutaneous adverse reactions has been 
inconsistent for decades. After several attempts to clar-
ify the situation, a consensus defi nition published in 
1993 suggests the differentiation between erythema 
exsudativum multiforme majus (EEMM) and SJS as 
well as an overlap between SJS and TEN. This consen-
sus classifi cation has been successfully used in several 
large epidemiological studies within the past 15 years. 
These studies provided reliable information on the 
incidence of SJS and TEN as well as on demographic 
data. Numerous drugs have been reported to be associ-
ated with SJS and TEN in case reports and case series. 
Epidemiologic studies for the fi rst time allowed esti-
mates of the risk for certain drugs and drug groups to 
induce severe cutaneous adverse reactions (SCAR). In 
addition, the investigation of biological specimen of 
patients with severe cutaneous adverse reactions pro-
vided a basis for pathogenetic considerations and new 
therapeutic approaches of SJS and TEN.

9.2 Clinical and Diagnostic Aspects

Both SJS and TEN are characterized by erythema with 
a variable extent of blisters and erosions of the skin, 
fever and malaise. In addition, hemorrhagic erosions 
of mucous membranes, such as stomatitis, balanitis, 
colpitis, severe conjunctivitis and blepharitis occur.

9.2.1 Consensus Definition

The classifi cation published by Bastuji-Garin et al. in 
1993 is based on the type of single lesions and on the 
extent of blisters and erosions related to the body sur-
face area (BSA).

J. Revuz et al. (eds.), Life-Threatening Dermatoses and Emergencies in Dermatology, 87
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The lesions found in severe skin reactions are typi-
cal targets, with a regular round shape and a well-
defi ned border with at least three different concentric 
zones: a purpuric central disk with or without a blister, 
a raised edematous intermediate ring, and an erythema-
tous outer ring. In contrast, raised atypical targets 
present with only two zones and a poorly defi ned 
border, while fl at atypical targets are characterized 
by vesiculous or bullous lesions in the center, which 
may be confl uent.

Erythema multiforme with mucosal involvement, 
also called erythema exsudativum multiforme majus 
(EEMM) or bullous erythema multiforme, appears 
with typical or raised atypical targets, mainly on the 
limbs (Fig. 9.1). In contrast, SJS presents with wide-
spread purpuric macules or fl at atypical targets, mainly 
on the trunk (Fig. 9.2), as described in the original 
publication. Severe mucosal involvement is found in 

both conditions, and does not allow a differentiation. 
Skin detachment in EEMM is usually very limited, 
since only small blisters appear on the target lesions, 
and less than 10% of the BSA in SJS. By defi nition 
TEN requires skin detachment of more than 30% of 
the BSA, usually involving the complete trunk. In most 
cases, widespread spots and atypical targets, as seen in 
SJS, precede the epidermal sloughing (TEN with mac-
ulae; Fig. 9.3). [1–4].

Due to the fact that SJS and TEN can sometimes 
hardly be separated from one another, an overlap group 
of SJS/TEN has been defi ned, with blisters and ero-
sions between 10% and 30% of the BSA called SJS/
TEN-overlap. Hemorrhagic erosions of at least one 
site of mucous membranes are present in more than 
90% of cases. (Figs. 9.4 and 9.5; Table 9.1).

Whereas SJS, SJS/TEN-overlap, and TEN with 
maculae are considered as a single disease evolving 
from one category to another, erythema exsudativum 
multiforme majus is different not only in terms of the 
clinical pattern, but also in terms of etiology [5, 6].

Fig. 9.1 Typical targets with three concentric zones on palms as 
seen in EEMM

Fig. 9.2 Confl uent purpuric macules and fl at atypical targets in SJS
Fig. 9.3 Detachment of large epidermal sheets in TEN with 
maculae; atypical target lesions are still present
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9.2.2 Histopathology

The characteristic pattern in the histopathology of severe 
skin reactions is the presence of necrotic keratinocytes in 
either wide dissemination or full-thickness necrosis of 
the epidermis. The basal membrane zone shows vacu-
olization leading to subepidermal blistering. In the upper 
dermis a superfi cial, often perivascular lymphohistio-
cytic infi ltrate can be observed. Whereas eosinophils 
have been seen in about 50% of the biopsies (n = 149) of 
patients with EEMM, SJS, or TEN (but less frequently in 
severe forms of TEN) [7], other authors have reported 
less epidermal necrosis, more dermal infl ammation, and 
more exocytosis in erythema multiforme majus com-
pared to SJS [8]. Nevertheless, the histopathological 
fi ndings can differentiate SJS and TEN from other dis-
eases described below, but do not allow the clear differ-
entiation between SJS/TEN and EEMM.

9.2.3 Differential Diagnoses

Maculo-papular drug rashes and erythroderma, both of 
which may lead to desquamation of the skin, have to 
be considered as differential diagnoses of SJS and 

TEN. The desquamation of large sheets of scales in 
exfoliative dermatitis in particular is sometimes clini-
cally confused with epidermal detachment in TEN. In 
addition, autoimmune blistering diseases such as pem-
phigus vulgaris and bullous pemphigoid, as well as 
bullous phototoxic reactions, have to be taken into 
account as possible differential diagnoses. After con-
fl uence of dozens of non-follicular pustules in acute 
generalized exanthematous pustulosis (AGEP), a 
Nikolsky-like phenomenon may imitate detachment in 
TEN, however much more superfi cial [9, 10].

Whereas typical target lesions in erythema multi-
forme are somehow characteristic for the disease, SJS, 
especially in children, may appear like viral exanthe-
matic infections, often also involving mucous mem-
branes. In elderly patients, a multiforme-like or 
target-like skin eruption caused by drugs has to be con-
sidered as a differential diagnosis [11].

In terms of TEN, it is most important for the patient 
to rapidly exclude the possible diagnosis of staphylo-
coccal scalded skin syndrome (SSSS) by performing a 
Tzanck test or cryostat histology for rapid information 
on the layer of epidermal separation. A biopsy for a con-
ventional histopathological examination is also needed 
[12]. In contrast to the skin lesions described for SJS 
and TEN, generalized bullous fi xed drug eruption 

Fig. 9.4 Hemorrhagic erosions of the lips in EEMM, SJS, or TEN Fig. 9.5 Severe eye-involvement in EEMM, SJS, or TEN

Table 9.1 Classifi cation of the consensus defi nition (according to Bastuji-Garin et al. [1])

Criteria EM majus SJS SJS/TEN-overlap TEN with maculae TEN on large erythema (without spots)

Skin detachment (%) <10% <10% 10–30% >30% >10%
Typical target lesions + − − − −
Atypical target lesions Raised Flat Flat Flat −
Maculae − + + + −
Distribution Mainly limbs Widespread Widespread Widespread Widespread

EM erythema multiforme; SJS Stevens–Johnson syndrome; TEN toxic epidermal necrolysis
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(GBFDE) presents with well-defi ned round or oval 
plaques of a dusky violaceous or brownish color. Blisters 
may occur on the plaques, but usually do not exceed 
more than 10% of the body surface area (Fig. 9.6). Fever, 
malaise, and mucosal involvement are less prominent in 
GBFDE than in SJS and TEN, and the prognosis is far 
better. Previous fi xed drug eruptions are common in the 
history of patients with GBFDE [13].

9.3 Epidemiology and Etiology

9.3.1 Incidence and Demography

Over the years, mainly case-reports of severe skin 
reactions have been published in the literature. 
Population-based retrospective studies in the 1980s 
found incidence rates of 1.2 per 1 million inhabitants 
per year in France and 0.93 per 1 million per year in 
Germany for TEN [14, 15].

A population-based registry covering an average 
population of 65.76 million inhabitants in former West 
Germany and Berlin up to the end of 1995 calculated 
an incidence of 1.53 per million inhabitants per year 

for SJS, SJS/TEN-overlap, and TEN together in 1991, 
whereas the overall incidence between 1992 and 1995 
was 1.89 for SJS, TEN, and their overlap, assuming 
that these reactions represent a single entity of differ-
ent severity [16]. Since the beginning of 1996, the new 
federal states of former East Germany are also included 
in the registration, covering a population of about 82 
million inhabitants.

More men develop EEMM (almost 70%), whereas 
for SJS and TEN a slight female preponderance can be 
observed.

Virtually no patient with EEMM has died. In con-
trast, the mortality is almost 10% for patients with SJS, 
approximately 30% for patients with SJS/TEN-overlap 
and almost 50% for patients with TEN. For SJS, SJS/
TEN-overlap, and TEN together, the mortality rate is 
almost 25% (unpublished updates of the German reg-
istry). About 5% of the patients with SJS and TEN are 
HIV-infected. Not surprisingly, the distribution of age 
and gender differs from that of non-HIV-infected 
patients with SCAR, whereas mortality rate and out-
come are comparable [17].

9.3.2 Etiology and Risk Estimation

Cases of SJS and TEN without any drug intake seem to 
occur very rarely. Viral infections and mycoplasma 
pneumonia infection have been reported as etiologic 
factors. However, many patients with acute infections 
before their severe skin reaction also took anti-infective 
medication. Very often it is hard to determine whether 
the symptoms, e.g., oronasal soreness and conjunctival 
injection, are signs of the acute infection or the begin-
ning of the severe skin reaction itself. A possible inter-
action of infection and medication, as well as the 
interaction of different drugs, has not yet been clari-
fi ed. To date, there is no reliable in vitro or in vivo test 
to determine the link between a specifi c drug and the 
severe cutaneous adverse reaction in a single case. 
Even by undertaking a provocation test with the sus-
pected drug, it was not possible to induce the reaction 
again in more than one out of ten patients with previ-
ous TEN, in contrast to GBFDE, where all patients 
responded to the suspected drug [13]. Thus, the detec-
tion of the culprit drug mainly relies on the time inter-
val between introduction of the drug and onset of the 
skin reaction.

Fig. 9.6 Erosions in generalized bullous fi xed drug eruption 
(GBFDE)
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In order to have an idea how often a certain drug 
may be responsible for severe skin reactions, it is not 
suffi cient to just look for the absolute number of cases 
exposed to that specifi c drug prior to the onset of the 
adverse reaction. In addition, it is necessary to com-
pare the absolute number of cases to all people who 
have taken that drug in a certain time period, often 
expressed by sales or prescription data. Since SJS and 
TEN usually occur during the fi rst course of drug 
intake (without prior sensitization), assumptions for 
risk estimation cannot only rely on prescription data in 
defi ned daily doses (DDD), and need further hypothe-
ses on the percentage of new users. Concerning anti-
epileptic drugs causing SCAR, more than 90% of SJS 
and TEN cases occurred in the fi rst 2 months of drug 
use, and the risk estimates vary between 1 and 10 per 
10,000 new users for all anti-epileptic drugs other than 
valproic acid, for which estimates have been consis-
tently lower [18].

Another possibility for risk evaluation of drugs is 
the case-control design. The international case-control 
study on SCAR (SCAR study) was performed in sev-
eral European countries between 1989 and 1995. 
Concerning drugs usually taken for a short time, the 
risk was increased for co-trimoxazole and other anti-
infective sulfonamides, aminopenicillins, quinolones, 
cephalosporines, and chlormezanone. In terms of drugs 
with a longer period of intake, the crude relative risk 
was increased for carbamazepine, phenobarbital, pheny-
toin, oxicam-NSAIDS (non-steroidal anti-infl ammatory 
drugs), and allopurinol. For these drugs, the risk seems 
to be higher during the fi rst 2 months of treatment [19]. 
The EuroSCAR study (European ongoing case-control 
surveillance of SCAR) with case and control recruit-
ment between 1997 and 2001 comprises more recent 
data on drug risks for SJS and TEN. Three hundred 
and seventy nine ‘community’ cases of SJS and TEN 
(i.e., patients who developed the adverse reaction 
outside the hospital and who were admitted because 
of symptoms of SCAR) and 1,505 controls were 
compared. Among medications with prior alerts, two 
were highly associated with SJS or TEN: nevirapine 
and lamotrigine. Both shared the overall pattern of 
‘highly suspected’ drugs (recent onset of use and infre-
quent co-medication with another highly suspected 
drug) [20]. For both, the manufacturers had proposed 
avoiding adverse reactions by slow titration of the 
doses, but obviously this did not work for SJS and 
TEN [17, 20].

A high risk was confi rmed for all previously sus-
pected drugs such as anti-infective sulfonamides (espe-
cially co-trimoxazole), allopurinol, carbamazepine, 
phenytoin, phenobarbital, and oxicam-NSAIDs, with 
increasing risk estimates for allopurinol, making it the 
leading cause of SJS and TEN in Europe [20, 21].

The median time latency between start of intake and 
index-day (i.e., onset of SCAR) was less than 4 weeks 
(15 days for carbamazepine, 24 days for phenytoin, 17 
days for phenobarbital, 20 days for allopurinol). In gen-
eral, no signifi cant risk persisted after 8 weeks of use.

A large number of drugs of common use, such as 
beta-blockers, ACE-inhibitors, calcium channel block-
ers, sulfonamide-related diuretics and sulfonylurea anti-
diabetics, insulin, and propionic acid NSAIDs were 
not associated with a detectable risk to induce SJS or 
TEN [20].

9.4 Pathogenetic Considerations

As described above, drugs are the cause of the majority 
of all cases of SJS and TEN. However, it is not yet 
clear how the link between a certain drug and the (epi-
dermal) necrosis is made. Several investigations have 
shown that T cells, especially CD8 + lymphocytes, 
play an important role in this process, which may be 
mediated by cytokines such as TNF-alpha, Fas, and 
Fas-ligand [22, 23].

On the other hand, drug metabolism has been stud-
ied, showing a low N-acetylating capacity in patients 
with SJS and TEN [24]. However, when CD8 + T cells 
taken from the blister fl uid of patients with TEN caused 
by co-trimoxazole were tested for their cytotoxic func-
tion, they reacted without re-stimulation, towards the 
parent drug (co-trimoxazole, sulfamethoxazole), but not 
towards the metabolite [25]. This led to a re-evaluation 
of the potential role of cytokines in TEN, suggesting 
the production of Fas-ligand and TNF-Alpha, and Il-10 
by keratinocytes could be a defense mechanism against 
cytotoxic T cells rather than a way of promoting apop-
tosis [26].

Almost 20 years ago, a genetic susceptibility was 
shown in patients with TEN, differing in certain HLA 
alleles depending whether the reaction was caused by a 
sulfonamide or an oxicam-NSAID [27]. In addition, a 
metabolic predisposition was suspected for patients with 
TEN induced by sulfonamides as well as anticonvulsants 
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[28]. A decade later, a publication from Taiwan was able 
to demonstrate that 100% of Han-Chinese patients with 
SJS or TEN due to the use of carbamazepine (n = 44) 
were positive for the allele HLA-B*1,502 [29]. This 
fi nding could not be confi rmed in Europe, showing that 
ethnicity matters more than previously thought in this 
context [30, 31]

9.5 Therapeutic Concepts

9.5.1 Early Diagnosis

A mean of 4 days elapses between the fi rst symptoms 
and hospitalization in adequate settings. This delay 
will not be acceptable as soon as effective therapies 
become available. At the very beginning, the skin erup-
tion may resemble a benign maculopapular eruption, 
but unusual pain and anxiety, rapid progression of the 
lesions, high fever and mucous membrane symptoms 
should alert physicians to the risk of a severe drug 
reaction, especially in a patient who recently started a 
new treatment with one of the ‘high risk drugs’ listed 
in Table 9.2.

9.5.2  Management in the Emergency 
Room

As soon as a patient with suspected SCAR arrives at 
the emergency room, the following check list may help 
to deal with the problem adequately:

1. Check diagnosis accuracy (in case of doubt contact 
an expert with internet transmission of numeric 
pictures).

2. Organize transfer to a specialized ward.
3. Put the patient in a warm environment.
4. Begin intravenous fl uid administration (peripheral 

veins).
5. Evaluate severity (extension of lesions on skin and 

mucous membranes, any clinical or biological evi-
dence of lung involvement).

As long as the pathogenesis of SJS and TEN remains 
unclear, therapy is limited to non-specifi c and symp-
tomatic management. The latter is of major importance 
for patients with a large amount of skin detachment 
who require intensive care in specialized units. In addi-
tion, sequelae-like strictures of mucous membranes 
and symblepharon that may lead to long lasting impair-
ment should be avoided.

9.5.3  Topical Treatment and 
Supportive Care

The blisters are fragile, but should be left undisturbed 
or just punctured. The erosions can be treated with 
chlorhexidine, octenisept, or polyhexanide solutions 
and impregnated non-adherent mesh gauze. The latter 
is especially important when environmental factors 
(high room temperature, alternating pressure mattress) 
lead to rapid drying of the skin. Silver sulfadiazine 
should be avoided, at least until it is completely clear 
that the causative drug was not a sulfonamide. Some 
burn care experts prefer to debride the skin under 
general anesthesia, and apply allografts or forms of 
coverage; this drastic approach is not necessarily prac-
tical for many patients.

Specialized care of the mucosal surfaces is critical. 
The severity of the mucosal changes is often not in line 
with the amount of skin detachment. Overlooked 
mucosal lesions can lead to life-long problems. 

Table 9.2 Practical recommendations (according to Mocken-
haupt et al. [20])

Practical recommendations for dealing with SJS/TEN

–  A few medications are associated with high risks. Their use 
should be carefully weighed and they should be suspected 
promptly.

 ° Allopurinol

 ° Carbamazepine

 °  Co-trimoxazole (and other anti-infective sulfonamides and 
sulfasalazine)

 ° Lamotrigine

 ° Nevirapine

 ° NSAID (oxicam type)

 ° Phenobarbital

 ° Phenytoin
–  An interval of 4–28 days between onset of drug use and 

adverse reaction is most suggestive of an association 
between agent and SJS/TEN

–  When patients are exposed to several medications with high 
exceeded benefi ts, the timing of administration is the key 
factor in determining which must be stopped and which can 
be continued or re-introduced

–  The risks of various antibiotics to induce SJS/TEN are 
comparable but considerably lower than that of anti-infectious 
sulfonamides
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Urethral involvement should be followed by urolo-
gists. Genital erosions in girls and women may lead to 
adhesions or strictures, which can generally be avoided 
by appropriately placed wet dressings or sitz baths. 
Oral erosions should be treated with desinfectant 
mouthwash and lip erosions with a bland ointment, 
such as dexpanthenol ointment.

Ophthalmological consultation is crucial in case of 
eye involvement. Daily specialized lid care is needed, 
and anti-infl ammatory eye drops should be applied 
several times a day. In some patients, the massive 
blepharitis can lead to entropion with trichiasis (ingro-
wing lashes) which can cause corneal damage, especially 
if a sicca syndrome evolves because of lacrimal duct 
damage. A number of specialized approaches to ocular 
problems (stem-cell generation of replacement cells, 
scleral lens) do exist, but are not widely accepted yet 
[32] (experience of the German registry).

The patient should be kept in a warm room 
(30–32°C) on an alternating pressure mattress. Patients 
with skin loss of more than 30% are at risk for a variety 
of systemic complications. Where highly specialized 
skin centers are not available, the best solution is 
usually a burn unit or intensive care ward with daily 
dermatologic consultation. Patients require fl uid 
replacement with macromolecular and/or electrolyte 
solution (1.5–2 ml kg−1 %−1 affected area), bearing in 
mind that TEN patients have around 70% of the 
requirements of a burn patient. In addition, many 
patients require feeding through a stomach tube (1,500 
calories in 1,500 ml over the fi rst 24 h, increasing by 
500 calories daily to 3,500–4,000 calories daily). The 
patient should be monitored for infection and, if clini-
cal suspicion arises, treated empirically with the local 
standard regimens until culture and sensitivity results 
are available. Depending on the disease severity, seda-
tion and pain therapy should be employed [32].

9.5.4 Immuno-Modulating Treatment

In addition to supportive therapy, various immuno-
modulating treatments are discussed, such as glu-
cocorticosteroids or intravenous immunoglobulins 
(IVIG). Most publications on steroid use are case 
reports or case series, the results of which can hardly 
be compared. Arguments against the systemic therapy 
with glucocorticosteroids are an increase of infections, 

a masking of septicemia, a delayed re-epithelization, a 
prolonged duration of hospitalization, and a higher 
mortality.

Case series reporting on the benefi cial treatment of 
TEN with plasmapheresis, hyperbaric ogygen, cyclo-
sporine, and cyclophosphamide have been published, 
but they are only of limited value, as the observations 
were not controlled.

Pathogenetic approaches have been used like the 
TNF-alpha inhibitor thalidomide, and a controlled 
clinical trial was performed in France. Based on the 
hypothesis that necrosis of keratinocytes in TEN is 
infl uenced by TNF-alpha, and the fact that thalidomide 
is an effective TNF-alpha-inhibitor in vitro success-
fully used in graft-versus-host disease, the authors 
wanted to investigate the effi cacy and safety of thalido-
mide in the therapy of TEN. Due to a signifi cantly 
increased mortality in the treatment group, the study 
was stopped earlier. Despite the logical theoretic appr-
oach, thalidomide led to the opposite result and, there-
fore, should be avoided in severe skin reactions [33].

At the same time, intravenous immunoglobulins 
(IVIG) were reported as an effective treatment of SJS 
and TEN. The clinical observation of ten patients was 
based on the hypothesis that keratinocytes usually 
express Fas-receptor CD95, and that antibodies in 
pooled human IVIG block the Fas-mediated necrosis 
of keratinocytes in vitro. The authors assumed that the 
up-regulation of keratinocyte Fas-ligand-expression is 
the critical trigger for keratinocyte destruction in TEN. 
As a result, a reduced mortality as well as a fast healing 
time was reported [23]. Further case compilations on 
SCAR patients treated successfully with IVIG have 
since been published [34, 35]. However, it has to be 
taken into account that numerous cases appear at least 
twice in these papers, making the compilation diffi cult 
to evaluate [36].

Meanwhile a controlled observational therapeutic 
study of IVIG in 34 patients with SJS or TEN has been 
undertaken in a highly specialized intensive care unit 
in a dermatology department in France. The evaluation 
on prognostic factors was based on SCORTEN, the 
specifi c severity of illness score for TEN [37]. The 
mortality was higher than predicted, and most patients 
who died experienced renal failure. Therefore, one has 
to be very careful using IVIG in patients with impaired 
renal function [38].

Two further studies from burn units suggest that 
IVIG does not improve the outcome of patients with 
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TEN [39, 40]. If a treatment is considered to be effec-
tive, it has to work in severely affected patients as well, 
i.e., mortality must be reduced in patients with a high 
risk of dying.

Recently, data on treatment modalities have been 
compared among patients included in the EuroSCAR 
study, primarily aimed at risk estimation of drugs 
inducing SJS and TEN. Mortality as an endpoint 
was related to the treatment with corticosteroids, 
IVIG, both in combination or supportive care only 
in 281 patients from France and Germany. The odds 
ratio calculated for treatment with corticosteroids 
suggests a benefi t for affected patients, whereas 
treatment with IVIG did not. Despite the pitfalls of 
such a retrospective analysis, two major conclusions 
can be drawn: fi rstly, IVIG is not the solution for 
treating SJS and TEN, and secondly, a controlled 
trial using corticosteroids for treatment should be 
encouraged [41].

Despite all controversy, most experts agree on the 
fact that all medications which are potential triggers 
for the severe skin reaction must be withdrawn. Prompt 
attention to this point, which seems obvious but is 
often overlooked, clearly reduces the morbidity and 
mortality [42]. Medications with long half-lives or 
persistent reactive metabolites can continue to cause 
problems long after they have been stopped [43]. The 
most likely triggers are those medications which have 
been introduced in the 4 weeks preceding the onset 
of the skin reaction. The latency period varies; anti-
epileptic drugs and allopurinol are usually tolerated for 
weeks before causing problems, while antibiotics, espe-
cially sulfonamides, may lead to a more rapid onset [20].

The clinical challenge is to differentiate more or 
less severe reactions as early as possible in the evolu-
tion, and then to thoroughly but rapidly consider the 
treatment options for the individual patient. An inter-
disciplinary approach has turned out to be favorable, 
and is highly recommended.
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10.1 Introduction

Drug-induced hypersensitivity syndrome (DIHS/
DRESS) is a severe adverse drug-induced reaction 
similar to Stevens–Johnson syndrome and toxic epi-
dermal necrolysis. Over the past 50 years, this syn-
drome has been referred to as allopurinol 
hypersensitivity syndrome [1], dapsone hypersensitiv-
ity [2], and anticonvulsant hypersensitivity syndrome 
[3]. In 1994, Roujeau and Stern suggested the use of 
‘hypersensitivity syndrome’, regardless of the culprit 
drug [4]. Later, Roujeau proposed the acronym DRESS 
(drug rash with eosinophilia and systemic symptoms) 
[5]. However, the lack of a specifi c and sensitive diag-
nostic test resulted in some confusion over the diagno-
sis of DRESS [6]. Interestingly, about 10 years ago, a 
French group and two Japanese groups demonstrated 
that human herpesvirus 6 (HHV-6) reactivation is 
involved in this syndrome [7–9]. Based on this obser-
vation, a Japanese consensus group proposed the term 
‘drug-induced hypersensitivity syndrome’ or DIHS.

10.2 Clinical Characteristics of DIHS

DIHS is distinguished from other drug reactions by cer-
tain characteristics: a limited number of causative drugs, 
late onset, clinical similarity to mononucleosis-like 
syndrome, and prolonged course [4, 5]. Anticonvulsants 
are the most common cause of DIHS [3, 10]. Allopurinol, 
diaphenylsulfone (dapsone), salazosulfapyridine, mino-
cycline, and mexiletine can also cause DIHS [10, 11]. 
The syndrome typically develops 2–6 weeks after the 
initiation of drug administration, and the initial symp-
toms are fever and maculopapular eruptions that may 

› Drug-induced hypersensitivity syndrome (DIHS/
DRESS) is an adverse drug-induced reaction 
of severity similar to that of Stevens–Johnson 
syndrome.

› DIHS is distinguished from other drug reactions 
by certain characteristics: late onset, clinical 
similarity to mononucleosis-like syndrome, and 
prolonged course.

› Human herpesvirus 6 (HHV-6) can be reactivated 
2–3 weeks after the onset of rash in the vast 
majority of DIHS patients.

› Patients with HHV-6 reactivation show more 
severe symptoms, including long-lasting fever, 
lymphadenopathy, leukocytosis, appearance 
of atypical lymphocytes, and hepatitis.

› DIHS may involve encephalitis, non-autoimmune 
(idiopathic) fulminant type 1 diabetes mellitus and 
myocarditis.

› The mortality rate for DIHS is 8%, which is 
higher than the mortality rate for Stevens–
Johnson syndrome.
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progress to exfoliative dermatitis (Fig. 10.1). A striking 
facial edema is a hallmark of the disease (Fig. 10.2). 
Lymphadenopathy, hepatitis, renal dysfunction, atypi-
cal lymphocytosis, and hematologic abnormalities, 
such as leukocytosis and eosinophilia, are observed to 
varying degrees. It is noteworthy that fl are-ups involv-
ing clinical signs, such as fever, eruption, or hepatitis, 
often occurs several weeks after withdrawal of the 
causative drug [4]. Because the symptoms reappear 
upon re-administration of the drug, the syndrome is 
attributed to an immunological reaction against the 
drug or its metabolites [12, 13], However, the mecha-
nism underlying clinical fl are-ups in DIHS patients 
cannot be fully explained by this immune response.

10.3 Diagnostic Criteria for DIHS

In 1998, Shiohara’s group and our own independently 
demonstrated that human herpesvirus 6 (HHV-6) can 
be reactivated 2–3 weeks after the onset of rash in the 
vast majority of DIHS patients, as evidenced by the 

rise in HHV-6 IgG titers and HHV-6 DNA levels. 
This occurred despite diverse clinical presentations 
at onset and regardless of treatment [8, 9]. As part of 
the Japanese consensus group reviewing this issue in 
2002, we established a set of seven diagnostic criteria 
to identify the typical syndrome (Table 10.1) [13]. 
Subsequent patient case series using these criteria 
have shown that HHV-6 reactivation can be detected 
in patients with clinical manifestations consistent 

Table 10.1 Diagnostic criteria for drug-induced hypersensitivity 
syndrome (DIHS) established by a Japanese consensus group

1. Maculopapular rash developing more than 3 weeks after fi rst 
administration of a limited number of drugs

2. Prolonged clinical symptoms 2 weeks after discontinuation 
of the causative drug

3. Fever (> 38°C)
4. Liver abnormalities (alanine aminotransferase > 100 U L−1)a

5. Leukocyte abnormalities (at least one present)
a Leukocytosis (> 11 × 109 L−1)
b Atypical lymphocytosis (>5%)
c Eosinophilia (> 1.5 × 109 L−1)

6. Lymphadenopathy
7. Human herpesvirus-6 reactivation

The presence of all seven criteria is indicative of typical DIHS, 
whereas the presence of fi ve criteria (1–5) is indicative of atypical 
DIHS. aAbnormalities in other organs may also be considered, 
such as the kidneyFig. 10.1

Fig. 10.2
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with those reported by Roujeau et al. [6], but not in 
those with other types of drug reactions, such as 
maculopapular rash, Stevens–Johnson syndrome, or 
toxic epidermal necrolysis. Because the time of 
sampling is critical to detect the rise in HHV-6 IgG 
levels, which may be easily missed, concern has been 
raised regarding the appropriateness of these criteria 
as a clinical tool. Thus, the concept of an atypical 
syndrome can be used for patients who show typical 
clinical presentations, but do not exhibit HHV-6 reac-
tivation, probably as a result of inappropriate 
sampling. It is important to bear in mind that the 
clinical criteria for this syndrome are not all present 
on any given day, and that the severity of clinical 
symptoms at onset provides only a rough guide for 
prognosis. In general, patients initially develop two 
or three features of these symptoms followed by a 
step-wise development of other symptoms. Thus, 
long-term follow-up is required to accurately identify 
DIHS patients.

10.4  Relationship Between DIHS 
and DRESS

The criteria for DIHS are stricter than those proposed 
in 1996 by Roujeau for DRESS, and the lack of a spe-
cifi c and sensitive diagnostic test was a major obstacle 
in the identifi cation of all patients with DRESS [6], 
which may show milder forms in some patients. From 
this point of view, all DIHS patients are included in 
DRESS, but not vice versa. It should also be noted that 
eosinophilia is observed in 60–70% of the patients 
who satisfy the criteria for DRESS.

10.5 Characteristics of HHV-6

HHV-6 was fi rst isolated in 1986 [14]. Two variants, 
HHV-6A and HHV-6B, have been identifi ed, and 
HHV-6B was proven to be a causative agent of exan-
them subitum [15]. CD46, a receptor for vaccine strains 
of measles virus, is the cellular receptor for HHV-6 
[16]. HHV-6 and the measles virus employ distinct 
domains on the CD46 molecule for receptor function. 
Because some T-cell lines expressing CD46 are not 

permissive for HHV-6 infection, co-receptor(s) may 
exist. Although HHV-6 may infect various types of 
cells in vitro, including lymphocytes, monocytes, 
dendritic cells, fi broblasts, epithelial cells, endothelial 
cells, glial cells, and haematopoietic progenitor 
cells, activated CD4+ T lymphocytes appear to be 
the preferential target for fully permissive replication. 
Seroepidemiological studies have shown that most 
children have antibodies against HHV-6 before 2 years 
of age. HHV-6 latently infects after primary infection, 
primarily in monocytes/macrophages and CD4+ T lym-
phocytes, and persistently infects the salivary glands.

10.6  Relevance of HHV-6 Reactivation to 
Disease Severity in DIHS

We compared 62 patients with an increased anti-
HHV-6 IgG titer against 38 patients whose anti-HHV-6 
IgG titers did not change [17]. The characteristics of 
these two groups were very similar, except in average 
age (p < 0.001; Table 10.2). Sex ratios, causative drugs, 
and elapsed time between the drug administration and 
the appearance of clinical signs were not signifi cantly 
different between two groups.

The severity of clinical course was, however, 
clearly different between these two groups. Patients 
whose anti-HHV-6 IgG titer increased showed more 
severe symptoms, including long-lasting fever, 

Table 10.2 Clinical characteristics of 100 patients, sorted by 
increasing HHV-6 IgG titer

Increase in 
HHV-6 IgG 
titer (n = 62)

No increase in 
HHV-6 IgG 
titer (n = 38) p value

Number of cases 62 38
Sex (M/F) 37/25 19/19 0.34
Age (years) 48.1 (5–88, 

49)a

57.8 (21–90, 
61)a

<0.001

Causative drugb

42
9
9
3
3

26
4
1
2
5

Anticonvulsants
Allopurinol
Mexiletine
Diaphenylsulphone
Salazosulfapyridine

Days after adminis-
tration of the drug

41.7 (8–700, 
29.5)a

66.6 (5–650, 
29.5)a

0.29

a Average (range, median); bMultiple drugs caused drug rash in 
three patients with an increased HHV-6 titer
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 lymphadenopathy, leukocytosis, appearance of atypical 
lymphocytes, and hepatitis (Table 10.3). This resulted 
in a prolonged disease course; the duration of illness 
was clearly longer in patients with increasing HHV-6 
IgG titers (Table 10.3). It should be emphasized that all 
fi ve patients with fatal outcomes and all ten patients 
with renal failure were in the HHV-6 reactivation group 
(Table 10.3).

10.7  Reactivation of Herpes Viruses 
Other than HHV-6 in DIHS

Recent papers have demonstrated the reactivation of 
herpes viruses other than HHV-6, including cytomega-
lovirus (CMV), Epstein–Barr virus (EBV), and human 
herpesvirus-7 (HHV-7) [18]. In general, the cascade of 

virus reactivation initiated by HHV-6 extends to EBV 
or HHV-7, and eventually to CMV. The frequency of 
EBV and HHV-7 reactivation has not been studied in a 
large number of DIHS patients, and is thought to have 
no clinical relevancy. In contrast, CMV reactivation 
was observed in approximately 30% of 45 DIHS 
patients (unpublished data), some of whom showed 
recurring transient fever and skin rash. Interestingly, 
other groups have reported DIHS cases associated 
with CMV reactivation, and severe complications such 
as myocarditis, high fever, and continuous skin rash 
[11, 19].

10.8  Life-Threatening Complications 
of DIHS

Although rare, previous reports have indicated that 
DIHS may involve the brain, thyroid, heart, or lung 
[20]. It would be interesting to determine whether 
the involvement of these organ systems in DIHS is 
related to HHV-6 reactivation. Previously, three groups 
demonstrated HHV-6 reactivation in DIHS-related 
encephalitis [21–23]. The detection of HHV-6 DNA in 
cerebrospinal fl uid strongly suggested a role for HHV-6 
reactivation in encephalitis. Because HHV-6 shows 
neurotropism and induces central nervous system 
complications, these reports support the hypothesis 
that encephalitis associated with DIHS is caused by 
HHV-6 reactivation.

DIHS is also associated with diabetes mellitus. In a 
patient with allopurinol-induced DIHS, pancreatic 
exocrine abnormalities and new-onset type 1 diabetes 
mellitus were observed [24]. Sekine et al. [25] reported 
a case of fulminant type 1 diabetes mellitus associated 
with carbamazepine-induced DIHS. One week before 
the onset of diabetic ketoacidosis, HHV-6 DNA was 
detected in the serum via PCR amplifi cation, but the 
viral DNA then disappeared again 1 month later. It is 
possible that DIHS induced a pan-pancreatopathy with 
irreversible β-cell injury via HHV-6 reactivation. 
Therefore, DIHS associated with HHV-6 reactivation 
may be one of the causes of non-autoimmune (idio-
pathic) fulminant type 1 diabetes mellitus.

Myocarditis associated with adverse drug reaction 
has been referred to as hypersensitivity myocarditis 
[26], which includes DIHS-associated myocarditis. 
However, no previous publication has demonstrated an 

Table 10.3 Clinical course of 100 patients, sorted by increasing 
HHV-6 IgG titer

Increase in 
HHV-6 IgG 
titer (n = 62)

No increase 
in HHV-6 IgG 
titer (n = 38) p value

Symptoms and signs
Fever 61 (98%) 29 (76%) <0.001
Duration of fever 
(days)

12.4 ± 7.1 4.8 ± 2.9 <0.001

Lymphadenopathy 44 (71%) 10 (26%) <0.001
Leukocytosisa 38 (61%) 8 (21%) <0.001
Eosinophiliab 38 (61%) 19 (50%) 0.27
Appearance of 

atypical 
lymphocytes

55 (89%) 20 (53%) <0.001

Renal Failure 10 (16%) 0 (0%) 0.01
Flaring 32 (52%) 7 (18%) <0.001

Fever 22 (35%) 2 (5%) <0.001
Hepatitis 32 (52%) 2 (5%) <0.001
Skin rash 12 (19%) 5 (13%) 0.42

Use of systemic 
corticosteroid

50 (81%) 27 (71%) 0.17

Prognosis
Duration of illness 

(weeks)
5.3 ± 2.6 2.8 ± 1.5 <0.001

Deaths 5 (8%) 0 (0%) 0.07
a Leukocytosis was evaluated based on WBC counts. Leuko-
cytosis-positive patients were defi ned as those with > 1.1 × 1010 
leukocytes L−1 if they had not received corticosteroids, or more 
than 5 × 1010 leukocytes L−1 after systemic corticosteroid treat-
ment; bEosinophilia was indicated by peripheral blood eosinophil 
counts > 1.5 × 109 L−1 or more than 10% of the WBC count; 
cHepatitis was evaluated by measuring ALT levels. Severe hepa-
titis was indicated by ALT levels > 10-fold the normal value
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association between HHV-6 reactivation and myo-
carditis in DIHS. Recently, Sekiguchi et al. reported a 
marked reactivation of HHV-6 and CMV in one case 
of myocarditis associated with DIHS [11], suggesting 
a role for HHV-6 reactivation. It should be noted that 
myocardial infarction was associated with allopurinol-
induced DIHS in two previous cases [27]. Other 
complications of DIHS potentially related to HHV-6 
reactivation include myopathy [28] and transient 
hypothyroidism [29]. At present, no reports examining 
the involvement of HHV-6 reactivation in these comp-
lications are available. However, the accumulation of 
detailed case reports involving HHV-6 examination 
may soon provide answers.

Studies on the role of HHV-6 reactivation in DIHS 
complications such as encephalitis, diabetes mellitus, 
and myocarditis will provide essential insight into the 
pathogenesis of these life-threatening conditions.

In our recent study, the mortality rate for DIHS 
was 8% (5 out of 62 cases; Table 10.2) [17], which 
was higher than the mortality rate for Stevens–
Johnson syndrome in Japan. Thus, DIHS should be 
recognized a signifi cant, life-threatening dermato-
logical disease.

10.9 Treatment of DIHS

Systemic corticosteroids (0.5–1.0 mg kg−1) have been 
widely advocated for the treatment of DIHS [4]. 
However, the involvement of HHV-6 infection in DIHS 
pathogenesis has raised new questions regarding the 
validity of corticosteroid treatment. Some patients 
with DIHS recover without systemic corticosteroids. 
However, these patients tend to be those with less 
severe symptoms. In contrast, severe cases of DIHS 
are life-threatening, and require high doses of systemic 
corticosteroids (more than 1.0 mg kg−1) or steroid-
pulse therapy. In addition, unnecessarily prolonged use 
of systemic corticosteroids sometimes results in an 
unfavorable prognosis. In the case of severe DIHS, the 
use of combined systemic corticosteroids and high-dose 
intravenous immunoglobulin remains controversial 
and requires further investigation. Antiviral drugs for 
HHV-6 are not used in the treatment of DIHS. However, 
in severe cases of DIHS that are complicated by 
prolonged CMV infection, antiviral drugs such as 
gancyclovir or foscarnet sodium hydrate should be 
administered [19].

A few comments
Professor Koji Hashimoto and coworkers have largely 
contributed to major advances on DRESS/DIHS, espe-
cially by demonstrating in this condition the frequent 
reactivation of herpes viruses, principally HHV6. 
Using serology they found indirect evidence of reacti-
vation in 62% of cases and using PCR on plasma or 
serum they found direct evidence of viremia in 40%. 
They also observed a strong statistical correlation 
between the severity and duration of the disease and 
virus activation. Correlation does not equal causality 
anyhow, and further studies are certainly needed to 
elucidate the complex relationship between an immune 
reaction to drugs, activation of the immune system, 
reactivation of herpes viruses that occurs 1 or 2 weeks 
AFTER the onset of the reaction and development of 
auto-immunity many weeks later. ALL these features 
seem rather specifi c of DRESS/DIHS within severe 
drug reactions, but better evaluation is still required. 
Waiting for such advances in understanding, I consider 
premature to consider a proof of virus activation as 
a sine qua non criteria for a diagnosis of DRESS/
DIHS. In the best studied Japanese series, the sensiti-
vity of HHV6 detection was no more than 62%, and 
even less with the ‘gold standard’ of PCR on serum. 
In a complex and not yet fully understood disease 
like DRESS/DHIS, it is probably more prudent to 
defi ne cases on the basis of a constellation of clini-
cal and biological criteria, without excluding the 
diagnosis or labelling it as ‘atypical’ when only one 
is missing. Considering positive anti-DNA antibo-
dies as mandatory for a diagnosis of systemic lupus 
erythematosus would have resulted in a restrictive 
conception of SLE.
I totally agree with the list of diagnosis criteria, pro-
posed by the authors:

1. Drug-induced immunologic phenomenon
2. Later onset than for other drug reactions
3. Longer duration than common ‘drug rashes’
4. Multi-organ involvement (liver, kidney, lung….)
5. Lymphocyte activation (node enlargement, lym-

phocytosis, atypical lymphocytes)
6. Eosinophilia
7. Frequent virus reactivation

We should now explore together how many of these 
criteria are needed for a defi nite, probable, possible 
diagnosis and better defi ne what is called ‘late onset’, 
‘long duration’, or ‘organ involvement’. Such a scoring 
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system is at present evaluated on cases collected by the 
RegiSCAR group in several European countries.
J.C.Roujeau
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Acute Generalized Exanthematous 
Pustulosis

Alexis Sidoroff

11

11.1 Introduction

The justifi cation for addressing acute generalized 
exanthematous pustulosis (AGEP) in the context of 
life-threatening skin diseases is not so much due to a 
high mortality rate, but rather explained by three 
circumstances. Firstly, AGEP often has a quite drastic 
clinical appearance which, by its acute evolution, 
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› AGEP, mostly caused by drugs, is characterized 
by the acute occurrence of numerous sterile 
pinhead-sized pustules on an oedematous ery-
thema accompanied by fever and leucocytosis.

› The drugs with the highest risk to cause AGEP are 
antibacterial agents like ampicillin/amoxicillin, 
and quinolones, pristinamycin, anti-infective sul-
fonamides, the antimycotic drug terbinafi ne, 
(hydroxy)chloroquine, and diltiazem, but a large 
number of other drugs as well as infections have 
been reported as triggers.

› AGEP is an acute and sometimes severe reac-
tion, but resolves quickly and without special 
treatment when the culprit drug is withdrawn.

Core Messages suggests a very severe disease. Secondly, because of 
misinterpretations or misclassifi cations as well as real 
overlap-cases, AGEP is often positioned in the vicinity 
of much more severe diseases like Stevens–Johnson 
syndrome and toxic epidermal necrolysis (SJS/TEN). 
Only as a third point, AGEP can be the cause of death 
in patients with poor general condition due to old age 
or underlying disease.

Although the term AGEP is now more and more 
recognized and used for a characteristic pustular 
reaction pattern mostly due to drug intolerance, the 
nomenclature in the literature has been very hetero-
geneous and even misleading over the years. Already 
in Baker and Ryan’s report of 104 cases of pustular 
psoriasis, fi ve patients showed a very acute and 
quickly resolving pustular eruption; no previous his-
tory of psoriasis and drugs and/or infections had been 
suspected as trigger. The authors used the term exan-
thematic pustular psoriasis for this particular sub-
group of patients. Other names found in the literature 
for similar cases were pustular drug rash [1] or toxic 
pustuloderma [2] and often patients sharing similar 
clinical features were interpreted as suffering from 
special variants of other pustular diseases. The term 
pustuloses exanthématique aiguës généralisés 
(PEAG) was introduced to the French literature by 
Beylot et al. [3]. Adopted under the acronym AGEP 
(acute generalized exanthematous pustulosis) in the 
English literature, the term is now widely used for 
this type of reaction, although other denominations 
can still be found. In this context — to prevent confu-
sion — it is important to emphasize that the term 
pustulosis acuta generalisata [4–6] describes a post-
streptococcal disease arising mainly in children, 
which is an entity totally different from AGEP.
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11.2 Clinical Features

The clinical key feature of AGEP [7] is the appearance 
of at least dozens, but often hundreds to thousands of 
small, pinhead-sized, sterile pustules (Fig. 11.1). These 
pustules arise quite rapidly on a diffuse, sometimes 
oedematous erythema (Fig. 11.2) which may be 
accompanied by an itching or burning sensation. In 
typical cases, these skin manifestations are accentuated 
in the main folds of the body (inguinal, axillar, and 
submammary areas), but cases with a more irregular 
distribution of pustule-covered patches can also be 
observed. Often patients also show an oedematous 
erythema of the face. Other cutaneous lesions like 
purpura (especially on the legs), Stevens–Johnson-
syndrome-like ‘atypical targets’, blisters and vesicles 
may be present, but are not characteristic of AGEP. 
Mucous membrane involvement is the exception 
(approximately 20% of the cases) and, if present, is 
mild and remains limited to one location (mostly oral). 
Fever above 38°C and leucocytosis (neutrophil counts 
above 7 × 109 l−1 and sometimes a mild eosinophilia) 
are often present in the acute phase of the disease [8]. 
Internal organ involvement is not a common feature in 
AGEP, although a lymphadenopathy [9], a slightly 
reduced creatinine clearance or a mild elevation of 
liver enzymes may be observed. After withdrawal of the 
causative agent, skin lesions resolve within a few days 
and pustules are usually followed by a characteristic 
post-pustular desquamation. Slight post-infl ammatory 
pigment chances may be visible for a variable period 
of time, but usually AGEP heals without residual 
changes.

11.3 Histopathology

Due to the usually short duration of the disease, results 
of histological examination are often only available 
after the patient’s condition has already improved. Yet 
it is advisable to perform biopsies for diagnosis, as 
they might prove helpful in cases where clinical fea-
tures are not clear or where the course raises doubts on 
the diagnosis, and in clinical settings where the results 
of emergency biopsies can be obtained quickly.

Spongiform sub-corneal and/or intra-epidermal pus-
tules are the histological key feature of AGEP. Some 

single-cell necrosis of keratinocytes may be present. 
The papillary dermis often shows a marked oedema. 
Other changes in the dermis show neutrophilic infi l-
trates, mostly peri-vascular, a variable number of eosino-
phils [10] and sometimes extravasation of erythrocytes.

Fig. 11.1 Multiple pinhead-sized pustules with partial 
confl uence

Fig. 11.2 Barely visible small pustules (arrows) on a diffuse 
erythema accentuated in the axilla
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11.4 Differential Diagnoses

11.4.1  Stevens–Johnson Syndrome and 
Toxic Epidermal Necrolysis 
(SJS/TEN)

Confl uence of pustules may lead to larger blisters and 
erosions which may resemble lesions of SJS/TEN and 
mimic a positive Nikolski sign [11]. In addition, 
lesions similar to atypical targets can be present. Both 
may lead to misclassifi cation of the reaction and sug-
gest that it belongs to the SJS/TEN spectrum. This 
may even be complicated by the fact that cases with 
clear features of both reaction types, AGEP and SJS/
TEN [12], have been exceptionally observed (clini-
cally as well as histologically). In typical cases, 
though, detachment of the epidermis is more superfi -
cial in AGEP than in SJS/TEN and, as mentioned 
before, mucous membrane involvement is far less 
pronounced in AGEP and histopathology differs 
signifi cantly, showing full-thickness necrosis and a 
rather sparse infl ammatory infi ltrate in TEN.

11.4.2  Generalized Pustular Psoriasis 
(Von Zumbusch Type)

An ongoing matter of debate is the differentiation of 
AGEP from acute generalized pustular psoriasis of the 
von Zumbusch type. In fact, clinical and histological 
features can be very similar and in some cases undistin-
guishable, especially when judgment is based only on a 
momentary impression of the clinical picture or on his-
tology. Yet a number of differences exist that, in our 
opinion, seem to justify regarding the two diseases as 
distinct entities, the main points being the dynamic and 
course of the reaction and the association with drug 
intake. Drug history often reveals the administration of 
a drug as a probable trigger, and the duration of pustules 
and fever is usually shorter in AGEP, with a spontane-
ous resolution as soon as the culprit drug is withdrawn. 
Also (pustular) psoriasis may be triggered by drugs, but 
the spectrum (mainly beta-blockers or lithium) clearly 
differs from the one that usually causes AGEP. A per-
sonal or family history of psoriasis and arthritis has been 
demonstrated to be less common in AGEP, and would 
more speak in favor of psoriasis [13].

Histopathology of AGEP and acute generalized pso-
riasis may be indistinguishable. Oedema of the papil-
lary dermis, erythrocyte extravasation, more eosinophils 
and necrotic keratinocytes may be more suggestive for 
AGEP, while a higher epidermal mitotic rate or psori-
atic changes like acanthosis and papillomatosis [14] are 
more likely to be seen in generalized psoriasis. But 
until a systematic comparison of histological features 
from both patient groups has been performed, there is 
no reliable way of differentiating both diseases by 
means of histology alone.

11.4.3  Subcorneal Pustular Dermatosis 
(Sneddon–Wilkinson)

Sneddon–Wilkinson disease evolves much less acutely 
than AGEP, and characteristically shows larger fl accid 
blisters with hypopyon formation, which are often 
arranged in a circinate pattern.

11.4.4 Drug Hypersensitivity Syndrome

In drug hypersensitivity syndrome, also referred to as 
DRESS (an acronym for drug rash with eosinophilia 
and systemic symptoms) or DIHS (drug-induced 
hypersensitivity syndrome), papulo-vesicles and/or 
papulo-pustules may also be present, but pustules are 
rather the exception. In these systemic reactions, 
patients suffer from fever and lymphadenopathy, show 
eosinophilia and atypical lymphocytes and an often 
severe involvement of internal organs, especially hepa-
titis, nephritis, pneumonitis myocarditis and others. 
The severity of the disease and its often prolonged 
course (probably due to viral reactivation), even after 
withdrawal of the causative agent, usually make it easy 
to discriminate it from AGEP.

11.4.5 Pustular Vasculitis

Palpable purpura in leucocytoclastic vasculitis may 
also exhibit bullous or pustular lesions. Many small 
pustules that — in contrast to AGEP — are mainly 
located on the dorsum of the hands have been described 
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in a special form of leucocytoclastic vasculitis which 
might also be induced by drugs. In these cases, the 
diagnosis can be confi rmed by histology which reveals 
pronounced changes of leucocytoclastic vasculitis [15, 
16]. Semantic confusion might be caused by the term 
pustulosis acuta generalisata [4–6] for a poststrepto-
coccal form of leucocytoclastic vasculitis. Another 
source of ambiguity might be related to the fact that 
some vasculitic changes may also be seen in the histo-
logical samples of AGEP patients.

11.4.6 Others

Many other cutaneous diseases may present pustules to 
a variable extent. Candida infection of the intertriginous 
areas can easily be confi rmed by detection of hyphae. 
Differentiation from AGEP usually does not cause prob-
lems in all follicular eruptions like bacterial folliculitis, 
furunculosis, acne and acneiform pustules, but also 
localized pustular contact dermatitis, dermatophyte 
infections, impetigo, impetiginized eczema, varicella, 
pyoderma vegetans, Kaposi’s varicelliform eruption, 
Sweet’s syndrome, pemphigus foliaceus and other auto-
immune bullous disorders (such as IgA pemphigus, 
which might have some resemblances histologically), 
infantile chronic acropustulosis, or pustules in migra-
tory necrolytic eruption of glucagonoma, bowel bypass 
syndrome, or Behcet’s disease. Also in cases with 
confl uent pustules and erosions, differentiation from 
staphylococcal scalded skin syndrome (SSSS) does not 
represent a diagnostic challenge. In cases where pus-
tules are few or have already ruptured, sometimes leav-
ing large areas of desquamation, the differentiation from 
erythroderma or exfoliative dermatitis can be diffi cult.

11.5 Epidemiology

Because of the confusion in the nomenclature and the 
low level of spontaneous reporting of adverse drug reac-
tions in many countries, only very vague estimates of the 
incidence of AGEP can be made. In addition, the tran-
sient nature of the eruptions often leads to the fact that 
some patients are not hospitalized and sometimes not 
even seen by a doctor. From the observations in a popula-
tion that we have studied in recent years, we estimate the 

incidence rate of AGEP to range between one and fi ve 
cases per million inhabitants per year, but as mentioned, 
these numbers are subject to reporting bias and are only 
very crude estimates. There seems to be no age predispo-
sition, and some publications suggest that women are 
more often affected than men, especially in conjunction 
with paracetamol (acetaminophen) [17], and pregnancy 
may play a role [18, 19]. Bernhard et al. published a 
study in which HLA B51, DR11 and DQ3 were found to 
be more frequent than in the average population [20].

11.6 Etiology and Pathogenesis

The vast majority of AGEP cases is drug-induced, 
although for example viral infections can also trigger 
the disease. Literature provides a long list of single 
case reports and case series in which a large number 
of different drugs are documented as potential trig-
gers. Giving all references would go beyond the scope 
of this textbook, but reports on the following anti-
infective agents have been frequently reported: 
β-lactam antibiotics, macrolides, cephalosporins, qui-
nolones, tertracyclins; other antibiotics (chloram-
phenicol, imipenem, gentamycin, isoniazid, 
metronidazol, trimethoprim–sulfamethoxazole, van-
comycin); antimycotics (terbinafi ne, griseofulvin, 
itraconazol, nystatin, amphotericin B), other antiin-
fectives ( (hydroxy-)chloroquine, diaphenylsulfone, 
nifuroxazide, pyrimethamine, protease inhibitors. 
Other drugs that have been described as causative 
agents are (in alphabetical order): azathioprine, ace-
tylsalicylic acid, allopurinol, amoxapine, buphenine, 
bufexamac, calcium channel blockers, carbamazepine, 
carbimazole, carbutamide, high-dose chemotherapy, 
chromium picolinate, cimetidine, clemastine, cloba-
zam, clozapine, contrast media (non-ionic), cortico-
steroids, deltaparin, dexamethasone, disulfi ram, 
enalapril, eprazinon, fenoterol, furosemide, gefi tinib, 
imantinib, kerorin, lansoprazole, morphine, nadox-
olol, nifedipine, nimesulide, meladinine, mercury, 
olanzapine, paracetamol, piperazine ethionamate, 
pneumococcal vaccine, propafenone, prostaglandine 
E1, pseudoephedrine, quinidine sulbutiamine, sul-
fasalazine, thalidomide, as well as herbal medications 
(ginko biloba), topical agents, spider bites or PUVA. 
It has to be mentioned that this list is neither complete 
nor definite, as new reports are constantly being 
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published. A synopsis of these reports and the result 
of systematic studies make it possible to give a better 
estimate on which drugs have a higher risk of induc-
ing AGEP [13, 21]: strongly associated drugs seem to 
be antibacterial agents like ampicillin/amoxicillin, and 
quinolones, pristinamycin (a macrolide not widely 
marketed), anti-infective sulfonamides, the antimy-
cotic drug terbinafi ne, (hydroxy)chloroquine, and 
diltiazem.

These results show that the spectrum of drugs that 
often acts as trigger for AGEP differs from the com-
pounds that are the usual suspects for other skin reac-
tions like SJS/TEN. Classical triggers for the latter, 
like allopurinol, antiepileptic drugs, or nevirapine do 
not seem to play a prominent role in AGEP, while ter-
binafi ne, diltiazem and pristinamycin are not of major 
importance in SJS/TEN. Only antibiotic agents are 
often associated with both types of reaction.

A number of cases in which infections are the sus-
pected trigger for AGEP can be found in the literature 
[8, 22–27]. Although in many cases the infectious trig-
ger is well-documented and the sole probable reason 
for the reaction, AGEP caused by infectious agents 
seems to be an exception. In this context one must be 
aware that confounding by indication (drug given for 
an underlying infection or already for the fi rst symp-
toms of the reaction) makes causality assessment for 
drugs particularly diffi cult. Yet present data suggests 
that infections — although possible — are not very 
common in triggering AGEP.

It is obvious that neutrophils play an important role 
in AGEP and the role of drug specifi c (CD4+) T-cells 
that produce neutrophil-attracting factors like interleu-
kin-8 (IL-8) and cytotoxic (CD8+) T-cells has been 
extensively investigated [28–32]. Yet a number of 
questions in the pathomechanism of AGEP remain to 
be answered. One of them arises from the observation 
that there seem to be two timing patterns for the reac-
tion. One is similar to that of other drug rashes, i.e. the 
reaction occurs in a time frame between 1 and 2 weeks. 
But for a large number of cases (especially those trig-
gered by antibiotics), the interval between fi rst intake 
and cutaneous reaction can be as short as a few hours. 
This could be explained by prior sensitization and 
rechallenge to the specifi c drug, but in the majority of 
cases evidence for such a prior exposure cannot be 
found [13]. Another fi eld of interest for future research 
is the genetic predisposition that might lead patients to 
react in a ‘neutrophilic direction’.

11.7 Treatment

In those cases where AGEP is a drug reaction, the main 
therapeutic measure is to detect and withdraw the caus-
ative agent. The detection of the culprit drug, though, 
may be complicated by two facts. First, patients might 
have taken a large number of drugs. Second, drugs that 
have been started after the onset of the reaction could only 
be ruled out if the exact time point of the onset of the 
reaction was clear. As this often isn’t the case, some-
times drugs that have been given for unspecifi c fi rst 
symptoms of the reaction cannot simply be deleted from 
the list of suspected drugs. Only a very thorough drug 
history, including timing and duration of drug intake 
and knowledge of how high the risk of causing an AGEP 
is for different drugs, may make it possible to confi ne 
the list of drugs taken to one or a few probable triggers.

In most cases, withdrawal of the causative agent 
leads to a very rapid resolution of the lesions. Within a 
few days, active infl ammatory signs (redness and oedema) 
resolve, and at the site of pustules a characteristic 
post-pustular desquamation may persist for a few more 
days. Nevertheless, topical and systemic steroids are 
often administered. There is no data that prove that this 
has any benefi cial effect, but as long as systemic ste-
roids are only given for a short period of time and 
potential side effects are kept in mind, this therapeutic 
approach seems acceptable. The lack of evidence, 
though, does not allow for a general recommendation 
other than withdrawing all potentially culprit drugs 
and monitoring and symptomatically stabilizing the 
patient’s general condition (e.g. with antipyretics if 
they are not the suspected trigger).

The causality assessment mentioned above is not 
only necessary in the acute phase to withdraw the 
culprit agent. Reexposure to the drug should be avoided 
to prevent patients from experiencing another episode 
of AGEP [33]. In contrast to other drug reactions like 
SJS/TEN, patch testing with the culprit drug often 
leads to positive results [34, 35]. Morphologically, the 
local reaction resembles AGEP by displaying multiple 
small sterile pustules on the test site. One has to be 
aware, though, that strong, even systemic reactions can 
occur [36]. Although a negative patch test does not 
mean that a substance was not the cause for the reaction, 
positive patch testing is especially helpful for identify-
ing the culprit agent where two or more drugs are 
under suspicion of having caused the reaction.
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Drug-specifi c in vitro tests have been reported, 
but are not being used as standardized diagnostic 
tools so far. Macrophage migration inhibition factor 
(MIF) test, mast-cell degranulation (MCD) test [37, 
38], interferon gamma release tests [39] and lym-
phocyte proliferation responses [40] have been 
investigated. For the latter, it has been demonstrated 
that it correlated with patch tests in two patients 
[41]. Yet thorough drug history and patch testing 
remain — up to now — the main pillars of determin-
ing the culprit drug.
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Autoimmune Bullous Diseases
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12.1 Introduction

Autoimmune bullous diseases (AIBD) are a group of 
autoimmune disorders of the skin characterized by the 
production of auto-antibodies directed against adhe-
sion proteins of the desmosomes (pemphigus), or the 
hemi-desmosomes (AIBD of the dermal–epidermal 
junction (DEJ) [1, 2]. Most of these auto-antibodies 
are pathogenic, as demonstrated in various animal 
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› Life-threatening autoimmune blistering disorders 
include bullous pemphigoid and the different sub-
types of pemphigus: pemphigus vulgaris, pem-
phigus foliaceus and paraneoplastic pemphigus.

› Major extent of skin and mucosal lesions results 
in the failure of main skin functions.

› Severe infections, including septicaemia and 
pneumonia and cardiovascular disorders, are 
the major cause of death in these patients.

› The aim of treatment is to stop the production of 
autoantibodies. Corticosteroids and immuno-
suppressants are widely used in the treatment of 
autoimmune blistering disorders.

› New biologic agents such as rituximab are cur-
rently proposed for the treatment of the most 
severe, life-threatening types of these disorders.

Core Messages models [3]. Binding of auto-antibodies to their target 
antigens leads to the disruption of intra-epidermal or 
dermal–epidermal junctions [4]. The common conse-
quence is the formation of cutaneous and/or mucosal 
blisters evolving to erosions. Extent of erosive areas 
can lead to failure of main skin functions, in particular 
defence against infections. Treatment of AIBD aims at 
stopping the production of pathogenic antibodies by 
B-lymphocytes and plasmocytes, using corticoster-
oids, immuno-suppressants and more recently, 
biologics such as anti-CD20 monoclonal antibodies: 
rituximab or intravenous immune globulins [5, 6].

Pemphigus and bullous pemphigoid (BP) are 
potentially life-threatening AIBD, whereas in cicatricial 
pemphigoid and epidermolysis bullosa acquisita, severe 
functional impairment may occur in some cases.

12.2 Bullous Pemphigoid

12.2.1 Incidence and Pathogenesis

Bullous pemphigoid is the most frequent type of AIBD. 
The incidence rate of BP ranges between seven and 22 
cases per million inhabitants per year [7–9]. It is six to 20 
times more frequent than pemphigus in Western Europe. 
The disease mainly affects the elderly, with mean age 
being between 80 and 83 years, which is an important 
characteristic in the management of BP [9–11].

BP patients develop circulating and tissue-bound 
antibodies that are directed against two proteins of the 
hemidesmosomes, a key structural component of the DEJ. 
The target of these antibodies are proteins of 230 and 
180 kD in length, and are termed bullous pemphigoid 
antigen 1 (BPAG1), an intracellular protein of the 
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hemidesmosome, and bullous pemphigoid antigen 2 
(BPAG2), a transmembrane protein, respectively [1, 
12]. Anti-BPAG2 antibodies react with the fi rst extra 
cellular domain of the molecule, and appear to be more 
pathogenic than anti-BPAG1 antibodies. Following 
antibody binding to these proteins, the Fc portion of 
the antibody activates both the classical and alternative 
pathway of complement. Poly-morphonuclear cells 
recruited to the area release infl ammatory mediators, 
ultimely leading to the occurrence of clinical features 
of BP [13].

12.2.2 Clinical Features and Diagnosis

Typical clinical features of BP include pruritus, large, 
tense cutaneous blisters, urticarial plaques, vesicles, 
and erosive areas located on the trunk, abdomen, thighs 
and upper limbs (Fig. 12.1). Numerous atypical types 
have been described, including mucosal involvement, 
which is present in about 20% of patients. If cutaneous 
erosions become widespread, loss of the protective 
functions of the epidermis can occur, and patients may 
develop infections and fl uid imbalance.

The diagnosis of BP is easily made by combining 
clinical criteria and routine histological examination 

and direct immuno-fl uorescence testing of a skin biopsy 
[14]. Histological features include a subepidermal 
blister with an infi ltration of polymorphonuclear eosino-
phils in the superfi cial dermis and/or, more suggestively, 
along the DEJ [15] (Fig. 12.2). Direct immuno-fl uores-
cence shows linear deposits of IgG and C3 along the 
DEJ. Antibodies directed against the DEJ are detected 
in 70% of patients’ serum by indirect immuno-fl uores-
cence. In some atypical cases, indirect immuno-fl uores-
cence testing on 1 mol l−1 NaCl-split normal skin may be 
a useful test for discriminating between BP, cicatricial 
pemphigoid and epidermolysis bullosa acquisita. BP 
antibodies bind to the epidermal side of salt-split skin, 
whereas epidermolysis bullosa acquisita antibodies bind 
to the dermal side [16, 17]. Cicatricial sera bind either to 
the epidermal or dermal side of salt-split skin, depend-
ing on the antibodies present. Anti-BPAG1 and anti-
BPAG2 antibodies can also be detected in the serum of 
patients using immunoblot analysis on human epider-
mal extracts, or more recently, ELISA assays [14].

12.2.3 Prognosis

The prognosis of BP is severe, since the 1-year mor-
tality rate reported in the different European series, 

Fig. 12.1 Clinical features of 
a patient with bullous 
pemphigoid. Tenseblisters 
and erosions associated with 
urticarial lesions
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and in a recent US study, ranges between 25% and 
40% [10, 18, 19].

Main causes of death are severe infections including 
septicaemia and pneumonia, cardiovascular causes, 
especially congestive cardiac failure and myocardial 
infarction, and neurological diseases including stroke 
and the evolution of Alzheimer disease [11, 20]. A ran-
domized control multi-centre study performed in 
France, clearly demonstrated that high doses of sys-
temic corticosteroids, i.e., prednisone, 1 mg kg−1 per 
day, were responsible for a higher level of mortality, 
since the 1-year mortality rate of patients treated with 
high dose of corticosteroids was 40%, as compared 
with 25% in patients who were treated with topical 
super potent corticosteroids or low doses of oral corti-
costeroids, prednisone, 0.5 mg kg−1 per day [10]. 
Indeed, most of the deaths were either a direct conse-
quence of corticosteroid side effects, or at least were 
favoured by the high doses of corticosteroids used. It 
should be noted that this prospective randomized study 
confi rmed two retrospective French and German studies, 
which previously suggested that high doses of oral cor-
ticosteroids were a major deleterious prognostic factor 
in BP patients [19, 21]. A recent analysis of the prog-
nostic factors of BP patients showed that the main del-
eterious predictors were demographic factors (i.e., 
older age, age and female sex), associated medical 
conditions (i.e., cardiac insuffi ciency, history of stroke, 

and dementia), and low Karnofsky score, which is a 
measure of the patient’s general condition [11]. 
Interestingly, no factor directly related to BP, in par-
ticular extent of cutaneous lesions, was shown to be 
related to patients’ prognosis. Based on multivariate 
analysis, only older age and low Karnofsky score 
appeared independently predictive of death. Indeed, 
from the Cox model including these two predictors, 
the predicted 1-year survival rates were 90% for 
patients younger than 83 years in rather good general 
condition, whereas it was only 38% for patients older 
than 83 years in poor general condition. These predic-
tors are easy to use, and can facilitate the management 
of BP patients. In particular, these fi ndings should 
prompt clinicians to be cautious in the treatment of BP 
patients, especially the older patients.

12.2.4 Treatment

Systemic corticosteroids have been considered the 
main treatment of BP for more than 40 years because 
of the vast body of clinical experience with these 
agents [22]. The usually recommended dosage of oral 
corticosteroid for the treatment of BP was 0.75–1 mg 
per kg-body weight per day of prednisone or equiva-
lent. When pooled, the results of the few controlled 

Fig. 12.2 Histological picture of bullous pemphigoid showing a subepidermal blister containing poly-morphonuclear eosinophils
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trials comparing oral corticosteroids alone to oral 
corticosteroids plus immunosuppressant suggested 
that the rate of disease control was 0% with 0.3 mg 
kg−1 per day, 60–80% with 1 mg kg−1 and 90% with 
1.5 mg kg−1 per day of prednisone or equivalent [23, 
24]. Based on the above-mentioned results, the most 
commonly used dosage was 0.75–1 mg kg−1 per day. 
Unfortunately, there is no randomized or even open 
series which studied the effect of 0.5 mg kg−1 per day 
of prednisone on patients with extensive BP. The only 
study available in the literature, which used this dos-
age for the treatment of patients with moderate BP 
(less than ten new blisters per day) demonstrated a 
good effi cacy, since control of BP by day 21 was 
achieved in 95% of patients [10]. Our experience is 
that, unfortunately, medium doses of oral corticoster-
oids are only occasionally effective in controlling 
patients with extensive BP.

Topical corticosteroids were fi rst proposed by 
Westerhof in 1989 [25]. Subsequently, uncontrolled 
trials confi rmed the effi cacy of this treatment on lim-
ited forms of BP. Two large randomized controlled tri-
als performed in France on more than 700 patients 
have clearly demonstrated the extremely high effi cacy 
of medium/high doses of super potent topical corticos-
teroids, since a control of disseminated BP by day 21 
was achieved in 97–100% of patients, depending on 
the initial dose of clobetasol propionate used, 30 g or 
40 g per day. In addition to providing a better control of 
BP than medium/high doses of oral corticosteroids, 
topical corticosteroid treatment was responsible for a 
lower number of severe adverse effects (29% vs 54%, 
p = 0.006), and allowed a longer 1-year survival of 
patients, when compared with high doses of oral corti-
costeroids (76% vs 58%, p = 0.009) [10]. Whereas 
topical corticosteroids have become the fi rst line of 
treatment of BP, widely performed in Europe, the prac-
ticality of this approach is considered diffi cult in the 
US, mainly because of differences in the Health Care 
organization. The recent demonstration of the effi cacy 
of shorter-duration topical treatment for BP will per-
haps improve the acceptance of this treatment.

Many efforts have been devoted to fi nding corticos-
teroid-sparing agents for the treatment of BP. Uncontrolled 
studies have suggested the usefulness of immunosup-
pressive drugs, including azathioprine, cyclosporine, 
mycophenolate mofetil, and more recently, methotrexate 
[23, 26]. Unfortunately, the only controlled study pub-
lished to date failed to demonstrate any benefi t from the 
addition of azathioprine to corticosteroid therapy [23].

Moreover, there was a higher incidence of treatment 
side-effects in patients receiving the combined treat-
ment, as compared to those treated with corticosteroid 
alone, mainly infections sometimes leading to death. 
There is preliminary evidence that methotrexate could 
be useful in patients with BP [27]. First, relatively low 
doses of methotrexate (up to 12.5 mg per week) may 
be expective to control lesions in most BP patients. 
The use of these low doses could limit treatment side-
effects, especially bone-marrow suppression. Second, 
methotrexate seems to have anti-infl ammatory proper-
ties that are greater than the immunosuppressive prop-
erties, making infections perhaps less likely to occur 
when compared to ‘traditional’ immunosuppressants. 
Third, the long-term side effect of liver fi brosis does 
not seem to be a problem in these elderly patients. 
Furthermore, methotrexate is inexpensive. However, 
methotrexate has to be compared with other treatments 
of BP in a randomized study, in order to robustly eval-
uate its interest in the treatment of BP.

12.3 Pemphigus

12.3.1 Incidence and Pathogenesis

Pemphigus is a rare, chronic, potentially life-threatening, 
autoimmune vesiculobullous disorder. Three subtypes 
have been described; (1) pemphigus vulgaris (PV), 
which is characterized by the occurrence of mucosal 
and occasional skin lesions, (2) pemphigus foliaceus 
(PF), where patients only have cutaneous blisters, and 
(3) a more recently described type, called paraneoplastic 
pemphigus (PNP) because of its association with 
various neoplasms [28].

The incidence of PV is variable. Estimates range 
from 0.076 per 100,000 in Finland to 1.61 per 
100,000 in Jerusalem. The incidence is approxi-
mately one case per million inhabitants per year in 
Europe and in the US. However, endemic types of 
pemphigus exist in some areas in the world, namely 
in Brazil and some other South American countries 
(Fogo selvagem), as well as in North Africa (Tunisian 
endemic pemphigus) [29]. In these endemic areas, 
the incidence of pemphigus reaches 20–40 cases per 
million per year. Interestingly, these endemic types 
of pemphigus are PF, which occur both in South 
America and North Africa. The disease mainly 
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affects adult patients (mean age of patients is about 
50 years old), although children and even neonates 
can be affected.

Pemphigus is characterized by the production of 
autoantibodies directed against adhesion proteins of 
the desmosomes which are located on keratinocyte 
plasma membrane. Binding of autoantibodies to 
desmosome structures results in the loss of adhesion 
between keratinocytes and the formation of an intra-
epidermal blister. Two major proteins belonging to 
the cadherin family are targeted by auto-antibodies 
in pemphigus: desmoglein 1 (Dsg1), which is located 
in the upper epidermis of the skin, and desmoglein 3 
(Dsg3), which is mainly located in mucosa and 
in the basal portion of the epidermis [30]. Anti-
Dsg3antibodies are therefore responsible for 
mucosal lesions of patients with PV, whereas anti-
Dsg1 antibodies induce skin lesions in patients with 
PF, and in PV patients when they are associated to 
anti-Dsg3 antibodies. Both types of antibodies are 
pathogenic, as demonstrated in animal models [31]. 
In addition, serum from patients with PNP contains 
antibodies directed against a complex of proteins of 
the desmosomal plaques, which belong to the plakin 
family. Plakin proteins recognized by PNP sera are 
desmoplakins 1–2 (250–210 Kd), envoplakin 
(210 Kd), periplakin (190 Kd), and the BPAG1 pro-
tein (230 Kd) [28].

12.3.2 Clinical Features and Diagnosis

Patients with PV usually complain of dysphagia, 
which is due to painful oral erosion. In the most severe 
forms, patients can lose weight, and their general con-
dition may be altered. Other mucosa can occasionally 
be involved, including genital, anal and pharyngola-
ryngeal mucosa. Additionally, some patients have 
cutaneous lesions, which consist of superfi cial blisters 
without pruritus located on the scalp, folds, and trunk. 
These lesions rapidly evolve into limited or large ero-
sive areas, which can be responsible for fl uid imbal-
ance and septicaemia (Fig. 12.3). PF patients have 
crusted or exfoliative lesions, mainly located on the 
head, back and the anterior part of the trunk. Also, PF 
patients with the most severe form can present with an 
exfoliative erythroderma. Patients with PNP can have 
clinical features of both PV, BP, erythema multiforme, 
drug-induced-like lesions and sometimes lichenoid 
lesions, with oral and genital erosions, urticarial 
bullous lesions, target-like lesions or areas of epider-
mal necrosis [28, 32]. Additionally, some patients 
have conjunctival involvement. This particular type of 
pemphigus is characterized by its association with 
various neoplasms, in particular lymphoproliferative 
disorders, including chronic lymphoid leukaemia, 
dysglobulinemia and Hodgkin and non-Hodgkin 

Fig. 12.3 Large erosive 
areas in a patient with 
pemphigoid vulgaris
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lymphoma. Thymoma, carcinoma, sarcoma and 
Castelman’s disease are less frequently associated.

The diagnosis of the different types of pemphigus is 
made by a combination of clinical, histological and 
immunological criteria [33]. Histological analysis 
shows the epidermal detachment called acantholysis, 
responsible for the formation of an intra-epidermal 
blister. The level of the acantholysis depends on the 
subtype of pemphigus: suprabasal in PV and in the 
upper epidermis in PF. Other histological features 
can be observed on biopsy from PNP patients, in addi-
tion to acantholysis, including keratinocyte necrosis, 
subepidermal blister, lichenoid infi ltrate of the superfi -
cial dermis and interface dermatosis. Depending on 
the predominant histological features, biopsy from 
PNP patients can be initially suggestive of PV, BP, 
erythema-multiforme, drug-induced reaction or lichen 
planus. Direct immunofl uorescence shows IgG and C3 
deposits on the epithelial cell surface (ECS), which 
predominate on the basal cell layers in PV biopsies, 
whereas the whole epidermis is labelled in PF (Fig. 
12.4). Additionally, biopsies from PNP patients can 
exhibit granular deposits of C3 and sometimes IgG on 
the DEJ, showing a dual ECS + DEJ labelling. Anti-
ECS antibodies can be detected in patient’s serum 
using indirect immunofl uorescence on various sub-
strates, including normal human skin and monkey 
oesophagus. Titres of circulating anti-ECS antibodies 
depend on disease severity, and are a useful tool for the 
management of patients under treatment. In addition, 
PNP sera exhibit a dual (ECS + DEJ) labelling of rat 

bladder, which is not observed with PV and PF sera. 
Circulating anti-Dsg1 and anti-Dsg3 antibodies can 
also be detected in patients’ serum using commercially 
available ELISA assays, and immunoblot analysis on 
human epidermal extracts [34]. In addition, this latter 
technique allows the detection of anti-plakin antibod-
ies, especially anti-envoplakin and anti-periplakin 
antibodies. According to the compensation theory, 
PF patients only produce anti-Dsg1 antibodies, PV 
patients with only mucosal lesions produce anti-Dsg3 
antibodies, whereas PV patients with cutaneous and 
mucosal lesions have both anti-Dsg1 and anti-Dsg3 
antibodies [35].

12.3.3 Prognosis

The use of systemic corticosteroids and a better man-
agement of patients have improved the prognosis of 
PV and PF patients, since the mortality rate has dra-
matically decreased, from 75% before corticosteroids 
to 5–10%. Currently, most deaths are related to severe 
infections which occurred either during the acute phase 
of the treatment in patients with recalcitrant types of 
pemphigus who require very high doses of corticoster-
oids, that are often associated with immuno-suppressants 
to obtain epithelialisation, or in patients with relapsing 
types of pemphigus. Indeed, these latter patients who 
experienced numerous relapses should have their doses 
of corticosteroids increased, leading to high cumu-

Fig. 12.4 Direct immunofl uo-
rescence in a patient with 
pemphigus vulgaris, showing 
IgG deposits on keratinocyte 
membrane
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lative corticosteroid doses. The prognosis of PNP 
patients remains extremely severe, with a mortality 
rate between 50% and 70% [28]. In addition to the 
common causes of death in patients with classical 
types of pemphigus, PNP patients can die from bron-
chiolitis obliterans leading to respiratory failure, and 
from the evolution of the associated neoplasm. We 
recently studied the prognosis of PNP in a series of 30 
patients, and identifi ed the following deleterious prog-
nostic factors: older age, association with a non-Hodg-
kin lymphoma (as opposed to chronic lymphoid 
leukaemia), extent of cutaneous lesions, conjunctival 
involvement, histological features of keratinocyte 
necrosis, and failure of disease control after initial 
treatment.

12.3.4 Treatment

High doses of systemic corticosteroids are the main-
stay of treatment for severe types of pemphigus. 
However, a signifi cant proportion of patients who have 
their pemphigus diagnosed at an early stage, with few 
cutaneous and/or mucosal lesions and low titres of cir-
culating anti-ECS antibodies (mild pemphigus), can be 
successfully treated with the Lever regimen [36]. This 
treatment is a combination of low doses of corticoster-
oids — i.e., prednisone 40 mg every other day, and an 
immunosuppressant, initially azathioprine 2 mg kg−1 
per day (which can be replaced by mycophenolate 
mofetil 2 g per day). The combined treatment is pre-
scribed at the initial dose during the fi rst year of treat-
ment. Thereafter, corticosteroid doses are slowly 
tapered and stopped at the end of the second year of 
treatment. The doses of immunosuppressants are then 
tapered, and fi nally stopped at the end of the third year 
of treatment.

Prednisone doses of 1–1.5 mg kg−1 per day are usu-
ally required to control pemphigus patients with exten-
sive cutaneous or mucosal lesions, irrespective of the 
subtype (PV, PF or PNP) of their pemphigus [37]. The 
aim of the initial phase of treatment is to obtain ‘con-
trol of disease activity’, which has been defi ned by the 
recent ‘consensus statement on defi nitions of disease 
endpoints and therapeutic response for pemphigus’ as 
‘the time interval from baseline to the time at which 
new lesions cease to form and established lesions begin 
to heal’. This is also considered the beginning of the 

consolidation phase of treatment, during which corti-
costeroid doses will be gradually tapered. Failure of 
treatment, which is considered as ‘the continued devel-
opment of new lesions, continued extension of old 
lesions, or failure of established lesions to begin to 
heal despite 3 weeks of therapy on 1.5 mg kg−1 per day 
prednisone equivalent’ requires the use of the follow-
ing agents: cyclophosphamide 2 mg kg−1 per day for 12 
weeks, azathioprine 2.5 mg kg−1 per day for 12 weeks 
(if TPMT level is normal), methotrexate 20 mg per 
week for 12 weeks, or mycophenolate mofetil 3 gm per 
day for 12 weeks. The risk of severe treatment side-
effects, especially infections, is a major factor in these 
patients, who need to be managed very carefully.

Patients with life-threatening recalcitrant pemphigus 
who have persistent extensive erosive lesions despite the 
association of high doses of corticosteroids and an 
immunosuppressant can be treated with rituximab, a 
new biologic agent, and/or with IV immune globulins 
[5, 6]. Rituximab is a monoclonal antibody directed 
against the CD20 antigens of B-lymphocytes. It has 
been initially reported to be effective in occasional cases 
of life-threatening cases of pemphigus, including PNP 
[38]. Recently, the combination of multiple cycles of 
rituximab and IV immune globulins has been reported 
by Ahmed et al.to be effective in a mono-centre series of 
11 patients with severe PV [5]. We have recently 
reported a multi-centre series of 21 patients treated with 
a simple regimen of one cycle of rituximab without 
associated immune globulins [6]. Eighteen out of 21 
patients (89%) achieved complete remission 3 months 
after rituximab treatment. At the end of the study, after 
almost 3 years of follow-up, 18 patients (89%) were free 
of disease, including eight patients who had not received 
corticosteroids. Rituximab treatment was rather well-
tolerated with no severe side-effect in the series by 
Ahmed et al., and with a pyelonephritis in one patient 
and a septicaemia leading to death in another patient 
from our series. This latter patient had rheumatoid 
arthritis, and was concomitantly treated with the anti-
tumour necrosis factor, etanercept. Intravenous immune 
globulins have been reported to be effective in case 
reports and small open series of patients with pemphi-
gus who did not respond satisfactorily to conventional 
agents. Although its effi cacy is rather diffi cult to evalu-
ate from these reports, some authors have suggested that 
this treatment was effective and well-tolerated, provid-
ing good disease control and allowing a substantial 
decrease of corticosteroid doses. Due to its high cost 
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and the potentially severe side-effect of rituximab, these 
treatments should be limited to the most severe types of 
pemphigus.
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› The clinical manifestations of a systemic bacte-
rial infection may be caused directly by the bac-
teria and/or by its toxins.

› Secondary locations of bacteremias occur mainly 
during the course of endocarditis or septic vascu-
litis during acute or chronic meningococcaemia 
and gonococcaemia.

› Ecthyma gangrenosum is a particular form of 
secondary septic location occurring mainly in 
neutropenic subjects and mainly caused by 
Pseudomonas aeruginosa.

› Toxinic manifestations are mainly caused by Stap-
hylococcus aureus, responsible for toxic shock 
syndrome and staphylococcal scalded skin syn-
drome, and Streptococcus pyogenes, responsible 
for streptococcal toxic shock syndrome and scarlet 
fever.

› Purpura fulminans is a particular severe form of 
bacterial sepsis associated with vasculopathy 
and necrosis of the extremity.

Core Messages clinical syndrome or to the bacteria (Table 1). For 
example, bacteria such as Staphylococcus. aureus may 
cause toxic shock syndrome, purpura fulminans and 
septic emboli. Indeed, a clinical syndrome such as 
purpura fulminans may be caused by different bacteria 
such as Neisseria meningitidis, Streptococcus pneu-
moniae or Staphylococcus. aureus.

13.1  Skin Manifestation Caused 
by Secondary Locations During 
the Course of a Bacteriemia

13.1.1  Skin Manifestations 
of Endocarditis

Two main forms of endocarditis are described in 
patients with native cardiac valves, i.e., acute endo-
carditis mainly caused by S. aureus and sub-acute 
endocarditis caused by non-typable Streptococci or 
Enterococci. In rare cases, endocarditis is caused by 
non-cultivable bacteria such as Coxiella burnetti and 
others. In addition, an increasing number of cases of 
endocarditis occur on prosthetic valves. The physio-
pathology may thus differ from one type of endo-
carditis to another, and also according to the bacteria 
involved.

Description of endocarditis-related skin manifesta-
tions is confusing; Janeway lesions and Osler’s nodes 
were described at the beginning of the twentieth 
century, a period where bacterial endocarditis was dif-
ferent from at the present [1].

Classically reported Janeway lesions are macular, 
purpuric lesions that occur on hands and feet (Fig. 
13.1). Histologically, they show neutrophilic microab-

The clinical manifestations of a systemic bacterial 
infection may be caused directly by the bacteria and/or 
by its toxins. Similar clinical manifestations may be 
caused by different bacteria, and the same bacteria 
may be responsible for different clinical manifesta-
tions. Therefore, the skin manifestations of systemic 
bacterial infections can be classifi ed according to the 
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scesses in the dermis and vessel thrombosis [1]. These 
lesions are thought to be caused by septic microem-
boli; the results of culture of specimens being fre-
quently positive [2–5]. Osler’s nodes are described as 
small, painful, nodular lesions of the fi ngers or toes 
(Fig. 13.2). Only a few biopsied Osler’s nodes yield 
positive results on culture, and histological examina-
tions have revealed diverse fi ndings [2–5].

The distinction between acute endocarditis and 
sub-acute endocarditis is probably the most important 
question, in order to consider such lesions as embolic 
or resulting from the immunologic process. Further 
histological and clinical studies should focus on this 
question in order to clarify these historical clinical 
entities.

13.1.2 Septic Vasculitis

Janeway lesions of acute endocarditis due to S. aureus 
are caused by septic microemboli. The main clinical 
manifestation is purpura. Petechial lesions resulting 
from septic thombosis of the dermal vessels can be 
caused by other bacteria, mainly N. meningitidis and 
Neisseiria gonorrhea.

13.1.2.1 Acute Meningococcaemia

Meningococcaemia is characterized by an abrupt onset 
of fever and petechial eruption that can progress to 
purpura fulminans [6]. Petechies can occur anywhere 

Table 13.1 Cutaneous features of bacterial infections

Staphylococcus aureus Janeway lesions, septic vasculitis
Purpura fulminans abscess
Toxic shock syndrome
Staphylococcal scarlet fever
Staphylococcal scald skin syndrome

Beta-haemolytic Streptococcus group A Streptococcal Toxic shock syndrome
Scarlet fever
Purpura fulminans

Streptococcus pneumoniae Purpura fulminans
Non-typable Streptococci and Enterococci Osler nodes
Neisseria meningitidis Purpura (septic vasculitis) abscess

Purpura fulminans
Neisseria gonorrhea Purpura (septic vasculitis) abscess
Pseudomonas aeruginosa Ecthyma gangrenosum
Nocardia sp Sub-acute abscess
Atypical Mycobacteria Sub-acute abscess
Mycobacterium tuberculosis Acute miliary tuberculosis of the skin

Cold abscess

Fig. 13.1 Staphylococcus aureus acute endocarditis
Fig. 13.2 Non-typable Streptococcus sub-acute endocarditis
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on the skin or mucous membrane, but predominate on 
the extremities (Figs. 13.3, 13.4). Non-specifi c urti-
carial and erythematous eruptions have been detected 
sometimes [7]. The petechies may be pustular. Skin 
biopsies or needle aspirations can be Gram-stained and 
cultured. Information for parents about a purpuric rash 
in an ill child and the need for urgent treatment is cru-
cial [8]. Cellulitis has exceptionally been described in 
meningococcaemia [9].

13.1.2.2 Chronic Meningococcaemia

Chronic meningococcaemia is defi ned as meningo-
coccal sepsis of at least 1 week in duration without 
meningeal symptoms [10–12]. It is characterized by a 
prolonged clinical course with intermittent fever, rash 
and migratory arthralgia. A rash consisting of ery-
thematous macules evolves into tender nodules which 

become purpuric [10–12]. With appropriate antibiot-
ics, the outcome is favourable. Fever and arthralgias 
resolve within 24–48 h, and the rash within 5 days. 
Undiagnosed, it may have a fatal outcome [10–12].

13.1.2.3 Disseminated Gonococcal Infection

Despite the large number of gonococcal infections, 
disseminated infection from haematogenous spread 
occurs in only 0.5–3% of patients. [13–16]. Sys-
temic manifestations of disseminated gonococcal 
infection are usually characterized by both skin and 
joint lesions. Joint involvement ranges from teno-
synovitis to suppurative arthritis. Skin manifesta-
tions are clinically and histologically consistent 
with vasculitis, similarly to what is described with 
chronic meningococcaemia. A few purpuric pap-
ulo-pustules on the extremities in patients with 
fever and polyarthritis could suggest systemic gono-
coccal infection. In rare cases an extensive, vesicu-
lobullous, haemorrhagic, and necrotic cutaneous 
vasculitis is the sole manifestation of the disease 
[13]. Rare skin abscesses resulting from dissemi-
nated infection have been reported [16].

13.1.3 Skin Abscesses

Dermal abscesses are rarely associated with dissemi-
nated bacterial infection as a secondary focus. They 
can be unique or multiple. Depending on the bacteria, 
it is possible to distinguish three different types of skin 
abscesses: acute, sub-acute and cold abscesses.

Acute abscesses form an infl ammatory dermal mass 
occurring during bacteriemia. These abscesses are 
rare; they can be caused by any pyogenic bacteria, but 
are mainly caused by S. aureus.

Sub-acute abscesses occur several days to weeks 
after a bacteriemia, and are caused by pathogens such 
as Nocardia (Fig. 13.5) or non-tuberculosis Myco-
bacteria, or in the particular cases of immunorestora-
tion syndromes with tuberculosis and non-tuberculosis 
Mycobacteria.

Finally, cold abscesses occur several months after 
the systemic dissemination and are mainly caused by 
Mycobacterium tuberculosis.

Fig. 13.3 Acute meningococcaemia

Fig. 13.4 Acute meningococcaemia
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13.1.4 Ecthyma Gangrenosum

Ecthyma gangrenosum is a localized cellulitis with 
necrotizing and ulcerative evolution occurring in immu-
nocompromised or neutropenic patients, mainly caused 
by Pseudomonas aeruginosa. Two pathogenic mecha-
nisms in ecthyma gangrenosum are recognized; one 
occurring as the result of the presence of P. aeruginosa 
during bacteriemia, the second as a primary lesion fol-
lowed (but not necessarily) by bacteriemia [17–24]. 
The prognosis of echtyma gangrenosum is mainly in 
relation to the underlying immunosuppression and its 
potential recovery.

P. aeruginosa has a low-to-moderate virulence poten-
tial in healthy patients, but in immunocompromized 
subjects it acts as an opportunistic pathogen. Neutropenia 
is one of the conditions in which P. aeruginosa may be 
associated with severe and life-threatening complications 
such as ecthyma gangrenosum. Profound and prolonged 
neutropenia is the most important factor predisposing to 
P. aeruginosa severe invasive infections, but even a deep 
transitory neutropenia can also result in echyma gan-
grenosum (Fig. 13.6) [23, 24]. Other Gram-negative 
bacilli and mycosis have occasionally been reported 
associated with ecthyma gangrenosum.

Ecthyma gangrenosum manifests usually as an 
infl ammatory nodule or plaque that becomes a necrotic 
ulceration in a patient with high fever and deterioration 
of the general health status. It can occur anywhere, but 
the axillae and anogenital areas are the most com-
monly affected sites [17, 24].

The treatment is based on systemic antibiotics 
active against P. Aeruginosa, namely betalactams 
such as imipenem, ceftazidim, aztreonam, piperacil-
line–tazobactam associated with ciprofl oxacin or 
aminosides. Granulocyte colony-stimulating factor 
(G-CSF) therapy can be used in cases of severe neu-
tropenia [23, 24]

13.1.5  Acute Miliary Tuberculosis 
of the Skin

Miliary tuberculosis is a particular clinical form of 
systemic tuberculosis characterized by the acute hae-
matogenous dissemination of the bacilli. In miliary 
tuberculosis, lungs are affected, showing the typical 
bilateral diffuse reticulo-nodular infi ltrate, but many 
organs can be involved, such as meninges, liver and 
spleen [25]. Cutaneous manifestations are extremely 
rare, and occur mainly in immunocompromised 
patients [26]. The typical cutaneous lesions consist of 
discrete erythematous papulo-pustules. Other cutane-
ous manifestations include macules, large pustular 
lesions, ulcerations, purpuric lesions and sub-cutane-
ous nodules. Any part of the body can be affected, the 
lesions are widely distributed and usually do not 
exceed 20–30 in number [25–34]. In HIV-infected 
patients, these lesions are diffi cult to differentiate from 
other more common cutaneous diseases, namely pru-
rigo and eosinophilic folliculitis.

Fig. 13.5 Abscess of the face during the course of systemic 
Nocardia asteroides infection

Fig. 13.6 Ecthyma gangrenosum during the course of a 
neutropenia
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Acute miliary tuberculosis of the skin must be differ-
entiated from paradoxical tuberculosis. Paradoxical 
expansion tuberculosis is an extremely rare manifesta-
tion characterized by the expansion of a pre-existing 
lesion or the appearance of new ones developing from a 
few days to several months after appropriate treatment 
of tuberculosis. The outcome has been favourable in all 
cases, suggesting that paradoxical tuberculosis could 
result from a restored immunologic response. By contrast, 
acute miliary tuberculosis of the skin results from a 
failure to control bacilli dissemination.

13.2 Toxinic Manifestations

13.2.1 Toxic Shock Syndrome

Toxic shock syndrome (TSS) was fi rst described by Todd 
(1978) in seven children who had a generalized ery-
thema, fever, hypotension, diarrhea and multi-organ failure 
[35, 36]. In 1980, a hundred cases were reported in young 
women who used certain tampons [37, 38]. The inci-
dence of menstrual TSS in the US peaked in 1980, and 
decreased signifi cantly during the past 20 years, after the 
removing of these particular super-absorbent tampons 
and the provision of public information [39].

TSS has been associated with the production of a toxin 
by S. aureus, mainly the toxic-shock syndrome toxin 
1(TSST-1).responsible for most menstrual TSS and the 
majority of non-menstrual TSS. The rest of the cases are 
mediated through staphylococcal enterotoxins, particularly 
enterotoxin B, and less commonly other enterotoxins [36].

In the 1997 CDC defi nition [40], the following clin-
ical criteria one included: fever (greater than or equal 
to 38.9°C), a diffuse macular erythroderma, desqua-
mation (1–2 weeks after onset of illness, particularly 
on the palms and soles), hypotension and multisystem 
organ involvement.

TSS develops from a S. aureus focus. In the study 
of 130 TSS by Reingold [38], the following focuses 
were found: skin infection in 30% of cases, genital 
focus 27% (after delivery or abortion), 18% post-sur-
gery, 13% non-identifi ed.

The pathogeny of TSS is linked to the property of 
superantigens (BSAgs) by staphylococcal toxins. 
These superantigens bind to both human major histo-
compatibility antigen class II molecules on the surface 
of antigen-presenting cells and the specifi c T-cell 

receptor variable chain on T lymphocytes, and activate 
greater numbers of T lymphocytes resulting in produc-
tion of high levels of cytokines [36–40].

Skin manifestations of TSS include a generalized ery-
thema (with involvement of palms and soles). Palmar, 
sole and fi nger desquamation may occur after recovery. 
Transient alopecia, the falling-off of nails and an increased 
sweating of hands and feet have been described [41].

Treatment is based on the treatment of the multi-
organ failure and the S. aureus focus. Some antibiotics 
acting as protein-synthesis inhibitors with antitoxic 
properties can provide a benefi cial outcome [42].

Takahashi et al. [43] reported, from Japan, neonates 
who developed systemic exanthema and thrombocy-
topenia in the fi rst week of life associated with MRSA 
producing TSST-1. They propose neonatal toxic-
shock-syndrome-like exanthematous disease (NTED) 
as the name for this disease. A similar case has been 
reported in Europe [44].

13.2.2  Streptococcal Toxic Shock-Like 
Syndrome

In 1987, Cone reported two patients who had a severe 
infection caused by beta haemolytic group A Strepto-
coccus (GAS) and a clinical presentation similar to 
TSS [45]. Stevens described 20 patients, with GAS 
infection, shock, and multi-organ failure and mortality 
reaching 30% [46].

In contrast to staphylococcal TSS, the causal asso-
ciation with streptococcal toxins to streptococcal toxic 
shock syndrome (STSS) is much less clear. Staphy-
lococcal TSS and STSS share many features: high-grade 
fever, hypotension, myalgias, multi-organ involve-
ment such as diarrhea, vomiting, renal failure and 
hematological abnormalities [45–49]. Similarly to 
TSS, skin manifestations are characterized by a gen-
eralized erythema and a delayed palmo-plantar desqua-
mation. Streptococcal toxic shock syndrome is mainly 
associated with severe soft-tissue infections such as 
cellulitis, necrotizing cellulitis and necrotizing fasciitis 
[45–49].

In TSS, the treatment is based on the treatment of 
the multi-organ failure and the GAS focus. Antibiotic 
treatment is based on the use of antibiotics active 
against GAS, such as betalactams, associated with 
antibiotics acting as protein-synthesis inhibitors with 



128 P. del Giudice and O. Chosidow

anti-toxinic properties, such as clindamycin [50]. The 
additional use of intravenous immunoglobulin G has 
been suggested to be benefi cial [50, 51].

Other bacteria have been reported to cause TSS-like 
syndromes such as Group C beta-haemolytic strepto-
cocci [52], Streptococcus mitis [53], Streptococcus 
[54], Staphylococcus lugdunensis [55], group B Beta 
haemolytic Streptococcus [56].

13.2.3 Scarlet Fever

Scarlet fever is characterized by acute pharyngitis, a 
generalized macular erythema sparing the soles and 
hands, and high-grade fever. Characteristic clinical 
features of scarlet fever include: an initial white cover-
ing of the tongue, followed by enlargement of the 
papillae, giving a distinctive ‘strawberry tongue’ 
appearance. Patients with severe infections often have 
nausea and vomiting. The incubation period is short, 
usually 1–3 days. The disease is caused by GAS 
infection which produces erythrogenic toxin [48]. 
Rarely, typical rash of scarlet fever is reported with 
GAS infection from another focus than pharyngitis, 
such as skin infection [57].

Staphylococcal scarlet fever, also called scarlatini-
form erythroderma/rash, was fi rst described in the 
1920s. Lina et al. [58] found that 16 and 17 S. aureus 
isolated from patients with staphylococcal scarlet 
fever produced TSST-1, enterotoxins, or both. 
Therefore, it is likely that most cases of staphylococ-
cal scarlet fever are a clinical manifestation of mild 
TSS. Enterotoxin B was the predominant toxin 
involved in staphylococcal scarlet fever in a study 
from Taiwan [59].

13.2.4  Staphylococcal Scalded Skin 
Syndrome

Staphylococcal scalded skin syndrome (SSSS) is a gen-
eralized blistering disease induced by the exfoliative 
(epidermolytic) toxins (ETs) of S. aureus [60]. Neonates 
and young children are mainly affected, and exception-
ally adults with underlying diseases. Exfoliative toxin 
is produced by staphylococcal species, causing blisters 
in human and animal skin. Bullous impetigo is caused 

by the local production of ET; blisters occur at the site 
of infection with S. aureus. In SSSS, the toxin is pro-
duced at distant foci of infection and causes general-
ized blistering due to its systemic circulation [60].

Two major serological forms of ET, ETA and ETB, 
have been linked to SSSS. Both toxins cause intraepi-
dermal cleavage through the granular layer, without 
epidermal necrolysis or an infl ammatory response of 
the skin. Amagai et al. recently identifi ed desmoglein 
1(Dsg1) as the specifi c substrate for ETA and ETB 
[61–63].

Its clinical manifestations begin abruptly with fever 
and generalized erythema, followed by large fragile 
blisters involving the entire skin surface within the next 
few hours to days, which rapidly rupture on the slight-
est pressure (with a positive Nikolsky sign) (Fig. 13.7). 
Widespread involvement of the entire skin surface can 
occur, but the mucous membranes are usually spared.

The disease usually follows a localized infection of 
the upper respiratory tract, inner ear, conjunctiva, or 
umbilical stump, although rare cases of SSSS caused 
by staphylococci isolated from patients with pneumo-
nia, septic arthritis, pyomyositis, and maternal breast 
abscesses have been reported. Many nosocomial out-
breaks have been reported, usually due to several 
asymptomatic carriers of ET-producing S. aureus 
strains [60].

Poor renal clearance of the toxins by neonates and 
by adults with impaired renal function is a major risk 
factor for developing SSSS. The prognosis of SSSS in 
children who are appropriately treated is good, with 
mortality of less than 5%. But up to 60% of affected 
adults die, usually due to underlying diseases [60].

Fig. 13.7 Staphylococcal scald skin syndrome
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Most cases of SSSS are diagnosed on a clinical 
basis. Exotoxins are produced by staphylococci at a 
distant site; the blister fl uid in generalized SSSS is usu-
ally sterile. Staphylococci producing ET can usually be 
cultured from the nares, conjunctiva, or nasopharynx.

There is no specifi c treatment. A staphylococcal 
focus should be treated. Hygiene measures must be 
applied to prevent to prevent cross-transmission.

13.3 Purpura Fulminans

Purpura fulminans, also described as the Waterhouse–
Friderichsen syndrome, fi rst reported in 1911 by 
Waterhouse [64], is a rare clinical condition character-
ized by the sudden development of extensive bilateral 
and symmetrical skin necrotizing purpuric and haem-
orrhagic lesions. It occurs predominantly on the 
extremities, and is associated with disseminated intra-
venous coagulation (DIC) cardiovascular collapse, and 
bilateral adrenal haemorrhage [65–68]. The skin histo-
logic features show dermal vascular thrombosis, with 
subsequent necrosis and haemorrhagic necrosis of 
affected tissues [65–68]. This disease is complicated 
by a high mortality rate or amputation of the extremi-
ties (Fig. 13.8) [65–68].

Purpura fulminans may occur in three situations; 
acute severe sepsis, preexisting inherited coagulation 
disorders, or referred to as ‘idiopathic’ when there is 
no evidence of known abnormalities of coagulation or 
acute infections [65–68].

Septic conditions include mainly meningococcaemia 
and pneumococcal sepsis in asplenic patients. However, 
isolated cases of purpura fulminans have been reported 
in severe sepsis due to other infectious agents such as 

group B Streptococcus, Gram-negative bacilli, S. aureus 
including community-acquired methicillin S. aureus 
and beta-haemolytic group A Streptococci [65–70].

13.4 Specific Manifestations

Some well known systemic bacterial diseases such as 
syphilis, rickettsiosis, bartonellosis, rat bat fever etc. 
with specifi c clinical manifestations are not included 
in this review.
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› Severe cutaneous and systemic fungal infections 
are frequent in profoundly immunodepressed 
patients, i.e., haematological malignancies and 
organ transplant recipients.

› Candidiasis and aspergillosis are the most fre-
quent, but emerging ‘new’ fungi are more and 
more responsible for life-threatening infections.

› Identifi cation of the responsible agent relies on 
the study of multiple biologic samples: skin, 
blood, etc.

› Histological examination including special 
stains, culture of tissue, andantibody detection 
may be necessary to establish a precise diag-
nostic. The results may be delayed for weeks.

› The therapeutic armentarium has been enriched 
with new systemic antifungal, but identifi cation 
of the responsible organism is necessary to 
select the appropriate drug.

Core Messages

The incidence of invasive opportunistic and nosocomial 
fungal infections has increased substantially over the 
past 30 years, largely because of the increasing size of 
the population at risk, such as haematological malignan-
cies, or patients undergoing stem cell or solid organ 
transplantation [1–4]. It is estimated that invasive oppor-
tunistic fungal infections develop in 10–25% of patients 
with acute leukemia and those receiving stem-cell trans-
plantation. The incidence of invasive fungal infection 

occurring in the post-transplant setting is between 5% 
and 10%, with the incidence varying according to the 
pathogen and organ transplanted [5–8]. Whereas 
Aspergillus spp and Candida spp. collectively account 
for the majority of deeply invasive and life-threatening 
fungal infections, epidemiological trends during the 
past decade indicate a shift towards infections by 
Aspergillus spp and Candida spp, as well as previously 
uncommon opportunistic fungi [9–11]. These emerging 
fungi are Trichosporon spp, Fusarium spp, dematia-
ceous moulds, Scedosporium spp, Zygomycetes, as 
well as endemic dimorphic fungi such as Penicillium 
marnefeii and Histoplasma capsulatum [12].

The increasing importance of these isolates as 
causes of life-threatening invasive fungal infections in 
immunodepressed patients requires familiarity with 
dermatological aspects of these infections and the 
microbiology [13] (Scheme 14.1).

Every cutaneous lesion in immunosuppressed patients 
should be considered for biopsy. Histological examination 
including special stains, such as periodic acid Schiff (PAS) 
and argentic staining (Gomori–Grocott stain) are critical 
for diagnosis, but the diagnosis depends on the identifi ca-
tion of the organism by mycological culture. Culture of 
tissue is essential in deep mycoses, but may not always 
show yield viable organisms (zygomycosis) or may take 
several weeks to grow organisms (phaeohyphomycosis), 
but is essential for diagnosis of species and testing antifun-
gal susceptibility. Blood cultures can be helpful in dis-
seminated Candida infections, and are most commonly 
positive in disseminated Fusarium, Cryptococcus, and P. 
marneffei infections. Antibody detection assays may not 
be initially positive in immunocompromised patients. 
ELISA (enzyme-linked immunosorbent assay) for antigen 
detection is a test preferable to polymerase chain reaction 
(PCR). Serum antigen testing is very useful for cryptoc-
cocosis and acute pulmonary aspergillosis.
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If drug-resistant fungi are appearing in patients, 
exciting developments in antifungal therapy have 
emerged to address this concern. Lipid-based formula-
tions of amphotericine B, extended spectrum triazoles 
that inhibit ergosterol synthesis, such as voriconazole 
and posaconazole overcome problems associated with 
the ineffectivity of fl uconazole against Aspergillus spp. 
or the variable bioavailability of itraconazole. But, like 
itraconazole, voriconazole and posaconazole have a 
high incidence of drug interactions in the HIV-infected 
population and solid organ transplant population, 
because of its inhibition of the CYP3A4. Itraconazole 
is also limited by its unpredictable oral absorption, 
although voriconazole and posaconazole have a best 
oral bioavailability. Echinocandins represent a new 
family of antifungal agents with few side-effects and 
few drug interactions. Other new antifungal drugs such 
as nikkomycins and sordarin derivatives are in 
development [14, 15]. Combination antifungal therapy 
has been described with increasing frequency in the 
literature, but there is a lack of evidence-based studies 
for its use. However, the best treatment of deep 
mycosis is immune restitution, when it is possible. 
Clinicians should be aware of the possibility of immune 
reconstitution syndrome (IRIS) associated with oppor-
tunistic mycoses [16].

14.1  Cutaneous Fungal Infections with 
High Risk of Systemic Disease

14.1.1 Candidiasis (Candida species)

Candida spp have become common pathogens and 
cause serious opportunistic infection in humans, 
particularly in immunocompromised patients, and are 
now recognized as major agents of hospital-acquired 
(nosocomial) infections. Blood stream infection (BSI) 
with Candida species (candidemia), especially Candida 
albicans, is the most clinical presentation of systemic 
candidiasis, and is responsible for high morbidity and 
mortality rate in hospitalized patients [17]. Risk 
increases when patients have multiple indwelling cath-
eters and are receiving IV antibiotics. The incidence of 
invasive candidiasis has declined in subsets of organ 
transplant recipients (e.g., liver transplant patients) as 
a result of fl uconazole use [18]. Skin lesions of dis-
seminated candidiasis are present in 10–13% of 
affected individuals, and are helpful for diagnosis, 
since only 25–50% of disseminated candidiasis cases 
experienced positive blood cultures. These lesions are 
typically represented by clusters of asymptomatic 
pustules on erythematous papular localized to extremi-

Scheme 14.1

Dermatophytes
Moulds

Aseptate hyphae:
zygomycètes

Hyaline septate moulds:
Aspergillus, Fusarium,
Scedosporium, …

Dematiaceous
moulds

Candida spp
Cryptococcus neoformans

Malassezia spp

Histoplasma...
(endemic moulds)



14 Severe Mycoses in Immunodepressed Patients 135

ties and abdomen (Fig. 14.1), although larger nodules 
with central necrosis are also possible. The estimated 
mortality attributed to candidemia is 19–24% depend-
ing on the patient’s age [19], but levels as high as 70% 
for solid-organ transplant recipients have been reported 
despite antifungal therapy [20]. In addition to the 
amphotericin B formulations and fl uconazole, all new 
antifungal agents exhibit potent activity against 
Candida spp. [20, 21]. Removal of indwelling lines 
and catheters is an important additional step to hasten 
resolution in the majority of cases.

14.1.2 Aspergillosis (Aspergillus species)

Aspergillus spp. are the most commonly isolated inva-
sive moulds. Aspergillus species are ubiquitous soil 
inhabitants. Risk factors for invasive aspergillosis 

include prolonged and severe neutropenia, allogeneic 
or autologous hematopoietic stem-cell transplantation 
and solid organ transplantation, prolonged high doses 
of corticosteroid or cytotoxic drugs, and chronic gran-
ulomatous disease [22, 23]. Cutaneous aspergillosis 
can be classifi ed into (1) primary, which is rare in 
immunodepressed patients, or more usually (2) second-
ary, from hematogenous spread. Clinically, cutaneous 
aspergillosis is characterized by the presence of viola-
ceous papules, hemorrhagic bullae, ulcerations with 
central necrosis, pustules or subcutaneous abscesses 
(Fig. 14.2). Laboratory diagnosis includes direct 
microscopy examination, culture and histopathology. 
The treatment approach to primary cutaneous aspergil-
losis (PCA) is surgical excision of the primary lesion 
and antifungal therapy. Secondary cutaneous aspergil-
losis should be treated as invasive and life-threatening 
aspergillosis. The drug of choice for invasive infection 
is voriconazole, which appears to be superior to both 
itraconazole and amphotericine B [24]. Caspofungin, 
lipid formulation of amphotericin B, and posaconazole 
may be a helpful salvage therapy [25, 26].

14.1.3  Cryptococcosis (Cryptococcus 
neoformans)

Cryptococcus neoformans is an encapsulated yeast 
responsible for meningitis in immunocompromised 
hosts. C. neoformans is responsible for most common 
invasive fungal infection in HIV-infected patients, 
and is also common in transplant recipients, usually 

Fig. 14.1 Disseminated candidiasis (C. tropicalis) with skin ery-
thematous lesions centered with pustules in a leukemic patient

Fig. 14.2 Disseminated aspergillosis with violaceous maculo-
papules in a patient under immunossupressive therapy (steroids)
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after 6 months post-transplantation and lymphoma, 
and may be the result of new acquisition of infection 
or, more commonly, reactivation of latent infection 
[27]. Nearly 3% of organ transplant recipients are 
concerned about cryptococcosis and the overall death 
rate can reach 42% [28, 29]. Skin manifestations of 
disseminated cryptococcosis occur in 10–20% of 
patients. Cutaneous presentations include abscesses, 
verrucous nodules, molluscum-like lesions (Scheme 
14.2) (especially in HIV-infected patients), erythema-
tous, indurated plaques, cellulitis, pustules, and 
ulcers. Histologically, lesions reveal numerous 
encapsulated cryptococcal organisms in a gelatinous 
pattern, highlighted with PAS, mucicarmine, and 
methenamine silver stains [30].

Primary cutaneous cryptococcosis is a distinct 
epidemiological and clinical entity, with a favourable 
prognosis even for immunocompromised hosts. The 
diagnosis relies on the absence of dissemination and, 
predominantly, a solitary skin lesion on unclothed 
areas presenting as a whitlow or phlegmon, a history of 
skin injury, participation in outdoor activities, or 
exposure to bird droppings, and isolation of C. neofor-
mans serotype D most of the time [31]. The laboratory 
diagnosis of cryptococcosis is established by the isola-
tion of organism in culture, histopathology, and/or 
detection of its polysaccharide capsular antigen in 
cerebrospinal fl uid (CSF). For patients without CNS 
disease, fl uconazole 200–400 mg per day is the treatment 
of choice. Itraconazole may be a suitable alternative 
for patients unable to take fl uconazole.

14.1.4  Histoplasmosis (Histoplasma 
capsulatum)

Disseminated histoplasmosis is more frequent in HIV/
AIDS patients than in transplant recipients, and rep-
resents an AIDS-defi ning illness, as is the case with 
Cryptococcus, and coccidioidomycosis. Histoplasma 
capsulatum is a dimorphic fungus found as a soil sap-
rophyte in areas contaminated with bird and bat drop-
pings. The largest endemic focus is in the south-eastern 
and midwestern United States. In HIV patients, the 
risk of disseminated infection is increased with lack of 
antiretroviral therapy and lack of triazole prophylactic 
therapy [32]. Histoplasmosis may occur after primary 
infection, reactivation of latent infection, or more 
rarely by transmission through an infected allograft 
from a donor with unrecognized infection in solid-
organ transplantation [6]. Fever and weight loss are 
common complaints of disseminated disease. Skin 
lesions occur in 10–20% of patients with disseminated 
histoplasmosis, and presentation is highly variable, 
including nodules, molluscum-like umbilicated papules, 
plaques, ulcers, vesicles, pustules, abscesses, general 
dermatitis, erythroderma, cellulitis, petechiae, purpura, 
ecchymoses, or necrotizing vasculitis. But cutaneous 
or mucocutaneous histoplasmosis can be primitive, as 
has been reported most of the time in immunocompro-
mised patients. The diagnosis is made by identifying 
the characteristic small yeasts in biopsies, peripheral 
blood, or sputum, and is confi rmed by culture. Detection 

Molluscum like umbilicated papules are evocative of:
Cryptococcosis (Cryptococcus neoformans)

Histoplasmosis (Histoplasma capsulatum and Histoplasma 
duboisii)

Penicillium marnefeii infection

Every cutaneous lesion in immunocompromised patient
should be considered for biopsy

Bacteriology 
Direct exam
Culture

Mycology
Direct exam
Culture

Histology
PAS, argentic stains

Scheme 14.2
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of H. capsulatum antigen in serum or urine may be 
more appropriate for patients with AIDS (Fig. 14.3).

Intravenous amphotericin B should be the fi rst-line 
treatment in the management of disseminated disease, 
whereas localized can be treated with itraconazole [33]. 
However, AIDS patients with successful response to 
HAART do not require lifelong antifungal maintenance 
therapy to prevent recurrence [34].

14.1.5 Penicillium Marneffei Infection

Penicillium marneffei is also a dimorphic fungus that is 
endemic to Southeast Asia and southern China, where 
it represents the second most common invasive myco-
sis in HIV-infected individuals [35, 36]. Transplant 
recipients may also develop disseminated disease 
with lung, liver, and cutaneous involvement [37]. 
Presentation is characterized by weight loss, fever, 
malaise, and lymphadenopahy. Seventy percent of 
disseminated cases present with skin lesions, which 
are characterized by small papules with central umbili-
cation (with or without necrosis). Lesions are usually 
localized on the face, scalp, upper trunk, and upper 
extremities, and (rarely) in the genital area. The 
diagnosis of penicilliosis is traditionally confi rmed 
by isolation of the fungus from clinical specimens. 
Serological tests can be performed [38]. Treatment 
relies on either amphotericine B or itraconazole. Sec-
ondary prophylaxis with itraconazole can be recom-
mended in the HIV-infected population [39].

14.1.6 Zygomycosis (Zygomycetes)

Zygomycosis is a rare opportunistic fungal infection 
caused by Zygomycetes, environmental fungi found in 
soil and decaying vegetation. Zygomycete organisms 
refer to fungi in the order of Mucorales. In a review of 
929 cases of zygomycosis, skin was found to be the third 
most common site infected, representing 19% of zygo-
mycosis infections, whereas 39% were located in the 
sinus, and 24% in the lungs [40]. While zygomycosis is 
commonly associated with diabetes mellitus when 
located in the sinus and with neutropenia when located in 
the lungs, cutaneous zygomycosis is the least likely loca-
tion to be associated with an underlying disease. HIV-
infected patients and solid-organ transplant recipients 
are both at risk of invasive zygomycosis, but it is rela-
tively rare in these populations. Cutaneous disease may 
begin with plaque-like or pustular lesions or cellulitis 
that evolve into gangrenous ulcers with necrotic edges. 
Deep abscesses and intradermal nodules have also been 
described. As is the case with Aspergillus species, 
Zygomycete hyphaes invade blood vessels, causing 
necrosis, infarction, and dissemination. Disse mination 
resulted in an increase in overall mortality approaching 
90%, compared with an overall mortality of approxi-
mately 30% in localized cutaneous zygomycosis [40, 
41]. Mycological examination has the advantage of pro-
viding quick results, and a culture is indispensable to 
identify the species of Zygomycetes involved and to test 
its susceptibility to antifungal drugs. Thus, aggressive 
surgical excision paired with promptly initiated antifun-
gal therapy is associated with a favourable prognosis 
[42–44]. The mainstay of antifungal therapy relies on 
high-dose amphotericin B. Critical to successful outcome 
of zygomycoses is the reversal of the immunological or 
metabolic defects that precipitated its development.

14.1.7 Fusariosis (Fusarium species)

Fusarium spp. are cosmopolitan soil saprophytes and 
facultative plant pathogens. Among immunocompro-
mised patients, Fusarium spp. are the second most com-
mon pathogenic mould. Risk factors for disseminated 
fusariosis include severe immunosuppression (neutro-
penia, lymphopenia, graft-versus-host disease, corticos-
teroids), colonisation, tissue damage, and receipt of a 
graft from an HLA-mismatched or unrelated donor. 

Fig. 14.3 Disseminated histoplasmosis with multiple nodules 
in a patient with AIDS
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Fusarium infections in solid-organ transplant recipients 
tend to occur late after transplantation, at a median of 9 
months, with an overall mortality of 33% [45]. Clinical 
presentation of disseminated infection includes refrac-
tory fever (> 90%) and myalgia, which are unresponsive 
to broad-spectrum antibiotherapy during periods of neu-
tropenia. Skin lesions occur in two-thirds of cases, usu-
ally presented as multiple erythematous subcutaneous 
nodules, painful erythematous macules and papules 
with central progressive infarction (Fig. 14.4). Lesions 
are most commonly seen on the extremities [46]. 
Isolation of the fungus from blood and biopsy from the 
skin lesions are the two most effective ways for the diag-
nosis. Histo pathology, with specifi c stains reveals hya-
line acute-branching vesiculous septate hyphae a bit 
similar to those found in aspergillosis.

Amphotericin B stays the antifungal treatment of 
choice, but resistance is frequent. Combination anti-fun-
gal therapy using both liposomal amphotericin B and 
voriconazole may be considered for such patients [47]. 
However, in all reported cases, survival is almost always 
associated with the recovery from neutropenia.

14.1.8  Trichosporonosis (Trichosporon 
species) and Blastoschizomycosis

Trichosporon beigelii can cause disseminated infection in 
immunodepressed subjects, particularly those who are 
neutropenic. The portals of entry are the gastrointestinal 
tract and vascular catheters. This infection may dissemi-

nate to multiple organs, and is diffi cult to diagnose and 
treat [12]. Trichosporon cutaneum has been increasingly 
recognized as a cause of life-threatening systemic illness 
in immunodepressed patients, including those with leu-
kaemia. Cutaneous involvement occurs in about 30% of 
patients with T. cutaneum septicaemia. Skin lesions are 
frequent, usually occurring as disseminated papulae or 
purpural nodules very similar to lesions of disseminated 
candidiasis. Pathology examination and skin biopsy cul-
ture can provide rapid diagnosis, allowing appropriate 
treatment. Tests for C.neoformans antigen may be pos-
itive and could be useful in diagnosis. Monotherapy of 
amphotericin B and new antifungal agents are thought 
to be unsuccessful for these infections, but some clinical 
reports and animal models suggest that triazoles and 
combination therapies can be more effective. [48]. In 
certain cases, additional surgical treatment may be nec-
essary (soft-tissue infections).

Blastoschizomyces capitatus, formerly Trichosporon 
capitatum, produces a pattern of infection similar to 
that of Trichosporon, but with more frequent CNS 
involvement, especially in neutropenic patients. The 
mortality rate in immunocompromised patients can be 
as high as 90% [32]. High doses of fl uconazole or vori-
conazole seem to be the drugs of choice for these 
infections.

14.1.9 Trichoderma Species Infection

Trichoderma is a hyaline mould of the class Hypho-
mycetes, rapidly growing, most commonly recovered 
from soil. T longibrachiatum is the most frequent of 
them. Trichoderma spp. have emerged as new fungal 
pathogens in immunocompromised patients, while 
relative paucity of virulence have been suggested in 
immunocompetent hosts. In disseminated infection, 
cutaneous lesions are very rare. However, overall 
mortality is high between 50% and 100%. Most iso-
lates of Trichoderma show resistance to fl uconazole 
and 5-fl ucytosine, and are found to be intermediate to 
amphotericin B, itraconazole, ketoconazole and 
miconazole. More recently, voriconazole and caspo-
fungin have been shown to be effective in vitro against 
fi lamentous fungi, including Trichoderma sp [49, 50]. 
Surgical debridement of localized infection is recom-
mended when possible, in association with antifungal 
therapy.

Fig. 14.4 Disseminated fusariosis with multiple erytematous 
papules and nodules in a leukemic child
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14.1.10  Coccidioidomycosis 
(Coccidioides immitis)

Coccidioidomycosis occurs in arid and semi-arid 
regions of the New World. Coccidioides immitis live 
in the soil, and produce pulmonary infection via air-
borne arthroconidia. The organisms are considered 
to be potential agents of bioterrorism [51, 52]. 
Cutaneous reactions seen with acute disease include 
erythema nodosum, erythema multiforme, urticarial 
lesions, morbilliform eruption, interstitial granu-
lomatous dermatitis, Sweet’s syndrome and vesicu-
lar lesions, where C immitis organisms are not 
present on histology. On the contrary, cutaneous 
lesions associated with disseminated disease range 
from papules and pustules to nodules, ulcers, subcu-
taneous abscesses, pyogranulomas, verrucous 
lesions, and plaques, and C immitis is present on 
histology [52]. Primary treatment involves oral ther-
apy with fl uconazole or itraconazole. CNS infection 
requires lifelong suppressive therapy. Ampho tericin 
B regimens are used in severely ill patients or those 
that relapse.

14.1.11  Blastomycosis (Blastomyces 
dermatitidis)

Blastomycosis is an increasingly recognized infec-
tion in an immunocompromised host, with a much 
more severe course with dissemination to multiple 
organs and high mortality rate. Skin and subcutane-
ous tissue are the most common sites of extrapulmo-
nary disease (20%), and may present with verrucous 
or ulcerative papules or pustules, or subcutaneous 
nodules. Blas tomyces  dermatitidis is endemic to 
parts of the midwestern and south-central United 
States and Canada, but has also been reported in 
Africa. Diagnostic tests include direct examination of 
tissue, sputum or exsudate. A positive fungal culture 
is the gold standard, but it may take up to 30 days to 
grow the fungus. Intravenous amphotericine B is the 
drug of choice for life-threatening blastomyosis, but 
oral itraconazole is a good alternative for mild-to-
moderate disease [53].

14.1.12  Scedosporium Spp Infection
(S. apiospermum 
(Pseudallescheria boydii), S. 
prolificans)

Scedosporium infection is a rare opportunistic mycosis 
that has been increasingly recognized as cause of death 
in profoundly immunosuppressed patients, especially 
in patients with neutropenia. The rate of disseminated 
Scedosporium infection is 69% in haematopoietic 
stem-cell transplantation and 46% in organ transplant 
recipients [54]. Scedosporium apiospermum is a sap-
rophytic mould found in soil, polluted water, sewage, 
decaying vegetation and manure. Apart from mycet-
oma, cutaneous and subcutaneous infection is rarely 
encountered in clinical practice in immunosuppressed 
patients [55]. Treatment of Scedosporium sp is diffi -
cult, especially for S. prolifi cans. Amphotericin B 
exhibits variable invitro activity against isolates of S 
apiospermum. Triazoles are more effective for S apio-
spermum, and association with terbinafi ne should be 
considered for S. prolifi cans

14.1.13 Paecilomyces species Infection

Infections due to Paecilomyces are uncommon but dev-
astating in immunocompromised patients, especially in 
haematopoietic stem-cell transplant patients. Paeci-
lomyces lilacinus is able to infect both immunocom-
promised and immunocompetent hosts. The portal of 
entry of the fungus usually involves breakdown of 
the skin barrier, indwelling catheters or inhalation. 
Cutaneous and sub-cutaneous infections usually appear 
insidiously, and can manifest as solitary or dissemi-
nated skin eruptions with erythematous macules, papules, 
vesicles or nodules with a necrotic centre. Mortality of 
patients with cutaneous infection caused by P. lilacinus 
is about 14% [56]. The diagnosis is based on the cul-
ture of the fungus and histology of the lesions. Correct 
diagnosis of P lilacinus is important because of its 
intrinsic resistance to conventional antifungal drugs. 
Recovery of neutropenia, decrease of immunosuppres-
sion level if possible, and removal of central venous 
catheters are essential. Voriconazole seems to be the 
most effective agent for the treatment of this fungal 
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infection. Posaconazole and ravuconazole may be good 
alternatives on the basis of their excellent activity in 
vitro [57]. On the contrary, P. variotii is universally 
susceptible both in vitro and in vivo to Amphotericine 
B, which is considered the agent of choice.

14.1.14 Scopulariopsis species Infection

Scopulariopsis species are hyaline moulds. Even if rare, 
S. brevicaulis have been reported to cause deeply inva-
sive infection, including sinusitis, pulmonary, and mul-
tiple subcutaneous lesions in immunocompromised 
patients, even in solid-organ transplant patients [58]. 
Diagnosis depends upon culture of the organism from 
tissue and in histology. For treatment of deep infection, 
amphotericin B, a lipid formulation of amphotericin B, 
itraconazole or voriconazole may be useful therapy.

14.1.15  Paracoccidioidomycosis 
(Paracoccidioides Brasiliensis)

Paracoccidioidomycosis (PCM), the most prevalent 
systemic fungal disease in Latin America, is endemic in 
Brazil, especially in the area of Sao Paulo [59]. Only in 
a minority of individuals does the infection progress to 
overt disease, evolving into one of the two major clinical 
forms: (1) acute/subacute — juvenile type, or (2) unifo-
cal or multifocal chronic — adult type. Opportunistic 
forms of PCM have been reported in immunocompro-
mised patients, including AIDS patients [60]. Diagnosis 
relies on the direct visualization of the multiple-budding 
cells in the biological fl uids or tissue sections, or the 
isolation of the fungus from human specimens, but sero-
logic tests can provide earlier results. PCM is a serious 
systemic disease with slow evolution and high mor-
tality, requiring treatment maintenance for a minimum 
of 24 months. Preferred drugs are sulfamethoxazol-
trimethoprim, itraconazole, and amphotericin B.

14.1.16 Acremonium species Infection

Acremonium spp. (formerly Cephalosporium spp.) 
are saprophytic hyaline moulds. Among this specie, 
A. stricutum has been reported as one of the more 
common causes of infection by this genus [61].

Mycetoma, which is the most common non-ocular 
infection caused by Acremonium spp in immunocompe-
tent patients, usually develops a complication of a 
penetrating trauma. Acremonium infections in the immu-
nocompromised host exist, including mycetoma-like 
abscess, subcutaneous abscesses, nodules, ulcers, but also 
true mycetoma following solid-organ transplantation 
[62]. The response to antifungals has generally been dis-
appointing. Treatment consists of combined medical and 
surgical therapy. Some authors advocate high-dose 
amphotericin B as the treatment of choice for Acremonium 
mycetomas, while others report resistance and have found 
it to be of little use. Recent reports have cited resistance to 
ketoconazole, but successful treatment with fl uconazole, 
itraconazole, or posaconazole [61, 63]. Consequently, 
Acremonium susceptibility testing is recommended to 
assist in choosing adequate treatment of infections caused 
by this fi lamentous fungus [64].

Invasive disease, however, is almost exclusively 
seen in patients with neutropenia, transplantation, or 
other immunodefi ciency [61].

14.2  Cutaneous Fungal Infections
with Lower Risk of Systemic 
Dissemination

14.2.1  Dematiaceous Septated Mould 
Infections

Dematiaceous moulds are often found in soil and 
generally distributed worldwide. While dematiaceous 
moulds typically cause diseases in normal hosts, such 
as localized lesions of skin and subcutaneous tissues 
following a penetrating injury, these pathogens have 
been increasingly recognized to cause sinusitis, pneu-
monia, infection of the central nervous system, and 
disseminated infection in immunocompromised 
patients. Alter nariosis has been increasingly reported 
in solid-organ transplant recipients; it is possible that 
corticosteroid therapy and transplant-associated dia-
betes increase the risk for phaeohyphomycosis [62, 
63]. The incidence of phaeohyphomycosis in solid-
organ transplant recipients is similar to that of non 
Aspergillus hyalohyphomycosis, and was found to be 
approximately 9% in one recent review [65]. 
Phaeohyphomycosis usually occurs in the early or 
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intermediate post-transplant periods, and is charac-
terized by pigmented, fi rm nodules or papules that 
evolve into ulcerated plaques. The prognosis is good 
when the infection remains localized, but mortality 
approaches 80% in disseminated phaeohyphomyco-
sis. Fortunately, disseminated disease is a relatively 
rare event in immunocompromised patients. Diagnosis 
relies on careful microscopical and pathological 
examination, as there are no simple laboratory tests 
to reliably identify these fungi. Culture may be very 
long. Local infection may be cured with excision plus 
an antifungal agent such oral itraconazole or voricon-
azole, while systemic disease is often refractory to 
therapy [66]. In many cases, reducing the level of 
immunosuppresion is also helpful. Posaconazole and 
caspofungin appear to have potential for use in treat-
ment of this rare infection [67] (Fig. 14.5).

14.2.2  Sporotrichosis (Sporothrix 
Schenckii)

Sporotrichosis, caused by the dimorphic fungus 
Sporothrix schenckii, is a result of either traumatic 
inoculation or inhalation of fungal spores. It occurs 
more frequently in tropical and subtropical areas. Skin 
lesions which develop after direct inoculation are char-
acterized by papules or nodules with lymphocutaneous 
spread (sporotrichoid pattern). Lesions are erythematous 
with a smooth or a verrucous surface, or violaceous 
and ulcerated. Sporotrichosis without lymphatic involve-
ment (fi xed) and disseminated sporotrichosis are rare, 
with possible articular, pulmonary or CNS involve-

ment. For cutaneous and lymphocutaneous sporo-
trichosis, itraconazole 200 mg is recommended. Amph 
otericine B is required for disseminated and meningeal 
forms [68].

14.2.3 Dermatophytosis

Trichophyton rubrum, a predominantly anthropophilic 
fungus, is the most frequent dermatophyte. But true dis-
semination of T rubrum, even if reported in a few cases, 
is exceptional, even in severely immunosuppressed 
patients [69]. Treatment relies on oral terbinafi ne.
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15.1  Skin Localizations of Leukaemias 
and Lymphomas

Skin-specifi c localizations of leukaemias and lym-
phomas are defi ned by the presence of malignant 
 haematopoietic cells in the skin tissue. Such blood-
cell-derived malignancies are divided into myeloid and 
lymphoid proliferations. Myeloid malignancies usu-
ally arise from bone marrow, and invade skin through 
the blood stream. Lymphoid malignancies may arise 
from any lymphoid cell niche; therefore, they may 
originate from the skin or, in contrast, invade the skin 
secondarily. Primary cutaneous lymphomas will not be 
discussed here, because the great majority of these 
consists of progressive diseases thoroughly detailed in 
dermatology textbooks.

15.1.1 Myeloid Malignancies

Skin localizations of myeloid malignancies are usually 
easy to recognize. They are featured as brown or viola-
ceous nodules of variable size that develop in a few 
days or weeks (Figs. 15.1 and 15.2). There are no “epi-
dermal” signs, namely scales, vesicles or erosions 
because the infi ltrate spares the upper part of the der-
mis (called “Grenz zone”) as well as the epidermis. A 
haemorrhagic red or blue halo is frequently present. 
The number of lesions is variable ranging from one to 
dozens of tumours. When facing such a “typical” situ-
ation, the diagnosis of metastatic skin invasion is eas-
ily evoked. If the malignancy is not yet known, the fi rst 
step will be a blood cell count and smear that bring a 
quick diagnosis. Since prognosis and consequently 
treatment modalities of some leukaemias are altered 

› Specifi c skin lesions may reveal a previously 
unknown malignant haemopathy.

› Specifi c skin lesions are an early indicator of acute 
transformation in myelodysplastic syndromes.

› Features of severe cutaneous infection in bone 
marrow aplasia are pseudo-benign.

› There are multiple types of paraneoplastic derma-
toses that may herald haematologic malignancies.

› Skin reactions to chemotherapy are diverse,  
sometimes dose-dependent, and frequently dif-
fi cult to manage.

Core Messages

Skin manifestations of malignant haemopathies often 
request urgent diagnostic or therapeutic procedures. Such 
cutaneous lesions mainly include (a) skin localizations of 
leukaemia and lymphoma, (b) severe cutaneous infec-
tions, (c) paraneoplastic syndromes, and (d) adverse 
cutaneous reactions to drugs and/or to procedures such as 
bone marrow transplantation. Some of these manifesta-
tions are shared by dermatologists and haematologists, 
and are paradoxically poorly known by both disciplines. 
The aim of this review is to give an overview of skin 
signs in malignant haemopathies that may require urgent 
decision, and to stress the importance of this domain.
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following specifi c skin involvement [1], a skin biopsy 
should also be performed later on. Acute myeloid leu-
kaemias of type 4 (myelomonocytic AML 4) and type 
5 (monoblastic AML 5) are those that most frequently 
give skin localizations.

More important is the fact that clinicians may 
be faced with “non-typical” cutaneous localisations. 
Atypical eruptions are frequent in eosinophilic prolif-
erations, and they constitute the majority of skin 
 localizations that herald acute transformation of myel-
odysplastic syndromes (MDS). Diverse presentations 
are possible like blisters, necrotic lesions, pruritic pap-
ules, cutis verticis gyrata, or mucosal erosions [2–4]. 
When facing such lesions, the dermatologist’s role is 
to assess the presence of myeloid proliferation in the 
skin. This needs to take into account history, skin-
lesion presentation and histological features, bearing 
in mind that molecular tools cannot characterize mini-
mal monoclonal myeloid proliferations in skin infi l-
trate. The presence of membrane markers such as 
CD4(+), CD11c(+), CD33(+), CD43(+), CD68(+), the 
absence of others (KP1(−), CD8(−), CD45RO(−), 
CD45RA(−), CD20(−)), and the positivity of cytoplas-
mic myeloperoxydase, chloracetate esterase (in classi-
cal myeloid malignancies), or major basic protein (in 
hypereosinophilic syndromes) may be useful, since 
cytology of myeloid cells on fi xed embedded tissues is 
frequently diffi cult to appreciate [5]. Demonstration 
that skin-invading cells are indeed myeloid is of real 
importance in myelodysplastic syndromes, because 
such lesions usually precede other features of acute 
transformation [6]. Since skin-specifi c lesions of MDS 

are atypical and different from skin tumours, and 
sometimes fi rst to reveal acutisation, the role of the 
dermatologist in depicting such diagnosis is capital.

Aleukaemic leukaemia cutis is a rare entity charac-
terized by skin nodules or tumours containing myeloid 
infi ltrate without any demonstrable myeloid prolifera-
tion in blood or marrow. Phenotyping of the infi ltrate 
should be done using all varieties of available antibodies 
detailed above. Secondary myeloid leukaemia occurs 
after a variable delay of weeks to months. The patho-
genesis of this condition remains unknown. It has been 
speculated that it could correspond to a discrete marrow 
myeloid proliferation, not detectable by means of classi-
cal histology that displays elective homing in the der-
mis. Therefore, cells accumulate in the dermis and are 
“seen” only in the skin [7]. Several authors believe that 
skin is a sanctuary for myeloblasts, just as testes and 
meninges are sanctuaries for lymphoblasts.

15.1.2 Lymphoid Malignancies

Lymphomas may reach the skin and lead to metastatic 
nodules that are, in some cases, the unique presenta-
tion of the disease. Skin fi ndings may include nod-
ules, plaques, tumours, and, rarely, necrotic lesions. 
Many different B or T cell lymphomas will not be 
reviewed here. Some may develop in an acute pattern. 
The diagnosis is made by performing an urgent skin 
biopsy with the help of the additive tools of immu-
nostaining, using various B, T and NK markers and/

Fig. 15.1 Skin localization of an acute myeloid leukaemia Fig. 15.2 Skin localization of an acute myeloid leukaemia
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or molecular demonstration of T or B cell receptors 
clonality. Adult T cell leukaemia/lymphoma (ATL), 
and angio-immunoblastic lymphadenopathy type of 
peripheral T cell lymphoma (AILD) are those that are 
most frequently revealed through skin localisations 
[8, 9]. It is interesting to remind that skin involve-
ment in AILD usually presents as an acute non-spe-
cifi c rash mimicking adverse drug reaction or viral 
eruption (Fig. 15.3). This skin eruption is initially 
isolated, general signs developing later. Pathology is 
also diffi cult to interpret initially. Here too, derma-
tologists need to take into account context, clinical 
signs, pathology, immunohistochemistry, and T cell 
receptor rearrangement. All these situations illustrate 
the importance of the dermatologist’s role in the man-
agement of malignant haemopathies.

15.2 Severe Cutaneous Infections

Patients affected with malignant haemopathies are 
prone to infections mainly because of the immune 
defi ciency secondary to marrow lineage defects, che-
motherapy or radiation regimen. Most cutaneous infec-
tions primarily develop in the skin, favoured by skin 
repair alterations under steroids, chemotherapy, and/or 
central venous catheterization. However, cutaneous 
infections may also develop after septicaemia — or 
less frequently from extension of an underlying loco-
regional infection. The following statements apply to 
patients with bone marrow aplasia: (a) there is a wide 
variety of organisms able to induce skin infections in 
these recipients, and (b) the “classical” symptoms 
reported in skin infections are not observed in these 
situations because leucopoenia limits the development 
of infl ammatory features, including pus formation. 
Therefore, there is no correlation between clinical pre-
sentation, severity of infection, and causative organ-
isms. In this way apparently benign lesions may be due 
to severe infections [10]. These peculiar observations 
have led to the rule that clinicians — when facing any 
suspicion of cutaneous infection in a patient with bone 
marrow aplasia — should biopsy such lesions systemati-
cally with three types of  specimens: one for histology 
including special stainings for pathogens (Grocott, 
Gram, Periodic Acid Schiff, May Grunwald Giemsa, 
Ziehl), one for bacterial cultures and the third for fun-
gal direct examination and cultures [10]. It should be 

noted that the features of such un predictable infec-
tions do not concern viral skin in fections, which usu-
ally remain close to the classical presentation.

The severity of skin infections may be due (a) to the 
type of skin infection itself, or (b) less frequently to the 
organism and its resistance to treatments, such as a 
localized infection induced by Alternaria or Fusarium 
sp. Severe skin infections include mainly septicaemia 
and dermo–hypodermal (“cellulitis”) infections.

Clinicians should be alerted to possible septicaemia 
when facing monomorphous disseminated lesions of 
the trunk and extremities with frequent involvement of 
hands and feet. Similar faint erythematous macules or 
papules may feature Candida septicaemia as well as 
other micro-organisms infections. If usually drawn 
blood cultures are negative, multiple biopsies will be 
the most effi cient diagnostic tool, especially if patients 
have already received anti-infectious treatments [11].

Dermo–hypodermal infections may develop, and 
appear like eythematous infi ltrated plaques. However, 
the persistency of the infection in the hypodermis, usu-
ally taking the mask of a necrotizing cellulitis in immu-
nocompetent individuals, may resemble a benign 
erythematous resistant plaque. Ecthyma gangrenosum 
is characterized by unique or multiple plaques with an 

Fig. 15.3 A non-specifi c skin eruption revealing an angio 
immunoblastic lymphadenopathy with dysproteinemia (AILD)
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escharotic center and a red halo around. These infec-
tions are mainly due to Pseudomonas aeruginosa more 
than other Gram-negative bacteria, and may develop in 
the context of either a septicaemia or a local skin 
infection.

In conclusion, management of skin infection often 
requests multiple biopsies in order to help establish a 
precise diagnosis.

15.3 Paraneoplastic Syndromes

Paraneoplastic dermatoses may develop in the con-
text of an already known malignant haemopathy, and 
eventually indicate a worsening of the prognosis and 
a need for treatment modifi cation. Alternatively, 
such disorders may be diagnosed in patients with no 
previously known malignancy: they constitute a 
diagnostic emergency for early recognition of the 
haemopathy. It should be noted that the term “para-
neoplastic” relates to a category of signs with rela-
tion to a malignancy and considered to evolve in 
parallel with this malignancy. However, many of 
these paraneoplastic syndromes, although clearly 
related to the haemopathy, will not show this paral-
lelism. The dermatoses that are described below may 
be associated to a malignancy, but could also be idio-
pathic or associated to something else. Therefore, 
stating that a dermatoses is paraneoplastic requires 
the exclusion of other confounding factors. There is 
no accepted classifi cation for these dermatoses, 
which are reported below.

15.3.1 Vascular Abnormalities

15.3.1.1 Acrosyndromes

Most of them develop in myeloid haemopathies, par-
ticularly those inducing an increase in blood viscosity, 
as in myeloproliferative syndromes. The main sign is a 
non-infi ltrated distal livedo reticularis of the lower 
limbs [11]. Ulceration may secondarily occur. 
Histology can disclose intimal thickening of ascending 
arteries and arterioles [12]. Superfi cial thrombophlebitis 
may develop in the same myeloproliferations, mainly 
in polycythemia vera. Erythermalgia is a peculiar 

symptom characterized by crises of acute painful red-
ness of the hands and/or the feet, triggered by external 
exposure to heat or less frequently by alcohol intake. 
In the presence of one of these acrosyndromes, blood 
cell count with a smear is a simple and suffi cient test to 
address the question of an underlying haemopathy. It 
should be noted that acral lividiosis is a rare digital 
necrosis induced by the occlusion of dermal vessels 
with myeloblasts, as may happen in advanced stages of 
some acute myeloid leukaemias.

Raynaud’s phenomenon and/or acrocyanosis are 
rarer, and rather triggered by lymphoid proliferations 
through cryoglobulinemia. The signs and symptoms 
are not different from classical Raynaud’s and acrocy-
anosis. In view of the importance of this diagnosis, 
clinicians should make repeated efforts to depict an 
eventual underlying cryoglobulinemia. Lymphomas 
are usually associated with type I or type II cryoglobu-
linemias. There is no relationship between the inten-
sity of type II cryoglobulinemias and the severity of 
the cutaneous involvement.

Vasculitis associated with malignant haemopathies 
affects the skin much more frequently than other 
organs such as kidneys, peripheral nerves, digestive 
tract or articulations. Therefore, skin manifestations 
should allow early diagnosis. The most frequent pic-
ture is characterized by the development of infi ltrated 
purpuric papules of lower limbs that may sometimes 
evolve to bullous or necrotic lesions (Fig. 15.4). 
Histology is not different from non-paraneoplastic 
counterparts, showing small vessel vasculitis. The 
infi ltrate is neutrophilic with leukocytoclasia, but giant 
cell granulomas are observed in about 30% of cases 
[13]. Dermo–hypodermal skin nodules are another 

Fig. 15.4 Skin lesion of a sweet’s syndrome
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manifestation of paraneoplastic vasculitis [14]. 
Vasculitis precedes or comes with the diagnosis of 
haemopathy in 26% and 39% of cases respectively 
[13]. All types of malignant haemopathies may be 
responsible for vasculitis. In literature, myeloid hae-
mopathies are the most often found [14] but our own 
series showed in contrast a slight predominance of 
lymphoproliferations [13]. In this series, we found that 
when investigating vasculitis in patients with malig-
nant haemopathy, causes such as infections or drug 
intake were responsible for 26% of cases. Therefore, 
before assessing paraneoplastic vasculitis, careful 
evaluation of other confounding factors is requested.

15.3.2 Neutrophilic Dermatoses

These are defi ned by diseases presenting skin infi ltra-
tion with mature neutrophils that are not secondary to 
an infectious agent. Several studies have led to the 
concept that these dermatoses constituted a spectrum 
of disorders [15]. They have in common the feature 
of possibly being associated with myeloprolifera-
tions. But, the diffi culty comes from the fact that 
most of neutrophilic dermatoses may be spontaneous 
or associated with auto-immune or auto-infl amma-
tory diseases and/or other neoplasms. Therefore one 
should manage these as a primary or a secondary dis-
ease with several possible causes. Finally, since the 
clinical features and precise circumstances of devel-
opment of most of these neutrophilic dermatoses 

remain different, they will be described below sepa-
rately, as it is classically done.

Sweet’s syndrome (acute febrile neutrophilic 
dermatosis; SS) presents as erythematous papules, 
plaques or nodules (Fig. 15.5). The number of lesions 
is variable. The diagnosis is confi rmed by a biopsy that 
discloses dermal infi ltration with mature  neutrophils 
associated with oedema of superfi cial dermis. There is 
no vasculitis. The intensity of the oedema may lead to 
blistering. Blood cell count may fi nd neutrophilia. 
Case control studies have shown that presence of 
blisters, involvement of upper limbs and anaemia were 
signifi cantly associated with Sweet’s syndrome accom-
pany in malignancies [16]. In patients with haemopa-
thies, pathological and/or molecular analyses have 
shown that the infi ltrate may include a mixture of neu-
trophils and immature myeloid cells. Drugs given in 
the course of haemopathies are able to induce Sweet’s 
syndrome. These are mainly granuclocyte colony 
stimulating factors (G-CSF) and all trans retinoic acid. 
G-CSF-induced Sweet’s syndrome appears to display 
an important amount of histiocytes in the infi ltrate 
[17]. These may have been mobilized by the G-CSF. 
Sweet’s syndrome may precede the haemopathy by a 
period that may reach 11 years [16]. Accordingly, the 
so-called isolated Sweet’s syndrome requires pro-
longed follow-up every 6 months in order to diagnose 
eventual occurrence of myeloid disease.

Neutrophilic eccrine hidradenitis (NEH). This con-
dition is characterized by erythematous plaques or 
papules. Pustules are possible. Histology shows neu-
trophils around eccrine glands and coils. NEH could 

Fig. 15.5 Skin vasculitis 
associated with a myeloid 
hemopathy
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therefore be viewed as a kind of “perisudoral Sweet’s 
syndrome”. However, there are two major differences 
from SS. The fi rst is that NEH develops in patients 
with acute myeloid leukaemias and almost never in 
patients with other neoplasms or infl ammatory condi-
tions. The second peculiar point is that most cases of 
NEH develop during or after chemotherapy-induced 
bone marrow aplasia [18]; this timing has led authors 
to hypothesize that NEH could be a reaction to cyto-
toxic drugs. However, it is now clear that NEH is a 
paraneoplastic neutrophilic disorder, electively devel-
oping during bone marrow aplasia. The knowledge of 
this skin condition is mandatory for clinicians manag-
ing patients treated with chemotherapy. NEH is indeed 
a differential diagnosis of cutaneous infections and/or 
cutaneous adverse drug reactions. The paradox of hav-
ing neutrophils accumulating in the dermis while these 
are nearly absent in peripheral blood remains unex-
plained. It has been hypothesized that such a phenom-
enon was the consequence of the differentiation 
followed by the migration of a myeloid clone known to 
display a peculiar skin tropism (such as AML4 or 5 
leukaemias) [18, 19].

In contrast to the previous neutrophilic derma-
toses, Pyoderma gangrenosum (PG) is usually easily 
evoked by clinicians. It is characterized by a deep 
unique ulcer whose periphery is spread with pustular 
orifi ces. Lesions of PG may affect any site. 
Nevertheless, they have been electively reported at 
sites of traumatism. When facing such features, the 
objectives are (a) to exclude any infectious cause, 
particularly if the patient has an established haemop-
athy, (knowing that superfi cial swabbing of a PG 
ulcer may grow microorganisms colonising, not caus-
ing the ulcer), and (b) to assess that PG is related to a 
haemopathy or other neoplasms. Histology is less 
specifi c, showing not only dermal neutrophilic infi l-
trate but also changes secondary to ulceration. In 
some patients, lesions of Sweet’s syndrome and oth-
ers of PG may occur concomitantly. There are also 
lesions that begin with Sweet’s syndrome features 
and evolve later to a PG aspect [15].

Other neutrophilic dermatoses are much rarer. 
Erythema elevatum and diutiunum is characterized by 
red papules and plaques developing at the dorsum of 
fi ngers, elbows, and knees. Subcutaneous sterile skin 
abscesses appear as deep nodules fi lled with pus. Cases 
of neutrophilic folliculitis are even rarer, and may be 
an early step of PG.

15.3.3  Disorders Linked to Monoclonal 
Gammopathy

These are exclusively the consequence of lymphopro-
liferative disorders in which the clone secretes a mono-
clonal component.

AL amyloidosis (amyloid light chain) is an impor-
tant life-threatening skin disorder. Clinical signs are 
various, but the most frequent are purpuric macules 
electively developing at traumatism sites such as 
skin folds, and more particularly eyebrows. Other 
features consist of brown papules sometimes coalesc-
ing to form plaques, macroglossia, blisters, hair loss, 
scleroderma or onychoatrophy. All these signs are 
the consequence of the deposition of light chains, 
mainly λ, that display a peculiar tridimensional β 
sheet confi guration. The skin is a major target organ 
of amyloid deposition as it is found in 95% of 
affected patients in fat aspiration [20]. Skin (or more 
specifi cally hypodermal fat) specimens are therefore 
an important tool for the diagnosis of the disease, 
regardless of lesions development. Skin biopsy will 
show the presence of an amorphous substance dis-
playing metachromasia after Red Congo, Thiofl avin 
T or crystal violet staining. Recognizing this amy-
loid substance as secondary to Ig light chain deposi-
tion requires direct immunofl uorescence that will 
display monotypic deposition of one type of light 
chain, and serum immunofi xation or immunoelectro-
phoresis that will diagnose the monoclonal immuno-
globulin. Amyloidosis may develop in many deep 
organs such as heart or intestine, and its early recog-
nition is crucial.

Xanthomas are an important but rare feature of 
some monoclonal components (Mc Ig) which will not 
be detailed here.

Cryoglobulinemia is a disease induced by the phys-
ical properties of a monoclonal (Mc) component that 
precipitates in tissues at cold temperatures. There are 
three types of cryoglobulinemia. Type I consists of a 
pure cryoprecipitating Mc component; type II is a anti-
gen–antibody complex with a Mc cryoprecipitating 
antibody reacting against the Fc portion of polyclonal 
Ig; type III is composed only of polyclonal cryopre-
cipitating immunoglobulins. Importantly, type II cryo-
globulinemia corresponds to an antigen–antibody 
complex whose deposition in vessel walls triggers 
complement activation. Only types I and II are associ-
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ated with lymphoid malignancies. Such haemopathies 
may be revealed — or complicated — by clinical signs 
induced by cryoglobulinemia, namely vasculitis (see 
above, in cases of type II cryoglobulinemia), cold urti-
caria or Raynaud’s phenomenon (in all). Vasculitis 
may result in long-standing necrotic lesions. The diag-
nosis relies on the demonstration of cold precipitating 
globulins followed by electrophoretical identifi cation 
of these globulins.

15.3.4  Blistering Auto-Immune Skin 
Diseases

These consist of rare disorders leading to auto-immu-
nity against skin antigen(s) that are important for skin 
adhesiveness. This auto-immune activity may be sec-
ondary to a Mc component reacting against a cutane-
ous antigen, or more frequently to a polyclonal 
auto-immunity against a cutaneous antigen, similarly 
to what happens in thyroiditis or haemolytic anae-
mias associated with lymphomas. Paneoplastic pem-
phigus (PNP), epidermolysis bullosis acquisita (EBA) 
and linear IgA dermatoses are paraneoplastic disor-
ders that may relate to lymphoid malignancies [22, 
23] (Fig. 15.6). Details on these rare disorders are not 

in the scope of this chapter. However, one should bear 
in mind that the lesions may be discrete (especially 
for EBA), initially non-blistering (especially present-
ing as lichenoid lesions for PNP) and sometimes lim-
ited to mucous membranes. The diagnosis relies on 
immunofl uorescent and/or immunoblotting tech-
niques, using sometimes anti-light-chain antibodies 
to determine whether the reactivity is monotypic.

15.3.5  Miscellaneous Paraneoplastic 
Dermatoses

They will not be detailed here. However, one should 
imperatively be aware of the fact that prurigo and ich-
tyosis may be the hallmarks of a lymphoma. The diag-
nosis relies on the morphological investigations 
undertaken in unexplained forms of these two 
entities.

15.4  Adverse Drug Reactions 
in Treatment of Malignant 
Haemopathies

This is an important domain that has been partly 
addressed in the chapter of severe adverse drug reactions. 
Some important points will be overviewed below.

15.4.1  Blistering Reactions to Cytotoxic 
Chemotherapy

Cutaneous reactions to chemotherapy regimens are 
poorly described. Trial investigators who reported 
large series have managed patients themselves without 
the help of dermatologists. Therefore, they gave scarce 
description of clinical cutaneous features, and did not 
adequately evaluate either drug imputability or confu-
sion factors. Despite this major diffi culty, clinicians 
should be informed that several cytotoxic regimens 
may be responsible for disseminated eruptions. The 
clinical presentation may resemble toxic epidermal 
necrolysis or Stevens–Johnson/erythema multiforme Fig. 15.6 Paraneoplastic epidermolysis bullosis acquisita (EBA)
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(Fig. 15.7). The mechanisms of some of these appear 
to be possibly “toxic”, dose-dependent rather than 
“allergic”, or dose-independent [24]. Methotrexate and 
imatinib may defi nitely induce such blistering erup-
tions (Fig. 15.8). Other drugs have less well-identifi ed 
cases. The classical chronological rules for drug imput-
ability cannot be applied to suspected cases of chemo-
therapy. It is therefore always diffi cult to answer the 
questions raised by the corresponding haemato-oncol-
ogists, which may be summarized as follows: (a) ‘is 
the cutaneous eruption drug-induced, and if yes which 
molecule is responsible?’, and (b) ‘is it allowed to con-
tinue the same protocols?’ Skin biopsy has been shown 

to be non-specifi c, since histological features are 
“compatible” with those of drug adverse reaction, 
known to be similar to other disorders such as viral 
infections. Liver, kidney and mucous membranes may 
be involved. The following points, when present, may 
help in evoking a reaction induced by chemotherapy: 
(a) previous infusions have led to similar or more 
attenuated features, (b) palms and soles are predomi-
nantly and initially involved, and/or (c) epidermal 
abnormalities (vacuolisation, necrosis) are pressure, 
contrasting with the absence of skin mononuclear infi l-
trates, and evoking direct cytotoxicity of the condition-
ing regimen. The fi nal answer to the above questions 
will rely on a common dermatologist/haematologist 
discussion in which the severity of the reaction, the 
assessment of imputability, and the importance of the 
drug in the disease management will be taken into 
consideration.

15.4.2 Anaphylactoid Reactions

Urticaria, angioedema and/or collapses may be linked 
to chemotherapy agents. It is mandatory to recognize 
them and to strictly avoid rechallenge. L-Asparaginase 
and platins are the main causes. In vivo testing with 
prick and/or intradermal injections should be done in 
specialized departments since these molecules may 
produce skin necrosis. These tests seem possible only 
for platins.

15.4.3 Acute Graft versus Host Reaction

Allogeneic bone marrow recipients may present in the 
fi rst 3 months after grafting an acute graft versus host 
disease (GvHD). It corresponds to the reactivity of 
donor T lymphocytes — contaminating the marrow — 
against host antigens. There are four grades of severity, 
which go from a moderate rash to a blistering dissemi-
nated fatal disease. These are usually diffuse and scarla-
tiniform. They involve palms, soles, and ears. Mucous 
membranes are also frequently involved. Skin and 
mouth lesions can evolve to blistering, a severe life-
threatening complication. Managing of rash after 
bone marrow transplantation is always diffi cult, because 
the question is about discriminating between the 

Fig. 15.7 Mucitis following chemotherapy

Fig. 15.8 Scrotal blistering due to methotrexate
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toxicity of the conditioning regimen, the virus reactiva-
tion, and the acute GvHD. Distinguishing one entity 
from the other remains diffi cult, since histology and 
immunohistochemistry are non-specifi c. The presence 
of extra-cutaneous organ involvement, such as liver and 
digestive tract involvement, may bring help. As a conse-
quence, most patients who have clinical and histological 
features “compatible” with acute GvHD will be man-
aged as such, since this condition requires an urgent sys-
temic treatment with steroids. However, and although 
there is no real alternative, this attitude leads to over-
diagnosis of GvHD and overtreatment of such cases.

15.4.4 Others

Digital necrosis has been reported with bleomycin and 
interferon. It is a severe reaction that needs urgent 
withdrawal of the drug. Skin extravasations of cyto-
toxic agents may lead to necrosis of variable  severity 
and depth. However, necrosis may persist for long 
periods due to the leucopoenia.
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16.1  Skin Changes Which Have 
Evidences of the Background

(1) Generalised pigmentation including mucosal pig-
mentation is indicative of systemic disease, mainly 
metabolic or endocrine (Figs. 16.1, 16.2). Whatever 
the cause, it is more marked over sun-exposed and 
traumatized areas. When organomegaly is present, 
hemochromatosis or another metabolic disease is 
evoked. The presence of diarrhoea is suggestive of 
malabsorption with multiple vitamin or trace element 
defi ciencies. Other skin changes due to malabsorption 
included acquired dry, loose skin and itch, hair and nail 
changes, and eczematous or psoriatic rashes. If the dif-
fuse pigmentation is isolated, it is important to look for 
a chronic adrenal insuffi ciency due to primary adrenal 
failure [1]. Indeed, this chronic adrenal failure might 
become acute on the occasion of the present emer-
gency with a lethal risk.
(2) Purpuric macules are common on the sun-exposed 
areas, especially on the dorsal forearms of old patients, 
surrounded by a severely sun-damaged skin with stel-
late scars (Fig. 16.3). Skin is thin, and tears after mini-
mal trauma. When present in younger patients, these 
skin manifestations are usually observed after months 
of corticosteroids therapy or in Cushing disease. They 
are associated with lipodystrophy. Indeed, excessive 
deposits of fat over the clavicles and back of the neck 
(buffalo hump) contrast with loss of subcutaneous fat 
over the extremities. In addition, deposition of fat in 
the cheeks and telangiectasia give a moon appearance 
of the face. If the patient is unconscious, it is important 

› For an emergency doctor, the most important 
challenge is to recognize the dermatologic mani-
festations, which may be helpful for the diagnosis 
or for the management of the patient, and to dif-
ferentiate them from those which are without 
consequences.

› Among the signifi cant dermatologic manife-
stations, three groups may be schematically 
distinguished:

› Skin lesions which are evidences of the back-
ground: generalised pigmentation, purpuric mac-
ules, pigmented spots, thin and translucent skin, 
etc.

› Skin change that may be helpful for the diagnosis 
in three clinical situations: acute abdominal syn-
drome, cerebrovascular events, haemorrhagic 
syndrome.

› Some nail abnormalities, resulting from internal 
disorders, may be important for the management 
of patients: half and half nail, multiple subungual 
splinter hemorrhages, clubbing.
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to ask relatives about his current treatment, and not to 
suddenly stop corticosteroids to avoid acute adrenal 
insuffi ciency.
(3) Pigmented spots on the trunk may be induced by the 
presence of mast cells as in urticaria pigmentosa which 
is the most common skin manifestation of mastocytosis 
both in children and adults (Fig. 16.4). Skin lesions 
appear as small, yellow-tan to reddish-brown macules 
or slightly raised papules. Mild trauma, including 
scratching or rubbing of the lesions, frequently causes 
urtication and erythema (Darier sign). Mast-cell degran-
ulation may occur on exposure to various stimuli and 

drugs. The release of histamine, heparin and vasoactive 
substances such as prostaglandin D2 may cause severe 
hypotension and other anaphylactoid manifestations. 
Anaesthetic management should include perioperative 
stabilization of mast cells and avoidance of the use of 
histamine-releasing drugs. Intradermal skin testing is 
useful in predicting sensitivity to drugs that may be 
used during anaesthesia [2].
(4) A thin, translucent skin with a clearly visible venous 
network on the trunk may be the sole manifestation of 
a rare genetic disease named Ehlers–Danlos type IV 
(Fig. 16.5). When the skin is softly stretched between 
fi ngers, a dotted yellow colour appears (Fig. 16.6). 
Usually, easy skin bruisability is present. However, 
Ehlers–Danlos type IV is clinically distinct from other 

Fig. 16.1 Diffuse brown pigmentation of the face in Addison’s 
disease

Fig. 16.2 Mucosal pigmentation in Addison’s disease

Fig. 16.3 Bateman purpura on the forearm with thin atrophic 
skin and stellate scars

Fig. 16.4 Pigmented spots on the trunk suggestive of urticaria 
pigmentosa
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Ehlers–Danlos subtypes because there is no skin 
hyperextensibility, abnormal scarring or joint laxity. 
Affected individuals are at high risk for life-threaten-
ing rupture of arteries or large intestine. Therefore, 
investigative investigations such as arteriography or 
colonoscopy should be avoided. Surgical operations 
should be limited to those required by a fatal risk.

These risks are less threatening for patients with 
other Ehlers–Danlos subtypes characterized by joint 
laxity, skin hyperextensibility and skin fragility. 
Arterial ruptures are also reported in type I [3]. Patients 
with this subtype are usually easily recognizable due 
to severe joint laxity (Fig. 16.7), skin hyperextensibil-
ity (Fig. 16.8) and skin fragility with thin atrophic 
scars (Fig. 16.9). Only essential invasive explorations 
will be performed. In contrast, patients with the more 
common type III Ehlers–Danlos have a benign disease 
which allows all invasive investigations.
(5) When petechiae, purpura, and ecchymoses occur 
spontaneously or after minor trauma on an apparently 
normal skin, without evidence of haemostasis abnor-
mality, amyloid infi ltration of the blood vessels walls is 

suspected. In primary and myeloma-associated sys-
temic amyloidosis, purpuric lesions are especially found 
in fl exural regions, such as the eyelids (Fig. 16.10). 
They may be also present on nasolabial folds, neck, 
axillae, and anogenital areas. Other frequent dermato-
logic manifestations of systemic amyloidosis include 
enlarged tongue and waxy, smooth shiny papules or 
nodules [4]. Pitting edema may result from nephrotic 
syndrome and congestive cardiac failure. Dehydration 

Fig. 16.5 Thin translucent skin with visible veins

Fig. 16.6 When skin is stretched, the dotted yellow colour is 
suggestive of Ehlers–Danlos type IV

Fig. 16.8 Skin hyperextensibility

Fig. 16.7 Joint laxity

Fig. 16.9 Skin fragility with thin atrophic scars on the knee
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and hypovolemia are dangerous, due to the risk of nonre-
versible acute renal insuffi ciency and renal venous throm-
bosis. A monoclonal gammopathy is usually present.

16.2  Skin Changes Which May Be 
Helpful for the Diagnosis 
of the Emergency in Three 
Clinical Situations

16.2.1 Acute Abdominal Syndrome

Panniculitis may be induced by pancreatitis or pancre-
atic carcinoma. Crops of painful, erythematous, fl uctu-
ant nodules appear mainly on the legs or on the trunk 
[5]. They occasionally drain an oily substance. These 
nodules are clinically indistinguishable from those 
related to idiopathic lobular panniculitis (Fig. 16.11).

Eruptive xanthomas are yellow-orange to red-brown 
papules that are often surrounded by an erythematous 
halo, which appear in crops on the buttocks, extensor 
surfaces of the extremities, and fl exural creases (Fig. 
16.12). They occur in the setting of chylomicronemia 
and hypertriglyceridemia whatever the origin: genetic 
or acquired defi ciency of lipoprotein lipase in individ-
uals unresponsive to insulin, or familial hyperlipopro-
teinemia [6]. Other features of hyperlipidemia often 
noted in patients with eruptive xanthomas include 
lipemia retinalis, hepatosplenomegaly, and abdominal 
pain. The abdominal pain may be secondary to intesti-
nal ischemia from increased blood viscosity, stretching 

of organ capsules by lipid deposition in the liver or 
spleen, or chronic episodes of pancreatitis.

Malignant atrophic papulosis or Degos’s disease 
is a rare disorder characterized by widespread throm-
bosis of small vessels, not only in the skin but also in 
the gastrointestinal tract and in the ocular and central 
nervous system [7]. Clinically, skin lesions consist 
initially of small, fi rm papules from 2 to 5 mm in 
diameter. Secondly, the papules become umbilicated, 
and a central white, porcelain-like zone of atrophy 
appears, encircled by an erythematous telangiectatic 
border (Fig. 16.13). Lesions similar to those of malignant 
atrophic papulosis have been described in patients 
with primary or systemic lupus erythematosus-related 
antiphospholipid syndrome (APS). Usually skin lesions 
in APS are larger than those observed in malignant 

Fig. 16.10 Purpuric lesions of the eyelids Fig. 16.11 Nodular lesion of panniculitis

Fig. 16.12 Eruptive xanthomas
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atrophic papulosis (Fig. 16.14). Acute abdominal 
syndrome in APS may be related to mesenteric or 
other arterial thrombosis, or to bilateral adrenal hemor-
rhages secondary to adrenal venous thrombosis, lead-
ing to acute adrenal insuffi ciency [8].

Palpable purpura is the most frequently observed 
cutaneous lesion in nearly all systemic vasculitis. 
Other lesions include wheals which persist for 2 to 3 
days unlike ordinary urticaria, red and small-sized 
nodular lesions that may be surrounded by livedo retic-
ularis, cutaneous necrosis and nonfollicular pustules. 
These dermatologic manifestations are very useful for 
the diagnosis of vasculitis, but don’t help to identify 
the type of systemic vasculitis [9].

16.2.2 Cerebrovascular Events (CVE)

Livedo reticularis is associated with CVE in different 
conditions. Whatever the clinical situation, it is distin-
guishable from cutis marmorata due to the usual irregu-
larity of the fi shnet reticular pattern. When it is painful, 
violaceous, associated with skin necrosis or purple toes 
(Fig. 16.15), it is suggestive of cholesterol crystal micro-
embolisms that may be visualized in the eye fundus [10]. 
The clinical manifestations develop frequently after vas-
cular investigations, surgery or in the weeks after onset 
of anticoagulant therapy. When livedo reticularis is red, 
widespread, noninfi ltrated, localized not only on the 
limbs but also on the trunk and/or buttocks [11], it is sug-
gestive of Sneddon’s syndrome (Fig. 16.16). In systemic 

Fig. 16.14 Larger malignant atrophic papulosis-like lesion in 
antiphospholipid syndrome.

Fig. 16.13 Small atrophic lesions encircled by a telangiectatic 
border typical of malignant atrophic papulosis

Fig. 16.15 Violaceous livedo reticularis suggestive of cholesterol 
crystal microembolisation

Fig. 16.16 Red, noninfi ltrated, widespread livedo reticularis of 
Sneddon’s syndrome
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vasculitis, livedo reticularis is  usually infi ltrated (Fig. 
16.17) and associated with palpable purpura. In intra-
vascular lymphomas, livedo reticularis is less extensive, 
frequently infi ltrated, and associated with other cutane-
ous lesions.

16.2.3 Haemorrhagic Syndrome

Yellow papules on fl exural areas, especially on sun-
unexposed axillae, are suggestive of an inherited dis-
ease of elastic tissue (Pseudoxanthoma elasticum), 
which may lead to the emergency care unit due to 
intestinal bleeding or early arteriosclerosis, without 
any other risk factors for early heart disease. Lesions 
primarily involve fl exural areas and scars; they begin 
as yellow papules (Fig. 16.18) that gradually enlarge 
and become confl uent to form plaques or redundant 
folds of skin (Fig. 16.19). On the neck, they may be 
confused with solar elastosis related to skin ageing on 
sun-exposed areas.

Linear telangiectasia are common on the face of 
patients with a fair complexion and don’t have any sig-
nifi cation. In contrast, round telangiectasia, localized 
not only on the cheeks but also in the mouth (lips, 
tongue…) and on other parts of the body such as on 
hands and feet are suggestive of hereditary hemorrhagic 
telangiectasia (Fig. 16.20). When associated with sys-
temic scleroderma, they are usually less numerous. 

Fig. 16.17 Infi ltrated livedo reticularis on the limbs suggestive 
of vasculitis

Fig. 16.18 Yellow papules on axillae suggestive of Pseudox-
anthoma elasticum

Fig. 16.19 Redundant folds of the skin on axillae also sugges-
tive of Pseudoxanthoma elasticum

Fig. 16.20 Multiple round telangiectasia in hereditary hemor-
rhagic telangiectasia
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Gastrointestinal bleeding is uncommon in systemic 
scleroderma while it occurs frequently in patients with 
hereditary hemorrhagic telangiectasia. Those patients 
may also be seen in emergency due to massive hemopt-
ysis and brain abscesses which are the consequences of 
the frequent pulmonary arteriovenous fi stulae.

The presence of telangiectasia in patients with 
intestinal bleeding may also be related to hepatic cir-
rhosis. Indeed, patients with chronic liver disease, 
often have telangietactic changes, mainly over the 
areas of the body exposed to the light. Palmar erythema 
and spider angiomas are usually associated. These 
angiomas, which don’t differ from those observed in 
pregnancy, resemble a spider in that numerous small 
vessels radiate from a central arteriole that may be fl at 
or elevated (Fig. 16.21). They occur primarily on the 
upper chest, face and arms.

16.3  Some Nail Abnormalities, 
Resulting from Internal Disorders, 
may be Important for the 
Management of Patients

(1) Half and half nails consist of a proximal white half 
of the nail due to edema of the nail bed and a distinct 
normal distal portion. It is associated with hypoalbu-
minemia whatever the cause, cirrhosis and renal failure 
(Fig. 16.22).

(2) Multiple subungual splinter hemorrhages appear 
as tiny linear longitudinally oriented, reddish-brown 
to black, distal subungual lesions that fail to blanch 
under pressure (Fig. 16.23). They may result from 
nail dystrophy. When the nail shape is normal, their 
acute development indicates the existence of an 
underlying thrombotic or embolic disease with other 
probable worrying thrombotic events. They have ini-
tially been recognized as an important sign of sub-
acute bacterial endocarditis. In fact they can be 
observed in all thrombotic or embolic conditions, 
such as Trichinella spiralis infection, hypereosino-
philic syndrome, antiphospholipid syndromes, limb 
aneurysms…

Fig. 16.21 Spider hemangioma in a cirrhotic patient

Fig. 16.22 Half and half nails

Fig. 16.23 Multiple subungual splinter hemorrhages
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(3) Clubbing is characterized by an enlargement of distal 
digits giving them a bulbous appearance (Fig. 16.24). 
The Lovibond angle, the angle between the proximal 
nailfold and the nail plate is normally less than 180°. In 
patients with clubbing, the angle straightens and ulti-
mately exceeds 180°. When clubbing is associated with 
subperiosteal news bone formation, the term hypertro-
phic osteoarthropathy is used. Bilateral and symmetric 
acquired clubbing of the nails may occur in association 
with all pulmonary and mediastinal diseases, cyanotic 
cardiovascular diseases, hepatic cirrhosis, and chronic 
diarrhea. Unilateral and unidigital clubbing is seen in 
relation to localized vascular lesions, including aneu-
rysm, arteriovenous fi stulae.
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› Emergency situations can occur even in the der-
matologist’s private offi ce.

› An emergency can be reviewed for dermato-
logic conditions: questioning, looking for signs 
of severity, examining mucous membranes are 
important.

› Severe vasovagal malaise may occur during 
benign procedures.

› Material must be easy to use, validity dates must 
be verifi ed.

› The emergency phone number must be regis-
tered and the phone must be easily accessible.

› Although exceptional, emergencies may occur 
at anytime in our private dermatology offi ces.

› Some of these emergencies may be dermato-
logic, i.e. TEN and SJS, DRESS, necrotizing 
fasciitis, Kawasaki disease, purpura fulminans.

› Others may be the consequence or a complica-
tion of our practice (vasovagal syncope, ana-
phylactic shock) or be independent of the 
practice but occurring in our offi ce (i.e. seizure 
or cardiac arrest).

› This chapter will consider all these situations. 
› Equipment and prevention will also be studied. 
› Our purpose is to recognize these situations at 

their beginning in order to undertake appropriate 
emergency procedure.

Core Messages 17.1  Life-Threatening Dermatologic 
Diseases:

17.1.1  Cutaneous Adverse Drug Reaction

Toxic epidermal necrotizing (T.E.N.) or Lyell’s syn-
drome and Stevens–Johnson syndrome [1]: Toxic epi-
dermal necrotizing (TEN) and Stevens–Johnson 
syndrome (SJS) represent different severity levels of 
this disease. The difference is based on the evaluation 
of involved body surface area (BSA). They are the more 
severe of the cutaneous adverse drug reactions (ADR). 
The mortality is about 30% for TEN. Drugs are nearly 
always involved, but in about 20% of the cases they are 
not identifi ed despite very meticulous questioning.

Beginning signs are often very diffi cult to recognize, 
but they are very important because it is known that the 
more rapid the clearance of the responsible drug, the 
better the prognosis [2]. The condition may begin by 
isolated fever, sore throat, cough or burning eyes. The 
cutaneous eruption may be erythematous macules, 
sometimes with darker purpuric centres that tend to 
merge. Usually, within 1–3 days, fl accid blisters and a 
sheet-like epidermal detachment appear, with Nikolsky’s 
sign. Mucous membrane erosions are present, and the 
diagnosis is no longer diffi cult (Figs. 17.1–17.5).

The signs that should alert the physician are:

A rash accompanied by one mucous involvement, • 
even as minimal as a discrete conjunctivitis.
Bifocal or multifocal involvement is highly sugges-• 
tive of a severe form of cutaneous ADR.
Adenomegaly.• 
High fever above 38.5°C.• 
Very high tenderness of the skin with burn sensation.• 
Anxiety.• 

J. Revuz et al. (eds.), Life-Threatening Dermatoses and Emergencies in Dermatology, 165
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Blisters with Nikolsky sign.• 
Delay between introduction of the drug and the fi rst • 
signs longer than expected in a common rash, about 
1–3 weeks.
Recent initiation of a treatment with a drug known to • 
be one of the ‘usual suspects’ for SJS or TEN, such as 
carbamazepin, lamotrigin, nevirapin, oxicam and other 
non-steroidal anti-infl ammatory drugs, phenobarbital, 
phenytoin, sulfamethoxazole, and salazopyrin.

Fig. 17.1 Early lesions of toxic epidermal necrolysis

Fig. 17.2 Conjunctivitis: early sign of toxic epidermal 
necrolysis

Fig. 17.3 Necrotising fasciitis

Fig. 17.5 Kawasaki syndrome

Fig. 17.4 Purpura fulminans
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Depending on the initial signs, other diagnoses may be 
discussed, such as a pharyngitis interpreted as viral or 
bacterial impairment, infectious conjunctivitis, or 
chickenpox.

The correct procedure when such a situation is rec-
ognized is to phone a specialized unit for burn care or 
intensive dermatological care. All drugs must be 
stopped, as quickly as possible. Antalgic drugs may be 
administered, but no treatment should be undertaken 
on the blisters except vaseline dressing, awaiting trans-
fer to a specialized unit.

17.2  Drug Eruption with Eosinophilia 
and Systemic Symptoms (DRESS) 
Syndrome [3]

This cutaneous ADR is also severe, with mortality 
about 10%. The delay before onset is often very long 
between the introduction of the causative drug and the 
fi rst signs — up to 8 weeks.

Clinical signs are dominated by a very poor general 
condition, with high fever, important adenomegaly and 
the presence of erythematous macules quickly becom-
ing a pruritic erythrodermia. The condition starts in the 
face and the upper trunk and then diffuses to the limbs. 
Peri-orbital oedema is quite impressive. Even if the 
vital prognosis is not immediately made, it is very 
important for the patient to be rapidly referred to a spe-
cialized dermatologic unit. Biological perturbations 
will be associated, such as major hyper-eosinophilia, 
hyper-basophile lymphocytes, hepatic cytolysis and 
cholestasis, and renal impairment. All solid organs can 
be involved, such as liver, kidney, myocardium, lung, 
and central nervous system.

The culprit drugs are mainly carbamazepine, 
allopurinol, hydantoin, lamotrigin, sulfonamides, 
minocycline, non-steroidal anti-infl ammatory drugs, 
nevirapine, calcic inhibitors, methyldopa, terbinafi n, 
neuroleptics, and dapsone.

Suggestive signs are:

Lichenoid–type erythrodermia• 
Fever of more than 38.5°C and large adenomegaly, • 
more than 1 cm, in at least two localisations
Poor general condition• 
Non-mucous involvement• 

Drugs known to be inductors• 
Very long delay between introduction of the drug • 
and beginning of the ADR

Clinical Criteria of severity of cutaneous adverse 
drug reaction:
Poor general condition with high fever
Facial oedema
Oedema of lips, eyelids
Mucous erosions in buccal cavity, genitalia
Blisters and Nikolsky sign
Multiple pustulosis on an erythematous skin

Biological criteria of severity of cutaneous drug 
adverse reaction:
Hyper-eosinophilia above 10% or 1,500 ml−1

Hepatic cytolysis: more than twice the normal, or 
cholestasis with alkaline phosphatasis more than 1.5-
fold the normal
Visceral failure: kidney function, abnormalities of 
respiratory functions.

17.3 Angioedema [4]

This is an immediate-type hypersensitivity reaction. 
It corresponds to a profound type of urticaria. Skin 
localisation is possible but the danger comes from 
mucous involvement. Unlike the usual urticaria, 
angioedema is a tender and thick tumefaction of the 
skin. There is no pruritus; it can be painful. Lips, 
cheeks, peri-orbital areas and tongue are often 
involved. Occurrence of dysphonia, hyper-salivation, 
dysphagia, and signs of involvement of the pharyn-
geal area must be considered as alert signs because 
of the risk of glottis oedema. Furthermore, appari-
tion of an angioedema may precede anaphylactic 
shock. The best approach is to phone the emergency 
ambulance services; in the absence of signs of grav-
ity such as dysphonia or hyper-salivation, corticos-
teroids should be injected. Anti-histaminic drugs 
may be injected afterwards.

In the case of signs of gravity or evolution towards 
an anaphylactic shock, epinephrine IM must be used. 
Dosage will be increased from 0.30 to 0.50 mg. It can 
be repeated every 10–15 min if necessary. An oxygen 
mask at 10–15 l min−1 should be fi tted while waiting 
the emergency mobile unit.
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Angioedema: signs of gravity:
Dysphonia
Hyper-salivation

Emergency treatment:
Corticosteroids injectable in form without signs of 
gravity
Oxygen and epinephrine if the situation develops

17.4  Anaphylactic Shock [5] 
(Cf Chap. 38)

This occurs very quickly, usually less than 1 hour after 
introduction of the allergen. It is very important to 
recognize it quickly because of its gravity. Diffuse 
erythema with palmo-plantar pruritus, urticarial 
wheals, fl ush and dizziness are associated. Mucous 
oedema frequently involves nose, eyes, mouth, lips 
and tongue. Gastro–enteric signs can induce in error: 
abdominal pain, especially epigastralgias, nausea and 
dysphagia. Breathing becomes diffi cult because of 
oedema and bronchospasm. Laryngal cough or asthma 
can occur.

Decrease of arterial pressure by intense vasodilata-
tion is accompanied by tachycardia. Mental confusion 
or seizure may be consequences of hypoxemia. 
Dizziness and intense anxiety are always present.

This is a true emergency; one should phone the 
emergency mobile unit. While awaiting their arrival, 
the patient must be placed in a supine position, oxygen 
(10–15 l min−1) should be administered, and epineph-
rin injected intramuscularly in deltoid region or in the 
anterior face of the thigh. Average dosage in an adult is 
0.5 mg, in a child 0.01 mg kg−1. In absence of good 
evolution, another injection can be administered 
5–10 min after. In the case of bronchospasm, inhala-
tion of salbutamol should be administered.

Blood pressure, cardiac rate, ventilation and con-
sciousness must be supervised. Intravenous infusion 
could be installed in order to perfuse macromolecules.

The patient must always be hospitalized, even if the 
status is good, because of the risk of rapid recurrence.

Signs that should alert to anaphylactic shock:
Distal pruritic oedema and mucous involvement
Respiratory and digestive symptoms
Dizziness and anxiety
Flush phenomenon
Low blood pressure and tachycardia

17.4.1 Cutaneous Infections:

17.4.1.1 Necrotizing Cellulitis

This designation was subdivided in two entities during 
the French consensus conference [6], which are:

Bacterial and necrotizing dermo-hypodermitis
Necrotizing fasciitis

These two entities refer to two different anatomical 
entities.

17.4.1.2  Bacterial and Necrotizing Dermo-
Hypodermitis:

This condition has a subacute evolution, whereas the 
second has an acute or suracute evolution.

Necrotizing dermo-hypodermitis looks like a red, 
tender leg, with fever, looking like an erisypela but 
certain signs should cause alarm: ever-increasing pain, 
deep oedema, bullous and purpuric lesions, asthenia. 
These signs should alarm the dermatologist, and require 
hospitalisation in order to watch over local and general 
development and prevent a septic shock.

17.4.1.3  Necrotizing Fasciitis Is an Extreme 
Emergency

Discordance between poor cutaneous signs and gravity of 
general sign should alert the dermatologist. The cutane-
ous lesions can involve inferior members, but also trunk, 
neck and perineal region. It occurs mostly in adults over 
50 years old, but observations have been described in 
some children during chickenpox. Mellitus diabetes, HIV 
infection, cancers, malignant haemopathy, immunosu-
pressor treatment are favourizing factors.

Dermatologic signs are: red leg, with acute pain, 
deep and livid oedema, necrotic and deep plaques, cya-
nic macules, and sometimes hypoesthesia. Fever is 
often present and quickly accompanied by shock signs, 
with low blood pressure, tachycardia, and polypnea.

This is a great emergency, and the patient must be 
referred to a centre with plastic surgeons trained to this 
type of surgery, able to perform large debridement.

The diagnosis is essentially clinical and, in the 
majority of the cases, does not need any imagery.
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In both these conditions, the dermatologist must be 
able to differentiate them from an erisypela, by fi nding 
unusual signs, such as livid and deep oedema, signifi -
cant pain and altered general condition. Blood pres-
sure and cardiac frequency must be looked at.
The emergency mobile unit should be called as early 
as possible.

17.5  Staphylococcal Scalded Skin 
Syndrome (SSSS)

This is a blistering, exfoliative dermatosis, caused by the 
secretion of exotoxin from Staphylococcus aureus [7].

It occurs more frequently among children than 
adults. The risk of death is about 5% in children. It 
begins like an erythematous rash, with sub-corneal, 
blistering. It often begins in the fl exures. Nikolsky’s 
sign is present. The fever is high and the child is 
exhausted. The fl uid in blisters is usually sterile.

The child must be quickly referred to a specialized 
unit where a bacterial research will be undertaken. The 
infecting strain is usually recovered from distant sites. 
The adapted antibiotic treatment is followed by a dra-
matic effi cacy.

17.6 Purpura Fulminans:

Purpura fulminans is most frequently observed with 
meningococcal infection; however, it can also occur 
with other bacteria including groups A and B beta-
haemolytic streptococci, S. pneumoniae, H. infl uen-
zae… It occurs more frequently in young children than 
in adults, and can correspond to the fi rst manifestations 
of meningococcemia.

It may begin with palpable purpura. Elements are 
larger than 3 mm in diameter. Some of them may 
become necrotic; necrosis fi rst involves the extremi-
ties. In addition to skin lesions, fever, chills, hypoten-
sion, meningo-encephalitis, etc. may be observed. It 
is very important to perform this diagnosis, because 
the prognosis depends on the rapidity of starting the 
treatment. The fi rst act to be performed is an intrave-
nous or, if not possible, intramuscular injection of 
ceftriaxone (70–100 mg kg−1 per day, reconstituted 
with steril water). This injection will improve the 

prognosis without compromising the later search for 
bacteria in the hemocult or in the spinal fl uid. Every 
physician should have ceftriaxone in his offi ce.

Diagnostic criteria [8]:

Haemorrhagic lesions of characteristic appearance
Universal distribution of skin haemorrhages
Maximum diameter of 1 or more skin haemorrhages 
greater than 2 mm
Poor overall condition
Nuchal rigidity

If two of the above criteria are present, the probabil-
ity of meningococcemia becomes very signifi cant.

17.7 Kawasaki Disease [9]

Kawasaki disease is a generalized vasculitis occurring 
in children, essentially boys, younger than 5 years old. 
It is probably of infectious origin, although no 
 infectious agent has been found. Its danger comes from 
possible cardiac impairment by the formation of a cor-
onary micro-aneurysm.

The principal clinical signs are:

1. High fever for at least 5 days, despite the antipyret-
ics and antibiotics.

2. Non-pruritic exanthema, beginning in the extremi-
ties and involving the trunk in 2 days. Progressively, 
the macules become confl uent and sometimes urti-
carial. They may also be purpuric or psoriasiform.

3. Painful and red induration of the extremities occurs 
at day 7. It involves preferentially the dorsum of the 
hands and feet.

4. Mucous involvement consists of a bilateral con-
junctivitis. It involves bulbar conjunctivae rather 
than palpebral or tarsal conjunctivae. There is no 
exudates and it is painless. Lips and tongue are also 
red, with a strawberry tongue and cracking cheilitis. 
There are no bullae.

5. Lymphadenopathy is often unilateral, with large 
lymph nodes, 1.5 cm or greater, fi rm and tender.

Later on, about 3 weeks after the onset, desquamation 
of the fi ngers and the toes occurs.

Faced by this high and persisting fever and cuta-
neo-mucous signs, it is important to evoke the possi-
bility of Kawasaki disease and refer the child to a 
specialized unit.
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Clinical criteria of diagnosis:

Very high fever for more than 5 days despite antipyretics
Polymorphous exanthema
Extremities involvement
Conjunctivitis, cheilitis, and red tongue
Lymphadenopathy
Exclusion of other disease with similar fi ndings

17.8 Non-Dermatologic Emergencies:

17.8.1 False Emergencies: (Chart 17.1)

Although extremely rarely severe, they are frequently 
upsetting, and need self-control and speaking to the 
patient calmly.

17.8.1.1 Vasovagal Syncope

Vasovagal syncope is quite a frequent situation in 
private practice; although one study [10] has 
observed that 1% of 3,788 patients experienced vas-
ovagal syncope, the occurrence of vasovagal mani-

festations in patients undergoing a dermatological 
surgical procedure seems much more frequent. It is 
independent of the extent of the care being under-
taken. It may be consecutive to a local anaesthesia 
procedure. But it is not an allergic phenomenon. 
Sometimes it may occur before any procedure of 
care, or in association with a minimal procedure 
such as extraction of miliary cyst.

The syncope, defi ned by a transient loss of con-
sciousness is, however, less frequent than the prodromal 
syndrome, defi ned by dizziness, weakness, impairment 
of vision, nausea, excessive and cold sweating, and pal-
lor. At the physical examination, the pulse rate is slow, 
accompanied by hyper-ventilation. Blood pressure can 
be normal, but sometimes it can be low.

Treatment is often very simple [11]. It consists of 
speaking to the patient in order to reassure, and plac-
ing him in a supine position with raised legs. If this 
does not work, an oxygen mask can be used for a few 
minutes. Exceptionally, when the patient does not 
recover, it is possible to administrate atropin 0.25 mg 
subcutaneously. In this case, phoning an emergency 
service near the offi ce is recommended, as a prolonga-
tion of the condition raises the question of another 
diagnosis.

Chart 17.1

MALAISE  
No loss of consciousness

Lay down the patient 

PULSE RATE

VASOVAGAL SPASM 

RAPID / NORMAL

HYPOTENSION

NO 

ANAPHYLAXIS 
TETANY 

-Make the patient breathe in a 
plastic bag 

HYPOGLYCEMIA

Sugar or
sweet

LOW
Sweating, palor,visual

impairement 

-Put up the legs
-Speak and reasure the patient
-If persistance : Oxygen
-If necessary, Atropin
-In case of bad evolution, hit the
sternum 

YES
Redness, pruritus,
abdominal pain 

NAUSEA, SWEAT
No meal since a lot of
hours 

Rapid breathing without
cyanosis,
Symetric cramps 

-Call for emergency ambulatory service
-Oxygen
-Epinephrine intramuscular or sub lingual
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17.8.1.2 Tetanic Crisis:

This corresponds to a neuromuscular hyper-excitabil-
ity. It is manifested fi rst by facial and acral paresthesia, 
and is followed by painful and uncontrollable symmet-
ric cramping of the arms, legs, and mouth. It is favoured 
by hyper-ventilation due to anxiety.

The best treatment is to obtain acidifi cation of blood 
by the way of hypercapnia. This is obtained by breath-
ing into a plastic bag.

Calcium gluconate is very rarely necessary.

17.8.2 True Emergencies: (Chart 17.2)

17.8.2.1 Seizures:

Seizures occur without prodromic signs. The patient 
falls; tonico-clonal activity occurs. The physician must 
avoid, if possible, the occurrence of injury. If the 
patient is lying on the examination bed, the physician 
must prevent the fall. If not, he must remove all dan-

gerous objects. When the patient is in the post-critical 
phase, the physician must position a Mayo canula and 
slowly inject Valium while waiting for the ambulance.

17.8.2.2 Cardiac Arrest: [12]

Cardio-respiratory distress is very uncommon in der-
matologic practice, but one may be confronted by this 
situation without any correlation with dermatologic 
practice.

Distinction between seizures and vasovagal syncope

Seizures Vasovagal syncope
Sudden loss of 

consciousness
Favouring circumstances

Abrupt fall Soft fall
Tonico-clonic crisis with 

cyanosis
Pallor+++

Hypertony during 20 sec Some bumps
Clonic movements over 

30–60 sec
Progressive recovery and 

post-critical confusion
Rapid recovery followed by 

asthenia

Chart 17.2

SYNCOPE
Loss of consciousness 

CAROTID PULSE

YES

ABNORMAL
MOUVEMENTS

CONVULSIONS

NO EVIDENCE
OF DIAGNOSIS

Speak, try to establish 
contact 
Blood pressure 
Respiratory frequency
Oxygen if cyanosis 

NO

CARDIO-RESPIRATORY
ARREST  

Presternal massage
Oxygen
Defibrilator 

phone to emergency
ambulatory service

Put away all things that could
be dangerous
Don’t try to prevent from moving
During post critic state,Valium
injection in order to avoid
immediate recurrence 
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The fi rst action is to call for help and then to 
make sure of cardiac arrest by carotid palpation of 
the pulse, and tilting the head back in order to free 
the upper respiratory tracts. The emergency ambu-
lance service must be called and external cardiac 
massage undertaken. This massage must be per-
formed in front of the sternum, and its purpose is to 
permit brain oxygenation while waiting for the defi -
brillator. An oxygen mask will deliver 15 l min−1. 
The defi brillator will recognize the origin of the 
arrest, very often by ventricular fi brillation, and 
deliver an electric shock.

17.9  Proposals for Emergency 
Equipment

17.9.1  Legislation Concerning Office 
Equipment is Not the Same in All 
Countries. So the Equipment 
Proposed Below is What We 
Consider to Be the Minimum 
Requirement

The best equipment depends on the type of practice the 
dermatologist has, and in which type of building his 
offi ce is situated. It depends also on the proximity of 
an emergency service.

The above description of incidents must guide 
equipment modality.

In a study concerning incidents during dermato-
logic surgery procedures, it was shown [10] that apart 
from infectious or haemorrhagic incidents, the great 
majority of them were vasovagal syncope or malaise.

So, the minimum equipment required in a private 
offi ce of dermatology is:

Accessible telephone
Blood-pressure cuff and stethoscope
Needles and syringes, catheters
Oxygen bottle with capacity of 0.4 m3

Adult and child masks for oxygen
Insuffl ators
Injectable drugs:

Corticosteroids already prepared in a syringe
Epinephrine prepared in a kit, without need to keep 

it in a refrigerator

Atropine
Ceftriaxone

The physician must check the validity date of the drugs. 
He must also have training for using this material. The 
need for a semi-automatic or automatic external defi -
brillator depends on the proximity of the emergency 
ambulance service and on the structure of the practice. 
If the dermatologist’s offi ce is located in a large multi-
disciplinary building, the presence of a defi brillator 
should be considered. The presence of a defi brillator is 
encouraged in those places where it is expected to be 
used once every 5 years [13]. So the decision regarding 
equipment depends on the size of the offi ce and the 
number of patients being treated.

17.10 Prevention [14]

Many incidents could be avoided by careful question-
ing about personal history, drugs taken. Before carry-
ing out any procedure, it is recommended to ensure 
that the patient did not suffer from malaise or syncope 
during a previous procedure or venous puncture. One 
should measure the degree of anxiety before perform-
ing any procedure on the patient, because it is known 
that anxiety is a major predictive factor for vasovagal 
syncope or pre-syncope.

The patient must be comfortable, lying on an exam-
ination table; the dermatologist should inform the 
patient about what is happening (puncture for local 
anaesthesia for example). He should speak, and have a 
conversation requiring answers from the patient.

When the patient has to stand up, the physician should 
make it safe, standing beside him and providing help.

The offi ce should be organized with telephones 
near the physician, oxygen ready. A suitcase will make 
it possible to organize the emergency drugs in a single 
place, easy to fi nd and use.

Carpets should be prohibited and steps are not 
recommended.

17.11 Conclusion:

Emergencies in the dermatologist’s offi ce are very 
uncommon, but their severity requires that the physi-
cian pays attention to atypic signs.
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The organization of the private offi ce must ensure 
the safety of the dermatologic procedures.

The need for equipment to respond to every life-
threatening situation depends on the size of the practice, 
on the number of patients coming to the location, and on 
the proximity of the emergency service.
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Core Messages

› Pregnancy results in many physiological modifi -
cations of the skin including pigmentation and 
vascular changes.

› Pemphigoid gestationis is a rare auto immune 
blistering disorder selectively occurring during 
the third trimester. It is accompanied by an 
increased risk of foetal growth restriction and 
preterm labor.

› Impetigo herpetiformis is a pustular eruption 
resembling pustular psoriasis in many aspects. It 
is limited to the period of gestation. Maternal 
hypocalcemia, preterm labor and foetal abnormal-
ities are the main associated risks.

› Viral infections such as parvovirus B19 or chick-
enpox during gestation may necessitate specifi c 
management, due to the potential threat they pose 
to maternal and foetal health.

› Autoimmune disorders such as lupus erythema-
tosus may present with fl ares during gestation. 
Hydroxychloroquine treatment is safe, and should 
not be interrupted during gestation.

include hyperpigmentation, edema, and vascular mod-
ifi cations such as spider angiomas. The objective of 
this review is to focus on skin conditions during preg-
nancy that should alert the physician because they are 
directly or indirectly a refl ection of a life-threatening 
condition for the pregnant woman or the foetus. These 
conditions can be classifi ed in diseases specifi c to 
pregnancy, or ailments that are not specifi c to gesta-
tion but have a particular effect on foetal or maternal 
health during that period. We will obviously not dis-
cuss life-threatening dermatosis that may incidentally 
occur during gestation.

18.1 Specific Dermatosis of Pregnancy

18.1.1 Pemphigoid Gestationnis

Among the various dermatoses that occur exclusively 
during gestation, blistering disorders may seriously 
alter maternal health. Pemphigoid gestationis is an 
autoimmune blistering disease resulting from the 
deposition of autoantibodies at the dermo–epidermal 
junction. The frequency of this condition has been esti-
mated at about 1 in 10000 pregnancies [1, 2]. Clinical, 
histopathological and immunological features of this 
disease are highly reminiscent of bullous pemphigoid. 
The cornerstone of the disease is pruritus. It may be 
isolated or accompanied by urticarial papules and 
plaques that may give rise to vesicles and bullae. 
Lesions have been typically described as periombili-
cal; however, they may occur on many parts of the 
body surface. Histology displays a subepidermal vesi-
cle or blister with a lymphocytic perivascvular infi l-
trate associated with eosinophils.

Pregnancy results in a series of physiological changes 
in skin features and pathology with potential implica-
tions for patient care. In particular, the skin is subject 
to benign modifi cations that bring numerous questions 
from pregnant women. These modifi cations usually 
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The diagnosis is established by showing the presence 
of autoantibodies. Direct immunofl uorescence demon-
strates the deposition of IgG and complement fraction 
C3 at the dermo–epidermal junction along the basement 
membrane. In addition, the detection of circulating 
bullous pemphigoid-type autoantibodies in the patient 
serum can be obtained by BP180 NC16a ELISA assay. 
This test allows 96% sensitivity and specifi city in estab-
lishing the diagnosis of pemphigoid gestationis [3].

The disease occurs during the second or third trimes-
ter of gestation. A fl are might be observed at delivery, 
and immediate postpartum occurrence of the disease is 
not rare. In most cases, disease remission is expected in 
the postpartum period, even if persistence of the disease 
for a few months has been reported. Importantly, women 
with PG may have a disease recurrence during menses, 
subsequent pregnancies or even after using oestro-
progestative contraception. Recurrences of PG in subse-
quent pregnancies are more severe and at an earlier 
gestational age [4]. Foetal risks have been associated 
with pemphigoid gestationnis: neonatal vesicles or blis-
ters may occur in 10% of cases. In addition, foetal 
growth restriction and premature labor complicate the 
course of the pregnancy [5]. Differential diagnoses 
before the onset of blisters are represented by other 
causes of pruritus during the third trimester of gestation, 
especially the polymorphic eruptions of pregnancy that 
may give rise to similar papules and plaques but are not 
triggered by autoantibodies [6].

Treatment consists of the use of potent topical cor-
ticosteroids at initial stages. Applications are tapered, 
but maintained until delivery and remission [7]. The 
use of systemic corticosteroids may be necessary if 

topical steroids fail to bring a remission. A close 
 follow-up is encouraged after delivery (Fig. 18.1).

18.1.2 Impetigo Herpetiformis

Another disorder with similar physiological conse-
quences on maternal health is impetigo herpetiformis 
(IH) [8, 9]. It is characterized by a pustular eruption 
associated with high fever and chills. It has been often 
compared with pustular psoriasis, with similar clinical 
symptoms such as round, arched, or polycyclic patches 
covered with small painful grouped pustules in a her-
petiform pattern appearing most commonly on thighs, 
groin and intertriginous areas. The rash may coalesce 
and spread to the trunk and extremities, although face, 
hands, and feet are usually not affected. Mucous mem-
branes of the tongue, mouth or oesophagus may be 
involved. The onset of the disease is sudden, and is 
accompanied by systemic symptoms such as fever, 
nausea, vomiting, dehydration and in extreme cases 
delirium, tetany or cardiac failure. Histology displays 
spongiform pustules containing neutrophils within the 
epidermis and a superfi cial dermal infi ltrate of neutro-
phils and lymphocytes. Pustules are sterile (Fig. 18.2).

A major difference between IH and pustular psoria-
sis is its mode of evolution. IH occurs in women with-
out a history of psoriasis in the third trimester. Typically 
the disease ends upon delivery. However, postpartum 

Fig. 18.1 Blisters associated with urticarial plaques on the 
thighs of a woman within the third trimester of her pregnancy

Fig. 18.2 Typical aspect of polymorphic eruption of pregnancy. 
Erythematous macules papules or vesicles during the third tri-
mester mostly located on stretch marks (Striae gravidarum) of 
the abdomen but respecting the periumbilical area
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onset or persistence has also been described. 
Recurrences are common in subsequent pregnancies at 
an earlier gestational age. Oral contraceptive medica-
tion or menses may also exacerbate the disease [10].

IH affects both the maternal and foetal prognosis. 
Maternal complications are mostly due to the systemic 
symptoms of the generalized eruption, as well as the 
possibility of an associated severe hypocalcemia. Low 
phosphate, albumin and vitamin D levels have also 
been reported. In this disease, foetal health is also 
affected due to placental insuffi ciency, infection and 
premature labour, resulting in an increased rate of still-
birth, foetal abnormalities and neonatal death. 
Spontaneous mortality of the disease used to be high in 
the absence of treatment (60–70%).

Differential diagnosis includes generalized pustular 
psoriasis, and acute generalized exanthematous pustu-
losis. Therefore, a history of psoriasis or recent onset 
of therapy should be tracked (Fig. 18.3).

Treatment consists of oral corticosteroids (0.5 mg 
kg−1 per day) that may be associated with PUVA, 
methotrexate, ciclosporin or oral retinoids in the imme-
diate postpartum period. Potent topical corticosteroid 
may be attempted for milder diseases, which represent 
the majority of cases. Correction of fl uid and electro-
lyte abnormalities is also mandatory [8].

18.1.3 Amniotic Fluid Embolism

Although rare, amniotic fl uid embolism is a life-threat-
ening disorder with immediate mortality. It is the 
reported cause of one in every ten maternal deaths 

[11]. The onset is brutal and unexpected and occurs 
mostly during delivery, whether natural or by caesar-
ian section. Most characteristic symptoms include a 
respiratory failure with signs of pulmonary hyperten-
sion, a collapse and neurological abnormalities such as 
confusion, coma or seizures. Skin manifestations are 
mostly due to coagulation disorders, and include pur-
puric, ecchymotic or cyanotic patches resulting mostly 
from disseminated intravascular coagulopathy. 
Treatment is mostly supportive [12].

18.2  Other Dermatological Conditions 
with Peculiar Consequences 
During Gestation

18.2.1 Viral Infections

Like many, pregnant women are exposed to infections. 
During the gestation period, this may have  consequences 
for the development of the foetus. Among those, 
rubella, cytomegalovirus, HIV, and toxoplasmosis are 
well–known, and usually tracked in the early days of 
gestation with preventive strategies. Most may result 
in a non specifi c maculo-papular erythematous exan-
thema with lymph nodes. In addition to these, primary 
or secondary syphilis is another infectious disease that 
is systematically searched for and treated according to 
the maternal disease stage, to avoid the fetopathy asso-
ciated with it, in particular after 20 weeks of gestation 
[13]. Parvovirus B19 may also cause infection during 
gestation. The virus can be vertically transmitted to the 
foetus, with a foetal infection rate of about 30%, result-
ing for 9% of the infected mothers in foetal anaemia, 
hydrops, miscarriage, or intrauterine foetal death [14] 
when it occurs before the 20th week of gestation [15]. 
The maternal symptoms include fever, arthralgia and a 
macular erythematous and sometimes purpuric rash 
that affects extremities (gloves-and-socks syndrome) 
or less frequently the face (malar rash and fl ushing). To 
date there is no preventive or curative strategy against 
this infection, and close monitoring of the foetus is 
recommended.

Among other infectious diseases that may have a 
peculiar course during gestation, herpes virus family 
members have a special place. Varicella-zoster infec-
tion during gestation in naïve patients has been reported 

Fig. 18.3 Arciform erythematous pustular eruption resembling 
pustular psoriasis
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as one of the most severe forms of chickenpox. The 
disease is characterized by an eruption of vesicles, 
pustules and crust that may involve all body parts. The 
main notable complication associated with varicella is 
pneumonia. In fact, mothers, like other adult individu-
als, are more at risk of developing varicella-associated 
pneumonia if they are smokers, but also if the infection 
develops at a later stage of pregnancy and if the cuta-
neous manifestations of the infection are more severe 
(more than a hundred lesions) [16]. Such a complica-
tion occurs in about 5% of pregnant women with 
chickenpox. However, antiviral therapy with acyclovir 
has considerably reduced the level of mortality. The 
primary risk of maternal chickenpox in early preg-
nancy is foetal infection, which may result in the con-
genital varicella syndrome. In the fi rst 20 weeks of 
pregnancy, the risk of embryopathy after maternal 
varicella infection is about 2% [17], especially between 
weeks 13 and 20. However, infection late in pregnancy 
can also result in congenital varicella that is character-
ized by limb hypoplasia, cutaneous scarring, choriore-
tinitis, microphthalmia, Horner’s syndrome, cataracts, 
cortical atrophy, mental retardation, microcephaly and 
low birth weight [18].

The potential maternal complications of a varicella 
occurring during gestation have to be treated with anti-
viral therapy such as intravenous aciclovir or oral 
valaciclovir. There is no clear indication that antizoster 
immunoglobulins or antiviral chemotherapy can pre-
vent foetal complications, and a close ultrasound follow-
up is highly recommended. Maternal varicella infection 
between 5 days before and 2 days after delivery poses 
a substantial risk to the neonate, because of the absence 
of maternal protective antibody transmitted through 
the placenta. Neonatal varicella is a severe infection 
that manifests with skin lesions and pneumonia and 
has a mortality rate of up to 31% [19]. Therefore, the 
occurrence of chickenpox lesions in the mother 
between 5 and 7 days prior, up to 2 days after delivery 
should trigger an antiviral treatment of the neonate in 
the form of anti–VZV immunoglobulins and/or acy-
clovir [20]. Infection with onset more than 7 days 
before delivery ensures adequate transplacental pas-
sage of specifi c anti–VZV antibody to protect the 
infant. Unlike primary varicella infection in pregnancy, 
herpes zoster has not been documented to cause com-
plications unless in the disseminated form.

Genital herpes virus infections, whether primoin-
fections or recurrences occurring within days before 

delivery, should also be tracked to avoid the passage to 
the neonate during vaginal delivery. This could be fol-
lowed by a severe and life-threatening herpes virus 
infection of the neonate [21], and necessitates preven-
tive caesarean section (Fig. 18.4).

18.3  Autoimmune Diseases: Systemic 
Lupus Erythematosus

Feto–maternal interactions during pregnancy imply the 
activation of the maternal immune system and its con-
trol by a variety of tolerogenic mechanisms. It is believed 
that these modifi cations are the cause of the peculiar 
evolution of several autoimmune disorders during preg-
nancy. Some of them are not life-threatening, such as 
thyroiditis. However, in this review we will detail current 
knowledge on the evolution of systemic lupus erythe-
matosus during gestation. The systemic spread of this 
disease in fl ares that may occur during gestation can 
affect kidney, central nervous or other important systems 
with potential life-threatening conditions. It is worthy of 
note that lupus activity has been reported to increase 
during gestation [22]. Occurrence of lupus fl ares during 
pregnancy seems associated with discontinuation of 
chloroquine treatment, a history of more than three 
fl ares prior to pregnancy and increased anti-double-
stranded DNA antibodies [23]. Therefore, special atten-
tion must be paid to women that have active lupus 
diseases before gestation. For women with inactive dis-
ease, it is highly recommended to continue therapy such 
as hydroxychloroquine [24]. This treatment has been 

Fig. 18.4 A vesicle in the early stages of chickenpox
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shown to prevent fl ares during gestation, and its safety 
during gestation has also been thoroughly reported [25, 
26]. The two main causes of mortality related to lupus 
during gestation are renal or neurological disease. 
Consistently, lupus as well as antiphospholipid syn-
drome results in an increased risk (15–16 times) of 
stroke during pregnancy. However, lupus nephritis fl ares 
do not seem to be more frequent in pregnant women 
[27]. In fact, symptoms between lupus nephritis and 
hypertensive complications of pregnancy are hard to 
distinguish, and this may explain the discrepancy 
between various studies of the evolution of lupus nephri-
tis during gestation.

On the other hand, pregnant women affected with 
lupus may experience severe obstetric complications. 
Pregnant women with lupus when compared to the gen-
eral obstetrics population have higher numbers of hospi-
tal stay, and higher rates of foetal growth restriction, 
hypertension and caesarian section [28]. In addition, 
foetal outcome is also modifi ed by the disease. The 
presence of lupus anticoagulant and antiphospholipid 
syndrome as well as lupus activity results in a fi ve-fold 
increase in stillbirth [29]. Finally, congenital heart block 
may occur in foetuses and newborns by the transfer of 
maternal anti SSA antibodies. Altogether, these various 
conditions reinforce the current guidelines about close 
monitoring of gestations among lupus patients.

In conclusion, the major physiological changes 
occurring during gestation in the maternal hormonal 
and immune system and the very important develop-
mental period during foetal life, emphasise the need to 
pay close attention to dermatological conditions which 
may look benign at fi rst sight, but which have the poten-
tial to seriously alter maternal and/or foetal health.
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Main Life-Threatening Dermatoses 
in Neonatal Period and in Infancy

Christine Bodemer

Life-threatening dermatoses are rare in neonates 
(infants less than 4 weeks) and in infants in the fi rst 3 
months of life. The most frequent are infectious dis-
eases. The most specifi c, in this period of life, corre-
spond to developmental abnormalities of the skin, 
including angiomas, errors in embryonic development, 
and severe genodermatoses.

19.1  Life-Threatening Cutaneous 
Infections in Neonates and Infants

Neonatal infections can take a fulminant course, and an 
immediate work-up is always necessary if there is the 
slightest suspicion of infection. In most cases the 
cutaneous lesions consist in bullous, pustular and or 
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› Multiple haemangiomas in neonates with a 
“beard” distribution must raise the concern of 
airway involvement.

› Indurated large angioma = immediate evalua-
tion of platelets and coagulation tests.

› Mother’s varicella around delivery = intrave-
nous acyclovir for the neonate.

› Keratinization disorders need urgent investiga-
tion, not only for evaluation of prognosis but 
also for future genetic counselling.

Core Messages vesicular lesions. It is important to underline that rashes 
are not always related to infectious causes. For instance, 
urticarial rash or erythematous rash can be observed in 
auto-infl ammatory diseases, and vesiculopustular rash 
can occur in proliferative diseases such as Langerhans 
cell histiocytosis.

A systemic congenital or neonatal life-threatening 
infection can not be diagnosed only on the cutaneous 
lesions. The general appearance of the infant: colour of the 
skin (vigour of crying, muscular tone and the quality of 
feeding) should be carefully analysed. Associated signs 
are frequent in systemic infections: hepatosplenomegaly, 
lymph node enlargement, or neurological manifestations. 
The risk of life-threatening infection is more important in 
preterm infants with low weight, and particularly in neo-
nates managed in NICU (neonatal intensive care unit).

Aspirated vesicle or pustular fl uid, and skin biopsies 
with cultures can be helpful to confi rm the diagnosis of 
cutaneous infection and to readapt the treatment.

Perinatal history of the child (just before, at, and just 
after the birth), mother’s history, and epidemiologic 
data are essential for the best management of the child, 
the prevention of relapses and of epidemics. Infections 
observed in the neonate period can result from intra-
uterine but also from postnatal transmission.

19.1.1  Bacterial Infections

(a) Staphylococcus aureus and/or b-haemolytic 
Streptococci can be responsible for severe neonatal 
infections in a septic context. The cutaneous lesions 
usually occur in the second or third day of life. 
Cutaneous lesions consist of pustules, but also of 
macules or papules. b-haemolytic Streptococci infec-
tion is less frequent in older infants.
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The neonate is particularly susceptible to nosoco-
mial infection with Staphylococcus aureus. The most 
common of these infections is neonatorum impetigo.

Severe toxinic staphylococcal diseases are less fre-
quent in neonates and/or in infants. Indeed, 
Staphylococcal scalded skin syndrome (SSSS) is a 
toxin-mediated disease related to the diffusion of 
staphylococcal exfoliative toxins (ET-A or ET-B) from 
an infected focus (for instance omphalitis, staphylo-
coccal conjunctivitis, etc.). These toxins are able to 
split the superfi cial epidermis. The syndrome includes 
a spectrum of limited to extensive and diffuse manifes-
tation when the toxin enters the blood circulation. 
A painful redness, tenderness, superfi cial blistering 
and detachment characterize it (see chapter NN). In 
neonates, and in the fi rst months of life, maternal anti-
bodies are usually protective, so the disease is most 
often localized around the infected focus (umbilicus, 
eyes, nasopharynx and so on). However, SSSS in 
neonates has been described by Von Rittershain, and 
a diffuse form is possible with a poor prognosis 
(Figs. 19.1–19.4).

Although recovery is usual, severe sepsis and severe 
electrolyte disturbances can lead to death, particularly 
in the youngest children and in neonates. So it’s essen-
tial to recognize the epidemic SSSS in newborn nurs-
eries [1]. They have to be informed of the disease, even 
when the neonate has left and is at home when the fi rst 
manifestations occur. An identifi cation of the family 
members or the healthcare workers colonized with 
toxigenic Staphylococcus aureus is a complete part of 
the best management of the child.

Staphylococcal toxic shock syndrome (see chapter: 
….) related to the production of the toxin TSST-1 
in people lacking protective antibodies at the time of 
the staphylococcal infection is unusual in children, and 

Fig. 19.1 SSSS: Staphylococcal necrolysis with superfi cial 
detachment

Fig. 19.2 SSSS: Axillary detachment, this topography is a hall-
mark of staphylococcal toxin

Fig. 19.3 SSSS: Diffuse erythema more marked in the folds

Fig. 19.4  SSSS: Navel infection with staphylococcal necrolysis
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particularly before the age of 1 month. Few cases have 
been reported in infants, but we have to keep in mind 
this possibility, even if it remains exceptional in infants.

(b) Listeria monocytogenes can be responsible for 
infections acquired in utero or after birth. The sys-
temic infection is accompanied by grey-white 
maculopapules with vesicles or pustules. The 
infection develops several days or weeks after 
birth. Cultures can isolate the microorganisms, but 
the laboratory should be informed, as special tech-
niques may be necessary. The best treatment con-
sists of the association of amoxicillin and 
tobramycin.

19.1.2  Viral Infections

In the neonatal period, Herpes and Varicella infections 
can be severe, leading to mortality.

Neonatal herpes is estimated to occur at a rate of 
1–2.5 per 5,000 live births. It may be a consequence of 
intrauterine infection resulting in congenital infection, 
or the consequence of infection occurring around the 
time of delivery or in the postnatal period. Postnatal 
exposure may result from non-genital maternal sites, 
or from non-maternal sites.

(a) In the case of intrauterine exposure, the disease is 
apparent in the fi rst 2 days of life [2]. Cutaneous 
lesions consist of characteristic vesicles, sometimes 
pustules but also in widespread bullae and impres-
sive deep erosions. Aplasia of the skin scalp and dif-
fuse scars has been described. Extracutaneous 
manifestations are associated with neurological 
(microcephaly, hydrocephalus, hydranencephaly) and 
ocular (microphtalmia, choriretinitis) malformations.

(b) Neonatal infection acquired around delivery is 
characterized by the possibility of limited muco-
cutaneous lesions (skin, eye, mouth), disseminated 
infection (lung, liver and CNS), or central nervous 
system infection [3]. Skin lesions are not constant. 
The average age of onset of symptoms is the fi rst 
week of life. Because of its high risk of mortality 
and of severe sequelae, Herpes simplex infection 
is one of the most feared diseases in the newborn. 
The best treatment is the immediate introduction 
of acyclovir intravenously (30 mg kg−1 per day). 
The prognosis remains poor in the congenital form 

related to intrauterine infection: the mortality rates 
are high and severe impairments are constant 
(mental retardation, blindness and deafness, etc.). 
In the other forms of neonatal herpes the progno-
sis is better if acyclovir is introduced early, and 
particularly in the localized mucocutaneous form. 
Indeed, deaths are now rare and restricted to the 
2% of cases that progress to systemic disease–

Congenital and neonatal varicella [4].
Intrauterine or neonatal exposure to VZV leads to the 

foetal varicella syndrome, or to the neonatal varicella, or 
to herpes zoster. If the mother develops varicella between 
5 days before and 2 days after delivery, or the infant is 
between 5 and 10 days of life, the risk of severe neonatal 
varicella is important. The manifestations may consist 
of widespread vesicles, sometimes hemorrhagic, respi-
ratory distress, hepatitis or encephalitis. Mortality is 
now less frequent, since systematic treatment with intra-
venous acyclovir (20 mg kg−1 every 8 h) for a minimum 
of 8 days and specifi c supportive therapy.

19.1.3  Fungal Infections

In neonates we can observe three forms of candida 
infections: the congenital systemic form, congenital 
non-systemic form, and neonatal candidiasis (oral 
thrush, napkin dermatitis) occurring after 1–2 weeks 
of life. Congenital forms result from intrauterine infec-
tion. The lesions consist in multiple papules and pus-
tules on an erythematous base. They occur on face, 
neck, trunk, limbs including palms, soles and nails, but 
the diaper area and the oral cavity are usually spared. 
Pustules can coalesce, leaving denuded areas. When 
widespread, they fade within 4–7 days with a desqua-
mative erythroderma pattern [5]. Skin swabs and cul-
tures confi rm the diagnosis. Cutaneous candidiasis at 
birth is not at all diagnostic of severe and systemic dis-
ease. Most infants have a favourable outcome, and do 
not develop systemic disease, due to the rapid effi cacy 
of topical treatment or oral fl uconazole.

Widespread congenital systemic candida infections 
are almost always observed only in premature infants 
with very low birth weight, or term neonates suffering 
from an underlying immunodefi ciency disorder. The 
cutaneous lesions can induce an extensive burn-like 
dermatitis followed by desquamation, but they can also 
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consist of isolated diaper rash with or without thrush, 
associated with bad general condition [6]. The same 
comment can be made in the case of systemic congeni-
tal Aspergillus infection (materno–foetal transmission 
at birth or post partum). Aspergillus lesions consist in 
pustules and or necrotic ulceration.

19.2  Vascular Tumours, Hemangiomas

19.2.1  Kasabach–Merritt (KM) 
Phenomenon (KMP)

KM syndrome has been defi ned by the occurrence of 
thrombocytopenia, and a consumption coagulopathy in 
association with a very rapid enlargement of a vascular 
tumour, particularly tufted angioma and kaposiform 
hemangioendothelioma [7]. Vascular tumours associated 
with KMP are usually observed at birth or early in infancy. 
KMP has to be suspected when an unusual ‘haeman-
gioma’ enlarges rapidly with a violaceous, tender, deep 
dermal and subcutaneous nodular appearance. The nodule 
or plaque has a particular impressive colour: pink, red, 
violaceous or red-brown and a woody consistency. 
Petechiae and ecchymoses related to the thrombocytope-
nia are inconstant surrounding the tumour or occurring at 
a distant site. The tumour is usually unique, but may 
enlarge involving a large area. A haematological evalua-
tion has to be performed as soon as possible, including a 
platelet count and a fi brinogen level. Platelet counts may 
be initially an isolated abnormality, with a severe decrease 
(even less than 3,000) because of platelet trapping. 
Haemolytic anaemia is frequent, and rapidly D-dimers are 
detected. Fibrinogen may progressively become undetect-
able. The diagnosis of KMP is usually made on the asso-
ciation of characteristic clinical presentation and 
coagulopaphy. A tumour biopsy is performed carefully 
only when the diagnosis remains confusing with malig-
nant tumours, which have sometimes a transient thrombo-
cytopenia. No single therapy is always effective in all 
cases of KMP, and in some series mortality is in the range 
of 20–30% of cases. The monitoring depends on the hae-
matological abnormalities and the risk of bleeding [8]. 
Platelets transfusion worsens the condition, heparin is 
ineffective. The aim of the treatments is to reduce the 
tumour mass, which secondarily improves platelets counts. 
Oral corticosteroids (2–5 mg kg−1 per day), intravenous 

methylprednisone, and/or vincristine, usually associated 
with other treatments, are often the fi rst step of the man-
agement. Weekly intravenous vincristine cures during 
4–12 weeks have been reported to be successful. Other 
drugs have been tested with variable unpredictable effi -
cacy: aspirin and dipyridamole, pentoxifylline, anti-fi brin-
olytic agents. Surgical removal or tumour embolization 
are also discussed. Radiation therapy is nowadays less 
proposed because of the long-term sequelae (Fig. 19.5).

19.2.2  Life-Threatening Haemangioma

Hemangiomas of infancy are the most common benign 
tumours in children, characterized by an initial prolifera-
tive phase followed by a spontaneous regression. Life-
threatening complications are exceptional, but may be 
observed during the fi rst months of life in the case of air-
way haemangioma and multi-focal hemangiomatosis.

19.2.3  Airway Haemangioma

Airway haemangioma may occur with or without cuta-
neous haemangioma. They are usually subglottic. This 
dangerous location has to be suspected when haeman-
gioma occur in a “beard” distribution involving a large 
segmental distribution: mandibular skin and neck [9]. It 
consists usually at the beginning of plaque-like hae-
mangioma, and can extend to the preauricular regions, 
chin, lower lip, and anterior neck. In such cases the risk 
of associated airway haemangioma is up to 60%, and 

Fig. 19.5 KM: Kasabach–Merritt tumour with rapid enlargement 
of the angioma. The tumour hard on palpation and violaceous
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the babies have to be followed closely, particularly dur-
ing the fi rst 12 or 16 weeks of life. Symptomatic mani-
festations of airway involvement consist of a croup-like 
cough and a progressive biphasic stridor because of 
obstruction. If symptoms are present, direct endoscopic 
visualization of the airway is necessary, with a rapid 
specifi c management by a specialized team..

Temporary tracheotomy may be necessary to man-
age extensive airway hemangiomas in an emergency 
(Fig. 19.6).

19.2.4  Multifocal Hemangiomatosis

Occurring at birth or shortly after, this condition 
consists of numerous haemangioma (more than fi ve to 
hundreds), from a few millimeters to centimeters in 
size. Extracutaneous involvement is possible, princi-
pally in liver (2/3 of cases [10]) and less commonly in 
intestine, lungs, eyes or brain. These haemangiomas 
usually proliferate and then regress, as with cutaneous 

haemangiomas, but with a more rapid regression. 
A complete regression occurs very often by 2 years of 
age. On the other hand, extracutaneous localizations 
can lead to life-threatening complications. Mortality is 
usually related to congestive heart failure following 
the development of vascular shunts in the liver. 
Gastrointestinal or intracranial haemorrhage, and con-
sumptive coagulopathy are also rare but severe compli-
cations. Management is determined by the specifi c 
clinical characteristics of the infant. Because of the 
variability of extracutaneous involvement (aproxi-
mately 20% of cases of cutaneous multifocal haeman-
gioma), and the high variability of complications in the 
cases of visceral involvement, systematic screening is 
controversial. All infants with multiple haemangiomas 
(more than fi ve hemangiomas for some authors) have 
to be carefully examined with the research of a hepato-
megaly, a hepatic murmurbruit, a tachypnea and rales 
suggesting congestive heart failure, asthenia and bad 
feeding. A systematic screening can include chest 
radiography, echocardiogram, abdominal imaging, a 
complete blood-cell count, coagulation studies and 
liver-function tests. As cases of hypothyroidism have 
been reported associated with hepatic hemangiomas, 
thyroid screening is useful. An explanation would be 
an abnormal production of 3-iodothyronine deiodinase 
by haemangioma tissue. Management has to be adapted 
to the clinical symptoms during follow-up. The goals 
of the treatments are prevention and best management 
of the specifi c complications by specialized teams 
(Fig. 19.7).

Fig. 19.6 Diffuse neonatal haemangiomas: numerous small 
hemangiomas with liver enlargement and cardiac failure

Fig. 19.7 Meningocele: Small congenital midline nodule 
en larging when the child is crying
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19.3  Developmental Abnormalities 
of the Skin

Because of the risk of severe infections (meningitis, 
epidural, subdural or spinal cord abscesses), cutaneous 
signs of cranial or of occult spinal dysraphism have 
to be considered as life-threatening in infants. 
Encephaloceles and meningoencephaloceles contain 
both meninges and brain tissue with communication 
with cerebrospinal fl uid pathways through bony defect. 
Most combined defects are located on or near the mid-
line, in the lumbosacrococcygeal or cranial or suboc-
cipital regions.

Cutaneous signs of cranial dysraphism may be 
minor and overlooked. Lesions consist of a cystic nod-
ule of variable size, in the midline of the scalp. The 
lesion can increase when the baby cries. Cutaneous 
signs of spinal dysraphism are numerous: depressed 
lesions, dermal lesions, dyschromic lesions, polypoid 
lesions, subcutaneous nodules, etc. [11]. They have to 
be rapidly recognized, before neurological manifesta-
tions, leading as soon as possible to radiological evalu-
ation (high-resolution spinal ultrasonography in the 
fi rst 3 months of life, magnetic resonance imaging 
after) and neurological management. Early neurosur-
gical intervention can prevent deterioration.

19.4  Genodermatoses: Collodion 
Baby and Severe Hereditary 
Disorders of Keratinisation (HDK), 
Epidermolysis Bullosa (EB)

In all these conditions, the risk of severe insensible 
water losses, thermal instability, and infection is major 
in newborn infants. Moreover, as neonates have a large 
skin surface area in proportion to body mass, there is 
an increased risk of systemic toxicity from topically 
applied substances. For these reasons the neonate with 
bullous lesions, severe keratinisation disorders and/or 
erythroderma should be managed in specialized neo-
natal intensive care units working closely with paediat-
ric dermatologists. The aim of the management during 
the fi rst weeks of life is to maintain correct hydration 
and thermal stability, to minimize infections, and at the 
same time to organize the etiological investigation of 
the skin disease. It is very important to collect as soon 

as possible all the samples necessary for a precise etio-
logical diagnosis, and for a potential future prenatal 
diagnosis in the case of genetic diseases. Moreover, as 
some subtypes of HDK, or EB have well-known lethal 
prognosis in the fi rst weeks of life, better characterisa-
tion of the disease is essential to establish the possible 
different steps of intensive care.

Neonatal bullae and denuded skin, with friction-
induced blistering are the hallmark of all types and 
subtypes of hereditary epidermolysis bullosa (EB) (EB 
simplex (EBS), junctional EB (JEB), and dystrophic 
EB (DEB) ). The possibility of hereditary EB has to be 
systematically considered in the differential diagnosis 
of predominant bullae in neonates. Careful handling to 
minimize blister formation and unnecessary damage is 
indispensable until the fi nal right etiological diagnosis. 
Indeed, in the postnatal period, infectious causes of 
skin blistering (staphylococcal infections+++…) 
should be excluded. Bullae without skin infl ammation, 
and/or generalized blistering at birth, congenital local-
ized absence of skin, scarring and milia (in DEB 
forms), high fragility of the skin after minor trauma 
and intraoral blistering suggest the diagnosis of EB. 
Skin biopsies and appropriate cultures and Gram stain 
confi rm the diagnosis. Analyse of the inheritance pat-
tern may be helpful for the diagnosis of the type and 
subtype of EB, but it is not always informative.

In the neonatal period it is very diffi cult to clearly 
differentiate clinically the various severe forms of EB, 
which include JEB–Herlitz, severe forms of EBS–
Dowling Meara, and recessive DEB–Hallopeau–
Siemens. Skin biopsy (ultrastructural level of blistering, 
immunohistochemy) and sometimes molecular studies 
are necessary. JEB–Herlitz is a lethal form in the fi rst 
months of life, despite an adapted supportive and 
intense management. Affected children fail to thrive, 
and become anaemic. Death occurs within the fi rst few 
months or years after a gradual decline, because of 
nutritional defect despite supplementation, septicae-
mia and sometimes sudden death related to an obstruc-
tion of the larynx and the trachea.

Collodion baby syndrome is the best illustration of 
a potential life-threatening keratinisation disorder. 
The term “collodion baby” corresponds to the pres-
ence at birth of a shiny, tight fi lm resembling dried 
collodion covering the skin. In the development of the 
condition, the majority of affected infants develop an 
ichtyosis and particularly an ichtyosiform erythro-
derma or lamellar ichtyosis. The severity of the subse-
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quent ichtyosis cannot be predicted in collodion 
membrane presentation. The collodion membrane is 
associated with impaired epidermal barrier function, 
with the risk of severe hypothermia, dehydration, and 
metabolic complications. Bacterial sepsis was a clas-
sical cause of death of collodion baby in the past. 
Increased absorption of topical agents can lead to sys-
temic toxicity. Thirty years ago, mortality was esti-
mated at around 30%. Nowadays, if management is 
organized in a neonatal intensive care unit with close 
collaboration with an experienced paediatric derma-
tologist team, the mortality may be reduced to 0%. A 
collodion baby membrane is generally easily distin-
guished from the more severe harlequin foetus. 
Harlequin foetus (HF) is characterized by a very 
upsetting appearance of the neonate covered in thick 
plate-like scales, which distort surface features and 
restrict movement. The mortality rate is very high, 
with stillbirth or early neonatal death. Intensive neo-
natal treatments for neonates who survive the fi rst day 
of life may be successful, but with risk of a very severe 
life-long ichtyosis. An early initiation of systemic 
retinoid therapy could be crucial to signifi cantly 
improve an HF patient’s prognosis

In all these severe and life-threatening genoderma-
toses in the neonatal period, medical decisions are very 
diffi cult, as the subsequent evolution of the surviving 
child is usually a life-long severe and painful disease. 
Parents of the neonate have to be informed of the 
implications of the condition. As soon as possible, 

treatment strategies have also to be focussed on pro-
viding psychological support to family members.
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Life-Threatening Dermatoses and 
Emergencies in Dermatology: The Case 
of the Paediatric Patient

Christine Léauté-Labrèze, Franck Boralevi, and Alain Taïeb

There are at the world level major differences in the 
epidemiology of paediatric skin disorders; we have 
selected in this chapter some important diagnoses 
which need urgent or specifi c treatments in paediatric 
dermatology.

In children, life-threatening dermatoses can be divided 
into two major groups:

(1) Life-threatening dermatoses needing urgent treat-
ment and admission to an intensive care unit 
(Table 20.1)

(2) Dermatoses which are potentially life-threatening 
in the absence of adequate treatment or delay in 
diagnosis (Table 20.2)

20
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› Life-threatening conditions in children include 
purpura fulminans and other severe infections 
(endocarditis, ecthyma gangrenosum), scarla-
tiniform skin rash evoking a toxic shock and 
acute loss of skin or mucous membranes (drug 
reaction or post-infectious).

› Chickenpox is the most frequent underlying 
condition of severe cellulitis in children.

› The presence of a persistent fever of more than 
5 days, in association with a polymorphous skin 
rash, would suggest Kawasaki disease.

Core Messages 20.1  Life-Threatening Dermatoses 
Needing Urgent Treatment:

20.1.1 Acute Sepsis: (See also Chap. 3)

20.1.1.1 Purpura Fulminans

In children, purpura fulminans is mainly due to 
Meningococcus (B and C), and rarely to Pneumococcus 
or the varicella-zoster virus [1–3]. Some rare cases have 
been caused by methicillin-sensitive Staphylococcus 
aureus encoding the Panton–Valentine leukocidin [4].

Extensive necrotic purpura is the skin manifestation 
of intravascular disseminated coagulation. In France, 
the Health Authority recommends the administration 
of a third-generation cephalosporin promptly to any 
child with signs of infection and an ecchymotic pur-
pura (>3 mm of diameter), and then the referral of the 
patient to the hospital [3]. Children with purpura ful-
minans should be referred to a paediatric intensive care 
unit. Management includes antibiotics, fl uid resuscita-
tion and catecholamines. Despite intensive manage-
ment, death occurs in 20–25% of cases. Treatment of 
cutaneous necrosis and distal ischemia is diffi cult and 
still controversial: anti-thrombin, protein C, tissue 
plasminogen activator and vasodilator infusion have so 
far not been found effi cacious.

20.1.1.2 Ecthyma Gangrenosum

Ecthyma gangrenosum is characterized by necrotic 
ulcerations surrounded by an erythematous halo [5, 
6]. Most lesions are located in the anogenital and axil-
lary areas. Ecthyma gangrenosum is secondary to a 
Gram-negative bacterial infection: Pseudomonas 
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aeruginosa in most cases, and on rare occasions 
Klebsiella. Septicemic ecthyma gangrenosum can be 
rapidly fatal in young children, and requires aggres-
sive antibiotic therapy. A careful evaluation and long-
term follow-up must be done to detect neutropenia, 
functional abnormalities of granulocytes, or a possible 
immune defi ciency [5, 6].

20.1.1.3 Skin Localisations of a General Sepsis

Multiple abscesses are described in S. aureus septice-
mia. In the case of pulmonary involvement, an infec-
tion with a methicillin-resistant S. aureus encoding 

the Panton–Valentine leukocidin should be looked for 
[7]. Despite antimicrobial treatment, the prognosis is 
poor.

20.1.2  Toxic Shock Syndrome 
(See also Chap. 3)

Toxic shock syndrome (TSS) associates three major 
criteria: fever, scarlatiniform skin rash (Fig. 20.1) 
frequently associated with mucous membrane hyper-
hemia, and signs of shock ranging from low blood 
pressure or dizziness in orthostatic position to car-

Table 20.1 Life-threatening dermatoses needing urgent treatment and admission to an intensive care unit

Acute sepsis:

Fulminans purpura (Meningococcus, 
Pneumococcus, Varicella)

Extensive necrotic purpura, hypotension, intravascular disseminated coagulopathy

Ecthyma gangrenosum (Gram-negative 
bacteria: P. aeruginosa)

Nodular and pustular skin eruption of necrotic evolution, hypotension

Multiple abscesses (S. aureus) Multiple necrotic abscesses, necrotizing pneumopathy (methicillin-resistant S aureus)
Toxic shock (S. aureus and S. pyogenes) Scarlet fever-like skin rash, hypotension, vomiting, diarrhea
Anaphylactic reaction Urticaria (not always present)

Hypotension, tachycardia, diarrhea

Table 20.2 Potentially life-threatening dermatoses in absence of adequate treatment or delay in diagnosis

Severe visceral or skin infections:
Endocarditis (S. aureus) Janeway lesions and Osler’s nodes
Primitive ecthyma gangrenosum (gram 

negative bacteria: P. aeruginosa, Klebsiella)
Necrotic ulceration located in the anogenital area.

Dermohypodermitis or cellulitis (S. aureus and 
S. pyogenes)

Multifocal necrotizing lesions (S aureus) or single extensive cellulitis
(S pyogenes)

Staphylococcal epidermolysis (S. aureus) Erythroderma and extensive exfoliation
Kaposi Juliusberg pustulosis (herpes) Widespread vesicular eruption in a patient with pre-existing skin disease 

(i.e., atopic dermatitis)
Infectious and/or drug reactions:
TEN/SJS: M. pneumoniae, drugs TEN/SJS: Purpuric macules progressing to blisters and areas of 

epidermal necrosis with mucosal involvement. Fever and malaise.
DRESS: drugs and viruses (HHV6) DRESS: eczematous skin rash with lymphadenopathy and fever.
Infl ammatory disorders:
Kawasaki disease: Prolonged fever, asthenia and in KD, 4 of the following criteria:

Non-purulent conjunctival injection,
Hand and feet erythema
Pharyngitis and cheilitis,
Polymorphous skin rash

Autoimmune diseases: Lupus erythematosus, 
dermatomyositis

Asymmetric cervical lymphadenopathy

Haematologic disorders: Purpura
Leukemia, lymphoma Subcutaneous nodules
Macrophagic activation syndrome Panniculitis
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diovascular failure. Digestive symptoms, such as 
vomiting or diarrhoea, are frequent. Visceral involve-
ment is variable, including heart, lungs, liver, mus-
cles, kidneys, and the neurological system. The 
infectious agent of TSS is classically S. aureus of the 
phagic group I, producing a toxin called TSS 1, but 
the Streptococcus species may also be responsible 
for TSS [8]. In children, the inoculation of the bacte-
ria is often cutaneous (cellulitis, abscess, prurigo, 
whitlow, chicken pox, skin burn or injury), or less 
commonly osseous (osteomyelitis).

20.1.3 Anaphylaxis (See also Chap. 6)

Anaphylaxis is rare before adolescence. The most fre-
quent causative agent is food (nuts, peanut and shell-
fi sh), then drugs (penicillin) and bee bites. Anaphylaxis 
develops rapidly and reaches its peak after 5–30 min. 
At onset, patients may notice itching of the palms and 
soles, and the genital area; tingling of the soft palate, 
nausea, vomiting or wheezing are other early symp-
toms. Hypotension, pruritus, bronchospasm, urticaria, 
angio-oedema and cardiac arrythmias may be present 

in various combinations. Management includes fl uid 
resuscitation, adrenalin and antihistamines.

Recently, a study showed that children with extensive 
skin mastocytosis have an increased risk of developing 
severe anaphylaxis [9]; thus, information should be given 
to the adults attending the child, and an emergency set of 
medication including epinephrine is recommended.

20.2  Dermatoses which are Potentially 
Life-Threatening in Absence 
of Adequate Treatment or Delay 
in Diagnosis

20.2.1  Severe Visceral or Skin Infections 
(See also Chap. 3)

In paediatrics, severe visceral or skin infections include 
endocarditis, primitive cutaneous ecthyma gangreno-
sum and dermohypodermitis or cellulitis.

In a febrile child, cutaneous involvement in endo-
carditis is highly recognizable: splinter haemorrhages 
under the nails, red, painless skin spots on the palms 
and soles (Janeway lesions), and red, painful nodes in 
the pads of the fi ngers and toes (Osler’s nodes) (Fig. 
20.2). S aureus is responsible for more acute and severe 
endocarditis than Streptococcus.

Primary cutaneous ecthyma gangrenosum is char-
acterized by a solitary necrotic ulceration surrounded 
by an erythematous halo, frequently located in the ano-
genital area [5, 6]. The disease is secondary to a local 
inoculation of Gram-negative bacteria (Pseudomonas 
aeruginosa in most instances). Antibiotics should be 
rapidly administered to avoid septicemia. As in septi-
cemic ecthyma gangrenosum, a careful evaluation and 
long-term follow-up must be carred out to detect pos-
sible associated immune defi ciency.

Severe dermohypodermitis do not spare young chil-
dren. However, bacteria responsible for such infections 
have changed with time. The number of dermohypoder-
mitis due to Haemophilus infl uenzae has dramatically 
decreased because of immunization, whereas dermohy-
podermitis due to Streptococcus pyogenes have increased 
in number and severity [8]. Actually, cutaneous superin-
fection of chicken pox is the main cause of severe dermo-
hypodermitis in children under 4 years of age [10, 11]. 
Bacterial superinfection usually develops 3–4 days after 

Fig. 20.1 Scarlatiniform skin rash during a toxic shock syn-
drome in a girl
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the onset of chicken pox; this complication should be 
considered fi rst in patients with varicella remaining 
abnormally febrile. In addition, the child can also present 
unusual manifestations, such as major asthenia or a scar-
latiniform rash due to the diffusion of bacterial toxins [10, 
11]. Usually, two clinical patterns can be differentiated:

(1) Superinfection due to S. aureus is characterized by 
the apparition of widespread painful necrotizing 
lesions, which vary from 0.5 to 2–3 cm (Fig. 20.3). 
The major risk is a toxic shock syndrome.

(2) Superinfection due to S. pyogenes presents as a sin-
gle but rapidly extensive cellulitis, with superim-
posed oozing impetigo evolving into subcutaneous 
abscess (Fig. 20.4). The most severe complication 
is necrotizing fasciitis, which should be evoked in 
the presence of abnormal pain, and extensive cuta-
neous necrosis associated with signs of shock.

In both cases, an intravenous bi-antibiotherapy is nec-
essary with betalactamins and aminosids, in associa-
tion with supportive measures.

20.2.2  Staphylococcal Epidermolysis 
(See also Chap. 5)

Staphylococcal epidermolysis predominantly affects 
newborn babies and infants. The child develops a dra-
matic erythroderma, leading within hours to a gener-
alized exfoliation. The exfoliation is the result of the 
splitting of the stratum granulosum layer of the epi-
dermis caused by staphylococcal epidermolysins 
secreted by sensitive or methicillin-resistant strains. 
The histological parallel made with pemphigus folia-
ceus helped greatly in the characterization of the tar-
get for epidermolysins ETA, ETB, ETD, which proved 
to be desmoglein-1, a desmosome-constitutive pro-

Fig. 20.2 Red, painless skin spots on the soles (Janeway lesions) 
and red, painful nodes in the pads of the toes (Osler’s nodes) in 
a girl with an endocarditis due to S. aureus

Fig. 20.3 Multifocal painful and necrotizing cutaneous lesions 
due to a staphylococcal superinfection during a varicella in an 
infant

Fig. 20.4 Extensive cellulitis due to S. pyogenes complicating a 
varicella in a 4-year-old child. In addition a scarlatiniform rash 
is noted due to the diffusion of bacterial toxins
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tein. Usually, the evolution is favorable with antibiot-
ics and supportive measures.

20.2.3  Kaposi Juliusberg Pustulosis 
and Eczema Herpeticum

Kaposi’s varicelliform eruption refers to a widespread 
cutaneous infection with a virus which normally causes 
localized or mild vesicular eruptions, occurring in a 
patient with pre-existing skin disease. The great major-
ity of such cases are infections with HSV in patients 
with atopic dermatitis, for which the term eczema her-
peticum is preferable. However, the clinician should 
remember that HSV could also cause superinfection of 
several dermatoses disturbing keratinocyte cohesion, 
such as Darier’s disease or epidermolytic ichthyoses, 
and of course acquired dermatosis such as pemphigus.

Eczema herpeticum is not uncommon in atopic 
patients. Viscera can be involved, with a subsequent 
mortality in the absence of treatment (1–9%). Patients 
with severe or untreated atopic dermatitis are more 
likely to be affected; in addition, these patients seem to 
have a signifi cantly higher prevalence of eczematous 
skin lesions located primarily in the head and neck 
area, and a higher prevalence at an early age of onset of 
atopic dermatitis in combination with a chronic–recur-
rent course until adulthood [12]. Available data do not 
make it possible to link the use of topical corticoster-
oids with an increased risk for eczema herpeticum, but 
there are insuffi cient data to exclude an association 
with the use of calcineurin inhibitors. The pathogene-
sis appears to involve a complex interplay of factors, 
including demasking of binding sites for the virus 
through the dermatitis, failure to up-regulate antiviral 
proteins and a lack of plasmacytoid dendritic cells.

Of eczema herpeticum cases, the majority are pri-
mary infections; however, 20% of cases follow ordi-
nary recurrent herpes labialis. Eczema herpeticum 
manifests as an acute eruption of multiple, pruritic ves-
icles and pustules in a disseminated pattern involving 
both eczematous and healthy skin (Fig. 20.5). The incu-
bation period is a few days to 2 weeks. The spread of 
the HSV from the affected skin areas is the most impor-
tant direct way of augmenting infection. Scratching of 
the affected areas is likely to be one of the most impor-
tant indirect ways of inoculating unaffected skin areas. 

Systemic symptoms are frequent and characterized by 
fever, asthenia, and lymphadenopathy.

In an emergency setting, an important diagnostic 
test is Tzanck’s smear. The cytologic sample is 
obtained by scraping the base of a lesion to discover 
the presence of koilocytosis. Direct fl uorescent stain-
ing of such specimens is also a highly sensitive test. 
PCR is very sensitive, but not routinely performed in 
all laboratories.

The keystone of EH therapy is prompt systemic 
antiviral chemotherapy to limit disease duration and 
prevent further complications. Acyclovir is the treat-
ment of choice for eczema herpeticum. The treatment 
should be given intravenously in the presence of 
severity markers (i.e., marked hyperthermia, wide-
spread eruption). Antibiotic therapy may be neces-
sary when secondary bacterial infection occurs, 
mainly due to S. aureus.

The administration of anti-infl ammatory therapy, 
including glucocorticosteroids, in acute eczema 

Fig. 20.5 Eczema herpeticum in a 9-month-old infant. The 
vesicles and pustules frequently involve the head and neck and 
both eczematous and healthy skin
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herpeticum is controversial. In spite of unconvincing 
evidence of aggravation, most clinicians recommend 
avoidance of topical and systemic glucocorticosteroids 
during the acute phase of EH. Topical calcineurin 
inhibitors are contraindicated during the acute phase.

20.2.4  Infectious and/or Drug Reactions 
(See also Chap. 3)

Toxic epidermal necrolysis/Stevens–Johnson syndrome 
(TEN/SJS) is a rare disease in children, with a peak 
incidence in the second decade of life [13–15].

The pathogenesis of the disease remains unknown, 
but Mycoplasma pneumoniae infection and drug intake 
have been identifi ed as major precipitating factors [14].

SJS/TEN is usually preceded by prodromes, such as 
respiratory illness or unexplained hyperthermia. All 
children with TEN/SJS have two or more mucosal sites 
involved. The extent of skin eruption is highly variable. 
SJS/TEN has a protracted course of 4–6 weeks, but with 
adequate management, morbidity and sequelae are 
minor. However, persistent skin changes are common, 
including hyper- or hypo-pigmentation. Ophthalmologic 
complications include adherent pseudo-membranes, 
corneal ulcerations, and later keratitis sicca, synechias 
and symblepharon.

Drug reaction with eosinophilia and systemic symp-
toms (DRESS) syndrome in children is close to its adult 
counterpart, and common causative drugs are antibiot-
ics and anti-convulsivants. Most often, reported cases 
of infantile DRESS concern children of 5 years or more, 
with immunodefi ciency facilitating viral infections. 
The hypothesis of the association of a drug and a viral 
cofactor is more and more admitted. Indeed, numerous 
cases reported in the literature bring to light a reactiva-
tion of the virus HHV6 during the DRESS syndrome, 
which would be responsible for visceral involvement, 
chronic evolution of the disease and relapses.

20.2.5 Inflammatory Disorders

Kawasaki disease (KD) is an acute systemic vasculitis 
that predominantly affects children younger than 5 
years of age, with an incidence of 10–15 per 100,000 
children in the United States and about 150 per 100,000 

in Japan [16]. It is now considered as the predominant 
cause of acquired heart disease in children living in 
developed countries, with coronary artery aneurysms 
or ectasia in about 25% of untreated patients [16]. 
Even though advances have been made in the under-
standing of the prolonged self-directed immune 
response that leads to artery damage, the aetiology of 
KD is still not known. The potential role of bacterial 
agents acting as super-antigens and triggering massive 
activation of the immune system in genetically predis-
posed children is suggested.

KD is characterized by a wide variety of clinical fea-
tures (Fig. 20.6). Some of them are considered as diag-
nostic criteria for typical forms of KD: prolonged fever 
for at least 5 days, and four of the following criteria: (1) 
bilateral most often non-purulent conjunctival injection, 
(2) hand and foot erythema that precedes peeling of the 
fi ngers and toes, (3) pharyngitis with strawberry tongue 

Fig. 20.6 Kawasaki disease in a 3-year-old boy, presenting a 
bilateral non-purulent conjunctival injection and fi ssured lips, 
associated with a maculopapular rash and asymmetric cervical 
lymphadenopathy
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and red and fi ssured lips, (4) maculopapular or scarlatini-
form or urticarial (polymorphous) rash, and (5) asymmet-
ric cervical lymphadenopathy [17]. ECG anomalies or 
early ultrasound anomalies such as pericardial effusion or 
coronary dilation have a strong diagnostic value. Since 
there is no specifi c biological marker, other fi ndings can 
be helpful to support the diagnosis of KD, including 
severe asthenia, early perineal desquamation, erythema at 
the BCG vaccination site, and anterior uveitis, together 
with laboratory fi ndings such as elevated erythrocyte 
sedimentation rate and C-reactive protein, and elevated 
platelet counts. Atypical forms of KD include incomplete 
forms, especially in children younger than 1 year, atypical 
rashes mimicking erythema multiforme or scarlet fever, 
and patients with preponderant gastrointestinal tract or 
central nervous system involvement.

Prompt therapy is necessary, to rapidly improve the 
acute clinical fi ndings and particularly to decrease the 
risk of coronary artery abnormalities (from 25–35% to 
about 5% of patients). Following guidelines proposed 
by the American Heart Association [18] and the 
Cochrane Database Systematic Reviews [17, 19], acute 
management of Kawasaki disease should include intra-
venous immunoglobulin (IVIG) and high-dose aspirin. 
The recommended therapy during the acute stage of 
KD should be given within 10 days of onset of fever, 
and consists of a combination of one single infusion of 
IVIG, 2 g kg−1 over 4–12 h, and oral aspirin at 80 mg 
kg−1 per day in four equally divided doses. Fever remits 
usually 24–36 h after initiation of the treatment, with 
improvement of general health and progressive disap-
pearance of the skin rash. Follow-up echocardiograms 
should be performed by a trained physician at 2 weeks 
and 2–3 months after initial treatment, or more fre-
quently in doubtful cases. The high-dose aspirin is 
given until the child is apyretic, and then reduced to an 
antithrombotic effect-dose of 3–5 mg kg−1 as a single 
daily dose for at least 2 months. During the following 
months, administration of live virus vaccines should be 
delayed to avoid an ineffective immunization related to 
the presence of passively acquired antibodies (IVIG).

About 10% of patients fail to respond to initial 
treatment with IVIG, with recurrence of the fever or 
persistent fever beyond 24–48 h after completion of 
the fi rst infusion. A second course of IVIG is then 
effective in 75% of cases. In the remaining cases of 
IVIG-resistant KD, patients may respond to one or two 
courses of intravenous corticosteroid therapy (predni-
solone 1–2 mg kg−1 per day for 3 days) or infl iximab 

[17, 20]. Moreover, recent studies have shown that cor-
ticosteroids, given in addition with IVIG therapy [21], 
could be an effective adjuvant therapy in the initial 
treatment of KD, but further studies are required before 
we may recommend this combination for the manage-
ment of all patients with KD.

Autoimmune diseases: in children, the onset of sys-
temic lupus erythematosus can be dramatic. Onset is 
usually over 12 years of age. Only 15% of cases begin 
before, and the disease is exceptional during the fi rst 2 
years of life. Fever, asthenia, weighty fall, muscular 
pains and often joint pains of sudden onset may be 
associated with lymphadenopathy and hepatosplenom-
egaly. About 80% of the patients have mucocutaneous 
manifestations such as a malar rash, photosensibility, 
oral ulcerations, cutaneous vasculitis, or a morbilliform 
skin rash mimicking a viral infection. If a feverish rash 
persists more than a week in a child, it is necessary to 
test him for systemic lupus erythematosus markers.

Dermatomyositis also needs to be rapidly diag-
nosed, since an early treatment may improve the out-
come. Cutaneous manifestations of dermatomyositis 
include a periorbital heliotrope rash, sometimes with 
associated edema, Gottron’s papules overlying the 
‘kneedle’ of the hand or the elbows, knees, and feet. 
Periungueal erythema with telangiectasia is highly 
suggestive but not pathognomonic. Skin lesions of 
dermatomyositis may precede the development of 
myopathy. Muscle disease affects the proximal mus-
cles; it is generally symmetrical, and provokes 
fatigue, weakness and sometimes myalgia. Proximal 
dysphagia refl ects the involvement of striated muscle 
of the pharynx or proximal esophagus. Other sys-
temic features may be seen, such as pulmonary 
involvement (mostly interstitial pneumonitis and 
hypoventilation), arthralgias or arthritis, cardiac 
involvement, vasculitis and calcinosis. The mainstay 
therapy for dermatomyositis is systemic corticoster-
oids (starting dose 1–2 mg kg−1). In the absence of 
response or high dose dependence, intravenous 
immunoglobulins or immunosuppressive drugs may 
be used as second lines.

20.2.6 Haematologic Disorders

Leukemia and lymphoma are rarely revealed by skin 
manifestations. The purpura due to thrombocytopenia 
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is the most frequent; however, the presence of subcuta-
neous nodules or of a neutrophilic dermatosis is also a 
possible presentation.. The child should be referred in 
emergency to a specialized department.

The macrophage activation syndrome is a severe, 
potentially life-threatening complication of child-
hood systemic infl ammatory disorders [22]; the most 
frequent underlying disorders are systemic juvenile 
idiopathic arthritis, systemic lupus erythematosus, 
Kawasaki disease, and then malignancies (lymphoma 
or leukemia). In rare cases, the macrophage activa-
tion syndrome reveals immune defi ciencies (Chediak–
Higashi syndrome 1, Griscelli syndrome 2 and X-linked 
lymphoproliferative syndrome) during a viral infec-
tion (mostly EBV infection). Although the clinical 
features of macrophage activation syndrome have 
been well documented, early diagnosis can be diffi -
cult. The clinical presentation is generally acute, and 
can be dramatic. Typically, patients become acutely 
ill, with the sudden onset of non-remitting high fever, 
hepatosplenomegaly, lymphadenopathy, profound 
depression of all three blood cell lines (leukopenia, 
anemia, and thrombocytopenia), and elevated serum 
liver enzymes. High concentrations of triglycerides 
and lactate dehydrogenase and low sodium levels are 
observed consistently. There is usually an abnormal 
coagulation profi le, with prolonged pro-thrombin 
activity and partial thromboplastin time, hypo-fi brin-
ogenemia, and the presence of fi brin degradation 
products. As a result, a patient may have purpura, 
easy bruising, and mucosal bleeding. Other skin man-
ifestations include panniculitis and polymorphous 
skin rash.

Macrophage activation syndrome is thought to be 
caused by excessive activation and proliferation of T 
lymphocytes and macrophages. The fi rst-line treat-
ment is systemic corticosteroids; cyclosporin A has 
been found effective in patients with corticosteroid-
resistant forms.

20.3 When to Worry?

In children, skin manifestations represent a frequent 
reason for admission in emergency; however, skin 
involvement is not always proportional to the severity 
of the underlying disease. For example, anaphylaxis 

may present with minor skin involvement; on the 
other hand, viral exanthems are often spectular but 
mainly benign.

Alarming manifestations in a child are:

Non-cutaneous clinical signs• 
Signs of shock: hypotension, cardiac failure• 
Badly tolerated fever not responding to antipyretics• 
Abnormal pain• 
Anorexia and severe asthenia• 

Cutaneous and mucosal clinical signs• 
 Extensive purpura• 
Extensive bullous eruption with mucosal • 
involvement
Scarlatiniform rash with associated signs: hypoten-• 
sion, vomiting, diarrhea
Necrotizing muco-cutaneous lesions• 
Acute signs of panniculitis• 

References

 1. Bay A, Oner AF, Calka O, Sanli F, Akdeniz N, Dogan M 
(2006) Purpura fulminans secondary to transient protein C 
defi ciency as a complication of chickenpox infection. Pediatr 
Dermatol 23(4):412–423

 2. Perrocheau A, Taha MK, Levy-Bruhl D (2005) Epidemiology 
of invasive meningococcal disease in France in 2003. Euro 
Surveill 10(12):238–241

 3. Reinert P (2001) Epidemiology of purpura fulminans and 
early therapeutic recommendations. Arch Pediatr 8(Suppl 4): 
673s–676s

 4. Hussain A, Robinson G, Malkin J, Duthie M, Kearns A, Perera 
N (2007) Purpura fulminans in a child secondary to Panton–
Valentine leukocidin-producing Staphylococcus aureus. J Med 
Microbiol 56(Pt 10):1407–1409

 5. Boisseau AM, Sarlangue J, Perel Y, Hehunstre JP, Taïeb A, 
Maleville J (1992) Perineal ecthyma gangrenosum in infancy 
and early childhood: septicemic and nonsepticemic forms. 
J Am Acad Dermatol 27(3):415–418

 6. Sarlangue J, Brissaud O, Labrèze C (2006) Clinical features of 
Pseudomonas aeruginosa infections. Arch Pediatr 13(Suppl 1): 
S13–S16

 7. Marcinak JF, Frank AL (2006) Epidemiology and treat-
ment of community-associated methicillin-resistant 
Staphylococcus aureus in children. Expert Rev Anti Infect 
Ther 4(1):91–100

 8. Hedrick J (2003) Acute bacterial skin infections in pediatric 
medicine: current issues in presentation and treatment. 
Paediatr Drugs 5(Suppl 1):35–46

 9. Brockow K, Jofer C, Behrendt H, Ring J (2008) Anaphylaxis 
in patients with mastocytosis: a study on history, clinical fea-
tures and risk factors in 120 patients. Allergy 63(2):226–232



20 Life-Threatening Dermatoses and Emergencies in Dermatology: The Case of the Paediatric Patient 197

10. Cameron JC, Allan G, Johnston F, Finn A, Heath PT, Booy R 
(2007) Severe complications of chickenpox in hospitalised 
children in the UK and Ireland. Arch Dis Child 
92(12):1062–1066

11. Ziebold C, von Kries R, Lang R et al (2001) Severe complica-
tions of varicella in previously healthy children in Germany: 
a 1-year survey. Pediatrics 108:79–84

12. Peng WM, Jenneck C, Bussmann C, Bogdanow M, Hart J, 
Leung DY, Bieber T, Eis-Hübinger AM, Novak N (2007) 
Risk factors of atopic dermatitis patients for eczema herpeti-
cum. J Invest Dermatol 127(5):1261–1263

13. Dore J, Salisbury RE (2007) Morbidity and mortality of 
mucocutaneous diseases in the pediatric population at a ter-
tiary care center. J Burn Care Res 28(6):865–870

14. Léauté-Labrèze C, Lamireau T, Chawki D, Maleville J, Taïeb 
A (2000) Diagnosis, classifi cation, and management of ery-
thema multiforme and Stevens–Johnson syndrome. Arch Dis 
Child 83(4):347–352

15. Spies M, Sanford AP, Aili Low JF, Wolf SE, Herndon DN 
(2001) Treatment of extensive toxic epidermal necrolysis in 
children. Pediatrics 108(5):1162–1168

16. Dajani AS, Taubert KA, Gerber MA et al (1993) Diagnosis 
and therapy of Kawasaki disease in children. Circulation 
87:1776–1780

17. Oates-Whitehead RM, Baumer JH, Haines L et al (2003) 
Intravenous immunoglobulin for the treatment of Kawasaki 
disease in children. Cochrane Database Syst Rev 4:CD004000

18. Freeman AF, Shulman ST (2006) Kawasaki disease: sum-
mary of the American Heart Association guidelines. Am 
Fam Physician 74:1141–1148

19. Baumer JH, Love SJ, Gupta A et al (2006) Salicylate for the 
treatment of Kawasaki disease in children. Cochrane 
Database Syst Rev 4:CD004175

20. Burns JC, Mason WH, Hauger SB et al (2005) Infl iximab 
treatment for refractory Kawasaki syndrome. J Pediatr 
146:662–667

21. Inoue Y, Okada Y, Shinohara M et al (2006) A multicenter 
prospective randomized trial of corticosteroids in primary 
therapy for Kawasaki disease: clinical course and coronary 
artery outcome. J Pediatr 149:291–292

22. Ravelli A (2002) Macrophage activation syndrome. Curr 
Opin Rheumatol 14(5):548–552



Extreme Poverty in Industrial Countries

Lise Lavillonnière

21

21.1 Introduction

Skin diseases are frequent among underprivileged 
 persons, who are often ignorant of their rights regard-
ing social and medical protection or who refuse to 
seek advice from medical structures. Such persons, 
who are excluded from medical care and live in pre-
carious  situations or without any kind of shelter, have 
diseases linked to their living conditions and/or wors-
ened by them. Such cases, when discovered in 
humanitarian clinics, often reveal medico-social 
emergencies: complete deprivation, diseases wors-
ened by clandestinity, alcohol or drug dependencies, 
serious depression, recent imprisonment or 
homesickness.

Most such patients are young: men alone often 
below 40 years of age, women alone with young chil-
dren [1].

Due to social problems and follow-up diffi culties, 
epidemiological and economical data on cutaneous 
complications of such precarious situations are sparse. 
A prospective study on almost 200 patients without 
social welfare conducted in 1999 found that more than 
2/3 of these patients were homeless. Mean age was 
37.6 years. The main medical disorders were scabies 
(56.5 per 100), lice (22.4 per 100) and cutaneous infec-
tions (7.2 per 100), related to the patients’ poor living 
conditions [2].

Diffi cult living conditions, exclusion, psychiatric 
problems often lead such people to ignore the serious-
ness of an underlying pathology (tuberculosis or HIV 
infection in immigrant populations).

Multiple addictions are common (about one third of 
cases), and may even lead such individuals to be hos-
tile to necessary treatments. The homeless person can 
live with his ‘parasites’, his ‘ulcers’ and yet attend to 
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Core Messages

› Specifi c diseases of the underprivileged population
 –  unemployed isolated or with families, drug addicts, 

migrants who live in precarious conditions
 – are commonly observed in industrialized countries.
› Lack of hygiene, defi ciencies, hostile environ-

ment and unbalanced diet increase the prevalence 
of common dermatosis or create new ones.

› The most frequent are infectious skin diseases, 
including parasitic, bacterial or common derma-
tosis worsened by bacterial, mycological or viral 
infections. Their extreme severity may lead to 
emergency hospitalisation.

› Neglected wounds received through aggression 
may be very serious, and may lead to amputation 
as well as trophic troubles found on such fragile 
terrain for lack of daily care of diabetes, arteri-
opathy, neuropathy or another non-detected 
underlying systemic disease.

› Frequent unrecognized problems:
› Cutaneous abscesses and infections in IV drug 

users.
› Diffuse scabies (extremely contagious).
› Acute alcoholism may be the mask of another 

problem.
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his daily needs. The tramp, impoverished after a long 
trip arrives in a city, and stops when the condition of 
his feet prevents him from walking any further.

The passage of a social individual into exclusion is a 
chaotic process, leading some patients to become 
resigned and neglecting the care of their bodies: no 
washing, inadequate food, extreme alcoholism. This 
leads to a total absence of relational and discursive 
capacity.

The common ground of such patients is their life-
style and postponed recourse to the care structure and 
help. Taking care of such patients is often diffi cult, as 
they frequently don’t understand the need to track 
down the possible latent complications of some dis-
eases such as diabetes or HIV infection. It is also dif-
fi cult to establish a calendar with them when their 
medical condition needs some follow-up. How can 
the doctor explain, to a patient who lives from day to 
day, the need to accept a therapeutical program and 
carry it out?

21.2.1 Severe Dermatosis

21.2.1.1 Environment-Related Diseases

Caused by Low Temperatures in Winter

Such lesions are due to prolonged exposure to cold, 
often after consumption of alcohol and postponement 
of medical attention.

– Frostbites, chilblains located on fi ngers and toes 
may be seen in cold and humid circumstances.

– Painful necroses, wounds, gangrene of fi ngers and 
toes may lead sometimes to amputation when 
treated tardily.

Caused by High Temperatures

– Sunstrokes and exposure to heat lead to erythema of 
the body parts exposed to the sun with phlyctens, 
wounds, and oedemas, especially on the face.

– Second degree burns due to the handling of gas or 
spirit stoves or due to sleeping on metro air 
shafts.

21.2.1.2 Infectious Diseases

Three different situations may become life-threaten-
ing: necrotizing fasciitis, infection of diabetic foot and 
cutaneous complications of drug abuse.

Necrotizing Fasciitis

Caused by streptococcus A, it may be confused at the 
beginning with an erysipela. But severe cutaneous 
criteria such as purpura, necrosis, haemorrhagic bul-
lae, and sensitivity troubles, associated to rapid deg-
radation of general conditions, must confi rm the 
diagnosis. Treatment is urgent, and based on antibiot-
ics associated with surgical debridement of all 
necrotic lesions.

Infection of Diabetic Foot

Diabetic ulcers may be complicated by local abscess, 
extensive cellulitis, or osteoarthritis. Repeated X-rays 
are necessary, or MRI. Bone samples are sometimes 
indicated, to confi rm osteitis and choose the correct 
antibiotics. Arterial insuffi ciency may be associated, 
and require amputation.

Cutaneous Complications of Intravenous 
Drug Abuse (Heroin, Cocaine, Morphine, 
Buprenorphine) [3, 4]

Parenteral drug abuse is a major risk factor for minor 
or severe, even life-threatening, cutaneous complica-
tions due to lack of asepsy, unsterile equipment etc.

– Local short-term complications: local abscess, cel-
lulitis, necrotizing fasciitis, necrotizing ulcers are 
due to various species of bacteria (staphylococcus, 
streptococcus, anaerobes, Gram-negative bacteria) 
and can occur in the fi rst hours or days. Intra-arterial 
injections may cause severe cutaneous ischemic 
necrosis.

– Local delayed complications: pigmentation modifi -
cations, scarring, digital retraction, venous insuffi -
ciency, ulcers, panniculitis, etc.

– General complications: sepsis, staphylococcal right-
side endocarditis, osteo-arthritis, thrombophlebitis 
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etc. must be always suspected in such patients. 
Echocardiography must be performed as soon as a 
staphylococcal sepsis is suspected.

Treatment is based on large-spectrum antibiotics and 
sometimes surgical excisions in cases of necrotizing 
fasciitis or necrosis.

Hepatitis B, C and HIV serology must be checked 
regularly in such patients.

21.2.2 Benign Dermatosis

21.2.2.1 Infectious Diseases

Scabies

Promiscuity in hotels, lack of hygiene and dirty clothes 
increase the development of parasites: scabies due to 
acarids is frequent, with generalized nocturnal 
pruritus.

In the case of eczematous and impetigo-like  scabies, 
specifi c lesions (fi ssures, vesicles of the interdigital 
spaces) are diffi cult to discover. Secondary impetigini-
zation is frequent in such patients with conditions of 
social precariousness (Fig. 21.2).

Profuse scabies due to the long proliferation of the 
parasite on a defi cient or immuno-debilitated terrain 
with the spreading of the scabs on the face or the scalp, 
sometimes looking like psoriasis with hyperkeratosis 
of the sole of the feet, can also be found. A clinical 
diagnosis is diffi cult in such an atypical form, and the 
contagiousness is extreme; thus the spreading of epi-
demic scabies in the healthy population is frequent. 
The diagnostic relies on parasitological examination 
and/or dermoscopy.

In the common case, a quick treatment which con-
sists in painting the area with a solution of benzoate of 
benzyl, or spraying it with pyrethrin is effective among 
the people living in the same shelter. But how to steril-
ize the clothes or the bedding is a problem, and the 
disease will spread again.

– In the case of impetigo-like scabies, an antibiotic 
treatment taken orally for 6 days (penicillin, or fi rst-
generation cephalosporin) is necessary before 
spreading the scabicide drug. Looking for a protei-
nuria, especially in small children, is recommended, 
as streptococcal glomerulonephritis may occur.

In the case of profuse scabies, a local and long treat-
ment is necessary (face, scalp, nails which need to be 
cut and brushed). An additional oral treatment by 
invermectin, 150–200 μg kg−1 is also recommended, 
repeated 15 days after if necessary.

In the case of eczematized scabies, the use of emol-
lient creams (rather than local corticoids) is recom-
mended so that the local treatment is better tolerated. 
Ivermectin is helpful in such patients.

– In the case of scaling scabies, a long local treatment 
must be performed along with brushing the nails. 
A treatment per os is necessary and must be repeated 
2 weeks later. This type of scabies requires daily 
care with scrubbing of the hyperkeratosis with the 
help of a salicylate Vaseline, followed by frequent 
spreading of scabicide. The treatment will be better 
performed in a hospital unit. HIV serology must be 
performed.

– All the people living in close contact with the patient 
should also be treated with local and/or oral 
medication.

Other Parasites

– The discovery of subcutaneous nodes in an African 
patient suggests looking for onchocercosis.

– Lice infestation is frequent in tramps, and should 
not be confused with scabies. Pediculosis corpo-
ris is characterized by scratching lesions without 
any specifi c lesions, and, in contrast with scabies, 
is predominant in the back but spares hands. 
Lesions caused by scratching lead to hypo- or 
hyper-pigmentation lesions (leucomelanoderma-
tosis). The discovery of lice in the clothes con-
fi rms the diagnosis. Bacterial complications are 
frequent. Rarely, Bartonella quintana infection 
can be transmitted by body lice and responsible 
for fever a few weeks after the initial infection. 
Treatment of body lice consists of changing the 
clothes. Sometimes, lice can be found simultane-
ously on the scalp, the body and external genital 
organs in the same patient [5].

– Insect bites (fl eas, bugs, ticks) increase with heat and 
contact with dogs. Ticks may carry, through bites, 
borreliosis with arthropathic and neurological signs, 
whereas erythema chronicum migrans, an early phase 
of Lyme’s disease, is frequently unrecognized.
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21.2.2.2 Bacterial Diseases

Primitive Infections

– Impetigo, often widespread (Fig. 21.1).
– Furunculosis, carbuncles especially on the buttocks 

and areas where clothes rub.
– Abscesses and phlegmons.

Whitlows, frequent perionyxis.

– Facial or leg erysipelas with streptococci A (β hae-
molytic) or G group streptococci.

– Humidity and long walks in the rain with inadequate 
shoes increase the occurrence of bacterial 
(Pseudomonas aeruginosa) and fungal infection of 
feet.

Dermatosis Secondarily Infected

– Scabies and pediculosis.
– Impetiginized eczema.
– Secondary fungal infection of macerated folds.
– Infected wounds after various injuries and bites.

Mycoses

Such lesions are due to the lack of buccal hygiene 
(dental abscess, tooth decay), to exposure to humidity 
and uncomfortable shoes.

– Peri-orifi cial, genital and buccal candidiasis are 
caused by Candida albicans and Candida tropi-
calis. Such problems suggest diabetes or HIV infec-
tion, to be investigated in such a clinical context.

– Dermatophytoses of the inguinal folds, buttocks or 
between the toes. They are due to Trichophyton 
rubrum or T. interdigitale. They may spread all over 
the bodies of vagrants. Onchomycosis are frequent 
and lead to distortion and lysis of the nail (Fig. 21.3).

Tinea capitis due to various species of Trichophyton or 
Microsporum may be found on young African children. 

Fig. 21.1 Ecthyma

Fig. 21.2 Disseminated scabies

Fig. 21.3 Intertrigo due to gram negative bacilli
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It presents as unique or multiple, small or large size, alo-
pecic and squamous plaques of the scalp. A mycologic 
sample must be performed to confi rm diagnosis; the sib-
lings and the mother should be closely examined and 
treated if any doubt. Treatment is based on local antifun-
gal cream or lotion associated with griseofulvin over a 
period of 6–8 weeks. In case of application of corticos-
teroids, a bacterial superinfection may occur (kerion).

Folliculitis due to a dermatophyte can involve the 
beard in vagrants living with their dogs: the disease is 
transmitted from animal to man.

Semi-deep mycoses are found in Africans. They 
come from wounds caused by contact with plants. The 
chromomycoses give rise to prurit, nodes, lympho-
oedema of the legs.

Viral Dermatosis

– Multiple neglected warts on the body mainly on the 
feet.

– Acuminated condylomas due to the living condi-
tions and promiscuity.

– Ferocious pruritus due to chronic hepatitis B or C 
(for drug-addicts).

– Recurrent infected and neglected herpes on the 
face.

– Profuse herpes zoster in HIV patients.

A HIV serology must be proposed to patients present-
ing profuse viral dermatosis.

Dermatosis Through Sexually Transmitted 
Infections

– Genital neglected acuminated condyloma.
– Syphilis, gonococcal urethritis.
– AIDS, sometimes detected through cutaneous 

lesions accompanied with severe weight loss, lymph 
nodes, Kaposi sarcoma presenting as dark red 
angiomatous papules or nodules of the skin or 
mucous membrane (palate).

21.2.3  Dermatosis Linked to Blows 
and Wounds

– Bruises on the face, arms and legs received at the 
time of fi ghts, with large haematoma and which lead 

to rushing the patient to a hospital (open wounds, 
broken nose, jaw, eyebrow or torn earlobes).

– Burns produced by tear-gas bombs (often while 
patient is asleep), with infected wounds on the face, 
neck and scalp.

– Wounds caused by a knife or broken glass, leading 
to lesions of the muscles and tendons of the hands 
and/or wrists.

– Animal bites (dogs of night watchmen in parking 
lots) at the level of the folds behind the knees or on 
the hands.

– Infected tattoos when performed with dirty knives 
or razor blades.

21.2.4  Trophic Troubles of the Upper 
and Lower Limbs

– Irritative dermatitis due to old and/or inappropriate 
shoes is frequent in homeless patients, and may be 
secondarily infected.

– Lower-limb oedema favoured by standing a long 
time, and worsened by frequent malnutrition and 
vitamin defi ciency.

– Venous insuffi ciency with venous ulcers, lipoder-
matosclerosis and oedema.

– Lymphoedema after several occurrences of erysip-
elas through parasitic obliteration in African 
patients, leading to investigation for a lymphatic 
fi lariasis.

– Raynaud syndrome and sometimes acro-osteolysis 
with destruction of the fi ngers, after years of expo-
sure to cold and various traumas.

– Neglected posttraumatic ulcerations or burns.
– ‘Vagrant foot’ with infected calluses, ulcerations, 

mycosis and bacterial infection with continuous 
oozing.

21.2.5  Common Dermatosis Modified 
by the Living Conditions

– Dry eczema and serious skin xerosis in African 
people living in a temperate climate.

– Chronic contact dermatitis due to jobs performed 
without protection (dish washing in restaurants, 
paints, and solvents).
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– Troubles of the epidermal differentiation which 
often appear with a change of living conditions: 
psoriasis, seborrheic dermatitis, palmo-plantar ker-
atoderma in the case of African patients (a mycosic 
origin has to be eliminated).

– Neurodermatitis and psychosomatic pruritus cre-
ated by psychological disorders.

– Alopecia and vitiligo which appear in periods of 
great stress.

– Pathomimia, especially in the case of young women 
with lesions on the face and/or the scalp, and 
prurigo

We sometimes observe neglected or badly treated 
tumours in migrant African patients with fi stulous 
lesions, or tuberculous ulcerated nodes; lesions of 
Hansen’s disease are unknown on African or Asian 
patients.

Pigmentation problems with striae, hirsuteness, 
diffuse pustular acne are found among women from 
black Africa who spread cortisone-based cocktails 
of  whitening products. This can lead to a condition 
of hypercorticism with severe arterial hypertension 
[6, 7].

Hair problems are frequent in African people:

– Pustular folliculitis of the hair line is observed in 
patients who use coco or castor oil on their hair, 
which has a tendency to get dry in our climate.

– A frontal cicatricial alopecia may be observed among 
African women due to specifi c hair dressing.

21.2.6 Carential Dermatosis

These conditions are found mostly in patients from the 
African continent, but also in alcoholic and underfed 
patients.

– Pellagra, due to vitamin PP defi ciency secondary to 
the consumption of either untreated corn or sor-
ghum, found in African patients, gives a dirty brown 
color to photo-exposed teguments, with very dark 
hyper-pigmented islands of the neck and the top of 
the shoulders. Such lesions go along with severe 
desquamation, skin atrophy, attack of the mucous 
membranes of the cracked keloid type, and shiny 
glossitis. This condition is associated with digestive 
problems (diarrhoea, dysphagia), as well as com-

bined neurological symptoms (dizziness). The 
treatment is based on administration of vitamin PP 
500 mg per day intravenously (Fig. 21.4) [8].

– The shortage of vitamin A leads to a cutaneous 
xerosis, follicular hyper-keratosis, low night vision: 
such defi ciency is found among alcoholics. A treat-
ment of 50,000 units per day leads to recovery 
within a few months.

– Alcoholics may also suffer from defi ciency in vita-
min B6 (pyridoxin) secondary to a lack of hepatic 
storage, which then leads to a defi ciency of PP vita-
min. Clinically, a seborrheic peri-orifi cial dermati-
tis appears after a few weeks, similar to vitamin B2 
and zinc defi ciency. A tryptophan dosage helps in 
establishing the diagnosis, and a quick oral or intra-
venously supply of vitamin B6 is recommended.

– Vitamin B2 (ribofl avin) defi ciency is also found in 
alcoholics. It is characterized by perleche, blephari-
tis, conjunctivitis and urogenital peri-orifi cial ery-
thema similar to zinc defi ciency.

– Lack of vitamin C is found in undernourished and 
alcoholic people: glossitis, hypertrophic gingivitis, 

Fig. 21.4 Pellagra (credit to C. Leroux-Villet)
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bone lesions, follicular keratosis, ecchymotic pur-
pura and oedema. Daily treatment with 1 or 2 g of 
vitamin C is quickly effi cient [9].

21.3 Conclusion

Promiscuity, violence, drug consumption, psycho-
emotional isolation, destruction of social relationships 
and malnutrition lead to the postponement of medical 
attention for these patients.

On this fragile terrain, signs of tuberculosis, hepatitis 
B or C, HIV infection or a serious parasitic infec-
tion (in the case of an African patient) may be 
overlooked.

Poverty is a condition, the result and the cause of 
exclusion which leads some individuals to lose social 
relationships, memory and slow self destruction: in 
fact, when social relationships disintegrate, a modifi -
cation and lessening of the bodily pattern follows.

We cannot forget that one of the consequences of 
exclusion is illness: wounds of the soul and wounds of 
the body are tightly intertwined.
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called countries of the ‘third World’, are all the 
countries of Africa, Asia and South America [1]. They 
have some common characteristics: poverty, igno-
rance, high rate of illiteracy, poor hygiene and low 
socioeconomic level. Moreover, they are in the tropical 
or subtropical area. In the context of extreme poverty, 
infectious dermatoses are the most frequently reported 
life-threatening dermatoses.

22.2 Public Health Overview

The estimated number of persons living with HIV 
worldwide in 2007 was 33.2 million [30.6–36.1 mil-
lion]. Sub-Saharan Africa remains the most seriously 
affected region, with AIDS remaining the leading cause 
of death there. The estimated number of deaths due to 
AIDS in 2007 was 2.1 million [1.9–2.4 million] world-
wide, of which 76% occurred in sub-Saharan Africa [2].

The life expectancy is over 75 years in developed 
countries, 64 years in developing countries, and 52 
years in the least developed countries. The world’s 
lowest life expectancy at birth, just 40 years, is in 
Sierra Leone — barely half of the world’s highest, in 
Japan, where it is 79.7 years. At least 18 countries in 
Africa have a life expectancy at birth of 50 years or 
less. The probability of a man dying between age 15 
and 60 years is 8·3% in Sweden, 82·1% in Zimbabwe, 
and 90·2% in Lesotho [3].

The inequalities between industrialized countries 
and developing countries with regard to the number of 
health workers are very high. For example, the WHO’s 
region of the Americas (mainly USA and Canada) are 

› Infectious diseases are the most frequent life-
threatening dermatoses in the context of devel-
oping countries, but the life-threatening 
dermatoses usually seen in the industrialized 
countries are also reported.

› Numerous factors aggravate the prognosis of 
life-threatening dermatoses in this context: poor 
hygiene, poverty, the low rate of accessibility to 
sanitary structures, the low socio-economic 
level, and unavailability of some drugs.

› In the context of war, civil confl icts and refugee 
camps, some dermatoses such as epidemic 
typhus occur.

Core Messages

Abbreviations: IRIS: Immune reconstitution infl amma-
tory syndrome; HAART: Highly antiretroviral therapy, 
PAS: Periodic acid Schiff; DHF: Dengue haemorrhagic 
fever; VHF: Viral haemorrhagic fever; WHO: World 
health organization; VDRL: Venereal disease labora-
tory research

22.1 Introduction

The spectrum of life-threatening dermatoses in 
developing countries differs from those reported for 
the industrialized countries. Developing countries, also 
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home to 14% of the world’s population, bear only 10% 
of the world’s disease burden, have 37% of the global 
health workforce and spend about 50% of the world’s 
fi nancial resources for health, while sub-Saharan 
Africa, with about 11% of the world’s population, 
bears over 24% of the global disease burden, is home 
to only 3% of the global health workforce, and spends 
less than 1% of the world’s fi nancial resources on 
health [4].

Moreover, in most developing countries, the 
health workforce is concentrated in the major towns 
and cities, while rural areas can only boast of about 
23% and 38% of the country’s doctors and nurses 
respectively.

The prevalence of skin diseases is relatively high 
in primary healthcare, between 6% and 14% of the 
total of visits when all ages are considered together. 
The mortality of cutaneous infection by severe sepsis 
secondary to the superinfection of skin lesions of 
chickenpox is also signifi cant across the world. The 
other complications of skin infection are the follow-
ing: invasive bacteraemia secondary to skin infection 
by ß haemolytic group A streptococcus (GAS), fol-
lowed eventually by death, at an unexpected rate. 
Thus in an area of Northern Australia, the incidence 
of bacteraemia by GAS was 9.3 per 100,000 per year 
for the whole population, and Staphylococcus aureus 
invasive infection secondary to skin sores/ scabies in 
31% of the cases, was reported in the same geograph-
ical area [5].

22.3  Life-Threatening Soft Tissues 
Infections

22.3.1 Bacterial Infections

22.3.1.1 Pyoderma

Pyoderma may be primary or most commonly secondary 
to scabies or to skin lesions of chickenpox. In tropical 
areas, the major etiological bacteria are Group A 
Streptococci (GAS) followed by Staphylococcus aureus 
in tropical less-developed countries. Severe sepsis with 
a high lethality (up to 21%) occurs in children under 
3 months [6]. Treatment is based on macrolides and 
amoxicillin by the intravenous route [7].

22.3.1.2 Noma

Noma is an opportunistic infection most common in 
sub-Saharan Africa, which affects children aged 1–4 
years. It is promoted by extreme poverty, with chronic 
malnutrition, unsafe drinking water and poor environ-
mental sanitation, and severe infections (measles, 
malaria). In adults, the most common risk factor is 
immuno-suppression by HIV [8]. Fusobacterium necro-
phorum is a trigger organism for noma; non-haemolytic 
streptococci and Staphylococcus aureus are needed to 
produce noma. The initial manifestation is gingivitis 
extending to the labio-gingival fold and to the mucosal 
surface of the cheek and lip. The loss of substance 
extends rapidly to the skin, with a blue-black discolou-
ration in the affected area and foul-smelling purulent 
oral discharge. Lesions are often present only on one 
side of the face. Severe anaemia, hyper-leucocytosis, 
hypo-albuminemia are present; a low concentration of 
antioxidant micronutrients in the serum may be found. 
The management of noma is based on supportive ther-
apy and antibiotics (penicillin G and metronidazole).

22.3.1.3 Erythema Nodosum Leprozum

Infection may be due to mycobacterium leprae: 
erythema nodosum leprosum (ENL). ENL is a type II 
reaction occurring in multi-bacillary patients with 
lepromatous leprosy. It can be life-threatening [9]. 
Dermatological features are mainly crops of painful 
nodules with a predilection for the extremities which 
may ulcerate; there is a severe general malaise with 
fever and systemic toxaemia. Others organs are frequently 
involved with infl ammation (iritis and iridocyclitis, 
orchitis, lymphadenitis, arthritis and neuritis). High 
doses of corticosteroids 20–60 mg may be given for 
weeks; the specifi c multiple drug therapy should be 
continued. Thalidomide may be an alternative to steroids. 
Another type II reaction of leprosy is the Lucio’s phe-
nomenon reported in Mexico [10].

22.3.1.4 Congenital Syphilis

In sub-Saharan Africa, 4–15% of pregnant women are 
infected with Treponema pallidum. Transmission to 
the foetus results in foetal or infant death or a high rate 
— 50 to 80% — of disability [11].Clinical manifesta-
tions are different in early (the fi rst 2 years) and late 
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(after the age of 2 years) stages. Dermatologic fi ndings 
are present in 40% of cases of neonates with congenital 
syphilis. They include palmoplantar erythema with 
fi ne skin peeling, vesicles or bullae (Pemphigus syphi-
liticus), and purpuric papules. The diagnosis can be 
established by dark fi eld microscopy of exudates from 
cutaneous lesions or direct fl uorescent antibody testing 
(FTA). Non-treponemal antibody titre (VDRL test is 
4-fold higher than in a mother) is in favour of the diag-
nosis. The better test is FTA, which detects IgM type 
antibody. Cerebro-spinal fl uid infection and osteochon-
dritis may be present. The best treatment is crystalline 
penicillin G 50,000 U Kg−1 IM or IV daily in two divided 
doses for a minimum of 10 days.

22.3.1.5 Syphilis Associated with HIV Infection

This is more severe, and potentially life-threatening. 
The unusual features are the bullous or widespread 
rash of secondary syphilis, the precocity of neurologic 
syphilis and the involvement of other organs. Treatment 
is based on benzathine penicillin 2.4 million given 
intramuscularly three times at weekly intervals [12].

22.3.1.6 Anthrax

Also called malignant pustule, it is a disease of public 
health importance caused by Bacillus anthracis which 
affects primarily domestic and wild animals. Humans 
can be infected, caused by exposure to animals or their 
products in 90% of cases. Anthrax can be found in 
agricultural regions of underdeveloped countries where 
livestock are not immunized. Outbreaks still occurs in 
endemic areas. In the underdeveloped countries, 20,000–
100,000 human cases of cutaneous anthrax occur annu-
ally. Cutaneous anthrax is life-threatening only in 
untreated cases, and the mortality rate is 5–20% [13]. 
Clinical features occur after 3 days of incubation, with 
a papular lesion on an exposed area (head, neck or 
upper extremities) followed by an eschar. During the 
course of the disease, the red discoloration becomes 
more intense and dissemination from skin site may 
occur with systemic manifestations (high fever, 
tachycardia, and hypotension). Microscopic exami-
nation of the Gram-stained smears from the lesions 
help the diagnosis. The treatment of choice is penicil-
lin G (2 million units every 6 h) by intravenous route 
for 7–14 days associated with incision and drainage. 
Cipro fl oxacin is an alternative therapy.

22.3.2 Viral Diseases

22.3.2.1  Opportunistic Diseases of the HIV 
Infection

Kaposi sarcoma (KS) fl are during an immune reconsti-
tution infl ammatory syndrome (IRIS) can be life-threat-
ening, with a high rate of mortality up to 30% [14]. 
During the fl are of KS, the lesions increase in size and 
become more nodular (Fig. 22.1). The risk of IRIS-
associated KS appears greater during the fi rst 2 months 
of highly antiretroviral therapy (HAART). Treatment 
includes liposomal doxorubicin, paclitaxel or external 
beam radiation, but these drugs are unavailable to most 
patients in underdeveloped countries (Fig. 22.2).

Fig. 22.1 Flare of Kaposi sarcoma in association with IRIS

Fig. 22.2 Cutaneous cryptococcosis
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22.3.3  Fungal Infection Associated with 
HIV Infection

22.3.3.1 Cryptococcosis

Cryptococcus neoformans infection occurs in patients 
infected by HIV, with a prevalence ranging from 4.3% 
to 16.2% [9]. Disseminated cryptococcosis is by far 
the most common life-threatening fungal infection in 
HIV-infected patients at the advanced stage (CD4 Cell 
count <50 per μl). The typical lesion is an umbilicated 
papule (Fig. 22.1). There may be a single one or a 
large number, up to 100, with a preferential localisa-
tion on the face; oral nodules and ulcers can occur. 
Skin lesions may precede cryptococcic meningitis by 
weeks or months. Diagnosis is made by demonstra-
tion of cryptococcal yeast forms with haematoxylin 
eosin, PAS or methenamine. Cryptococcus neofor-
mans can be also isolated by culture of the skin biopsy 
specimen. The treatment is based on intravenous 
Amphotericin B with oral 5 fl u cytosine, or fl ucon-
azole — not to be used in HIV-infected patients. 
HAART should be prescribed.

22.3.3.2 Histoplasmosis

Histoplasmosis is due to Histoplasma capsulatum var 
capsulatum (the American variety) or H. capsulatum 
var dubosii (the African variety). Patients infected by 
HIV with a baseline CD4 <150 per μl have a greater 
risk of developing histoplasmosis. The most frequent 
cutaneous fi nding is molluscum contagiosum-like pap-
ules commonly localized on the face Oral mucosa may 
be involved. In disseminated histoplasmosis, hepatos-
plenomegaly and lymphadenopathy occur. Treatment 
is based on intravenous amphotericin B, oral itracon-
azole or fl uconazole for up to 8 weeks, Maintenance 
therapy with daily oral itraconazole or weekly ampho-
tericin B is given for 1 year or longer [9].

22.3.3.3 Penicilliosis

Penicilliosis is caused by the dimorphic fungus Peni-
cillium marneffei and is a common opportunistic 
infection of HIV-infected residents of countries of 
Southeast Asia and Southern part of China. In a single 

hospital in Thailand, 1,200 cases were observed in a 
7-year period [9]. The skin is involved in more than 
60% of the cases, with commonly umbilicated pap-
ules. They are localized on the face, upper trunk and 
extremities. Dissemination to other organs such as 
lungs and liver is common with fever, weight loss, 
cough and anaemia. Diagnosis is made by microscopic 
examination of Wright’s stained skin lesion smears, 
the visualization of the characteristic features on the 
yeast cells in tissue sections and by culturing the fun-
gus. Without treatment, fatality occurs in all cases; 
with intravenous amphotericin B (0.6 mg Kg−1 per 
day) for 2 weeks followed by oral itraconazole 200 mg 
for 10 weeks, the rate of healing is 97.3%.

22.3.3.4 Leishmaniasis

Leishmaniasis is a neglected disease occurring in 
underdeveloped countries. Only mucocutaneous 
leishmaniasis (MCL) and visceral leishmaniasis are 
life-threatening. Muco-cutaneous leishmaniasis is 
characterized by involvement of both skin and upper 
respiratory tract, by Leishmania braziliensis in 
South Asia and Leishmania aethiopica in Africa. 
The diagnosis is easy, based on clinical features and 
epidemiology. The mortality usually results from 
malnutrition or superinfection by bacteria of pha-
ryngeal obstruction, leading to acute respiratory 
failure [1]. Cutaneous features of visceral leishma-
niasis are variable: hyper-pigmentation on the face, 
hands and the feet. In African visceral leishmania-
sis, numerous hypo-pigmented or hyper-pigmented 
papules occur. The rate of mortality is high among 
untreated HIV-infected patients. The treatment is 
based on pentavalent antimony, amphotericin B and 
the oral drug miltefosine. The access to these drugs 
is limited in the context of extreme poverty [15].

22.3.3.5 African Trypanosomiasis

The sleeping sickness is a potentially fatal protozoan 
infection with central nervous system and cutaneous 
involvement. Two distinct clinical forms of African 
Trypanosomiasis are present in sub-Saharan Africa: 
Gambian trypanosomiasis due to Trypanosomia bru-
cei gambiense and Rhodesian trypanosomiasis due to 
T. brucei rhodesiense. They are transmitted by the 
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bites of tsetse fl ies (Glossina spp). Humans are the 
natural host for Trypanosomia gambiense, while East 
African trypanosomias is a zoonosis. During out-
breaks, 70% of the population may be involved [11]. 
Cutaneous features differ according to the stage of 
disease: trypanosome chancre at the early stage, tran-
sient macular or urticarial eruption with systemic 
involvement including fever, headache arthralgias 
malaise and dizziness at the second stage. Winterbottom 
sign (enlargement of lymph nodes along the posterior 
cervical chain) is characteristic. If the treatment is not 
started rapidly, the patient will develop the third and 
fi nal stage of the disease, with fatal involvement of 
central nervous system. Treatment with melarsoprol B 
or efl ornithine is given by the intravenous route in 
slowly increasing doses.

22.3.3.6 American Trypanosomiasis

Chagas disease is a neglected disease, found mainly in 
rural tropical and subtropical areas of Central and 
South America, with a mortality rate up to 7% [11]. 
Cutaneous signs (chagoma, widespread and transient 
morbiliform eruption) and multiple organ involvement 
are common. Death results from cardiac involvement. 
The treatment is based on benznidazole 5 mg Kg−1 per 
day for 60 days, or nufi rtimox 8–10 mg kg−1 per day for 
90–120 days.

22.4  Cutaneous Manifestations
of Systemic Infections

22.4.1 Meningococcemia

Neisseria meningitidis is a Gram-negative aerobic 
diplococcus with different serogroups (A, B, C, Y and 
W-135) transmitted by aerosol or secretions. Epidemics 
are seen in sub-Saharan Africa, which often is referred 
to as the ‘Meningitidis Belt’. During a major epidemic 
during the years 1996–1997, more than 250,000 cases 
of meningococcal disease were reported [16]. Cutaneous 
fi ndings of meningococcemia occur after the fl u-like 
prodroms, and they include a rash followed by ery-
thema, and petechias localized on wrists, ankles, and 
axillae. Secondarily, they spread to the whole body 

except head, palms, and soles. The rash often pro-
gresses to the classic purpura. Meningococcemia can 
rapidly progress to septic shock with hypotension, 
congestive heart failure, disseminated intravascular 
coagulation and acute renal failure associated with 
signifi cant mortality: 30–60% [16]. Treatment has to 
be instituted rapidly with penicillin; ceftriaxone and 
cefotaxime are alternatives. The duration of treatment 
is 5–7 days. Contacts should be treated prophylactically 
with ceftriaxone or ciprofl oxacin. Prevention by immu-
nization is essential for children older than 2 years.

22.4.2 Arboviruses

Dengue viral infection is becoming a major health 
problem, with a high incidence in some underdeveloped 
Latin American countries. Epidemics may occur. 
Cutaneous signs of Dengue Fever are noted in 48% of 
cases [10]. Acute fever (40–41°C) is observed, with a 
maculo-papular morbiliform pruriginous eruption fol-
lowed by ecchymotic, petechial eruption secondarily 
generalized. Mucous membrane may be involved. 
Petechiae, ecchymosis and mucosal involvement 
defi ning Dengue haemorrhagic fever have a poor prog-
nosis, with a high rate of mortality (10%) Death occurs 
through shock, with high-fever haemorrhagic phenom-
ena and circulatory failure (Dengue shock syndrome). 
The treatment is only supportive.

22.4.3 Ebola Fever

This is the most lethal viral haemorrhagic fever, with a 
high mortality (50–90%). Outbreaks of Ebola fever 
occur in Gabon, Uganda and in Ivory Coast during the 
rainy season [17]. Contamination occurs through con-
tact with infected cases. Nosocomial transmission is 
possible. After an incubation period of 2–21 days, a 
haemorrhagic syndrome occurs 2 days after the onset, 
Dermatological fi ndings associate widespread erythema-
tous rash developing into maculo-papular lesions and 
purpura. Gingival and cunjunctival haemorrhage and 
epistaxis are also present. Death occurs generally at 
day 12, with toxic shock. Patients are admitted to the 
hospital as an emergency, following a disaster-type plan 
of action [17]. Rift Valley fever (RVF) and Crimean-
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Congo haemorrhagic fever (CCHF) are both associated 
with severe haemorrhagic fever and muco- cutaneous 
manifestations in humans. Rate of mortality is high to 
30% for CCHF [18]. Supportive therapy is the mainstay 
of patient management.

22.4.4 Plague

This severe acute febrile infection in human is caused 
by Yersinia pestis occurs in underdeveloped countries 
[1], with three forms: bubonic, pneumonic and septi-
caemic plague. Transmission between wild and com-
mensal rodents and human beings is effected by fl eas. 
After the incubation period (1–6 days) there is sudden 
onset of malaise, myalgias, backache, tachycardia, 
high fever and prostration. Untreated bubonic plague 
progresses to septicaemic plague within 2–6 days. 
Patients exhibit shock, ecchymoses and small-artery 
thromboses resulting in digital gangrene; abdominal 
pain is common. The rate of mortality for septicaemic 
plague is 100%. The treatment is based on streptomy-
cin for 10 days; alternative therapeutic treatments are 
chloramphenicol or cycline.

22.4.5 Epidemic Typhus

This is a re-emerging infection due to Rickettsia prowa-
zekii reported in refugee camps during civil war [19]. 
The dermatologic fi ndings appear on the fi fth febrile 
day preceded by chills headache and weakness. The 
rash consists of pink maculae which become petechial 
and confl uent, fi rst in the axillae then over the trunk and 
later on the extremities. Complications are gangrene of 
the fi ngers and toes, typhus pneumonia and coma. 
Fatality rate is high, around 15%. The treatment is inex-
pensive with a single dose of 200 mg of doxycycline.

22.5 Conclusion

United Nations Millennium Development Goals aim at 
ending extreme poverty by 2015. Until then, the most 
neglected cutaneous infections of the underdeveloped 
countries will have a high prevalence. It’s a challenge 

for a dermatologist working in these areas to recog-
nize the dermatologic features of these diseases to 
reduce the mortality.
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Noxious Spider Bites

Batya B. Davidovici and Ronni Wolf

Spiders are carnivorous arthropods that ambush or 
ensnare prey. They play an important role in the ecosys-
tem by consuming other arthropods that frequently trans-
mit human diseases, such as mosquitoes and fl ies. Spiders 
usually do not transmit communicable diseases, unless 
they are secondarily infected by microorganisms. There 
are more than 30,000 species of spider, most of which 
are venomous, but they cannot infl ict serious bites due to 
delicate mouthparts and short fangs. The well-known 
common exceptions are brown spiders (Loxesceles spp.) 
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› There are more than 30,000 species of spiders, 
most of which are venomous but unable to 
infl ict serious bites; most spiders only cause 
minor effects.

› The effects of medically important spiders are 
sometimes underestimated; conversely, there is 
a misattribution of signs and symptoms to 
alleged spider bites.

› Diagnosis is rarely based on the identifi cation of 
the spider; immunoassays detecting the spiders’ 
venom are not available.

› Brown spiders (Loxesceles spp.) and widow spi-
ders (Latrodectus spp.) may infl ict life-threaten-
ing complications.

› Prompt recognition with subsequent appropri-
ate treatment might prevent severe reactions and 
improve the prognosis.

Core Messages and widow spiders (Latrodectus spp.). They are very 
common, with a worldwide distribution; in addition, 
their bites may infl ict life-threatening complications. 
This chapter will focus on these ubiquitous spiders. And 
since brown spider bites may cause serious cutaneous 
complications, this species will be reviewed more 
comprehensively.

23.1 Spiders of the Genus Loxosceles:

Spiders of the genus Loxosceles have a worldwide distri-
bution. There are more than 100 species described in 
many countries [1, 2]. The Loxosceles females are more 
venomous and larger than males, which rarely infl ict 
severe envenoming bites. They are dull fawn to dark 
brown with an even darker brown, distinctive pattern on 
the dorsal cephalothoraxis looks like a violin with the 
base at the head end and the neck of the design pointing 
toward the abdomen. This pattern is consistent only in 
adult brown recluse spiders, and therefore is commonly 
misinterpreted. Therefore, for purposes of identifi cation it 
is more important to examine the eyes. Differing from 
most spiders, which have eight eyes, recluse spiders have 
six eyes arranged in pairs (dyads) with one median pair 
and two lateral pairs. Only a few other spiders have three 
pairs of eyes arranged this way (e.g., scytodids) [3, 4]. 
Loxosceles spiders are naturally non-aggressive, prefer to 
retreat when threatened, and bite only in situations in 
which the spiders are trapped against human skin, such as 
when tangled up within clothes, or in bedding.

Based on their geographic distribution and the high 
number of notifi ed bites with considerable morbidity 
and mortality, Loxosceles spiders are considered one of 
the medically most important groups of spiders in the 
world [5, 6].
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These spiders build webs, both indoors and outdoors 
in dark spaces, where encounters with humans are likely. 
Loxosceles species spiders are most abundant and active 
at night, and since they hibernate in the winter, most bites 
occur during the warm months of the year. Loxoscelism, 
the term used to describe lesions and clinical manifesta-
tions caused by bites of Loxosceles, was fi rst described 
in the USA [7]. Presently, it is the most severe form of 
necrotic araneism in several countries [1, 3, 6, 8–10]. 
Most bites are benign, but approximately 10% become 
signifi cant, and in a minority more severe reactions 
develop, including disseminated intravascular coagula-
tion, haemolysis, renal failure and death.

23.1.1 The Venom:

The mechanism of venom action is incompletely under-
stood; however, it acts by multiple pathways and media-
tors both directly and by autoimmune responses from 
lymphocytes and cytokines. The venom is composed of 
complex proteins and proteolytic enzymes. It is cyto-
toxic and hemolytic. It contains at least nine compo-
nents, including enzymes such as hyaluronidase, alkaline 
phosphatase, esterase, lipase and the most prominent — 
sphingomyelinidase D2. Sphingomyelinase D activates 
the complement, attracts polymorphonuclear cells, 
induces platelet aggregation, liberates proteolytic 
enzymes, and stimulates the release of cytokines and 
chemokines including interleukin-8 (IL-8), growth-
related oncogene-α, monocyte chemoattractant pro-
tein-1, granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and others. These mediators amplify 
the infl ammatory response responsible for the severe 
local and systemic reaction to the venom [9–15].

23.1.2 Envenomation:

Envenomation in humans can result in two well-defi ned 
clinical variants: cutaneous loxoscelism and viscero-
cutaneous loxoscelism.

23.1.2.1 Cutaneous Loxoscelism

Cutaneous loxoscelism is more common (67–100% of 
cases) and mostly has mild features [1, 16, 17]. The 
bite is initially painless but within several hours burn-

ing pain develops. Clinically, it is characterized by 
edematous erythema, which evolves to a hemorrhagic 
vesicle often surrounded by an edge of venom-induced 
vasoconstriction known as ‘bulls eye’ lesion, and 
within several days usually results in a dermonecrotic 
skin lesion. A mixed area of asymmetric erythema, 
surrounding a ring of blanched skin around the central 
ischemic lesion, known as red, white and blue sign, 
appears. In a smaller subset of patients (10–15%) these 
lesions may evolve to substantial necrosis, eschar and 
necrotic ulcer, which heal slowly or may even require 
surgical excision and skin grafting [1, 6, 8, 10]. Pain is 
the most common symptom. It is related either to 
ischaemia secondary to vasospasm, or to disruption by 
the toxin of myelin sheaths on nerve fi bers [18].

23.1.2.2 Viscerocutaneous Loxoscelism

Viscerocutaneous loxoscelism, also known as systemic 
or cutaneous-hemolytic loxoscelism, is less common 
(0–30%, according to region and species studied). 
Within 2–4 days after envenomation, a morbiliform 
rash, fever, chills, nausea, vomiting, malaise, arthral-
gia and myalgia may occur. Rarely, a more serious 
form of viscerocutaneous loxoscelism may develop, 
which is complicated by haematologic disturbances 
such as hemolytic anaemia, sometimes Coomb’s posi-
tive and leucocytosis [19–23]. In a retrospective review 
of 81 patients who were hospitalized for spider bite 
[24], 24% of the patients developed a disseminated 
eruption within 2 and 4 days following the bite. The 
most frequent rash, accounting for 75% of cases, was a 
macular, papular, or maculopapular disseminated rash. 
However, a relatively high percent (10%) of pustular 
eruptions were noted. Interestingly, a report of three 
cases that developed acute generalized exanthematus 
pustolosis (AGEP), a rare cutaneous reaction pattern 
mostly related to medication administration, 24–48 h 
after a spider bite, was recently published [25].

Less frequently, more severe reactions develop, 
consisting of thrombocytopenia, jaundice, haematuria, 
haemoglobinuria, rhabdomyolysis, shock and in some 
cases, disseminated intravascular coagulation and 
acute renal failure. These are the main causes of death 
in Loxosceles envenomation [1, 8, 9, 17, 26].

Recommended laboratory tests include complete 
blood count, serum glucose, platelet count, LDH, pro-
thrombin time, partial thromboplastin time (interna-
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tional normalized ratio), fi brinogen, fi brin split 
products, renal function tests, and urinalysis [23].

It is suggested that these systemic manifestations 
may vary depending on the amount of injected venom, 
time of envenoming, spider factors — such as species, 
sex and ontogenetic variations — and features of the 
patients such as age, bite site, concomitant illness, 
genetic variations and the involvement of different 
endogenous mediators [1, 17, 27–30]. Severe systemic 
effects are more common in children [31].

Viscerocutaneous loxoscelism may have a course 
which is independent of the local reaction [17].

23.1.3 Diagnosis:

A defi nite diagnosis of spider bite requires the capture 
of a spider in the act of biting [32]. However, diagnosis 
of loxoscelism may be diffi cult as it is rarely based on 
the identifi cation of the spider. The most frequent bite 
sites are under the arms, at the waist, or on the lower 
extremities [30]. Since patients are often bitten while 
sleeping or dressing and the bite is initially relatively 
painless, the vast majority cannot give a history of a spi-
der bite, and most cases go unnoticed until the appear-
ance of the local lesion [33]. Mild local reaction begins 
after a number of hours; however, making the correct 
diagnosis is still diffi cult, since the lesion does not 
present clearly-defi ned features. There are many docu-
mented cases of misdiagnosis by authors misattributing 
cellulitis, insect bite, chemical burn, fi xed drug eruption, 
or even cutaneous anthrax infection to spider bites 
[34–36] (Figs. 23.1 and 23.2).

To detect the presence of venom, some immunoas-
says were studied with potential for future application 
as diagnostic tests; however, they were not satisfying 
clinically [1]. Recently, a new enzyme-linked immu-
nosorbent assay (ELISA) designed to detect loxosce-
les venom was implemented and reported [37]. 
However, although obviously necessary, no such assay 
is currently available in clinical practice.

Skin biopsy should not generally be pursued unless 
other etiologies are considered. The histologic fi ndings 
of bites, including acute vasculitis, platelet thrombi, 
and leukocyte infi ltrates, are nonspecifi c [18, 28, 31].

Eventually, the diagnosis is made clinically, based on 
a combination of history and a recognized pattern of signs 
and symptoms [38, 39]. Therefore, familiarity with the 

arthropod fauna and maintaining a high index of suspi-
cion are crucial for making the correct diagnosis.

23.1.4 Treatment:

Controversy exists regarding the treatment of recluse 
spider bites [4, 5, 8, 10, 16, 18, 33]. Different therapeu-
tic interventions and surgical procedures are used dif-
ferently in various countries, according to regional 
experience and envenoming characteristics.

The basic principles for recluse spider bites include 
rest, ice compresses and elevation of the bites (RICE ther-
apy) [40] to minimize infl ammation and venom spread. 
Limiting patient activity may decrease skin temperature, 
reducing enzyme activity and gravitational spread. 
Antihistamines and non-steroidal anti-infl ammatory 
medications are administrated, mainly to relieve pain, 
pruritus and swelling, but their effect is also unproven. 

Fig. 23.2 A typical spider bite lesion of the arm

Fig 23.1 Oedematous erythema after spider bite
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In addition tetanus prophylaxis is advised. Hospitalization 
and intravenous fl uid therapy may be needed to maintain 
adequate hydration and to protect renal function.

23.1.4.1 Antibiotics

Oral antibiotics are sometimes given to reduce the 
incidence of abscess formation and secondary infec-
tion in large lesions [9]. Although there are no clinical 
trials concerning the use of prophylactic antibiotics, 
the presence of Clostridium perfringes in venom and 
fangs of L. intermedia has been demonstrated, and 
associated to a greater degree of dermonecrosis in ani-
mal studies [41]. Moreover, it is known that an infec-
tion markedly increases the temperature in the bite site 
and, thus, the activity of the enzymes responsible for 
dermonecrosis and local infl ammation, which can 
result in slow evolution and hard-healing lesions [40]. 
On the other hand, the rate of secondary infections is 
low [30, 42]; thus, some authors consider antibiotics 
use inappropriate without established evidence of 
infection [3, 9, 40].

23.1.4.2 Systemic Corticosteroids

Although there are no suffi cient data about the use of 
systemic corticosteroids in cutaneous or viscerocuta-
neous loxoscelism, it is evident that corticosteroids do 
not inactivate the venom or stop its primary actions, 
and thus they do not prevent the development of cuta-
neous necrosis. Therefore, they are reserved for severe 
cases, because they might be helpful in preventing sys-
temic complications [8, 9, 16, 17, 33, 43].

23.1.4.3 Dapsone

Dapsone probably limits the migration and infi ltration 
of neutrophils in the bite site, which is an essential fac-
tor for the development of dermonecrotic lesions [3, 16, 
40]. Several retrospective clinical studies [3, 4] and 
experimental trials [44, 45] have shown its benefi cial 
effect in reducing the severity of local and systemic 
reactions to spider bites and improving patient outcome. 
A prospective study [46] indicated that pretreatment 
with dapsone reduced surgical complications. However, 
these observations were brought into question by two 

recent studies. A rabbit model, treated with colchicine, 
dapsone, triamcinolone, and diphenhydramine, showed 
that none of the agents tested had an effect on eschar 
size [47]. The second study [48], the largest reported 
study in humans, showed that dapsone was even associ-
ated with longer healing time and a 45% greater risk of 
scarring. These fi ndings, along with the fact that dap-
sone is not indicated in systemic cases, and taking into 
consideration its potential severe side-effects especially 
in patients with glucose 6 phosphate dehydrogenase 
(G6PD) defi ciency [4, 49], should restrain the use of 
dapsone in the treatment of spider bites.

23.1.4.4 Anti-Venom

In South America, the considerable morbidity and mor-
tality in loxoscelic accidents has led to the development 
of specifi c anti-venom by Vellard in 1954 [50]. It has 
been produced in Brazil since the early 1960s, and to 
date there are several anti-venoms available in South 
America. The purpose of this therapy is to neutralize 
the greatest possible amount of circulating venom, as it 
is believed that this decreases the risk of local and sys-
temic envenomation. These sera are heterologous 
immunoglobulins of equine origin, and thus it is not a 
treatment without risks, such as allergic reactions or 
delayed serum sickness [9]. In Brazil, serum therapy 
with anti-arachnidic or anti-loxoscelic sera associated 
to the corticoids constitutes the most employed inter-
vention [51]. However, there is little evidence to sup-
port the effectiveness of this therapy, especially against 
cutaneous loxoscelism [52]. Yet, Rees et al. [53] 
observed the reduction of necrotic areas in animal mod-
els after the administration of the anti-venom, and in 
countries where the anti-venom has been introduced, 
an important reduction of the mortality in children and 
teenagers has been observed [52]. Although it is known 
that the majority of the damaging effects of venom in 
studies in animals occur within 3 h to 6 h after the brown 
recluse spider bite [33, 52], the importance of antibod-
ies for the neutralization of dermonecrosis was experi-
mentally confi rmed [51], even when administered 
6–12 h after envenoming. In the viscerocutaneous form, 
the serum therapy is indicated at any time [42, 50]. 
Thus, the recommendations for use of serum therapy in 
loxoscelism depend on the seriousness classifi cation, 
the time between bite and medical assistance, and the 
risks and benefi ts of each case.
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23.1.4.5 Surgical Management

Acute excision of the bite site should be avoided, since 
the infl ammatory reaction produced by the venom will 
inhibit wound healing and produce an inferior clinical 
result [19, 31]. Most of the lesions resolve without 
surgery. Surgical management should be postponed 
until wounds have stabilized with medical manage-
ment and are no longer progressing (a stable lesion). 
In cases of permanent tissue loss, with unacceptable 
scarring, reconstructive plastic surgery may be neces-
sary [1, 8, 9, 50].

23.1.4.6 Other Treatments

Hyperbaric oxygen, vasodilators, colchicines, heparin, 
nitroglycerin and other treatments have not been sub-
jected to controlled, randomized trials, and thus are 
with unproven effi cacy for loxoscelism.

23.1.5 Prognosis:

It cannot be predicted which bites may progress to a 
systemic disease or to a large cutaneous necrosis [1, 48]. 
However, a study on 52 hospitalized patients with 
necrotic arachnidism confi rmed that the patients’ age, 
size of maximal necrosis and comorbidities are predic-
tive of time to complete healing [54]. In another study, 
no relationship between initial lesion size and long-term 
outcome was observed [55]. Others have also reported a 
marked relationship between age of the patient, comor-
bidities and time to complete healing. In those with a 
large and deep necrosis, which usually begins within 
72 h, ulceration lasted several months before healing 
[3]. Other prognostic factors were the bite site (duration 
of hospitalization was signifi cantly longer in patients 
with severe lesions on the thigh) and the time of presen-
tation to the hospital after the bite, which was directly 
related to the duration of lesion healing.

In summary, the bite of a recluse spider is typically 
self-limited and self-healing, without long-term 
sequels. However, identifying patients with a severe 
course following a spider bite is important for thera-
peutic decision-making, as appropriate intervention 
within the fi rst few days can make a critical difference 
to the outcome.

23.2 Widow Spiders

Widow spiders (Latrodectus spp.) are found through-
out the world, with 31 recognized species. There are 
three recognized species of black widow found in 
North America: the southern black widow (L. mactans), 
the northern black widow (L. variolus), and the west-
ern black widow (L. hesperus). The southern widow is 
indigenous to the southeastern United States (US). The 
northern widow is found primarily in the northeastern 
US and southeastern Canada, though its ranges overlap 
that of L. mactans. The western widow is found in the 
western half of the US, as well as in southwestern 
Canada and much of Mexico. L. tredecimguttatus is 
found in Europe, and L. curacaviensis is found in 
South America [56, 57]. Black (L. indistinctus) and 
brown (L. geometricus) widow spiders are found in 
southern Africa and Madagascar [58, 59]. In Australia 
and New Zealand, the red-black spider (L.mactans 
hasselti) is a problem [60]. However, most species 
probably cause a similar clinical syndrome worldwide 
(excepting L.geometricus, which appears to cause 
much less severe effects) [10]. Females are darker, 
more venomous, and signifi cantly larger than males. 
Males also are capable of biting, but rarely infl ict 
severely envenoming bites [61, 62]. Most females are 
dark gray or black, with red or orange hourglass or 
geometric patterns, spots, or stripes on their ventral 
abdomens. Latrodectus spiders are most abundant and 
active during the warmer months. Members of the 
Latrodectus genus are trapping spiders, which spin 
webs and await their prey. Like the brown recluse, the 
black widows are naturally non-aggressive, and bite 
only when provoked. Webs are built in protected areas, 
outdoors in dark spaces such as barns, trash piles, or 
around outdoors toilet seats [63]. Widow spiders have 
more potent venom than most spiders, and prior to the 
development of anti-venom, 5% of reported bites 
resulted in fatalities. Bites of the black widow spider 
are painful, and are usually associated with mild der-
matologic manifestations [31]. Local erythema, sweat-
ing, and piloerection may appear at the wound site 
within the fi rst half hour, and urticaria and cyanosis 
may also occur at the bite site [64]. Systemic toxicity 
from widow spider bites is caused by α-latrotoxin, a 
neurotoxic component of Latrodectus venom that 
depolarizes neurons, increases intracellular calcium, 
and stimulates uncontrolled exocytosis of neurotrans-
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mitters and disrupts lipid membranes [65, 66], which 
causes massive pre-synaptic release of most neu-
rotransmitters, including acetylcholine, norepineph-
rine, dopamine, and glutamate. Consequently, 
latrodectism occurs within 30 min to a few hours of the 
spider bite, and is characterized by pain. The pain can 
be at the bite site or radiating proximally from distal 
limb bites, i.e., lower leg pain with burning feet and 
lower extremity sweating may occur, even after upper 
extremity bites. Abdomen, back, or chest pain can fol-
low a Latrodectus bite. This is usually associated with 
nonspecifi c systemic features such as nausea, vomit-
ing, headache, fever, lethargy, and malaise. Sometimes 
hypertension, hyper-refl exia, regional lymphadenopa-
thy, paresthesias, priapism, ptosis, salivation, tremor 
and local and regional diaphoresis, may appear. Less 
common are other autonomic and neurologic effects 
such as muscle cramps and, rarely, fasciculations [62, 
67, 68]. Muscular spasms often begin at the bite site, 
and spread initially to local lymph nodes, and then to 
the face and abdomen. The face may be contorted into 
grimacing expressions, Facies latrodectismica, resem-
bling tetanic Risus sardonicus. The abdomen may 
become rigid, mimicking the acute abdomen of appen-
dicitis [69]. Rarely, thoracic myospasm followed by 
weakness may result in restrictive hypoventilation and 
respiratory arrest. Latrodectism usually resolves over a 
3–7 day period, with few deaths.

In severe cases, the initial laboratory evaluation 
should include complete blood count and urinalysis to 
rule out peritonitis and urinary tract infections, and 
detect proteinuria. Also, measurement of serum cre-
atine phosphokinase and lactic dehydrogenase to detect 
rhabdomyolysis from muscular spasm and rigidity 
should be performed. However, laboratory abnormali-
ties are rare [56].

Black widow bite may be misdiagnosed, on the 
basis of the spectrum of symptoms, as drug withdrawal, 
appendicitis, meningitis, or tetanus, to name a few 
[69]. Most of the species of widow spiders can be iden-
tifi ed from their characteristic red ‘hourglass’ marking 
on the undersides of their abdomen [31].

The local wound care of Latrodectus bites should 
include thorough wound cleansing, ice pack applica-
tion, oral or parenteral analgesics, and tetanus pro-
phylaxis. Other treatments include oral or parenteral 
benzodiazepines and intravenous calcium gluconate 
for muscular spasm and rigidity. Latrodectus anti-
venin is indicated for patients manifesting severe 

regional or systemic toxicity, and for patients with 
uncontrolled hypertension, seizures, or respiratory 
arrest [64, 68, 70, 71]. Usually, one vial of antivenin 
diluted in 100–250 ml of saline should be infused 
intravenously over 2 h; this process should be repeated 
for patients with persistent muscular spasms [68, 70]. 
However, the dose, route of administration, and infu-
sion time may differ, and so the product information 
should be consulted before use. In severe envenoma-
tions, especially in children, antivenin may be effec-
tive in reversing latrodectism up to 90 h after the bite 
occurs [72]. Symptomatic children, pregnant women, 
and elderly patients with hypertension or coronary 
artery disease should be hospitalized and observed 
for seizure activity, threatened abortion, and myocar-
dial ischemia respectively [68].
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24.1 Introduction

Frostbite was historically fi rst described during war-time, 
and is also well-documented as affecting populations 
which are victims of forced migration in high-altitude 
areas. Cold-induced lesions are very often the result of 
an inability to protect oneself from an adverse envi-
ronment. These injuries frequently affl ict people 
active in polar environments, such as skiers and moun-
taineers. The seriousness of the lesion essentially 
depends upon the severity and the duration of exposure 
to the cold, and the means the subject has used to 
protect him or herself.

Over a period of more than 40 years, Chamonix 
Hospital treated a large amount of patients suffering 
from frostbite injuries of the extremities. Those with 
serious lesions were admitted for inpatient care. In those 
early days, there was no way of diagnosing the severity 
and risk of amputation at patient admission, and it was 
felt that a clinical tool to aid in prognosis was needed.

Early establishment of the prognosis for patients 
with frostbite is hampered by the lack of useful clinical 
guidelines [1]. Suffering from a lack of clear docu-
mentation and randomized protocols, it is diffi cult to 
ascertain the best treatment for frostbite. It would be 
presumptuous to recognize a true effectiveness in 
existing protocols. The 3–6-week waiting period often 
necessary to determine the severity of the lesion, and 
the prospect of amputation alone, causes mental anguish 
for many patients. Most recent hypotheses regarding 
the physiopathology of frostbite evoke the possibility 
of a secondary, progressive phase of necrosis in the 
fi rst 48 h after the primary phase, where the vasospasm 
of frozen tissue predominates, further aggravating 
tissue damage [2]. Current research efforts are focused 
on this initial phase where vasoactive drugs and potent 
antioxidant such as prostacyclin [3], and fi brinolytics 
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› Frostbite of the extremities affects two distinct 
groups of people: an ‘at-risk’ urban population, 
mainly the homeless, and persons exposing 
themselves to an arctic environment, i.e., climb-
ers, polar explorers, etc.

› A localized cold-induced lesion, or frostbite, is 
defi ned as tissue injury resulting from the pro-
longed exposure of fl esh to a temperature of less 
than 0°C.

› Improvement in the quality of textiles and cloth-
ing protections diminishes the impact of frost-
bite, yet it can still develop because of an 
insidious and painless onset.

› Frostbite injury most often involves the hands 
and feet, and less often the ears, nose and 
cheeks.

› Frostbite can result in catastrophic amputations, 
sometimes quite proximally on the affected 
limbs of previously healthy young men.

› A new classifi cation of frostbite, based on ini-
tial clinical examination, has the advantage of 
establishing a long-term prognosis early on in 
the management of frostbite.

› Thrombolytic agents and prostacyclin used in 
the early phase of treatment of frostbite offer 
new hope to reduce the risk of amputation and 
sequelae from frostbite injury.

Core Messages
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(recombinant tissue plasminogen activator (r-TPA) [4, 
5], are administered in the fi rst 48 h. In order to effec-
tively compare treatment regimens, one must develop 
an accurate clinical tool to be able to compare the 
different cohorts in the studies. Many authors propose 
a classifi cation based on the chronological aspect of 
the frostbite [6–10]. We based our classifi cation on the 
topographic extent of the frostbite lesion when seen 
directly after re-warming on a ‘one-time’ initial exten-
sive topographic of tissue damage. It may be used as a 
research tool to compare the effectiveness of clinical 
trial protocols: the different arms of a randomized 
study could be easily compared to reduce bias by using 
this simple anatomical classifi cation.

During the last 20 years, guidelines for the manage-
ment of frostbite have been reviewed based on data 
from studies validating use of early radio-isotope bone 
scan criteria [11], a new classifi cation [12], and the use 
of new drugs and treatment protocols [13]

24.2 Epidemiology

An average of 80 patients with frostbite injuries to 
the hands and feet are treated at the Chamonix 
Hospital every year, but the incidence of frostbite in 
the world is unknown. In Chamonix, the vast majority 
of patients are mountaineers. As previously mentioned, 
historically, military personnel have had the greatest 
risk of injury until recently. However, with the grow-
ing incidence of homelessness and rising interest in 
outdoor cold-weather activities over the last 20 years, 
a shift over to the civilian population has taken place. 
These recent changes in demography have prompted 
investigators to examine risk factors within the civilian 
population.

A 12-year study on patients treated as inpatients for 
frostbite injuries in the northern prairies of Saska-
tchewan, Canada [14] revealed the following predis-
posing factors: alcohol consumption (46%), psychiatric 
illness (17%), motricity alterations (19%), and drug 
misuse (4%). Alcohol consumption is particularly 
devastating, as it causes heat loss through peripheral 
vasodilatation and clouds judgement. The victim will 
fail to recognize the need to seek shelter and warmth, 
which will further aggravate the injury. The need to 
amputate injured parts in most studies was closely cor-
related with the duration of cold exposure rather then 

the temperature [15]. Studies clearly reveal evidence 
of the anatomic sites most at risk from frostbite. The 
feet and the hands account for 90% of injuries reported 
[16]. Frostbite also affects the face (nose, chin, earlobes, 
cheeks and lips), buttocks/perineum (from sitting on 
metal seats) and penis (joggers).

Topographic classifi cation was given by Killian, but 
the relationship between extent of injury and fi nal 
outcome was not studied [17].

Earlier studies classifi ed young children and the 
elderly at high risk from frostbite injury [18]. Although 
this grouping seems intuitively correct, the published 
epidemiological studies show that frostbite is in fact 
uncommon in these age groups, and instead tends to 
affect adults between the ages of 30 and 49 [19].

24.2.1 Risk Factors

Different risk factors can be distinguished, such as 
behavioural factors (inadequate clothing and shelter, 
alcohol and other drugs, psychiatric illness, smoking), 
mechanical factors (constrictive clothing, contact with 
heat-conductive material, immobility), environmental 
factors (wind, altitude or hygrometry) and physiologi-
cal factors (previous frostbite, genetic susceptibility, 
dehydration, hypovolemia, acute or chronic hypoxia, 
hypovolemia, diabetes, vasculitis, Raynaud’s phenom-
enon, vasoconstrictive drugs)

24.2.2 Pathophysiology

The pathophysiological processes underlying frost-
bite have been studied extensively over the years 
using both human and animal models. Current opin-
ion is that local cold injury produces a succession of 
changes which are commonly divided into ‘pre-
freeze phase’, ‘freeze–thaw phase’, ‘vascular stasis 
phase’ and ‘progressive or late ischemic phase’. 
These overlap, and the changes depend on the freez-
ing rate, the duration of freezing, the extent of injury 
and thawing rate. Mills proposes a more simplifi ed 
scheme of injury with two phases: the cooling–
supercooling–freezing stage; and a vascular stage 
that includes thawing (re-warming) and post-thaw. 
As skin cools, cold-induced vaso-constriction is followed 
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by cold-induced vaso-dilatation. This phenomenon, 
also known as the ‘hunting response’, protects 
extremities from cold injury (at the expense of heat 
loss). It occurs in 5–10 min cycles [20].

Skin sensation is lost around 10°C. With further 
cooling, vascular contents become more viscous, 
there is micro-vascular constriction and trans-
endothelial leakage of plasma. Arteriovenous anas-
tomoses may develop with shunting of distal blood. 
As skin cools further (<0°C), freezing occurs and 
frostbite starts to develop. The location and speed of 
ice crystal formation depends on the rate of freezing. 
Very low ambient temperatures, wind and moisture 
accelerate this rate.

Unless freezing is very rapid, ice crystals form fi rst 
in the extra-cellular fl uid spaces. Extra-cellular 
osmotic pressure increases, drawing free water across 
the cell membrane. This causes intracellular dehydra-
tion and hyper-osmolality. As freezing continues, 
there are extra- and intracellular electrolyte and pH 
changes, dehydration and destruction of enzymes. 
Cell volume reduction and possibly direct damage 
from ice growth occur. Cell membranes are damaged, 
micro-vascular function is compromised and endothe-
lial cells are injured, with the endothelium separating 
from the arterial wall lamina. Cartilage, especially 
epiphyseal cartilage, is very susceptible to freezing 
injury. This is followed by ultra-structural capillary 
damage, loss of mitochondria in muscle cells and 
other intracellular damage [21].

Depending on the method of re-warming, hyperae-
mia, ischemia, cyanosis, or total circulatory failure 
develops [22]. Blebs or blisters may appear secondary 
to vasodilatation, oedema, and stasis coagulation. Platelet 
and erythrocyte aggregates clog and distort the vessels 
in viable tissue. Associated injury may cause increased 
compartment pressures. As is seen in burns, reperfu-
sion injury occurs. This may involve oxygen-free radi-
cals, neutrophil activation, and other infl ammatory 
changes. Prostaglandin F

2α (PGF
2α) and thromboxane 

A
2
 (TXA

2
) cause platelet aggregation and thrombosis 

which results in ischaemia. Robson and Heggers found 
markedly elevated levels of PGF

2α and TXA
2
 in frost-

bite blister fl uid [23]. These eicosanoid derivatives 
have been heavily implicated as mediators of progres-
sive dermal ischemia in burns, frostbite and ischemia/
reperfusion injuries.

Depending on the degree of micro vascular damage, 
one of two processes occurs: either vascular recovery 

with dissolution of clots, or vascular collapse which 
results in thrombosis, ischemia, necrosis and gangrene. 
Refreezing after thawing causes intracellular ice for-
mation, with extensive cell destruction and further 
release of pro-thrombotic, vaso-constrictive PGF

2αand 
TXA

2
. A rabbit ear model demonstrated increased tis-

sue survival after a blockade of the arachidonic acid 
cascade at all levels [24]. The most marked tissue 
salvage resulted when specifi c TXA

2
 inhibitors were 

used. This has now been shown to be effective in clinical 
situations [25].

24.3 Clinical Aspects

Severity of symptoms is usually related to the severity 
of injury. In our emergency department, we use to 
describe four phases regarding the time of evolution:

24.3.1 Freezing Phase

Freezing phase (in the fi eld), characterized by cold 
numbness with accompanying sensory loss. The extrem-
ity will feel cold to the touch, and patients often com-
plain that it feels clumsy, like a block of wood. Frozen 
tissue may appear mottled blue, violacious, yellowish-
white or waxy.

24.3.2 Re-Warming Phase

Re-warming phase, when the patient recovers in a warm 
environment. It is characterized by a well demarcated 
blue-grey discoloration. Following rapid re-warming, 
there is an initial hyperaemia, seen even in the most 
severe cases. This phase lasts 12–24 h, before the 
arrival of blisters.

24.3.3 Progressive Ischemic Phase

Progressive ischemic phase, characterized by oedema, 
vesicles and the appearance of blisters. This phase will 
last 1–3 days (Fig. 24.1).
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24.3.4  Necrotic and Mummification 
Phase

Necrotic and mummifi cation phase, seen from days 30 
to 45 (Fig. 24.2). The damaged tissue will become dry 
and dark and crumbly. There is precise demarcation 
between viable and non-viable tissue.

24.4 Classification

Two retrospective studies we conducted have made it 
possible to classify and stratify frostbite injury. The 
fi rst looked at the relationship between extent of the 
initial lesion after re-warming and long-term prognosis. 
The second looked at isotopic bone scan and its use in 
determining the level of amputation.

24.4.1 Extent of the ‘Initial Lesion’

A study of 80 patients, in 2001, recruited from Chamonix 
Hospital made it possible to determine a relationship 
between the extent of the initial lesion and the fi nal out-
come. The classifi cation derived from the study is now 
an invaluable tool, used widely to determine the severity 
of the frostbite early on in its management.

At day 0, the initial lesion was defi ned as the level 
of blue-grey discoloration which extended from the 
digit extremity towards the base of the limb (i.e., last 
phalanx, or last two, or up to the metacarpal bones etc.) 
(Fig. 24.3). This aspect persisted despite the rapid 
re-warming, and was accompanied by decreased skin sen-
sitivity. The limit of the initial lesion was assessed just 
after the initial standard treatment protocol for most 
patients in Chamo nix hospital: 38°C bath, intra venous 
vasodilator (chlorhydrate of bufl omedil) and aspirin. 

The study consisted of an analysis of the correlation 
between the level of fi nal bone amputation and the 
extent of the initial lesion.

The results are presented in Table 24.1. For both 
hands and feet, when the initial lesions were localized 
at the distal extremity of the hand or the foot, the prob-
ability of an amputation was around zero. The proba-
bility of some amount of bone amputation increased 
progressively, reaching 100% when all the foot or hand 
fi ngers were initially involved. By contrast, the speci-
fi city of the initial lesion aspect compared to the fi nal 
outcome was very low, around 30%, indicating that 
the fi nal amputation level has a low correlation with the 

Fig. 24.1

Fig. 24.2

Fig. 24.3
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Table 24.1

initial clinical aspect of the lesion. The extent of 
the initial lesion could be used to predict the risk, but 
not the level of amputation. To determine the level of 
amputation, an isotopic bone scan (two-phase bone 
scanning [99mTc-HMDP]) should be carried out to 
complete the diagnosis.

24.4.2 Bone Scanning

Previously we have evaluated and published the prog-
nostic value of two-phase 99mTc bone scanning per-
formed on 92 patients who presented severe frostbite 
of the extremities [11]. The study showed that an initial 
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bone scan, as early as the third day, has excellent spec-
ifi city in evaluating the severity of frostbite injury. 
There was a direct correlation between the uptake limit 
in the phalanxes and the eventual level of amputation: 
the probability of an amputation was around 84% 
in the case of scan images of non-fi xation of the radio-
active tracer. A second scan, on approximately day 8, 
was even more sensitive and informative, especially if 
the initial bone scan showed decreased uptake. A strong 
correlation was shown between a positive uptake of the 
radiotracer and the probability of healing (around 
99%). (Fig. 24.4)

Bone scanning plays an essential medico-legal part 
too. A surgeon can justify the level of amputation used 
to treat severe frostbite by correlating it to the initial 
bone scan result.

24.4.3 Other Imaging Aids to Diagnosis

In addition to physical examination fi ndings and bone 
scanning, several diagnostic tests have been used to 
help predict the severity and prognosis of the frostbite 
injury (plain radiographs, thermography, angiography, 
laser Doppler imager, digital plethysmography, MRI/
MRA [26] (Fig. 24.5))

24.4.4 New Classification

Classically, frostbite has been described by its clinical 
presentation. Initially it was often diffi cult to predict 
the extent of frostbite injury. Taking into account these 
new results, a new classifi cation was devised based on 
clinical criteria alone. Anyone without any specifi c 
knowledge of the management of frostbite can determine 
very early on the risk of amputation. A simple comple-
mentary examination with a strong positive predictive 
value for the frostbite level amputation completes the 
picture. This new classifi cation can be used immedi-
ately after the re-warming of the limbs, and can aid the 
clinician to make a management plan and to give his 
patient an idea of the prognosis. Four levels of severity 
are proposed. The main advantage of this classifi cation 
compared to previous systems is the immediate knowl-
edge of prognosis: previous classifi cations needed 15 
days of observation before they could predict outcome. 

With our system, by day 2 the exact level of amputa-
tion is known.

24.5 Treatment

Treatment of frostbite can be divided into three phases: 
pre-thaw fi eld-care phase, immediate hospital-care 
phase, and post-thaw phase.

24.5.1 In the Field

If caught out in the fi eld and there is a possibility of 
onset of frostbite, one should move out of the wind and 
seek shelter. One must avoid compression of the limbs 

Fig. 24.4

Fig. 24.5
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proximally, which can be caused by a tight backpack 
or climbing harness. Tight shoes must be avoided for 
the same reason. One should drink warm fl uids, remove 
boots, remove wet gloves and socks and replace them 
by dry ones. Warm the cold extremity by placing it in 
a companion’s armpit or groin area to seek warmth for 
a short time, put your boots back on, and take aspirin 
(500 mg) or bufl omedil (300 mg) or ibuprofen (800 mg) 
to improve the circulation (if not contraindicated). Aspirin 
is less benefi cial, as it prolongs blockade of all prosta-
glandin synthesis that are benefi cial for wound healing. 
Bufl omedil has a vasoactive effect on tissue microcir-
culation; it increases tissue perfusion. Ibuprofen is also 
indicated, as it provides systemic anti-prostaglandin 
activity that limits the cascade of infl ammatory damage.

Do not rub the affected part, or apply direct heat. If 
feeling returns, one can continue to walk. If there is no 
return of sensation, go to the nearest warm shelter (hut 
or base camp) and seek medical treatment. If at high 
altitude, oxygen should be given. According to numer-
ous studies, fi eld re-warming should only be attempted 
if there is no further risk of refreezing. Tissue which is 
thawed and then refrozen almost always dies. 
Consequently, the decision to thaw the frostbitten tis-
sue in the fi eld commits the provider to a course of 
action which may involve pain control, maintaining 
warm-water baths at a constant temperature, and pro-
tecting tissue from further injury during re-warming 
and eventual transport. In base camp, rapid re-warming 
should be carried out over 60 min in a 38°C bath; how-
ever, it is not recommended that the patient walk on the 
feet once re-warmed.

24.5.2 Emergency Room Care

Always look for hypothermia and/or associated injury. 
Treat life-threatening emergencies fi rst; hypothermia 
should be corrected to a core temperature of 34°C 
before frostbite management is attempted. ‘Rapid 
Re-warming Protocol’ (RRP) involves:

– Re-warming whirlpool water bath of 38–40°C with 
a mild antibacterial agent such as iodine or chlor-
hexidine. The time period recommended for re-
warming is up to 1 hour [27]. Re-warming should 
continue until a red/purple colour appears and the 
extremity becomes mobile. Active motion during 

the re-warming period is benefi cial, but care should 
be taken to prevent the extremity from touching the 
sides of the whirlpool.

– Medical treatment: During the bath, an IV dose of 
400 mg of bufl omedil is given over an hour, along 
with an injection of 250 mg of aspirin. In countries 
where bufl omedil does not exist, we suggest the use 
of 800 mg of ibuprofen with aspirin. Intravenous 
fl uid resuscitation is not usually required during 
this phase.

After the bath, an evaluation of the initial lesion should 
be done to determine the degree of severity and decide 
the treatment protocol (Table 24.2)

– Grades 1 and 2: Taking into account the low risk of 
amputation, lesions of Grade 1 (Fig. 24.6) or 2 (Fig. 
24.7) do not need inpatient care, or isotopic bone 
scan. A treatment of aspirin, and vasodilators orally 
during 8–21 days, associated with local treatment 
(dressings), is suffi cient in most of the cases.

– Grade 3 (Fig. 24.3) is correlated with an important 
risk of amputation, so cases should be admitted 
immediately for specifi c treatment. Low molecular 
weight heparin is used in cases of severe foot frost-
bite. Iloprost is given intravenously (prostacycline 
analogue) (up to 50 μg per day) for 5–7 days. 
Iloprost intravenous is relatively well-tolerated and 
has few secondary effects. It should be started 6 h 
after the fi rst dose of aspirin. Systemic broad-spec-
trum antibiotics are usually given prophylactically 
for foot frostbite, because of a high risk of second-
ary infection (amoxicilin + clavulanic acid).

An isotope bone-scan performed on day 2 will determine 
more precisely the extent of the frozen lesions, and 
make it possible to ascertain the level of bone amputa-
tion. In the case of a positive result, the surgical inter-
vention should be planned after the second bone scan at 
day 8 (stabilisation of the frostbite bone lesions).
– Grade 4 (Fig. 24.8) is associated with near-certain 

need for amputation, as well as a high risk of major 
complications (deep vein thrombosis, sepsis, septic 
shock and death). The same treatment as Grade 3 
by intravenous route should be started immediately 
after rapid re-warming protocol, associated with 
intensive local treatments. The use of more aggres-
sive treatments such as thrombolytic [rtPA (30 to 
5 mg] or iloprost (up to 50 μg per day)] must be dis-
cussed on a case-to-case basis. Use of thrombolysis 
should be restricted to patients with severe Grade 4 
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Table 24.2

frostbite, because of the important risk of hemorragic 
side-effects. However since these patients run a 
high risk of disability due to amputation, use of this 
radical treatment must be discussed.

Despite proper intense early treatment, early amputa-
tion is often required, as sepsis complicates infection 

of necrotic tissues. In such an instance, the level of 
amputation can be guided by isotope bone-scan at day 
2 and 8. These major complications are more likely on 
those patients with a fragile terrain, i.e., malnourished, 
with renal or hepatic impairment or other systemic ill-
ness. The surgical technique of amputation depends on 
the surgeon (i.e., amputation in ‘one-step’, ‘two-steps’ 
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or with salvage fl ap transfer, etc.). Most surgeons agree 
that early amputation limits the length of inpatient 
hospital care, the duration of wound dressing and the 
re-constructive surgery delay. However if there is no 

need for urgent surgery (no septic complications), the 
best attitude is to let the body demarcate the limit 
between viable and necrotic tissue and to amputate 
secondarily (Figs. 24.9 and 24.10).

24.5.3 Post-Thaw Care

Blisters appear after 12–24 h. They can be fi lled with 
clear fl uid, milk-like fl uid or can be hemorrhagic. 
Blisters should be left alone for the fi rst 3–5 days, as 
they tend to enlarge and debriding them will only result 
in the need for further debridement at a later stage. It is 
recommended to drain leaving the roof of the blisters 
intact, to cover them with dressings and to debride 
them properly after 3–5 days once they have attained 
their maximal size. Dressings used should be changed 
daily. The use of hydrocolloids containing silver sulfa-
diazine reduces the risk of infection. Padding should 
be put between the patients’ toes if they are affected 

Fig. 24.6

Fig. 24.7

Fig. 24.8

Fig. 24.9

Fig. 24.10
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There is no need to use re-warming foot/hand baths 
apart from the one carried out on day 0 to re-warm the 
frozen limbs.

Tetanus vaccination status must be reviewed. Anti-
tetanus toxoid should be given if vaccination is not up 
to date. Analgesia must be given during this phase. 
Opiates are sometimes required, especially during the 
daily wound dressing.

Thawing and reperfusion are often accompanied 
by intense pain. A throbbing pain begins 2–3 days 
after re-warming and may persist for weeks or 
months, even after the tissue becomes demarcated. A 
residual tingling sensation beginning after 1 week 
has also been described. This is probably due to an 
ischemic neuritis [25]. A variation in onset of symp-
toms exists, with some victims never noticing pain 
(e.g., diabetics with previous neuropathic damage). 
In victims without tissue loss, symptoms usually sub-
side within 1 month, whereas with tissue loss symp-
toms may exceed 6 months. In all cases, symptoms 
are exacerbated by a warm environment. Other sen-
sory defi cits include spontaneous burning and electric 
current-like sensations. Usually frostbite victims 
experience some degree of sensory loss for at least 4 
years after injury, some maybe indefi nitely.

24.6 Adjunct Therapies

More recent studies have assessed the role of adjunc-
tive therapies in the treatment of frostbite. These 
include surgical lumbar sympathectomy, intra-arterial 
reserpine, brachial plexus blocade, oral nifedipine, 
hyperbaric oxygen, low-molecular weight dextrans 
and thrombolytic agents [28]. Many have only been 
tested in animal models, and further randomized trials 
in humans are needed.

Hyperbaric oxygen therapy (HBO). The role of HBO 
therapy in frostbite has had mixed acceptance amongst 
authors. Several animal studies have demonstrated it to be 
of no benefi t [29], yet two recent studies in humans have 
yielded excellent results [30]. HBO increases the deform-
ability of erythrocytes, diminishes oedema formation in 
burned and post-ischemic tissues and has a bacteriostatic 
effect [30]. It also may act as an antioxidant [31]. Its role 
in frostbite therapy warrants further investigation, as it is 
a relatively safe and inexpensive treatment.

Sympathectomy. The role of sympathectomy, either 
surgical or chemical, has yielded mixed results. Early 
sympathectomy, performed within the fi rst few hours 
of injury, actually increases oedema formation and 
leads to increased tissue destruction. However, if 
performed 24–48 h after thawing it will hasten resolu-
tion of oedema and decrease tissue loss. Sympathectomy 
certainly has a role in preventing some long-term 
sequelae of frostbite such as pain (often due to vasos-
pasm), paresthesias and hyperhidrosis [28].

Vasodilators. Intra-arterial reserpine has been shown 
experimentally and clinically to be of use in frostbite 
[25]. Reserpine appeared to be of use in preventing 
vasospasm, but it did not retard progression of tissue 
loss. The use of pentoxifylline, a methyl-xanthine derived 
phosphodiesterase inhibitor, has yielded some promis-
ing results in human trials. It increases blood fl ow to the 
affected extremity, decreases platelet hyperactivity and 
helps normalize the prostacyclin to TXA

2
 ratio. It has 

been clinically proven to enhance tissue survival.

24.7 Prevention of Frostbites

Here are some simple measures to reduce the risk of 
frostbite: wearing multiple-layer protective clothing, 
adequate nutrition and hydration, staying dry, wearing 
mittens rather then gloves, avoiding constriction of 
body parts with clothing, avoiding tight-fi tting boots, 
using aspirin prophylactically. It is essential to be pro-
active in detecting frostbite where weather conditions 
are extremely cold. The insidious onset of frostbite 
means that unless one looks out for it frequently it can 
be missed and detected too late.

24.8 Conclusion

A rise in homelessness and increase in outdoor cold 
weather activities have caused the incidence of frostbite 
amongst the civilian population to rise over the last 15 
years. A proper knowledge of frostbite management is 
no longer reserved to military doctors; civilian medical 
practitioners may be confronted with this pathology too, 
and knowing how to manage frostbite is therefore crucial 
to both the military and civilian medical practitioner.
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Although it remains a potentially disastrous injury 
associated with high morbidity, frostbite can now be 
treated effectively to ensure minimal loss of tissue and 
function. With adequate preventive measures, the risk of 
frostbite injury can be reduced. Research over the past 
15 years has led to a new understanding of the pathophys-
iology of cold injury. Understanding of the role of 
infl ammatory mediators, such as PGF

2α and TXA
2
, has 

led to new active medical regimes such as the use of 
ibuprofen, prostacycline analogues and thrombolytic 
agents. Improved imaging assessment using MRI, MRA 
and technetium scintigraphy, coupled with further 
research into the use of adjunct therapies, should herald 
further advancement in the treatment of frostbite.

The effi ciency of radical medical treatments of 
frostbite (thrombolysis and intravenous prostacycline 
analogues), when they are used within the fi rst 24 h on 
grade 3 and grade 4, should encourage medical practi-
tioners to treat such patients as medical emergencies, 
and to refer them as early as possible to a centre where 
the treatment can be initiated.
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Photodermatoses*

M.-T. Leccia and J.-C. Beani

applied compounds) and light (mostly spectrum 
within the UVA and visible light range or UVB 
range). Photo-toxic reactions are signifi cantly 
more common than photo-allergic reactions, and 
mostly resemble exaggerated sunburn. Severe 
photo-toxic reactions are observed with systemic 
medication and extensive cutaneous ultraviolet 
exposure, typically with psoralens and UVA irra-
diations. Photo-allergic reactions appear only in 
a minority of individuals, and resemble allergic 
contact dermatitis on sun-exposed areas and may 
expand beyond the site of topical application. 
Photo-allergic reactions are classical T-cell-
mediated or delayed-type hypersensitivity reac-
tions of the skin in response to a photo-allergen 
to which a subject was sensitized in the past.

25
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› Photosensitive disorders include idiopathic pho-
todermatoses and photo-toxic and photo-allergic 
diseases related to identifi ed photosensitizing 
molecules (also called chromophores).

› Severe acute cutaneous reactions (from diffuse 
erythema to large bullous) are mainly observed 
with photo-toxic reactions caused by external 
agents (systemic or topically applied) which 
lower the threshold for abnormal UVR responses. 
Extensive burns have been particularly reported 
after therapeutic phototherapy or cosmetic use of 
psoralens for tanning.

› Various photo-toxic and photo-allergic clinical 
reactions have been described with systemic 
drugs, especially with quinolones and propionic 
acid derivatives.

› Diagnosing photosensitive disorders fi rst depends 
on clinical examination with precise interroga-
tion concerning possible sun exposure, and 
research of photosensitizing drugs.

Core Messages

* The only life-threatening photodermatoses concern phototoxic 
reactions with psoralens.

Photo-allergic and photo-toxic reactions
Drug-induced photosensitivity reactions refer to 
the development of cutaneous disease on sun-
exposed areas as a result of the combined effects 
of a drug (systemic medications and topically 

Photosensitive disorders correspond to abnormal 
reactions of human skin exposed to ultraviolet radiations 
(UVR) or visible light, consecutive to the activation of 
specifi c molecules abnormally present in the skin called 
photosensitizing molecules or chromophores [1]. Clinical 
patterns are called photodermatoses. In some cases the 
chromophores can be identifi ed, and correspond to 
endogenous molecules (metabolic photodermatoses or 
endogenous photosensitisations) or exogenous mole-
cules from an internal source (medications) or topical 
applications (medications, cosmetics, plants, etc.). In 
other cases called idiopathic photodermatoses (some of 
which may correspond to autoimmune photoderma-
toses), chromophores are still unknown. The main idio-
pathic photodermatoses include polymorphic light 
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eruption, solar urticaria, chronic actinic dermatitis, 
actinic prurigo and hydroa vacciniforme.

As we’ll see below, few photodermatoses are life-
threatening, and most severe reactions are observed 
with photosensitisations provided by oral or topical 
drug intake.

History and physical examination are essential steps in 
the diagnosis of photodermatoses. They can be completed 
by biopsies and light testing using a solar simulator a long 
time after the acute clinical reaction [2]. In the context of 
a severe acute photodermatose, clinical aspects and 
research of photosensitizing drugs are keys to diagnosis.

25.1 Endogenous Photodermatoses

Pellagra, pellagroides erythemas and cutaneous por-
phyrias are the main metabolic photodermatoses. In 
pellagroides erythemas and cutaneous porphyria tarda, 
photo-toxic burning can represent an immediate dis-
comfort of the skin exposed to UVR or visible light, in 
the absence of visible signs. Also sometimes acute 
skin infl ammation and blistering can be present. 
However, the severity of these diseases is not related to 
cutaneous involvement but to other organ involvement 
independent of UVR. Erythropoietic protoporphyria 
may exhibit immediate erythema and urticaria, but its 
bad prognosis is related to scars and mutilations of the 
face and the hands following chronic UV-induced 
blistering.

25.2 Exogenous Photodermatoses

Severe photosensitive disorders are usually observed 
with photo-toxic reactions caused by external agents, 
either systemic or topically applied, which lower the 
threshold for abnormal UVR responses. Most photo-
sensitisations implicate reactive oxygen species that 
are photo-generated, especially superoxide anion 
(O

2−
°) and singlet oxygen (1O

2
). Erythema is the usual 

aspect of exogenous photo-toxic reactions. The erythe-
mal reaction can start a few minutes or hours after 
UVR exposure. It is exclusively localized on photo-
exposed areas containing the active chromophore (all 
photo-exposed areas for systemic absorption versus 
localized areas with topical applications). Variable 
intensity of reactions can be observed; the most severe 

are bullous reactions. Symptoms consist in burning 
and tingling without itching.

25.2.1 Phototherapies

Generalized erythema with possible extensive burns 
has been reported consecutive to therapeutic photo-
therapy or to intentional cosmetic use of psoralens for 
tanning. Psoralens are photo-active chemicals that 
form adducts with DNA on UV exposure that sup-
press keratinocyte proliferation [3]. The mechanism 
of injury in PUVA burns may be a direct DNA damage 
in the basal cell layer of the epidermis. Photosensitivity 
can persist for up to 72 h after treatment, as psoralen-
DNA monoadducts remain in the skin far longer than 
free psoralens. Depending on the individual suscepti-
bility to UV radiation, several predictable side effects 
of PUVA are known ranging from erythema to blister 
formation [4]. Psoralen concentration and UVA dose 
are two critical parameters associated with severe 
acute photo-toxic events. Herr et al. described in a 
10-year follow-up study (with 17,000 annual PUVA-
therapies) ten severe burns (incidence 0.05%) [5]. For 
six patients, mistakes were related to medical person-
nel (UV over-dosage). Three patients had been sun-
bathing just after PUVA sessions. Three patients 
needed hospitalization and burn nursing during 3–21 
days. No adverse effects were reported after a few 
months except hyper-pigmentations. Burns are also 
described with cosmetic use of psoralens. Braye et al. 
described 14 severe photo-toxic burns in young 
women, related to misuse of photosensitizing agents, 
with nine hospitalisations (11 + 3 days) [6]. Lok and 
colleagues reported, between 1982 and 1990, 20 
patients who were hospitalized for burns because of 
misuse of psoralens for cosmetic reasons [7]. All 
patients had a skin erythema on 90% of the skin and 
cutaneous bullae on 22% of the skin. Most cases 
healed spontaneously without grafting. However, one 
severe case was described with balneo-PUVA, with 
death by septicaemia [8]. Direct contact effects or 
effects of aerosolized bergamot (5-MOP) aromather-
apy oil, with secondary UVA exposure by staying out-
doors or in tanning salon, were also described [9, 10 ]. 
Photo-toxic erythema is also the main effect of UVB 
phototherapy [11]. These reactions can be increased by 
concomitant use of medications. Emergency depart-
ments and physicians should all be aware of the 
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 possibility that patients may present with burns which 
are secondary to psoralens abuse [12, 13 ]. In all cases, 
general principles in burn management should be 
observed. Patients with signifi cant burns may develop 
secondary bacterial infections which can become rap-
idly life-threatening. Skin grafting is barely required 
among the patients who burn with no deeper than sec-
ond degree. Prognosis is probably fi rst related to surface 
area involved with burns, rather than depth of burn 
injury. Some authors also suggest that healing is poor in 
elderly patients in the life-threatening cases. Concomitant 
intake of photosensitive drugs must systematically be 
suspected (anti-infl ammatory non-steroid molecules 
(AINS), phenothiazines, calcic inhibitors) [11, 14].

25.2.2 Photo-toxic Reactions

Acute photo-toxic reactions have been described with 
different drugs such as tetracycline class of antibiotics, 
AINS and psychotic medications [15–17] (Fig. 25.5). 
Most brutal photo-toxic reactions were however 
observed with quinolones. Large bullous or very painful 
phlyctenal detachments may appear and persist several 
weeks after the acute accident. Secondary, pigment 
anomalies can develop, such as hyper-pigmentation or 
vitiliginous de-pigmentation. The photo-toxic risk var-
ies with molecules and has been established as followed: 
fl uroxacine > lomefl oxacine, perfl oxacine > ciprofl oxa-
cine > enoxacine, norfl oxacine, ofl oxacine [18–21].
Particular photo-toxic effects have been described with 
other drugs:

– Persistent photo-sensibility with quinine [22] or 
fenofi brate [23].

– Different photodermatoses (erythema, discoid 
lupus, pseudo-porphyries, dyschromies) with vori-
conazole (anti-fungic drug) [24, 25]; we recently 
described two immuno-suppressed patients treated 
with voriconazole who developed multiple solar 
keratoses and invasive epidermoid carcinomas in a 
context of photo-sensibility related to the introduc-
tion of this anti-fungic drug. Most pre-epithelioma-
tous lesions and some carcinomas regressed with 
the stop of treatment.

– Photo-distributed papulo-pustulosis eruptions with 
EGFR inhibitors [26].

– Patients treated by 5-fl uorouracil, methotrexate or 
taxans can develop severe photo-recall reactions, 
with fl uoride redness and burning and erosion of 

photo-damaged skin with modest UVR exposure 
[27, 28].

Photo-recall reactions appear with administration 
of specifi c medications (5-FU, methotrexate, taxans) 
in patients who were exposed to UV radiation some 
days or weeks before drug administration.

25.2.3 Photo-Allergic Reactions

Severe photo-allergic disorders such as delayed hyper-
sensitivity reactions or immediate hypersensitive reac-
tions mediated by IgE in response to UVR are less 
frequent. Mechanisms of photo-allergy implicate the 
induction of cellular hypersensitivity by an immune 
reactive photo-antigen [29]. Photo-allergic reactions 
are independent of drug and UV doses. Clinical aspect 
is usually an eczematous eruption that can affect 
exposed and non-exposed skin. Severity is linked to 
intensity of the reaction and to development of the 
ondition, since cutaneous manifestations can persist for 
months, even years. Most severe cases of both photo-
toxic and photo-allergic reactions have been described 
with propionic acid derivatives such as ketoprofen [30–
32] (Figs. 25.2, 25.3, 25.4). Photochemical and photo-
biological studies have shown that the ketoprofen 
molecule absorbs UVB and short UVA radiations, lead-
ing to the formation of diphenylketone derivate respon-
sible for photo-allergic reactions. This explains 
cross-reactivity with molecules such as fenofi brate, 
oxybenzone, or tiaprofenic acid, very similar structur-
ally [33, 34]. Eruptions mimicking erythema multi-
forme can be seen with these drugs [35]. Photo-allergic 
contact dermatitis due to diclofenac has also been 
reported [36]. Hypersensitivity syndrome with fever, 
hepatic cytolysis and eosinophilia has been observed 
with sulfasalazopyridine [37].

Severe photo-allergic reactions have been also 
described with plants such as frullania, compositae or 
lime [38, 39] (Fig. 25.1).

25.3 Idiopathic Photodermatoses

Idiopathic, autoimmune photodermatoses can greatly 
affect life because of the severity and chronicity of skin 
eruptions, but usually without vital consequences. 
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Fig. 25.1 Phyto-photodermatosis

Fig. 25.2 Eczematous contact photo-allergy to ketoprofen gel

Figs. 25.3, 25.4 Erythema-multiforme-like eruption following 
photo-allergic contact dermatitis to ketoprofen gel and positive 
photopatch tests

The most frequent idiopathic polymorphous eruptions 
are benign and never life-threatening.

Solar urticaria is rare (less than 2% of all photoder-
matoses) and affects predominantly Japanese women 
between 20 and 40 years old. Eruptions are thought to 
be linked to a unknown chromophore leading to the 
development of a hyper-sensibility mediated by IgE, 
with two types individualized today [40]. Papulous 
eruptions are associated with very uncomfortable sen-
sations of burning and itching. The severity of solar 
urticaria is linked to the action spectrum, usually con-
cerning UVB, UVA and visible light and explaining 
skin reactions in everyday life and the diffi culty of pre-
venting and treating eruptions [41]. Exceptional reac-
tions such as anaphylaxy and vasculitis have been 
described [42, 43].

Hydroa vacciniforme (HV) is a rare childhood dis-
order mainly induced by UVA. Umbilicated blisters 
occur on exposed areas, especially on the face, leading 
to scars with important cosmetic disorders. Typical 

hydroa vacciniforme have to be distinguished from 
severe HV-like eruptions that are associated with sys-
temic complications, and especially Epstein–Barr virus 
(EBV)-associated NK/T-cell lymphoproliferative dis-
orders with possible fatal outcome [44].

Chronic actinic dermatitis is a rare disease occur-
ring mainly in elderly men [45]. It can occur as eczema 
in exposed areas in the summer only, with no cutane-
ous sign in wintertime. Severe forms consist of diffuse 
photosensitivity with sparing of light-shielded areas, 
and may progress to erythroderma. Some forms may 
follow photo-allergic or allergic contact dermatitis, 
oral drug photosensitivity and occasionally polymor-
phic light eruption. Other forms are associated with 
atopic dermatitis [46, 47]. In addition, contact derma-
titis allergic to various airborne or topical allergens 
exists [38, 48]. Severe clinical patterns are associated 
with lymphomatous malignant transformation. Skin 
biopsy shows a dense dermal lymphocytic dermatitis, 
with atypical cerebriform lymphocytic cells identical 



25 Photodermatoses 239

to those found in cutaneous T cell lymphoma. UV test-
ing is essential to make a defi nite diagnosis of chronic 
actinic dermatitis, most patients presenting abnormal 
threshold responses to UVR.

Sweet’s syndrome is a neutrophilic dermatosis 
which frequently affects photo-exposed areas, without 
clear UV induction or aggravation. However, two cases 
of photosensitive Sweet’s syndrome have recently 
been described, with no associated diseases and with 
benign evolution [49].

Systemic diseases like erythematous lupus or der-
matomyositis usually present photo-aggraved cutane-
ous eruptions.

Deleterious effects of UVR in photosensitive geno-
dermatoses such as xeroderma pigmentosum, tri-
chotiodystrophy or Rothmund–Thompson syndrome 
are characterized by cutaneous cancer induction with-
out life-threatening acute effects.
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› Skin and soft-tissue infections are the most 
 common travel-associated dermatoses.

› Acute urticaria or localised infl ammatory 
oedema with blood eosinophilia orients towards 
a  helminthic infection.

› Febrile exanthema may be observed during 
 systemic bacterial infections, arboviral diseases, 
haemorrhagic viral fever and drug adverse  
reactions.

› Environmental diseases may be related to 
 arthropod-induced or marine life dermatitis and 
envenomations.
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Dermatoses are a leading cause of health problems in 
travellers. They cover a large spectrum of exotic and 
cosmopolitan infections, as well as environmental 
 diseases which include life-threatening diseases.

26.1 Epidemiological Overview

Dermatoses are considered as one of the three most com-
mon causes of health problems in returning travellers. 
Three studies have helped to identify the spectrum of skin 

diseases in travellers [1–3]. Overall, the most common 
skin diseases were insect bites (with or without secondary 
infection), skin and soft-tissue infections, cutaneous larva 
migrans, scabies, myiasis, tungiasis, urticaria, febrile rash 
and allergic reactions. Taken together, these studies show 
that the leading dermatoses in returning travellers are 
infections and environmental skin diseases. In the largest 
series to date, the only death related to a skin disease was 
related to cutaneous abscesses [2].

26.2 Emergencies Related to Infections

26.2.1 Bacterial Infections

26.2.1.1 Skin and Soft-Tissue Infections

The clinical spectrum of skin and soft-tissue infections 
(SSTI) ranges from impetigo and ecthyma to erysipe-
las, abscess, and necrotizing cellulitis [1–3].

S. aureus and Streptococcus species are the most fre-
quently involved bacteria. Insect bite is the portal of entry 
in 28.6–63% of the cases diagnosed as SSTI [1, 3].

SSTI may be life-threatening in two circumstances. 
The involved bacteria may produce toxins (toxic strep 
syndrome, toxic staph syndrome, staphylococcal 
scalded skin syndrome) with systemic consequences 
(see the corresponding chapter 13). Apart from local 
complications (necrotizing cellulitis, myositis) the 
lesions can be the portal of entry of systemic infection 
that may appear as signs of systemic infl ammatory 
response syndrome, sepsis and lastly septic shock (see 
the corresponding chapters 6 and 7).
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26.2.1.2 Rickettsioses and Scrub Typhus

Rickettsioses and scrub typhus are zoonotic bacterial 
infections transmitted to humans by arthropods. African 
tick bite fever, Mediterranean spotted fever, Rocky 
Mountain spotted fever, murine typhus and scrub 
typhus are the most frequently described in travellers 
[4]. Most patients present with a benign febrile illness 
accompanied by headache, myalgia and cutaneous 
eruption (rash in addition to inoculation eschar) 
(Fig. 26.1). Severe complications and fatalities are 
occasionally seen. Diagnosis usually relies on clinical 
grounds, and serological analysis only provides a retro-
spective diagnosis. When available, PCR performed on 
a skin biopsy of the eschar allows a rapid and highly 
sensitive diagnosis, with determination of most species. 
Pre sumptive therapy with doxycycline is recommended 
whenever a case of rickettsiosis is suspected [4].

26.2.1.3 Other Systemic Bacterial Infections

Meningococcemia may be observed in this setting, but 
its incidence in travellers is estimated to be similar to 
that of persons living in Western countries. This dis-
ease is certainly one of the most frightening ones (see 
the corresponding chapters 5 and 32). Potentially 
 life-threatening ‘travel diseases’ such as typhoid fever, 
rat-bite fever, leptospirosis, trench fever may present 
with febrile rash (see the corresponding chapters 13 
and 39).

26.2.2 Parasitic Infections

26.2.2.1 African Trypanosomiasis

African trypanosomiasis (also known as sleeping sick-
ness) is a parasitic infection transmitted by the bite of 
tse-tse fl ies (glossina) which may affect travellers par-
ticipating in organized photographic or hunting safaris. 
West African trypanosomiasis is due to Trypanosoma 
brucei gambiense, whereas East African trypanoso-
miasis is due to T. brucei rhodesiense. This disease is 
divided into three stages, only the fi rst two being asso-
ciated with cutaneous manifestations.

Trypanosomal chancre (fi rst stage) occurs at the 
inoculation site, with a frequency up to 70% [5]. It 
appears 5–10 days after the infective bite, and the 
lesion consists of a circumscribed infl ammatory nod-
ule, ulcer or plaque (Fig. 26.2). At this stage, diagnosis 
is easily made by identifi cation of trypanosomes in the 
smear from the chancre.

Haemo-lymphatic dissemination of the parasite 
(second stage) is classically associated with fever, 
lymphadenopathy, and cutaneous lesions known as 

Fig. 26.1 Inoculation eschar during African tick bite fever Fig. 26.2 Trypanosomal chancre during African trypanosomiasis
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trypanides. Trypanides are reported in less than 10% 
of cases. The eruption is an evanescent macular ery-
thematous rash with polycyclic urticarial plaques, 
occurring on the trunk or the proximal parts of the 
limbs [6]. At this stage, peripheral blood smear or 
lymph node fl uid aspirate specimen allows isolation of 
the trypanososomes, and specifi c serological testing 
allows indirect diagnosis.

Involvement of the CNS is the hallmark of the third 
stage. It is of more rapid onset in East African trypano-
somiasis. It has to be systematically ruled out by lum-
bar puncture and CSF examination because it has 
prognostic and therapeutic consequences [5].

26.2.2.2 Invasive Phase of Helminthic Diseases

Acute urticaria is a typical skin manifestation of the 
acute (or invasive) phase of any helminthic disease. 
The most common helminthic disease that gives rise to 
such manifestations in travellers is schistosomiasis [7]. 
However, a similar clinical picture has been described 
during other invasive phases of helminthic diseases 
(Table 26.1).

Diagnosis should be considered for any traveller 
with a history of corresponding exposure in an area of 
endemicity. Clinicians should be aware of the associ-
ated risk of neurological and myocardial involvement, 
which needs early treatment with corticosteroids to 
prevent irreversible damage [8].

26.2.2.3 Gnathostomiasis

Gnathostomiasis is a food-borne parasitic zoonosis 
infection caused by ingestion of uncooked food (mainly 
raw freshwater fi sh) infected with the nematode larval 
third stage of the helminth Gnathostoma spp. 
Gnathostomiasis is endemic in Southeast Asia (partic-
ularly Thailand) and Central and South America (par-
ticularly in Mexico).

The most common clinical presentation of gnathos-
tomiasis is the cutaneous form. Typical cutaneous 
manifestations are recurrent subcutaneous swelling, 
creeping eruption and oedema of the extremities [8]. 
These lesions provide an opportunity to diagnose gna-
thostomiasis before the occurrence of a life-threaten-
ing event such as severe neurologic complications later 
in the course of the disease.

26.2.2.4 Filariasis

Cases of fi lariasis such as loiasis and onchocerciasis 
have been reported in travellers returning from Africa 
[3]. These diseases are not life-threatening in them-
selves. However, patients with loiasis may be exposed 
to life-threatening adverse reactions related to diethyl-
carbamazine and to a lesser extent ivermectin if 
exposed inadvertently to the corresponding treatment.

26.2.3 Viral Infections

26.2.3.1 Dengue

Dengue is the most common cause of arboviral disease 
in the world, and the most frequent arboviral disease 
reported after travel to tropical and subtropical coun-
tries [10]. Dengue virus is transmitted by mosquitoes 
(Aedes aegypti, A. albopictus). Dengue hemorrhagic 
fever has been reported in travellers returning from 
Southeast Asia, the South Pacifi c, the Caribbean, and 
Latin America.

Typical presentation of classic dengue fever includes 
the sudden onset of fever, headache, retro-orbital pain, 
fatigue, musculoskeletal symptoms (arthralgia and 
myalgia) and a macular or papular rash. Other derma-
tological signs include pruritus, fl ushed facies, and 
haemorrhagic manifestations such as petechiae and 
purpura. Most patients present with classic dengue 
fever with a benign febrile illness, but dengue hemor-
rhagic fever and dengue shock syndrome must be sys-
tematically ruled out.

Diagnosis of dengue virus infection is based on sero-
logical test and/or PCR. Diagnosis of dengue hemor-
rhagic fever is made on the association of hemorrhagic 
manifestations, a low platelet count (<100,000 mm−3) 
and evidence of plasma leakage [10].

Table 26.1 Infectious causes of urticaria in travellers and 
migrants

Hepatitis A infection
Invasive phase of schistosomiasis, ascariasis, hookworm, 

trichinellosis, strongyloidiasis, gnathostomiasis and 
fascioliasis

Rupture of cyst during hydatidosis
Toxocariasis
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Aspirin and non-steroidal anti-infl ammatory drugs 
which can increase bleeding should be avoided. 
Dengue hemorrhagic fever and dengue shock syn-
drome require intensive care treatment.

26.2.3.2 Chikungunya

Chikungunya virus outbreaks have been reported in 
Africa and Asia, and more recently in the Indian 
Ocean. Transmission to humans occurs through bites 
of Aedes (mainly A. aegypti and A. albopictus) mos-
quitoes. Since 2005 (emergence in the islands of the 
south-western Indian Ocean and re-emergence in 
India), chikungunya cases have been extensively 
reported in travellers returning from these areas [11, 
12]. Skin manifestations occur during the fi rst week of 
the disease in more than 75% of the patients. They 
consist in a generalized erythematous macular or mac-
ulopapular exanthema located on the abdomen, thorax, 
back and limbs with fever [12]. Lakes of normal skin 
and pruritus of the skin or a burning sensation are 
 common (Fig. 26.3). Initial facial fl ushing or palms 
and soles involvement may be observed. The erythema 
follows the onset of fever, lasts 3–7 days and disappears 
without scaling. But the main complaint of  chikungunya 
infection is acute arthralgia related to arthritis and 
 tenosynovitis that may persist for months [11].

Diagnosis is based on serological test and/or PCR. 
Paracetamol, which can aggravate hepatitis, should be 
prescribed cautiously. Fatalities (encephalitis, hepati-
tis, myocarditis) have been described.

26.2.3.3 Other Arboviruses

Other arboviral infections may present with fever and 
rash (Table 26.2): West Nile virus in North America, 
Africa and southern Europe, the Ross River and Barmah 
Forest viruses in the South Pacifi c, O’nyong-nyong and 
Sindbis viruses in tropical Africa, and Mayaro virus in 
South America [13]. Fatalities (encephalitis, hemor-
rhagic forms) have been described.

26.2.3.4 Viral Haemorrhagic Fevers

Viral haemorrhagic fevers (VHF) are potentially life-
threatening diseases, which in addition carry the risk 
of transmission to healthcare workers (HCW). This 
must be born in mind by every physician examining a 
traveller with fever and haemorrhagic signs coming 
back from an endemic country (Table 26.3 ).

However, there are many other causes for haemor-
rhagic fever (Table 26.4). Some of them have to be ruled 
out fi rst, because they are more frequent and may call 
for an urgent, effi cient and specifi c treatment [14]. The 
most common tropical viral disease with haemorrhagic 
signs is dengue fever which has not been associated 
with HCW transmission [15]. Even in cases of VHF, 
the risk of transmission to HCW reaches zero when 

Table 26.2 Causes of fever and maculopapular rash in travellers 
and migrants

Dengue, other arboviral infections (West Nile, Ross River, 
Barmah Forest, O’nyong-nyong, Sindbis, Mayaro)

Measles, rubella, Epstein–Barr virus, HIV and cytomegalovirus 
primary infection

Viral hemorrhagic fever (see Table 26.3)
Rickettsial infections
Meningococcemia (purpura), typhoid fever, rat-bite fever, 

leptospirosis, trench fever, brucellosis, Mycoplasma 
pneumoniae infection, syphilis

African trypanosomiasis, trichinellosis, toxoplasmosis
Adverse drug reaction

Fig. 26.3 Exanthema of Chikungunya infection

Table 26.3 Causes of viral haemorrhagic fever

Arboviroses Anthropozoonoses

Dengue Arenaviroses: Lassa*, Junin, etc.
Yellow fever Filoviroses: Ebola*, Marburg*

Chikungunya Hantaviroses: hemorrhagic fever with 
  nephritis

Crimea–Congo* 
Rift Valley 
*with potential transmission to health care workers
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the standard precautions are taken, as has been shown in 
the outbreaks of Lassa fever in Africa [16] as well as in 
the case of Crimea–Congo fever imported into France 
[17]. In addition, no human case of aerial transmission 
has been described during the outbreaks of Lassa fever, 
which is the main VHF described to date [16].

26.2.4 Mycoses

Mycoses do not usually carry life-threatening conse-
quences, with the exception of the immunosuppressed 
traveller (see the corresponding chapter 14).

26.3  Emergencies Related to 
Environmental Diseases

26.3.1 Arthropod-Related Dermatoses

Apart from bacterial super-infection (described above) 
the other life-threatening predominant features carried 
by arthropods are severe allergic reactions and enveno-
mations (see the corresponding chapters 32 and 33).

26.3.2 Marine Life Dermatitis

The dangers of marine environment include sea urchins 
and other echinoderms, shark and Moray eel bites, 
stone, scorpion, or lion-fi sh stings, sea-leech burns, 

and coral cuts and scratches (see the corresponding 
chapter). Stonefi sh (Synanceja verrucosa) and cnidar-
ians like jellyfi sh, anemones, and corals may be 
responsible for severe immediate life-threatening 
envenomations.

26.4 Hypersensitivity Reaction to Drugs

Adverse drug reactions can be associated with malaria 
prophylaxis in travellers [18]. It must always be con-
sidered in the differential diagnosis of urticaria and 
exanthema in travellers (see the corresponding  chapters 
38 and 39).

26.5 Conclusion

Whatever the skin presentation, the alarm signs are 
fever and signs suggestive of systemic infl ammatory 
response syndrome, sepsis and septic shock. In this 
setting, the travel history must be understood, with 
focus on possible epidemiologic exposures and coun-
tries visited. This provides a good orientation, and 
together with the clinical examination and the labora-
tory results allows the diagnosis to be reached. Such 
diseases usually call for urgent treatment before the 
results of diagnostic procedures such as serologies, 
skin biopsy and cultures are available. In this setting, 
PCR (when available) and direct examination of skin 
smears may provide the best diagnostic clues.
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Telemedicine in Skin Emergencies

Jim Muir, Terri M. Campbell, and H. Peter Soyer

27.1 Introduction

Telemedicine refers to the diagnosis and treatment of 
patients via long-distance transmission of medical infor-
mation. In its earliest applications, telemedicine utilized 
radio and telephone, while refi nement of communica-
tion technologies in addition to the advent of the internet 
has given strength to its modern-day diagnostic capa-
bilities [1–3]. The visual nature of dermatology lends 
itself perfectly to digital lesion imaging and therefore 
remote consultation. Indeed, various studies have dem-
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› Tele-dermatology has comparable diagnostic 
accuracy to face-to-face consultation.

› Skin emergencies need rapid turnaround.
› Tele-dermatology can reduce patient morbidity 

from skin emergencies.
› Tele-dermatology is cost effective in skin 

emergencies.
› Tele-dermatology is an under-utilised service, 

particularly for skin emergencies.
› The technical requirements for tele-dermatol-

ogy may be limited to a digital camera and 
effective telecommunication.

› Most dermatological investigation and treat-
ment can be carried out easily by medical prac-
titioners and medical staff in A and E units.

Core Messages onstrated the value of tele-dermatology both as a diag-
nostic tool [4–7] and as a support network through 
second opinion [7, 8]. Recently, we have also seen the 
establishment of readily accessible online consultation 
services such as the telederm.org and Tele-Derm National 
projects which aim to provide a tele-consultation plat-
form for health-care providers to discuss challenging or 
unusual cases for diagnosis [9]. These sites also provide 
educational services. In the light of technological 
advances it would be expected that other similar forums 
become increasingly popular in the future; however, 
despite its practical suitability there has been a rather 
limited uptake of tele-dermatology in standard health 
services [10]. One area specifi cally in which tele-der-
matology would have a considerable impact is that of 
skin emergencies, which is discussed in detail below.

27.2 Skin Emergencies

Specialist dermatology advice has been available via 
telemedicine for many years [4, 11] via store-and-for-
ward or real-time conferencing. The degree of accu-
racy has been demonstrated to be comparable with that 
of face-to-face consultation [7, 12–16], and is com-
bined with a high degree of patient and physician 
acceptability around the world [16–18].

The vast majority of dermatological consultations 
are for non-urgent conditions, where a prolonged 
turnaround time between case submission and receipt 
of diagnostic and management advice would have no 
major detrimental effect on patient outcome. This, 
however, is not the case when dealing with skin emer-
gencies. Early diagnosis and treatment is crucial to 
optimising outcomes for skin emergencies [19] such 
as toxic epidermal necrolysis, staphylococcal scalded 
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skin syndrome, exfoliative dermatitis, pustular psori-
asis, the various autoimmune blistering disorders, 
vasculitis etc. Skin emergencies are rare and so are 
seen infrequently, even in specialist dermatology 
clinics. Most doctors are unlikely to have the experi-
ence or training to diagnose and manage these condi-
tions without assistance from a dermatologist. 
Unfortunately, there is a worldwide shortage of der-
matologists; even in developed countries such as 
Australia and the USA, many people live hundreds of 
miles from a dermatology service.

The crucial step in an effective skin emergency 
telemedicine service [SETS] is the provision of accu-
rate diagnosis and management advice within a short 
period of time, ideally within 30 min of submitting a 
case. The response would need to provide the refer-
ring doctor with a differential diagnosis in addition 
to the investigation and management plan that can be 
carried out by a practitioner without specialist der-
matology training.

Even in urban areas, but especially in rural and 
remote regions, a timely face-to-face consultation with 
a specialist dermatologist for a patient with a skin 
emergency can be very diffi cult to obtain. A properly 
established SETS should be able to overcome the twin 
barriers of isolation and undersupply of dermatologists 
when dealing with skin emergencies.

27.3 How it Could be Done

At the moment, a rapid diagnostic turnaround is not 
routinely available. Effective SETS would require the 
following characteristics;

Around the clock availability.• 
A response time of less than 30 minutes from case • 
submission
User friendly. Submission of cases should be able to • 
be done with basic photographic and computer skills.
Provision of simple proformas for history and • 
examination details.
Provision of tutorials on biopsy techniques, treat-• 
ments etc.
Availability of telephone, e-mail and video-confer-• 
encing contact with the advising dermatologist.
Integration with other telemedicine services such as • 
paediatrics, general medicine etc.

Provided the service is effectively established accord-
ing to the above model, a typical consultation for a 
patient needing SETS would be as follows;

1. Patient presents with a skin emergency.
2. The treating doctor takes a history and performs an 

examination.
3. Representative digital images of the patient are taken.
4. The history and examination proformas and digital 

images are submitted via e-mail to the SETS.
5. The dermatologist staffi ng the SETS is notifi ed by 

text message or page that a case has been submitted.
6. The dermatologist immediately views the submit-

ted material, formulates a diagnosis and manage-
ment plan and communicates this to the referring 
doctor. This may be done via e-mail, telephone or 
video-conference.

7. The treating doctor carries out the management 
plan as indicated by the specialist.

This model relies on the referring doctor having cer-
tain skills. These include basic photographic and 
computer skills, the ability to perform a directed 
skin history-taking, examination and possibly 
biopsy. These requirements necessitate the need for 
content-specifi c online tutorials to be made avail-
able. The proforma (Table 27.1) is also signifi cant 
for the referring doctor, so as to ensure the crucial 
history-taking and examination is performed. For 
instance, a thorough drug history and examination 
of mucosa is needed for management of TEN, in 
which case the referring practitioner could be guided 
by the proforma.

27.4 Would such a Service be Practical?

When one considers the long list of dermatological 
emergencies, it becomes apparent that they are 
potentially as diagnosable with a good digital image 
and apposite history as they would be with a face-to-
face consultation. Furthermore, the required investi-
gations and interventions are well within the skills of 
any trained doctor. Use of such a service would 
reduce delayed diagnosis and treatment, and would 
signifi cantly improve patient outcomes in areas 
where no specialist dermatology consultation is 
available at all.
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The technical requirements of a tele-dermatology 
service may be limited to a digital camera and an effec-
tive telecommunication service. As such, the equip-
ment needed is already available in most “western-style” 
hospitals, which will help minimise the associated 
costs. Cost effectiveness is likely when one considers 
the savings that would be generated from possible ear-
lier diagnosis and treatment, lack of travel costs and 
improved patient outcomes.

On a personal level, the doctors utilising such a ser-
vice would be intimately involved in the diagnosis and 

management of their patient, and so would obtain 
enormous educational value.

27.5 Limitations of SETS

The benefi ts of using SETS as an adjunct to standard 
patient care have been outlined above; however, it is 
necessary to also address the limitations of such a 
facility. The level of diagnostic accuracy provided by 

Table 27.1 Patient history

Patient ID number: ……………………….. DOB: …………………… Sex: M/F
History of presenting complaint
Duration: ………………………………………………………………………………
Site of onset: ……………………………………………………………………………
Progression: ……………………………………………………………………………
Morphology: ……………………………………………………………………………
Areas of involvement (e.g. mucosa, scalp, nails, palms and soles) ……………………
…….………………………….…………………………………………………….…
……………………….……………………………………………….
Associated symptoms (e.g. itch, fever, arthralgia, malaise)
……………………….………………………….…………………………………….
……………………….………………………….………………………………….…
Results of any investigations (e.g. blood/urine tests, biopsies, X-rays)
……………………….………………………….………………………………….…
………………………….………………………….…………………………………
Treatment to date
........................………………………….………………………….……………………
........................………………………….………………………….……………………
General medical history
Medical (including personal history of skin disease and signifi cant family history)
.…………….………………………….………………………………………………
……………………….………………………….………………………………….…
…………………………………………………………………………………………..
Surgical: ……………….………………………….…………………………………….
…………….………………………….……………………………………………….
……………………….………………………….…………………………………….
Drug: including prescribed, non-prescribed, OTC (over the counter drug), natural, inter-
mittent and regular, also alcohol/ tobacco/ illicit drugs, and chronology
………………………….………………………….……………………………………
.……………….……………………….………………………………………………
………………………….………………………….……………………………………
Occupation/pastimes ……………………………………………………………………
…………………………………………………………………………………………..
Exposure to animals …………………………………………………………………
Overseas travel
…………………………………………………………………………………………

Please attach images showing the extent of the eruption, i.e., we need to know where it 
isn’t as well as where it is. Good quality close-ups are essential. If any pathology pres-
ent, please send images. They need to be clearly labelled as to site and patient. If pos-
sible, send images that do not allow patient identifi cation.
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the tele-dermatologists is incumbent on the transmis-
sion of quality images, which may be diffi cult to obtain 
in certain regions of the body. In addition, the elec-
tronic examination of the images may impair the clar-
ity of fi ne detail such as micro-vesiculation and 
pustulation, which is why specialist training in such 
analysis would be advantageous. Despite such issues, 
it remains clear that SETS has the potential to play a 
signifi cant role in the future of emergency skin disease 
diagnosis and treatment.

To demonstrate the benefi ts of SETS, three cases 
are outlined below. These are all fi ctional, and designed 
to give realistic illustrations of how properly function-
ing SETS could be integrated into medical practice, 
especially in the accident and emergency departments/
rural and remote areas without ready access to 
dermatologists.

Case 1

A 14-month-old child presents to a remote area practi-
tioner with a 24-h history of a progressive, widespread 
erythema and fragile blisters (Fig. 27.1). He is febrile. 
He had been placed on carbamazepine for epilepsy 3 
months earlier. The treating doctor is concerned that 
the child has Stevens–Johnson syndrome (SJS).

Images and history are submitted to the SETS, and 
the dermatologist is notifi ed of the consult by a text to 
her mobile phone. After viewing the history and 
images, she contacts the treating doctor via phone. 
Questioning establishes that the child has no evidence 
of oral/genital mucosal infl ammation and that the skin 
seems to be very tender, as the child screams when 

touched. His left eye shows some minor purulent dis-
charge, but the right is clear. His mother states that the 
left eye has been runny for a week or so.

A provisional diagnosis of staphylococcal scalded 
skin syndrome [SSSS] is made. The child is treated 
with antibiotics, analgesia, fl uid support etc. Input from 
a paediatrician is obtained via telephone hookup. Swabs 
of the eye confi rm the presence of staphylococcus. At 
the dermatologist’s suggestion, blister roof is snipped 
and submitted for histology. This confi rms SSSS rather 
then TEN/SJS. The carbamazepine is not ceased.

This is a good example of the utility of SETS. The 
local doctor quite rightly considered the possibility of 
drug eruption to explain the sudden onset of a wide-
spread blistering eruption in a young child. However, 
with expert guidance by a SETS dermatologist, this 
diagnosis could be effectively excluded by careful, 
directed history-taking and examination. The child 
was thus saved both from misdiagnosis and ineffective 
treatment, without the need to travel and within an 
hour of submission of the request for help.

Case 2

A woman in her sixties presents with a rash to a junior 
doctor relieving in a remote rural area (Fig. 27.2). The 
rash has been present for 3 days and is asymptomatic.

Images and history are submitted to SETS, and the 
dermatologist contacts the referring doctor. A provi-
sional diagnosis of leucocytoclastic vasculitis is made. 
Further history reveals that the patient had penicillin 
prescribed recently for a sore throat. These are the only 
likely triggers identifi ed. On advice from the derma-

Fig. 27.1 Images of erythema and fragile blisters submitted and used for staphylococcal scalded skin syndrome diagnosis



27 Telemedicine in Skin Emergencies 251

tologist the patient’s urine is checked, and found to be 
free of blood and protein. Blood pressure and renal 
function tests are within normal limits. Systems review 
reveals no symptoms referable to any system.

Skin biopsy is performed, and a variety of investi-
gations are ordered to try to determine a cause. As the 
patient is not unwell, there is no evidence of renal 
involvement and the rash is neither progressive nor 
ulcerating, it is felt she can be managed locally and 
with no intervention other then support stockings.

Histology is reported a few days later as “leucocy-
toclastic vasculitis”. Streptococcal serology is consis-
tent with a recent infection. At review 1 week later, the 
rash has largely resolved. It is felt that the likely trigger 
is the recent streptococcal infection, but that the peni-
cillin cannot be excluded and thus should be avoided.

This case illustrates how SETS can be used to sup-
port isolated practitioners, especially important with 
inexperienced doctors practicing far from specialist 
support. This patient was managed without the need to 
travel, and achieved the same outcome as with a face-
to-face consultation with a dermatologist.

Case 3

A man presents to an urban accident and emergency 
unit with an acute, widespread blistering eruption over 
his trunk and limbs. His oral, ocular and genital mucosa 
are severely involved with infl ammation and widespread 
erosion (Fig. 27.3). There is no dermatologist on site. 

Images and clinical details are forwarded to SETS. 
The dermatologist makes the diagnosis of toxic epider-
mal necrolysis [TEN] and calls the treating doctors 
within 15 min of the case being submitted. Guided 
questioning reveals that the patient was commenced on 
allopurinol for hyper-uricaemia 3 weeks earlier. This 
agent is identifi ed as the likely trigger and ceased. 
Transfer to a burns unit is organised.

The incidence of TEN is between 0.4 and 1.2 cases per 
million per year [20]; thus, even very experienced accident 
and emergency staff are unlikely to have encountered a 
case. This can result in misdiagnosis and inappropriate 
treatment. Immediate review of the clinical images and his-
tory by an experienced dermatologist allows accurate diag-
nosis and appropriate management with no needless delay. 
TEN carries a mortality rate of between 30% and 50% 
[21]. The crucial steps in managing TEN are identifi cation 
and removal of the trigger [22] and supportive care in a 
burns unit whilst the epithelium regenerates [23]. Discussion 
of the role of specifi c medical interventions in TEN is 
beyond the scope of this chapter.

27.6 Conclusion

In this age of technological advance, the possible appli-
cations of telemedicine are continually expanding. 
Within dermatology, provision of a skin emergency tele-
medicine service (SETS) will enable accurate and rapid 
diagnostic and treatment advice for both true and pseudo-
dermatological emergencies. The implementation of 

Fig. 27.2 Images of the rash submitted and used for leucocytoclastic vasculitis diagnosis
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this service would generate improved patient outcomes, 
but in order to be effective the service must be utilized 
by the medical community as a whole.
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Throughout human history, confl ict has continually 
bred new ways to reveal man’s inhumanity to man. 
During the mid-fourteenth century, the Tartar forces of 
Kipchak khan Janibeg laid siege to the port city of 
Kaffa on the Crimean peninsula of the Black Sea. 
During the long siege of this city, the Tartar forces 
were overcome by the plague. In a last-ditch effort to 
capture the city, Janibeg launched the plague-infested 
bodies of his dead soldiers into Kaffa [1]. In 1754, dur-
ing the French–Indian War, British soldiers apparently 
distributed smallpox-laden blankets to the Native 
Americans. The Germans developed anthrax, glanders, 
cholera, and wheat fungus for use against the Allied 
forces during World War I. Then, in the 1930s, the 
Japanese, under the direction of General Shiro Ishii, 
started a biological warfare program in Manchuria, 
China. They exposed Chinese prisoners to plague, 
anthrax, and syphilis, causing the deaths of more than 
10,000 people [1].

› These catastrophic illnesses often have distinct cuta-
neous fi ndings when encountered in natural condi-
tions, yet when disseminated as a bio-weapon, 
cutaneous fi ndings may be infrequent and unhelpful.

› Anthrax illness is caused by the spores, not by the 
living bacterium.

› Weaponized anthrax will likely manifest as a pul-
monary disease with few cutaneous fi ndings.

› Haemorrhagic mediastinitis is the hallmark of 
pulmonary anthrax.

› Post-exposure prophylaxis and treatment for all 
forms of anthrax must continue for a full 60 days.

› Primary dissemination and spread of smallpox 
occurs via respiratory droplets, yet fomites like bed-
ding or infected clothing may also spread the virus.

› Smallpox exanthem begins on the face and extrem-
ities, and progresses inward to involve the trunk.

› All suspected and confi rmed cases of smallpox 
require strict negative-pressure isolation, respiratory 
precautions, and universal precautions.

› Francisella tularensis is a highly infectious organism, 
able to cause disease in humans from infection by 
as few as ten colony-forming units.

› Isolation is not recommended for tularemia patients, 
as there is no evidence that person-to-person trans-
mission exists.

› Primary pulmonary plague has a mortality rate 
approaching 100% if not treated in the fi rst 24 h 
of symptoms.

Core Messages › Respiratory precautions are indicated for all cases 
of suspected pulmonar plague until excluded, or 
after 48 h of therapy in confi rmed cases.

› All viral agents cause clinical illness associated 
with high fever, myalgia, prostration, petechiae, 
haemorrhage and shock.

› All viral haemorrhagic fever (VHF) patients 
should be initiated on ribavirin pending viral 
identifi cation.

› VHF patients are highly contagious, and require 
stringent universal precautions, barrier protec-
tion, and negative pressure isolation.

J. Revuz et al. (eds.), Life-Threatening Dermatoses and Emergencies in Dermatology, 253
DOI: 10.1007/978-3-540-79339-7_28, © Springer-Verlag Berlin Heidelberg 2009
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During World War II, the United States began its 
own biological warfare program to act in retaliation 
against a possible Nazi-initiated biological attack. By 
1969, the US military had developed a massive bio-
logical arsenal, including the means to infl ict anthrax, 
botulism, tularemia, brucellosis, and Q fever among 
others. In addition, the United States possessed fungal 
pathogens that could cause devastating crop failure 
and catastrophic famine. Given the recent events of 
September 11, 2001 and the subsequent dissemination 
of anthrax spores via the United States Postal Service, 
there is a tremendous amount of international public 
health concern regarding the use of biological agents 
for terrorism. The most catastrophic and likely agents 
for use have prominent cutaneous manifestations when 
encountered under natural conditions. However, when 
disseminated as an aerosol, the manifestations are 
likely to appear quite different. Dermatologists are 
likely to be on the front lines in recognition and diag-
nosis of these diseases, and should therefore familiarize 
themselves with the presentation and treatment of these 
entities as well as how to limit spread of the disease, 
keeping in mind that several of these are directly 
contagious to caregivers [2].

28.1 Anthrax

28.1.1 Bacteriology and Pathogenesis

The spores of anthrax are fastidious, and naturally 
remain viable for decades in the soil. These endospores 
resist gamma radiation, heat, cold, drying and some 
disinfectants [3]. The actual route of transmission is via 
the spores which germinate into vegetative bacilli upon 
exposure to the nutrient-rich environment of tissue or 
blood in animals or humans [4,3]. The anthrax bacilli 
are large, Gram-positive, aerobic bacteria whose viru-
lence factors, encoded in two separate plasmids, include 
a polyglutamyl capsule to resist phagocytosis and sepa-
rate exotoxins (Edema toxin and Lethal toxin) [5]. Both 
of these toxins possess protective antigen (PA), which 
allows the bacterium to bind and enter host cells [5]. 
The edema factor causes severe edema at the inocula-
tion site by inhibition of neutrophil function and mono-
cyte production of TNF and IL-6 [6]. The lethal factor 
inhibits intracellular signaling and stimulates TNFα 
and IL-1β from macrophages, resulting in death [4]. 

Infection commences after inoculation of the endospore 
into abraded skin (cutaneous anthrax), through GI 
mucosa (gastrointestinal anthrax) or inhalation into the 
lungs (inhalation anthrax). Spores are phagocytized by 
macrophages and routed to the regional lymph node 
[7]. While inside the macrophage, germination of the 
spore into the vegetative form occurs. Germination and 
multiplication within macrophages may be delayed by 
as much as 60 days in the mediastinal lymph nodes [4]. 
For this reason, all antibiotic prophylaxis for suspected 
inhalation exposure should be given for 60 days [8]. A 
septicemia eventually results as the bacilli are released 
by macrophages, but the polyglutamyl capsule resists 
phagocytosis, resulting in an absence of immune 
response [4]. The World Health Organization estimates 
that the release of 50 kg of aerosolized anthrax released 
upwind of a population of a half million people would 
likely kill 95,000 and incapacitate another 125,000 [9]. 
The median lethal dose for inhalation anthrax, a value 
extrapolated from primate data, is estimated at 2,500–
55,000 spores [10].

28.1.2 Epidemiology

Anthrax is believed by many to be responsible for the 
fi fth and sixth plagues of animals and humans 
described in the Book of Exodus in the Bible [11]. 
The bacteria is found throughout the world, but is 
more common in the rural arid to semi-arid regions of 
Africa, Asia and the Middle East, where herding of 
cattle, sheep and goats and processing animal skins is 
common [7,12]. In natural conditions, humans acquire 
infection via contact with infected animals or contam-
inated animal products like wool, hair, animal hides 
or ivory tusks. This route of exposure and infec-
tion usually results in the cutaneous form of anthrax. 
Infrequently, gastrointestinal disease may occur 
after consumption of poorly cooked meats. Inhalation 
anthrax (Woolsorter’s disease) has been found associ-
ated with conditions where enclosed factory spaces 
allow inhalation of aerosolized spores [4]. The acci-
dental release of “weaponized anthrax” from a Soviet 
bio-weapons lab in 1979, the production and deployment 
of anthrax-laden missiles by Iraq and the dissemination 
of anthrax via the United States Postal Service have 
all spotlighted anthrax as a viable candidate for use as 
a bio-weapon [6,13].
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28.1.3 Clinical Features

Inhalation anthrax: the hallmark of inhalation disease is 
biphasic, in that the initial phase occurs after a 1- to 6-day 
incubation period and features vague symptoms, includ-
ing mild fever, malaise, myalgia, a non-productive cough 
and some chest or abdominal pain [4]. The second 
phase begins roughly 2 to 3 days later with the abrupt 
onset of dyspnea, fever, cyanosis and diaphoresis. 
Stridor can result from extrinsic compression of the tra-
chea by mediastinal lymphadenopathy. Haemorrhagic 
mediastinitis occurs with regularity, and is the hallmark 
of pulmonary anthrax. Patients can become obtunded 
with nuchal rigidity, signaling a progression to anthrax 
meningitis. This second stage is rapidly progressive, with 
shock and death occurring within 24–36 h [14]. Mortality 
rates for inhalation anthrax approach 100%.

Cutaneous anthrax: 95% of the naturally occurring 
anthrax is of the cutaneous type, and 80–90% of these 
cases resolve in a few weeks without complication. 

However, some 10–20% of cases may progress and lead 
to death. Incubation for cutaneous anthrax is commonly 
2–7 days. The progression of cutaneous anthrax begins 
as a non-tender pruritic macule/papule, which converts 
to a vesicle or bulla in 24–48 h, teeming with anthrax 
bacilli. A yellowish, non-pitting, gelatinous edema sur-
rounds the lesion, which progresses to form an ulcer 
with the characteristic central black eschar [4] (Fig. 28.1). 
Anthrax lesions can be solitary or multiple, but are com-
monly localized to one or a few body regions. Progression 
to ulceroglandular disease can occur, heralded by tender 
regional lymphadenopathy, fatigue, chills and fever in 
addition to the skin fi ndings [15].

Gastrointestinal anthrax results in nausea, vomiting, 
abdominal pain and severe bloody diarrhea roughly 
2–5 days after ingestion of contaminated, undercooked 
meats containing the spores. The fi ndings often mimic 
an acute abdomen and haemorrhagic mesenteric 
lymphadenitis. Mortality is greater than 50% for 
gastrointestinal anthrax [4].

Fig. 28.1 Cutaneous anthrax, Courtesy of Public Health Image Library (PHIL), CDC
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Anthrax meningitis occurs after anthrax bacterae-
mia, and mostly after inhalation anthrax has been estab-
lished. It is far less commonly seen in association with 
the cutaneous and gastrointestinal forms [4]. Mortality 
is near 100%, but rapid use of empiric antibiotics has 
been showed to increase survival chances [6].

When anthrax is used as a bio-weapon, the spores 
will more likely result in mediastinal and systemic 
infections after inhalation of the spores [7]. Spores, 
measuring < 5 mm in diameter are deposited in the alveoli, 
and germinate inside alveolar macrophages which are 
then transported to the nodes of the mediastinum. The 
use of nasal swabs to confi rm anthrax exposure is a 
valuable epidemiologic tool for assessing the area of 
potential exposure in an outbreak. However, swabs 
should not be used to rule out anthrax disease in any 
patient, as swabs obtained more than 48 h after exposure 
are not useful and often falsely negative [7]. Inhalation 
anthrax may show subtle radiographic changes in early 
disease, making the separation from more banal viral or 
bacterial infections diffi cult. However, as disease pro-
gresses, pleural effusions and mediastinal widening are 
commonly seen on chest radiographs and CT scans [7].

28.1.4 Diagnosis

28.1.4.1 Eschar and Ulceration

The differential diagnosis of a cutaneous eschar or 
ulceration can be wide and varied. Following the pro-
gression of the painless, pruritic papule of early 
anthrax, the ensuing anthrax eschar or ulceration may 
resemble several entities. A staphylococcal furuncle, 
ecthyma gangrenosum, orf/milker’s nodule, tularemia, 
cutaneous leishmaniasis, heparin or coumadin skin 
necrosis, and staphylococcal or streptococcal ecthyma 
can all resemble, closely, the appearance of cutaneous 
anthrax [15]. When entertaining a diagnosis of anthrax, 
one should contact the local Department of Health 
for additional instructions before doing any diagno-
stic testing. In the United States, this information is 
available from the Centers for Disease Control and 
Prevention at www.cdc.phppo. All laboratories should 
receive preemptive notifi cation to expect samples sus-
pected of harboring the anthrax bacilli or spores [15]. 
Laboratory investigations of cutaneous anthrax should 
include a swab for Gram stain and culture of the vesicle 

fl uid. Additionally, a punch biopsy specimen for form-
alin-fi xed processing should be taken, along with a 
second punch biopsy for further bacterial and fungal 
staining and culture. This tissue biopsy should be 
placed in sterile, non-bacteriostatic saline or a standard 
bacterial culturette [15]. It is important to note that 
cutaneous ulcers and eschars become sterile within 
24–48 h after instituting appropriate antimicrobial 
therapy, so culturing should be performed prior to ini-
tiating therapy. In addition to tissue sampling, drawing 
blood for anthrax serologies and PCR analysis should 
be performed. It is critical to contact the appropriate 
local Health Department for instructions on how to 
handle these specimens of tissue and blood [15].

28.1.5 Post-exposure Prophylaxis

Maintenance of universal precautions is important when 
evaluating patients with suspected anthrax. However, a 
mask is not required given that transmission of pulmo-
nary anthrax requires the infection with anthrax spores, 
not the active bacteria [15]. In addition, there is an 
anthrax vaccine (Anthrax Vaccine Adsorbed [AVA]; 
Bioport Corp, Lansing, MI, USA) which consists of a 
non-infectious sterile culture fi ltrate of an attenuated 
form of the bacillus. The vaccine is given at 0, 2 and 4 
weeks, then again at 6, 12, and 18 months. Protection 
against an aerosolized anthrax challenge has been shown 
in monkeys. Annual boosters are necessary to retain 
immunity [10]. To date, the vaccine is not recommended 
for the public, due to limited availability. However, 
when widely available, its proposed use would be for 
post-exposure prophylaxis in combination with antibi-
otic therapy, a combination shown to be optimal for 
post-exposure prophylaxis in primates [8,15].

28.1.6 Antimicrobial Therapy

The treatment of bioterrorist-acquired anthrax may 
require different antimicrobial treatment than naturally 
acquired disease. A strain of B. anthracis has been pro-
duced outside to the United States that is resistant to 
multiple agents (penicillin, doxycycline, macrolides and 
rifampin). For this reason, ciprofl oxacin is the leading 
drug of choice for initial therapy [6] (Table 28.1).
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However, empiric antibiotic coverage should be broad 
enough to cover common entities like Streptococcus 
pneumoniae as well as the anthrax. When anthrax 
infection is confi rmed, intravenous ciprofl oxacin with 
additional antibiotics is the standard of care. Given the 
propensity of anthrax to cause meningitis, the addition 

of intravenous penicillin to empiric antibiotic therapy 
should be considered. In addition, given that the symp-
toms of anthrax are from the toxin, some experts suggest 
using antibiotics that inhibit bacterial protein synthesis, 
such as clindamycin [7]. Although ciprofl oxacin is the 
preferred fi rst-line therapy in adults and children, there 

Table 28.1 Treatment of anthrax, Postexposure prophylaxis or cutaneous anthrax

Therapy
Adults (including those pregnant and 
immunocompromised) Children

Empiric Ciprofl oxacin, 500 mg orally every 12 h Ciprofl oxacin, 10-15 mg kg−1 every 12 h
or or
Doxycycline, 100 mg orally every 12 h Doxycycline, 100 mg orally every 12 h if ≥8-year-old 

and ≥45 kg; 2.2 mg kg−1 orally every 12 h if 
<8-year-old and/or <45 kg

Optimized (if susceptible) Amoxicillin, 500 mg orally every 8 h Amoxicillin, 500 mg orally every 8 h if ≥20 kg; 40 mg 
kg−1 orally every 8 h if <20 kg

or
Doxycycline, 100 mg orally every 12 h 

(Adapted from Inglesby et al. 1999 & CDC Recommendations) Fluoroquinolones are not recommended for use in pregnancy 
or for children, due to adverse effects on cartilage development. However, due to the high likelihood of antibiotic-resistant 
engineered anthrax strains, their use in this population is recommended at least for initial therapy. In addition, tetracyclines 
(including doxycycline) are generally not recommended for use in pregnant women due to hepatotoxicity and adverse effects 
on developing fetal teeth and bones. However, the initial use of doxycycline is recommended in these populations, due to the 
potential life-threatening nature of this illness. Overall, the use of tetracyclines and fl uoroquinolones in younger populations 
has adverse effects, and these risks must be balanced against the potential for life-threatening anthrax infection. Total duration 
of treatment for postexposure prophylaxis (empiric plus optimized therapy) must be 60 days.

Clinical inhalation anthrax or severe cutaneous anthrax or cutaneous anthrax with systemic symptoms

Therapy Adults (including those pregnant and 
immunocompromised)

Children

Empiric Ciprofl oxacin, 400 mg IV every 12 h 
(ofl oxacin, 400 mg IV every 12 h or 
levofl oxacin, 500 mg IV every 24 h 
are acceptable alternatives)

Ciprofl oxacin, 20–30 mg kg−1 IV per day, divided into 
two doses

or or
Doxycycline, 100 mg IV every 12 h Doxcycycline, 100 mg IV every 12 h if ≥ 8-year-old 

and ≥45 kg: 2.2 mg kg−1 IV every 12 h if <8-year-
old and/or <45 kg

and and
(one or two of the following antibiot-

ics: clindamycin, penicillin, 
chloramphenicol, imipenem-cilas-
tatin, clarithromycin, rifampin or 
vancomycin)

(one or two of the following antibiotics: clindamycin, 
penicillin, chloramphenicol, imipenem-cilastatin, 
clarithromycin, rifampin or vancomycin)

Optimized (if susceptible) Penicillin G, 4 million U IV every 4 h Ciprofl oxacin, 20–30 mg kg−1 IV per day, divided into 
two doses

or or
Doxycycline, 100 mg IV every 12 h Penicillin G, 50,000 U kg−1 IV every 6 h if <12–year-old; 

4 million U IV every 4 h if ≥12-year-old

(Adapted from Inglesby et al. 1999 & CDC Recommendations) As clinical status improves, conversion to oral therapy is 
recommended. Doxycycline may be used in children when neither ciprofl oxacin nor penicillin are possible due to susceptibility 
testing or hypersensitivity problems. In children weighing ≥45 kg, the adult dose is recommended. In those weighing <45 kg, the 
dose is 2.2 mg kg−1 IV every 12 h. Total duration of treatment (empiric plus optimized therapy) must be 60 days.
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are other choices that may be more suitable given a 
specifi c population (Table 28.1).

28.1.7  Hospital Infection Control and 
Decontamination

There is no evidence to suggest that person-to-person 
transmission of anthrax, even severe inhalation anthrax, 
occurs. Therefore, patients with confi rmed anthrax 
infection may be hospitalized in a standard room with 
standard universal precautions. Contact precautions are 
required when handling patients with draining cutane-
ous lesions or their dressings. The Country’s National 
Public Health Agency must be contacted urgently if any 
isolate of B. anthracis is suspected. The U.S. State 
Department’s communicable disease epidemiological 
service should contact as well if the outbreak occurs 
within the United States. Contaminated areas must be 
treated with sporicidal cleansers approved for hospital 
use. Standard commercially available bleach in a 1:10 
dilution is most appropriate, but may be corrosive to 
some surfaces. More information is available through 
the CDC guidelines, www.cdc.phppo.

28.2 Smallpox (Variola Major)

28.2.1 Virology and Pathogenesis

The smallpox or variola virus is a member of the fam-
ily Poxviridae, within the genus orthopoxvirus which 
includes vaccinia virus, monkeypox virus and several 
other poxviruses [16]. The poxviruses are double-
stranded DNA viruses that replicate within the cell’s 
cytoplasm. They resemble bricks on electron micro-
graphs, with a size of 300 by 200 by 240 nm [17]. The 
virus penetrates and seeds the respiratory mucosa, 
passing rapidly to the regional lymph nodes. A brief 
fl u-like viremia ensues, followed by 4–14 days of 
latency during which time the virus is replicating 
within the reticuloendothelial system. At this point, the 
prodromal phase commences where the virus infects 
the oropharynx as well as the conjunctiva and skin, 
leading to the characteristic cutaneous fi ndings [17]. 
At the same time, several visceral organs, including 
the spleen, liver, bone marrow, kidneys and lymph 
nodes, will also harbor large quantities of virus [17].

28.2.2 Epidemiology

As smallpox was eradicated worldwide in the late1970s, 
and vaccination practices ceased in the 1980s, most 
clinicians have never seen this disease in its active 
form. Without routine vaccination since the early 
1980s, there are many susceptible individuals in the 
populace. Nearly all persons under 30 years old in the 
United States are not vaccinated, and those previously 
vaccinated, while exhibiting lesser symptoms, may 
still be able to transmit it to others [17]. With no natu-
ral reservoirs for the virus in existence, the virus only 
exists in the laboratory. The World Health Organization 
made great strides in reducing the number of laborato-
ries keeping stock of the virus from 76 in 1978 to just 
2 in 1984; the CDC in Atlanta and the Research 
Institute of Viral Preparations in Moscow. Today, there 
is great concern that the variola virus has found its way 
out of these laboratories and may make its way into the 
hands of terrorists [18]. Primary dissemination and 
spread of smallpox occurs via respiratory droplets, yet 
fomites like bedding or infected clothing may also 
spread the virus [19]. Patients exhibit their highest 
infectivity rate from the time the enanthem ensues 
through to the end of the fi rst week of the rash.

28.2.3 Clinical Features

After infection and a latent period of incubation 
(roughly 1–2 weeks), the patient experiences 2–3 days 
of abrupt onset prodromal symptoms (severe head-
ache, backache, and fever). As this subsides over 
2–3 days, the enanthem involving the oropharyngeal 
mucous membranes erupts and precedes the cutaneous 
fi ndings by about 1 day. Skin fi ndings begin as small, 
erythematous macules, then papules of 2–3 mm, and 
then similarly sized vesicles over the next 3–4 days. 
Vesicles progress to pustules over the following 2–3 
days, so that by roughly 1 week after onset of cutane-
ous fi ndings, the characteristic vesiculopustules with 
umbilication and crusting of smallpox are clearly evi-
dent [17] (Fig. 28.2). The eruption begins on the face 
and extremities, and moves inward to cover the whole 
body. In general, smallpox is defi ned by its centrifugal 
spread and the synchronous morphology of the cutaneous 
fi ndings.
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28.2.4 Diagnosis

Several eruptive illnesses can be mistaken for small-
pox. Florid varicella (chickenpox) is most frequently 
misdiagnosed, especially in adults with extensive 
cutaneous fi ndings. The key differentiating features 
of varicella are a prodromal phase of 1–2 days, fever 
with the onset of rash, an eruption primarily over the 
trunk and non-synchronous vesiculopustules that crust 
within 24 h [17]. A morphologically very similar erup-
tion comes from infection with human monkeypox. 
However, this disease shows signifi cant lymphadenop-
athy and is diffi cult to spread person-to-person [17]. 
Other eruptions less commonly confused with small-
pox include medication hypersensitivity reactions, the 
widespread morbilliform measles eruption, and wide-
spread molluscum contagiosum in patients with AIDS 
[17]. The Centers for Disease Control and Prevention 
has an algorithm available for aiding in the diagnosis 
of smallpox, which is available in an interactive format 
online at http://www.bt.cdc.gov/agent/smallpox/diag-
nosis/riskalgorithm/index.asp. Confi rmation of small-
pox can be accomplished from a variety of testing. 
Skin lesion scrapings should be sent to the CDC (or a 
designated laboratory) after public health offi cials 
have been notifi ed [20]. When the diagnosis is unclear, 
certain laboratory investigations may aid in clarifying 

the diagnosis. Orthropox viral cultures, PCR or elec-
tron microscopy as well as variola serologies are 
best suited for testing at defi ned governmental refer-
ence laboratories [21]. Further detailed information on 
specimen collection and diagnostic testing is available 
through the CDC website on Bioterrorism at http://
www.bt.cdc.gov/bioterrorism.

28.2.5 Post-exposure Prophylaxis

After the diagnosis is established, measures must be 
taken to avoid spread of the disease. This should 
include isolation and treatment of the disease, but also 
notifi cation of the appropriated governmental agen-
cies. Isolation measures should include a negative-
pressure isolation room with strict respiratory and 
contact isolation with universal precautions [17, 22]. 
Identifi cation and vaccination of contacts within 3 
days of exposure is critical to control spread. Substantial 
protection from smallpox infection is offered with this 
method; a primary rationale for not instituting wide-
spread vaccination programs for healthcare personnel 
prior to an outbreak occurring [17]. Vaccination of the 
patient, if performed early in the incubation phase, can 
markedly diminish or prevent the clinical manifesta-
tions of smallpox [17]. At this time, due to a low risk 
of deliberate release of the variola virus, pre-exposure 
vaccination is not recommended by the CDC [23].

28.2.6 Antimicrobial Therapy

The general management strategy for smallpox includes 
supportive care, management of skin and oral lesions, 
treatment of any secondary bacterial infections, and 
possible antiviral medications, including cidofovir and 
or variola immunoglobulin. Cidofovir, approved for the 
treatment of cytomegalovirus, given at or just after 
exposure, has shown promise for the prevention of vac-
cinia [24]. Vaccination for smallpox can cause a wide 
variety of complications in those vaccinated as well as 
their close family contacts. Self-limited side-effects 
include headaches, fatigue, muscle ache, fever, chills, 
local skin reactions, non-specifi c rashes, multiforme 
erythema, lymphadenopathy, and pain at the inoculation 
site. More serious side effects include eczema vaccinatum, 

Fig. 28.2 Cutaneous smallpox, Courtesy of Public Health Image 
Library (PHIL), CDC/Don Eddins
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post-vaccinial encephalopathy, and encephalomyelitis, 
peri-orbital cellulitis, conjunctival ulcers, iritis, fetal 
vaccinia and myocarditis [25]. Certain populations 
should not be vaccinated, including those with atopic 
dermatitis, pemphigus, patients with defective cell 
mediated immunity, HIV/AIDS, pregnant women, or 
persons on systemic immunosuppression [17].

28.2.7  Hospital Infection Control and 
Decontamination

Far different from anthrax, a suspected case of smallpox is 
a public health emergency [26]. If the case is in the U.S., 
the state public health offi cials must contact the Centers 
for Disease Control and Prevention in Atlanta, GA 
(01-770-488-7100).  The CDC will then contact the WHO 
Department of Communicable Disease Surveillance and 
Response Unit in Geneva, Switzerland. If the suspected 
case occurs outside the U.S., the National Public Health 
offi cials should contact the WHO directly.

28.3 Tularemia

28.3.1 Bacteriology and Pathogenesis

F. tularensis is a Gram-negative coccobacillus, a member 
of the g-subdivision of proteobacteria [27]. There are 
four subspecies of F. tularensis, with F. tularensis sub-
species tularensis being the most virulent, with the highest 
mortality rates and most potential as a bio-weapon [28].

28.3.2 Epidemiology

Francisella tularensis is a highly infectious organism, 
able to cause disease in humans from infection by as 
few as ten colony-forming units [9]. In fact, it is far 
more infectious than anthrax, the favored agent of bio-
logical warfare programs, which requires between 8,000 
and 50,000 inhaled spores to produce pulmonary dis-
ease [28]. The WHO predicts that 50 kg of dried F. tula-
rensis released over a population of 5 million would 
result in 250,000 cases of disease [9]. Tularemia is con-
sidered a zoonotic infection, as rodents, hares and rabbits 
are the most important sources of human infection [29]. 

Others have suggested that the bacterium may be 
able to survive in infected ticks [29]. In addition, the 
bacterium may be able to live freely in the environment 
or within protozoans. In fact, the bacterium has been 
found in amoebal cysts, indicating a possible mecha-
nism for long-term survival in the environment [30]. 
Moreover, the bacterium has been isolated from at least 
250 species of wildlife, including the black-tailed prai-
rie dog, indicating its broad host range and ability to 
survive in numerous ecosystems [31]. Transmission to 
humans likely occurs via vectors like ticks, biting fl ies 
and mosquitoes [28]. Also, infection in humans may 
occur after direct contact with infected carcasses [32].

28.3.3 Clinical Features

The incubation period after exposure to F. tularensis is 
roughly 3–5 days, followed by the abrupt onset of con-
stitutional symptoms like high fever, malaise, rigors, 
sore throat and cephalgia [33, 34]. Additional symp-
toms are governed by the pathogen’s route of entry. 
Infection through the skin, representing 90% of cases, 
is the predominant form, and termed ulceroglandular 
tularemia [35]. This form occurs by vector-born trans-
mission or direct contact with infected animal fl esh. 
The site of infection forms a solitary papule which 
transitions to a pustule, then ulcerates and is surrounded 
by infl ammation [33] (Fig. 28.3). The ulcer heals 
within 1 week, but the draining lymph nodes become 
tender and swollen and may suppurate if antibiotic 
therapy is not instituted [36]. Oculoglandular (direct 
inoculation of the eye), oropharyngeal (ingestion of 

Fig. 28.3 Tularemia, Courtesy of Public Health Image Library 
(PHIL), CDC/Brachman
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contaminated water) and respiratory tularemia (infection 
by inhalation) are much less common forms of naturally 
occurring disease. The most deadly form, typhoidal 
tularemia, presents with fevers, rigors, nausea, vomiting, 
abdominal pain and diarrhea. Death from this form can 
be rapid. Several exanthems have been described in 
tularemia, and range from macular, papular, pustular, 
petechial and mostly seen on the face and extremities. 
Erythema nodosum has been seen most often in pul-
monary tularemia, while erythema multiforme and 
Sweet’s syndrome have also been reported [37]. 
However, respiratory tularemia, caused by F. tularensis 
spp. tularensis represents the most dangerous of all 
forms of this disease, and is the likely candidate for use 
as an agent of bio-warfare [28]. The disease is con-
tracted naturally by working with hay, straw or other 
farming activities where materials have been soiled by 
infected rodents [28]. Symptoms of this disease are 
high fever, rigors, malaise, cough, delirium and pulse-
temperature dissociation [33]. The mortality rate from 
this form approaches 30% [38].

28.3.4 Diagnosis

Respiratory tularemia can often be confused with legio-
nellosis, and does not have characteristic cutaneous 
fi ndings. Patients may exhibit leukocytosis, transaminitis, 
hyponatremia, pyuria and myoglobinuria [33]. Rapid 
diagnostic testing is not widely available, yet physicians 
suspicious for respiratory tularemia should collect respi-
ratory secretions, exudates, or biopsy specimens for Gram 
stain, direct fl uorescent antibody testing or immunohis-
tochemical stains. Up-to-date information on specimen 
collection and laboratory testing is available at http://
www.bt.cdc.gov/agent/tularemia/

28.3.5 Post-exposure Prophylaxis

Post-exposure prophylaxis of close contacts of any 
form of tularemia is not recommended, since person-
to-person transmission is not known to occur. However, 
if an attack is realized prior to displaying symptoms, 
all exposed persons should receive prophylactic antibiotic 
treatment with oral ciprofl oxacin or doxycycline for 
14 days. If the attack is discovered after individuals 
develop symptoms, then a fever watch should be insti-

tuted and those who go on to develop unexplained 
fever or fl u-like illness should receive the oral treatment 
discussed above for the same time period [20].

If a mass exposure to F. tularensis occurs, oral admin-
istration of ciprofl oxacin or alternatively doxycycline 
would be the preferred strategy for post-exposure 
prophylaxis [39].

28.3.6 Antimicrobial Therapy

Historically, the aminoglycoside streptomycin has been 
the drug of choice for treating tularemia. However, due 
to availability issues and problems with ototoxicity, 
streptomycin is rarely used today in most Western 
countries [28]. When serious forms of tularemia are 
encountered, the aminoglycoside gentamicin is the pre-
ferred agent. More recently, tetracyclines (specifi cally 
doxycycline) have been used to treat less serious infec-
tions when oral therapy is preferred. However, relapses 
are seen with this treatment, so doses at double the rec-
ommended standard are given for at least 2 weeks [28]. 
Recent in vitro and clinical data suggest that fl uoroqui-
nolones (especially ciprofl oxacin) might be the best 
choice for oral treatment of tularemia [35]. In addition, 
ciprofl oxacin may also be the best choice for pregnant 
women and children, despite the concerns for cartilage 
damage in utero and for children [40] (Table 28.2).

28.3.7  Hospital Infection Control and 
Decontamination

Isolation is not recommended for tularemia patients, as 
there is no evidence that person-to-person transmission 
exists. Therefore, standard precautions are recommended 
[20]. Contaminated clothing and bed linens should be 
disinfected per standard hospital protocol [20].

28.4 Plague

28.4.1 Bacteriology and Pathogenesis

Plague is a zoonotic illness, caused by the Gram-
negative bacillus Yersinia pestis, a disease primarily in 
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rodents with transmission to humans primarily through 
the infected fl ea vector [41]. However, human trans-
mission may also occur via respiratory droplets from 
animals to humans and humans to humans [41]. The 
bacterium multiplies and blocks the passage of food in 
the fl ea’s midgut, causing regurgitation of esophageal 
contents and release of the bacterium back onto the 
feeding surface, allowing a portal of entry [42].

28.4.2 Epidemiology

Yersinia pestis, fi rst isolated by Alexandre Yersin in 
1894 after its spread from main-land China to Hong 
Kong, was found to be transmitted by its vector, the 
fl ea, soon thereafter [43, 44]. Bubonic plague is the 
predominant form, and carries a mortality rate of 
10–20% [45]. The rarest and most deadly form of the 
disease, primary pulmonary plague, has a mortality 
rate approaching 100% if not treated in the fi rst 24 h of 

symptoms. The mortality rate drops to only roughly 
50% even with early antimicrobial treatment [46].

28.4.3 Clinical Features

There are three clinical forms of the human plague; 
bubonic, primary septicemic, and primary pneumonic 
[47]. Bubonic plaque, noted by acute regional lymph-
adenopathy and bubo formation, is the most common 
form (80–90% of cases) [48]. Overlying the bubo, ery-
thema, vesicles, pustules, eschars or ulceration may 
ensue. The pneumonic form represents the most likely 
manifestation of an aerosolized biologic attack [22]. 
Primary pneumonic plague has an incubation period of 
1–3 days, followed by the abrupt onset of high fever, 
rigors, chills, cephalgia, progressive weakness and mal-
aise (seen in all forms of plague). Additional symptoms 
specifi c for pulmonic plague are cough, dyspnea and 
haemoptysis [41]. The pulmonary symptoms of both the 

Table 28.2 Treatment of patients with tularemia

In a contained casualty setting

Therapy Adults Pregnant women Children

Preferred therapy Streptomycin, 1 g 
IM every 12 h

Gentamicin, 5 mg kg−1 IM 
or IV every 24 h

Streptomycin, 15 mg kg−1 IM every 12 h 
(not to exceed 2 g per day)

or or or
Gentamicin, 5 mg kg−1 

IM or IV every 24 h
Streptomycin, 2.5 mg kg−1 

IM or IV every 8 h
Gentamicin, 2.5 mg kg−1 iM or IV every 

8 h
Alternative therapy Doxycycline, 100 mg 

IV every 12 h
Doxycycline, 100 mg 

IV every 12 h
Doxycycline: 100 mg IV every 12 h if ³45 kg; 

2.2 mg kg−1 IV every 12 h if <45 kg
or or or
Ciprofl oxacin, 400 mg 

IV every 12 h
Ciprofl oxacin, 400 mg 

IV every 12 h
Ciprofl oxacin, 15 mg kg−1 IV every 12 h

or or
Chloramphenicol, 15 mg 

kg−1 IV every 6 h
Chloramphenicol, 15 mg kg−1 every 6 h

In mass casualty setting and 
postexposure prophylaxis

Therapy Adults Pregnant women Children
Preferred therapy Doxycycline, 100 mg 

orally every 12 h
Ciprofl oxacin, 500 mg 

orally every 12 h
Doxycycline, 100 mg orally every 12 h if 

³45 kg; 2.2 mg kg−1 every 12 h if <45 kg
or or or
Ciprofl oxacin, 500 mg 

orally every 12 h
Doxycycline, 100 mg 

orally every 12 h
Ciprofl oxacin, 15 mg kg−1 orally every 

12 h (not to exceed 1 g per day in 
children)

(Adapted from CDC guidelines) Treatment with streptomycin, gentamicin, or ciprofl oxacin should continue for 10 days, while 
treatment with doxycycline or chloramphenicol should continue for 14–21 days. Transition from IV or IM administration to oral 
route is recommended as clinically indicated.
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plague and inhalation anthrax are quite similar, yet the 
inclusion of haemoptysis is more suggestive of pul-
monic plague [45]. The likelihood of bubonic plague 
occurring as a terrorist act is low, given that the vector 
would have to include the use of fl eas. More likely is the 
spread of pneumonic plague, which could be primary 
or secondary (resulting from bubonic or septicemic 
plague). Pneumonic plague has no specifi c cutaneous 
fi ndings, but if septicemia ensues, vasculitis, DIC, or 
purpura and gangrene of the digits may appear (Fig. 28.4). 
A bioterrorist attack would likely involve aerosol spread. 
However, if insect vectors were used, recognition of 
bubonic disease would become paramount. Many of the 
bubonic cases would transition to secondary pneumonic 
and septicemic forms, possibly causing further confu-
sion with inhalation anthrax.

28.4.4 Diagnosis

Several diagnostic tests are available to aid in the diag-
nosis of plague, using clinical specimens such as 
lymph node aspirates, blood, sputum smears and tra-
cheal washings. Standard bacterial culture in addition 
to Gram, Wright–Giemsa, and immunofl uorescence 
studies are helpful in suspected cases [41]. Specialized 
confi rmatory testing like antigen detection and PCR 
analysis are available through specialized laboratories 
of the CDC and the military [45].

28.4.5 Post-exposure Prophylaxis

The use of oral antimicrobial therapy with ciprofl oxacin 
or doxycycline is preferred in the mass-casualty scenario.

28.4.6 Antimicrobial Therapy

In confi rmed cases of Y. pestis infection, streptomycin, 
gentamicin, chloramphenicol, doxycycline and cipro-
fl oxacin are likely to be effective antimicrobial agents [45]. 
As with the other biologic agents discussed, the use of 
ciprofl oxacin and doxycycline in children and preg-
nant women with pneumonic plague signifi cantly out-
weighs the risk to bone, teeth and cartilage previously 
outlined [45,49]. When confi rmed pulmonic plague 
occurs, intravenous aminoglycosides are preferred. 
Intravenous chloramphenicol is indicated for plague 
meningitis [47].

28.4.7  Hospital Infection Control 
and Decontamination

Respiratory precautions are indicated for all cases of 
suspected pulmonic plague until excluded, or after 48 h 
of therapy in confi rmed cases [45]. Standard precau-
tions are recommended for bubonic plague [41].

28.5 Viral Haemorrhagic Fevers

28.5.1 Bacteriology and Pathogenesis

All viral agents that cause viral haemorrhagic fevers 
(VHF) are lipid-enveloped RNA viruses whose host 
reservoir is either an animal or insect [50].

There are four distinct families of virus that cause 
VHF:

Arenaviruses: lassa fever and South American hae-• 
morrhagic fever virus (SAHF)
Bunyaviruses: hanta virus and Crimean–Congo • 
haemorrhagic fever virus (CCHF)
Flaviviruses: dengue haemorrhagic fever (DHF), • 
tick-borne encephalitis, and yellow fever viruses
Filoviruses: Ebola and Marburg viruses [41]• 

VHF agents spread haematogenously, seeding multiple 
organs, causing micro-vascular damage and increased 
vascular permeability [51]. The combined action of 
increased vascular permeability, release of pro-infl ammatory 

Fig. 28.4 Septicemic Plaque, Courtesy of Public Health Image 
Library (PHIL), CDC/Jack Poland
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cytokines, cytotoxic factors, complement activation and 
systemic coagulopathy results in the severe manifesta-
tions of late stage, often fatal disease [51]. All viral agents 
cause clinical illness associated with high fever, myalgia, 
prostration, petechiae, haemorrhage and shock [52].

28.5.2 Epidemiology

These viruses are geographically confi ned to specifi c 
regions, where they create enzootic infection [51]. 
Disease in humans occurs after exposure to contami-
nated saliva, urine, and the feces of diseased animals, 
from insect bites that harbor the virus, and also from 
human-to-human transmission after exposure to con-
taminated tissue or body fl uids [51]. With the excep-
tion of Marburg virus, there is no evidence that these 
agents have been weaponized, yet their dissemination 
as bio-weapons is a distinct future possibility [51].

28.5.3 Clinical Features

VHF usually presents with high fever, myalgias, head-
aches and prostration. Incubation periods are normally 
brief, but can vary from 2 to 19 days [51]. None of 
these entities carries distinct cutaneous manifestations, 
yet Marburg viral infection commonly elicits a macu-
lopapular exanthem around day 5 of infection (Fig. 

28.5). All entities can progress to petechiae, ecchy-
moses, and other signs of disseminated coagulation 
and eventually shock. End organ damage to the brain, 
kidneys, and liver is common, and varies according to 
the agent. Mortality rates are also quite variable, with 
dengue fever having rates between 1% and 50%, and 
Ebola/Marburg viruses showing death rates between 
25% and 90%.

28.5.4 Diagnosis

The diagnosis of viral haemorrhagic fevers is variable 
depending on the viral agent. Detection methods 
include viral antigen detection, PCR, immunofl uores-
ence, ELISA, electron microscopy and culture [51]. 
Except for dengue fever, all agents require the use of 
specialized biosafety level-4 equipment for safe han-
dling. Diagnostic testing is only available through the 
CDC or the US Army Medical Research Institute of 
Infectious Diseases (USAMRIID). All patients should 
be initiated on ribavirin pending viral identifi cation.

28.5.5 Post-exposure Prophylaxis

Patients with fever and haemorrhagic manifestations 
should be reported to the public health authorities. These 
agents are highly contagious, and therefore require 
stringent universal precautions, barrier protection, and 
negative pressure isolation.

28.5.6 Antimicrobial Therapy

There are only limited treatment and vaccination options 
for persons exposed to or infected with these agents. 
Intensive care is required for all severely ill patients, 
with close monitoring of haemodynamics, as well as 
blood, kidney and liver function [51]. In addition to 
intensive supportive care, the antiviral ribavirin has been 
effective in some VHF cases. Also, convalescent plasma, 
which contains neutralizing antibodies, has improved 
survival in some instances of VHF [53,54].

Fig. 28.5 Maculopapular exanthem of Marburg virus infection, 
Day 5, Courtesy of Public Health Image Library (PHIL), CDC/J. 
Lyle Conrad
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28.5.7  Hospital Infection Control 
and Decontamination

All VHF agents, except dengue fever, pose tremendous 
hospital infection control problems. For the most 
up-to-date information on infection control and decon-
tamination, see the CDC guidelines at http://www.bt.cdc.
gov/agent/vhf/ or guidelines outlined by the World Health 
Organization at http://www.who.int/csr/disease/en/.
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Life-Threatening Complications 
of Dermatologic Therapies

Bénédicte Lebrun-Vignes

29

29.1 Adverse Effects of Drugs

Adverse drug reactions are a major cause of morbidity 
and mortality world-wide. A marked increase was 
found between 1998 and 2005 in deaths and serious 
injuries associated with drug therapy reported to the 
US Food and Drug Administration [1]. Despite some 
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› Adverse drug reactions are either related to their 
pharmacologic activity or to idiosyncratic or 
immune-mediated reactions.

› Adverse drug reactions are sometimes life-
threatening because of various organ injuries 
leading to organ (or multiple-organ) failure.

› Many drugs used in dermatologic diseases are 
involved in such severe manifestations.

› Adverse drug reactions and severe outcome 
of drug-induced adverse effects are partly 
preventable.

› Almost all drugs can induce life-threatening 
reactions, but these manifestations are unfre-
quent.

› There is a lack of information about the risks of 
new marketed products.

Core Messages limitations or alternative explanations, this increase 
seems to be related to a real increase in the numbers 
of patients experiencing serious injuries from drug 
therapy.

During clinical trials, only a small number of 
patients are exposed to a new drug, over a limited 
period of time, compared to the number that might 
use it once a marketing authorisation has been granted. 
Thus, when a drug is fi rst marketed, much may be 
known about its effi cacy while relatively little may 
be known about its safety. Rare and possibly serious 
adverse reactions, occurring in only a small percentage 
of cases, may not be detected during clinical trials.

Pharmaco vigilance is the science and activities 
related to the detection, assessment, understanding and 
prevention of adverse effects of drugs, especially by 
means of post-marketing surveillance. Spontaneous 
adverse drug reaction reporting or large-scale databases 
are useful to generate hypotheses and signals about 
potential risks of marketed drugs that require further 
investigation. Spontaneous reporting of suspected adverse 
drug reactions is particularly useful in identifying 
serious, rare and/or delayed reactions.

Establishing a diagnosis of drug-induced disease 
(i.e., imputability processes) may be diffi cult. Impu-
tability relies upon the elimination of other causes and 
a compatible or a suggestive time-relationship between 
drug ingestion (onset and withdrawal) and the evolu-
tion of the adverse event. In addition, it is important to 
consider the nature of the reaction and the relationship 
to the dose administered.

Healthcare professionals must be aware of the 
benefi t–risk ratio before prescribing. They should 
be particularly aware that some situations related to the 
patient may favour drug-induced reactions: children, 
elderly patients, pregnant women, and patients with 
liver or renal failure are susceptible to adverse reactions, 

J. Revuz et al. (eds.), Life-Threatening Dermatoses and Emergencies in Dermatology, 267
DOI: 10.1007/978-3-540-79339-7_29, © Springer-Verlag Berlin Heidelberg 2009



268 B. Lebrun-Vignes

and it is therefore important to monitor drug safety in 
these patient populations.

The risk of adverse effect may increase in situations 
related to the status of drugs:

– Newly marketed drugs or established products with 
a new indication or route of administration

– New combinations of established drugs or new tar-
geted patient populations

– Drugs with a narrow therapeutic index
– Drugs known to interact

Drug reactions can be classifi ed into immunologic and 
non-immunologic mechanisms.

– The majority of adverse drug reactions are caused 
by non-immunologic effects, which are either pre-
dictable (due to pharmacologic action, thus often 
dose-related), or unpredictable (idiosyncratic) such 
as pseudo-allergic reactions.

– Predominant mechanisms that lead to clinical symp-
toms of immune-mediated reactions (or allergy) are 
commonly described in the Gell and Coombs classi-
fi cation system. A revised nomenclature for allergy, 
including drug reactions, was proposed in 2004 [2]. 
Immune-mediated reactions are unpredictable 
and not clearly related to the dose.

This review will focus on the most severe and life-
threatening adverse reactions to the common drugs or 
therapies used in dermatology. It is not meant to be 
exhaustive because of the number and the variety of 
agents prescribed by dermatologists, in inpatients as 
well as in outpatients.

29.2 Anaphylaxis

Anaphylaxis is a severe and potentially lethal immediate-
type generalised hypersensitivity reaction affecting 
multiple organ systems. Severe anaphylaxis includes 
such serious symptoms as cardiovascular collapse, 
cardiac arrhythmia, severe bronchospasm, circulatory 
failure, cardiac and/or respiratory arrest, and fi nally 
lethal anaphylaxis.

Drugs are a frequent cause of anaphylaxis identifi ed in 
epidemiological studies conducted in both hospital and 
emergency units [3]. Antibiotics were the more common 
cause of life-threatening drug anaphylaxis, as registered 
by the French Allergy Vigilance Network over 2003/2004, 

with amoxicillin involved in 40% of cases, cephalosporins 
in 15% and other antibiotics in 5% [3]. Injectable antibi-
otics (penicillin, cephalosporin, vancomycin, quinolones, 
macrolides) were responsible for 15% of anaphylaxis 
during anaesthesia among 502 patients referred to an 
allergo–anaesthesia centre between January 2001 and 
December 2002, taking the third position after curare 
and latex [4]. Local anaesthetics (articaine, lidocaine, 
mepivacaine) were involved in less than 1% of cases.

Death from an allergic reaction to penicillin occurs 
at an incidence of about 1 per 50,000 treatment courses 
of parenteral penicillin in the general population [5].

All routes of administration are potentially involved, 
even in topical skin application (antibiotics or antisep-
tics) [6] and prick-tests [7].

Urticaria may be a non-severe manifestation of 
anaphylaxis, but is more often a manifestation of pseu-
do-allergic reaction. In a prospective study including 
350 patients who presented with immediate hypersen-
sitivity (urticaria, angioedema, anaphylactic shock) 
suspected of being drug-induced, only 22 had defi nite 
allergy defi ned as positive tests for the suspected drug. 
Among these 22 patients, 20 had severe effects such as 
major angioedema, hypotension, bronchospasm or ana-
phylactic shock. The other 328 patients suffered from 
pseudo-allergic or not drug-related urticaria without 
severe manifestation, which made re-challenge of the 
suspected drug possible [8].

29.3  Life-Threatening Cutaneous Drug 
Reactions

A separate chapter in this book is devoted to severe 
cutaneous drug reactions such as toxic epidermal 
necrolysis (TEN), Stevens–Johnson syndrome (SJS), 
drug reaction with eosinophilia and systemic symptoms 
(DRESS syndrome) and acute generalized exanthema-
tous pustulosis (AGEP).

More than 100 drugs have been suspected to be a 
possible etiologic agent of SJS/TEN in case reports or 
retrospective studies. Among drugs used in dermatol-
ogy, according to results of prospective case-control 
studies, anti-infective sulfonamides were the most 
strongly associated with SJS/TEN; a signifi cant but 
lower risk was found with other antibiotic drugs 
 (aminopenicillins, cephalosporins, quinolones, tetra-
cyclines, macrolides) [9, 10].
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A large variety of drugs possibly used in dermato-
logic therapies have been associated with DRESS, espe-
cially sulfonamides, dapsone, and minocycline [5, 11].

In the EuroSCAR case-control study, 97 cases of 
AGEP were included. A strong association was found 
with drugs commonly used by dermatologists: pristinamy-
cin, ampicillin/amoxicillin, quinolones, (hydroxy)chloro-
quine, anti-infective sulfonamides and terbinafi ne [12].

29.4 Severe Drug-Induced Liver Injury

Drug-induced hepato-toxicity is a major cause of iat-
rogenic diseases. The liver is a particular target for 
drug toxicity because of its role in clearing and 
metabolizing xenobiotics. More than 1,000 compounds 
(including herbal medicines) are involved, and can 
reproduce the full spectrum of liver injuries. The 
pathogenesis of drug-induced liver injury usually 
involves the participation of a toxic drug or metabolite 
that either elicits an immune response or directly 
affects the biochemistry of the hepatocytes [13].

Three types are described:

– Acute hepatitis is frequently similar to viral hepatitis, 
presenting with markedly elevated serum amin-
otransferase levels and a minimal increase in the 
level of alkaline phosphatase. It is the most frequently 
observed pattern and the more serious presentation 
with substantial mortality rate related to fulminant 
liver failure; coagulopathy and encephalopathy are 
present in more severe cases. It may also lead more 
insidiously to cirrhosis.

– Cholestatic hepatitis is not usually life threatening; it 
presents with jaundice, pruritus, and marked increases 
in alkaline phosphatase levels, as well as mild 
increases in alanine aminotransferase (ALT) levels.

– Mixed injury patterns with intermediate to marked 
increases in ALT and alkaline phosphatase levels can 
resemble atypical hepatitis or granulomatus hepatitis.

Acute liver failure is the most severe complication of 
drug-induced hepato-toxicity, with a high spontaneous 
mortality rate, and represents the fi rst cause of drug with-
drawal from the market [14]. Drugs appear to be the fi rst 
of all causes of acute liver failure. In Western countries, 
paracetamol intoxication represents the fi rst cause of all 
liver failure, with a spontaneous mortality rate ranging 
from 32 to 50%. The frequency of acute liver failure due 

to non-paracetamol drugs given at normal doses is equiv-
alent to that of viral hepatitis A and B. Herbal medicines 
are playing an important role in Asian and African coun-
tries [15], but also in western countries [16].

The course of acute liver injury to liver failure may 
be modulated by the following parameters: the continu-
ation of causative drug administration despite the onset 
of liver injury, age (with a higher risk for older people), 
a pre-existing cirrhosis, fasting, denutrition, chronic 
alcohol abuse, and sometimes the amount of ingested 
drug such as in the case of paracetamol. It is usually 
recommended to stop the administration of a suspected 
drug when alanine aminotransferase levels increase to 
more than 3–5 times the upper limit of normal [14]. 
Once acute liver failure has occurred, there is no specifi c 
treatment (other than administration of N-acetylcysteine 
in paracetamol intoxication), and emergency liver trans-
plantation represents the best chance of survival.

Dermatology-specifi c drugs suspected in acute 
hepatitis with liver failure [17–19]:

– Beta-lactam antibiotics: amoxicilline + /− clavulanate, 
fl ucloxacillin

– Cyclines: minocycline
– Other antibiotic agents: dapsone
– Antifungal agents: ketoconazole1, terbinafi ne
– Immunosuppressive agents: methotrexate2, azathi-

oprine

Monitoring aminotransferase levels is recommended 
but standard liver function tests can be unreliable to 
assess the liver damage. Liver biopsies after a cumula-
tive dose of 1 to 1.5 g have been recommended to deter-
mine hepatotoxicity [21], and some physicians perform 
baseline liver biopsies in those patients with a history 
of liver disease or other risk factors for hepatotoxicity 
including age, obesity, alcohol intake, and diabetes. 
Liver biopsies have however a signifi cant morbidity 
and a mortality rate of up to 0.33% was reported in 
U.K. The benefi t-risk ratio of this investigation is there-
fore questioned, and most practitioners world-wide do 
not do them anymore. Recently, it has been stated that 

1 Ketoconazole is a cause of severe hepatic injury, the incidence 
of symptomatic, potentially serious hepatitis being about 1 in 
12 000–15 000 patients. Ketoconazole is therefore no longer 
used in fi rst line treatment of fungal cutaneous or toenail 
infections.
2 The major pattern of methotrexate hepatotoxicity in psoriatic 
patients is fi brosis/cirrhosis which is related to cumulative dose 
and may exceptionally lead to liver failure [20]. 
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 monitoring of serological markers of fi brosis such as the 
aminoterminal peptide of type III procollagen (PIIINP) 
can avoid follow-up biopsies in a signifi cant fraction of 
patients on long-term low-dose methotrexate [22, 23]. 
More data are however required to make more defi nitive 
recommendations.

According to studies reviewed, the use of folate 
supplements in patients treated with methotrexate 
reduces the incidence of hepato-toxicity and gastroin-
testinal intolerance, without impairing the effi cacy of 
methotrexate [24]. Most of these studies were, however, 
conducted in rheumatoid arthritis, psoriatic arthritis, 
or juvenile idiopathic arthritis, and few studies have 
addressed folate supplementation with the use of 
methotrexate for the treatment of psoriasis.

29.5  Serious Haematologic Drug-
Induced Adverse Effects

29.5.1 Agranulocytosis

This condition is marked by a profound decrease in 
the number of granulocytes in circulating blood, 
resulting in a neutrophil count below 0.5 × 109 l−1. In 
the majority of patients, the neutrophil count is below 
0.1 × 109 l−1. Drug-induced agranulocytosis is a 
life-threatening adverse event due to the frequency 
of severe sepsis, with severe deep infections, septice-
mia, and septic shock in about two-thirds of all 
patients. Poor prognostic factors are old age, septice-
mia or shock, metabolic disorders such as renal fail-
ure, and a neutrophil count below 0.1 × 109 l−1 [25]. 
With appropriate management using pre-established 
procedures, with intravenous broad-spectrum antibi-
otic therapy, and haematopoietic growth factors, the 
mortality rate is currently around 5%.

Mechanisms that cause idiosyncratic drug-induced 
agranulocytosis are not completely understood, but neu-
tropenia is supposed to be mediated by immuno-allergic 
or toxic mechanisms. When toxic mechanism is involved, 
anemia and/or thrombocytopenia may occur.

According to epidemiologic studies, the annual inci-
dence of idiosyncratic drug-induced agranulocytosis is 
between 3.4 and 5.3 cases per million of population in 
Europe. In the USA, rates range from 2.4 to 15.4 per 
million per year. Apart from chemotherapy, many drugs 

3 In the case of rituximab, delayed-onset agranulocytosis is 
reported. A plausible time relationship to drug administration 
was assumed if the last rituximab infusion was given within 6 
months before onset of agranulocytosis.

can cause agranulocytosis [25, 26], but the frequency of 
this adverse effect is usually very low for each of them.

Dermatology specifi c drugs involved in agranulo-
cytosis (usual suspects in italics)

– Antibacterial agents: beta-lactam antibiotics, cepha-
losporins, fl uoroquinolones, sulfonamides, fusidic 
acid, clarithromycin, lincomycin, metronidazole, 
clindamycin, tetracycline, vancomycin, dapsone

– Anti-fungal agents: fl ucytosine, terbinafi ne
– Anti-viral agents: acyclovir
– Antihistamines: brompheniramine, chlorpheniramine
– Anti-malarial agents: hydroxychloroquine, chlo roquine
– Immunosuppressant/immuno-modulator: imatinib, 

rituximab3, prednisone
– Other: colchicines, acitretin

29.5.2 Thrombocytopenia

Drug-induced thrombocytopenia can sometimes be life-
threatening. In case reports, thrombocytopenia was usu-
ally discovered after the occurrence of minor purpura, 
but major bleeding occurred in 9% of drug-induced 
thrombocytopenia, and fatal bleeding rate was found to 
be 0.8% [27]. A systematic updated review identifi ed 
more than 150 drugs involved in thrombocytopenia.

Dermatology specifi c drugs involved in severe thom-
bocytopenia (usual suspects in italics)

– Antibiotics: vancomycin, linezolid, cephalothin, 
piperacillin, methicillin, oxytetracycline, ampicillin

– Anti-tuberculous agents: rifampin, ethambutol, 
isoniazid

– Antifungal agents: amphotericin B, fl uconazole, 
terbinafi ne

– Other: interferon-α, rituximab, cyclosporine [27–29]

Drug-induced platelet destruction is usually caused by 
drug-induced antibodies, several mechanisms being 
involved to explain immune thrombocytopenia [30].

It is, however, important not to forget that heparin is 
the most common drug-related cause of immune drug-
induced thrombocytopenia. The major threat in cases 
of heparin-induced thrombocytopenia is thrombosis 
rather than bleeding [31].
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Patients with drug-induced thrombocytopenia occa-
sionally present with disseminated intravascular coag-
ulation or renal failure and other fi ndings indicative of 
the haemolytic-uremic syndrome or thrombotic throm-
bocytopenic purpura. These terms describe various 
syndromes of multiple etiologies, with the common 
features of thrombocytopenia and micro-angiopathic 
haemolytic anaemia. Other organ involvement, inclu-
ding renal failure, neurologic and gastrointestinal 
symptoms, is common. Without appropriate manage-
ment, these syndromes are fatal in more than 90% of 
cases. Plasma exchange treatment induces remissions 
in more than 80% of patients. Many drugs have been 
rarely associated with the development of haemolytic–
uremic syndrome or thrombotic thrombocytopenic 
purpura. Some of these drugs are used in dermatology, 
cyclos porine being a usual suspect, and very occasionally 
ampicillin, clarithromycin, oxytetracycline, penicillin, 
rifampicin, interferons or valacyclovir [32].

29.5.3  Other Serious Haematologic 
Adverse Effects

– Myelotoxicity: bone-marrow aplasia related to direct 
drug toxicity is rarely associated with low-dose 
methotrexate, azathioprine or colchicine. Various 
conditions leading to drug overdosage are reported, 
such as renal insuffi ciency or drug–drug interactions. 
Medication errors (prescription, dispensation and 
administration) have to be considered. In the case 
of azathioprine, as the association between thiopu-
rine methyltransferase (TPMT) defi ciency (affecting 
0.3–0.6% of Caucasians) and myelosuppression is well-
recognized, some authors recommend a pre-treatment 
assessment of red blood cell TPMT activity, to avoid 
myelosuppression by treating a defi cient patient with 
a greatly decreased dose. Cost-effectiveness studies of 
TPMT activity screening are unfortunately lacking.

– Haemolysis: a variety of drugs can be associated 
with haemolysis. Among them, some antibiotics 
are inducers of immune or auto-immune haemolytic 
anaemia. Dapsone may induce severe haemo-
lytic anaemia in people with glucose-6-phosphate 
dehydrogenase defi ciency. A pre-treatment screen-
ing of G6PD defi ciency may be recommended in 
patients originating from communities known to 
have a high G6PD defi ciency prevalence (Africa, 
Southern Europe, the Middle East and Asia).

– Methemoglobinemia occurs in all patients receiving 
dapsone. Dyspnea, nausea, and tachycardia are consid-
ered to occur at methemoglobin levels of 30% or above, 
but as dapsone-induced methemoglobinemia is not 
chronic and haemolytic anaemia is usually present, the 
fi rst symptoms are present for a 10% level; conscious-
ness disorders occur as methemoglobin level approaches 
55%, and levels of 70% are usually fatal [33].

29.6  Life-Threatening Renal 
Drug-Induced Adverse Effects

Drug-induced kidney injury is a major adverse effect 
in clinical practice. Renal injury associated with drugs 
may involve several components of the kidney: glomeru-
lus, tubules, interstitium, and blood vessels. Moreover, 
therapeutic agents may induce an allergic reaction, 
leading to interstitial infl ammation and tubular damage 
[34, 35].

Acute renal failure is often reversible upon discon-
tinuation of the culprit medication, but haemodialysis 
is sometimes required and a fatal outcome is possible.

Dermatology-specifi c drugs involved in severe renal 
injury (usual suspects in italics)

– Acyclovir (production of insoluble crystals, intra-
tubular precipitation of crystals leading to acute 
renal insuffi ciency)

– Penicillin A (tubulo-interstitial nephropathy)
– Cyclosporine (reductions in glomerular fi ltration 

occurring in the fi rst 3–6 months of the treatment)
– Cidofovir (tubulo-interstitial nephropathy)
– Intravenous immunoglobulin (IvIg) (acute tubulo-

interstitial nephropathy related to the occurrence of 
osmotic nephrosis in the proximal tubule. It has 
been reported mainly with sucrose containing IvIg 
but also with maltose and glucose containing IvIg)

– Amphotericin B (systemic use) (reduction of the 
glomerular fi ltration rate and tubular dysfunction)

– Interferon-α (interstitial, glomerular and vascular 
nephropathy)

– Methotrexate (intratubular precipitation of insoluble 
crystals after high-dose administration).

– Chinese herbal (interstitial or tubular nephropathy)
– Etanercept and infl iximab (glomerular nephropathy)

Rhabdomyolysis is a common and potentially lethal 
clinical syndrome that results from acute muscle fi bre 
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necrosis, with leakage of muscle constituents into blood. 
Myoglobinuria is the most signifi cant consequence, 
leading to acute renal failure in 15–33% of patients. 
Rhabdomyolysis leads to death in about 10% of cases 
[36]. Drugs are sometimes involved in rhabdomyolysis, 
colchicine being one of the causative drugs [37]. 
Because renal impairment is the primary risk factor for 
development of colchicine-induced myotoxicity, dosage 
adjustment or alternative therapy may be required.

29.7  Life-Threatening Cardiologic 
and Vascular Adverse Effects

29.7.1  Long QT Syndrome and Torsade 
De Pointes

Drug-induced long QT syndrome is characterized by 
acquired QT interval prolongation and increased risk 
of torsade de pointes (TdP). Symptoms of TdP include 
palpitations, syncope, and seizure-like activity. Torsade 
de pointe is usually self-limited, but may degenerate 
into ventricular fi brillation and cause sudden cardiac 
death. Several risk factors predispose patients to 
drug-induced long QT syndrome and TdP [38]: female 
sex (the most common risk), structural heart disease 
(myocardial infarction, heart failure, valvular dis-
ease, or cardiomyopathy), hypokalemia, multiple QT-
prolonging drugs or agents interfering with their 
metabolism, excessive dosing, prolonged baseline QTc 
(≥450 ms), family history of congenital long QT 
syndrome prior to drug-induced TdP. In addition, 
hepatic impairment, bradycardia, and atrioventricular 
block also increase the risk of TdP.

A variety of medications have been implicated in 
drug-induced long QT syndrome [39]. Among these 
drugs are:

– Erythromycin and clarithromycin have been impli-
cated in sudden death due to TdP. These drugs are 
metabolized by and inhibit CYP3A4. They are 
especially dangerous for patients receiving another 
CYP3A4 inhibitor or a QT-prolonging medication 
metabolized by CYP3A4.

– Sporadic incidents of TdP have been reported with 
fl uoroquinolones.

– Case reports describe TdP in patients receiving 
systemic azole antifungals (fl uconazole, itraconazole, 

ketoconazole, and voriconazole), but these are unlikely 
to cause TdP without pre-existing risk factors.

– Anti-malarials, including chloroquine, have been 
associated with QT prolongation and TdP.

– Third-generation antihistamines, unlike the second-
generation agents, have not been shown to induce 
long QT syndrome.

–  Vorinostat is a histone deacetylase inhibitor approved 
by FDA for “the treatment of cutaneous manifesta-
tions of cutaneous T-cell lymphoma in patients with 
progressive, persistent, or recurrent disease on or fol-
lowing two systemic therapies”. During the clinical 
trials, some patients exposed to vori-nostat had QTc 
prolongation, but a defi nitive study of the effect of 
vorinostat on QTc has not been conducted [40].

29.7.2 Drug-Induced Heart Failure

Several classes of drugs may induce heart failure in 
patients without concurrent cardiovascular disease, or 
may precipitate the occurrence of heart failure in 
patients with pre-existing left ventricular impairment 
[41]. If cardiac toxicity is a constant concern when 
using anti-mitotic drugs or some immuno-modulator 
drugs, it is also advisable to exercise caution in the 
use of many other drugs when treating patients with 
cardiac insuffi ciency, even if the clinical situation is 
well-controlled. Interferon, glucocorticoids (systemic 
and topical super-potent steroids) [42, 43] and anti-
TNF-α [44] appear among these drugs.

29.7.3 Thrombosis

Thalidomide: thalidomide has been found to be effec-
tive in many malignant and infl ammatory conditions, 
including various infl ammatory dermatological dis-
eases [45]. It was observed that this drug might be 
associated with an increase in the risk of venous throm-
boembolic events (including pulmonary embolism). In 
a review of literature, the risk of venous thromboem-
bolism in patients receiving thalidomide for multiple 
myeloma was found to be signifi cantly increased, by 
2.6 [46]. The use of dexamethasone in combination 
with thalidomide was associated with an increase of 
this risk by eight times. In a series of 25 patients treated 
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by thalidomide for different infl ammatory dermato-
logical diseases, deep vein thrombosis occurred in 
20% of cases [47]. Patients receiving thalidomide 
should thus be carefully monitored for any signs of 
deep venous thrombosis and pulmonary embolism.

– Intravenous immunoglobulin therapy (IvIg) may be 
associated with arterial and venous thrombosis, 
including deep venous thrombosis or pulmonary 
embolism, myocardial infarction and stroke, espe-
cially in patients with autoimmune disorders. These 
adverse events have occurred during IvIg infusion 
or within 1–8 days following IvIg infusion [48].

29.8  Life-Threatening Psychiatric 
Manifestations

– Interferon-a: psychiatric side effects of interferon-α 
(IFN) including manic symptoms, bipolar disorder 
and depression have been reported as common 
adverse events [49]. The reported rates of depressive 
symptoms associated with IFN range from 3% to 
57% of the patients, the variation being partly due to 
differences in dosage, disease and length of treatment. 
Suicidal ideations are possible and usually remit after 
discontinuation of IFN treatment. Suicidal attempts 
have been rarely reported. In one single double-blind 
study conducted in 40 patients with malignant 
melanoma eligible for high-dose IFN therapy, 
pre-treatment with paroxetine signifi cantly reduced 
the rate of major depression induced by IFN [50].

– Isotretinoin: A number of case reports and case series 
linking isotretinoin to depression or suicide have been 
published. Between 1982 and 2000, the FDA received 
reports of 394 cases of depression, and 37 suicides 
occurring in patients exposed to isotretinoin [51]. In a 
systematic review of studies reporting primary data 
on depression and suicidal behaviour in patients 
treated with isotretinoin for acne vulgaris, rates of 
depression among isotretinoin users was found to 
range from 1 to 11%, with similar rates in oral antibio-
tic control groups [52]. Some studies demonstrated a 
trend toward fewer or less severe depressive symp-
toms after isotretinoin therapy. Moreover, the avail-
able data on suicidal behaviour during isotretinoin 
treatment are insuffi cient to establish a meaningful 
causative association. Nevertheless, because acne in 

itself has been associated with depression, suicidal 
ideation and suicide, it is wise to carefully monitor 
patients undergoing treatment with isotretinoin for 
the emergence of depressive and suicidal ideation.

29.9 Severe Neurologic Adverse Effects

– Acyclovir, and its prodrug valacyclovir, may have 
neurological toxicity due to high concentrations in 
the spinal fl uid related to high plasma concentra-
tions. This neurotoxicity can deteriorate into coma 
[53]. Renal dysfunction is a known risk factor for 
acyclovir neurotoxicity; thus, dosage reduction and 
increased monitoring should be carried out when 
renal dysfunction is present.

– Cyclosporine may produce a clinical spectrum that 
varies from tremor and acute confusional state to 
seizures, or more rarely to coma. On CTscan or 
magnetic resonance imaging, the most characte-
ristic feature is posterior leukoencephalopathy. This 
neurotoxicity is predominantly described in patients 
after organ transplantation. It occurs usually when 
toxic levels are reached, and the manifestations 
are reversible in most instances after discontinua-
tion or adjustment to a lower target level. It is 
important to identify drugs that may increase levels 
of cyclosporine such as cephalosporins, diltiazem, 
verapamil, and high-dose methylprednisolone [54].

29.10  Life-Threatening Pulmonary 
Toxicity

Drug-induced interstitial lung disease can produce 
acute widespread pulmonary infi ltrates, with life-
threatening respiratory failure. Some drugs used in 
dermatologic diseases are involved in such cases, the 
most frequently being various antibiotics (especially 
minocycline) and methotrexate [55]. Pulmonary toxic-
ity of methotrexate has been well-described, and may 
take a variety of forms [56]. It occurs in 0.5–14% of 
patients receiving low-dose methotrexate, and includes 
parenchymal infl ammation, pneumonia, airway hyper-
reactivity and air-trapping [57, 58]. In most patients, 
symptoms present sub-acutely with progression over 
several weeks. Dyspnea, dry cough, fever, and bibasilar 
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crackles are the major symptoms. Peripheral eosino-
philia has been cited in one third of cases. Chest 
radiography commonly shows bilateral interstitial or 
mixed, interstitial and alveolar infi ltrates with a predi-
lection for the bases. Pulmonary function studies show 
a restrictive ventilatory defect and/or impaired gas 
exchange. Bronchoalveolar lavage may be helpful in 
supporting the diagnosis and in ruling out an infectious 
etiology. Once pulmonary toxicity of methotrexate is 
suspected, the drug should be withdrawn. Corticosteroids 
may accelerate resolution, and are recommended in 
severe cases. The prognosis is usually favourable, but 
occasionally the outcome may be fatal.

29.11  Life-Threatening Infectious 
Diseases

Infectious diseases are a major cause of mortality in 
patients receiving immunosuppressive agents for 
connective tissue diseases. Systemic corticosteroids, as 
well as topical super-potent steroids, can induce seri-
ous infections [43, 59]. These infections are bacterial 
infections such as pneumonia or bacteraemia, viral and 
opportunistic, mainly fungal infections. Pneumocystis 
carinii pneumonia exhibits signifi cant mortality in 
patients with Wegener’s granulomatosis, polymyositis/
dermatomyositis, and systemic lupus erythematosus 
[60]. There is currently no adequate data on the 
specifi c effect patterns of corticosteroid and immuno-
suppressant treatment on infection risk, and no data 
regarding the effect of prophylactic practices on mor-
bidity and mortality. Nevertheless, a strategy aiming at 
minimizing the infectious risk of corticosteroid-treated 
patients based on the analysis of the literature has been 
proposed [59].

Life-threatening infectious diseases such as fulminant 
pneumonia with acute respiratory distress, severe tubercu-
losis and Pneumocystis carinii pneumonia have been 
reported in patients treated with anti-TNF-a therapy [61].

29.12 Teratogenic Risk

The major teratogenic drugs, i.e., isotretinoin, acitretin 
and thalidomide, are used in dermatology. The risk 
of major malformation is 20–25% with systemic 

retinoids, and about 30% with thalidomide. This high 
risk imposes strict conditions of prescription in women 
of childbearing age, including monitoring of β-hCG 
(before, during and 1 month after treatment) and pre-
scription of effective contraception.
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Mechanisms of Pupura, Livedo, Necrosis

Jean-Claude Roujeau

Purpura, livedo, skin necrosis, purpura fulminans… 
There are a lot of overlap and confusion between these 
terms. One reason is that the causes are often the same; 
another is a lack of clear clinical and pathological defi -
nitions. I propose a probably too simplistic but at least 
easy way to deal with these signs, based on the organi-
zation of blood circulation in the skin.

Purpura is hemorrhage within the skin, resulting 
sometimes from abnormal platelet functions and more 
often from lesions of capillary walls. Purpura can con-
sist of small spots (petechiae) or in larger ecchymoses. 
Intra-cutaneous hemorrhage per se does not induce 
necrosis. The denomination of “purpura fulminans” is 
ambiguous, since most lesions consist actually of 
superfi cial necrosis.

Skin necrosis has several possible mechanisms.
It is most often the ultimate consequence of pro-

found ischemia. It depends then on vessel occlusion, 
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› Purpura, livedo, necrosis, all result from vascular 
lesions

› The causes are multiple.
› The appearance of skin lesions depends on the type 

of vessels involved.

Core Messages either of large vessels (deep necrosis) or of all, or 
nearly all, terminal capillaries irrigating the skin area 
involved (superfi cial necrosis). In such cases, both 
deep and superfi cial necroses should be considered as 
the visible expression of skin infarction. Infarction 
being hemorrhagic, areas of necrosis will look like 
purpura, but actually differ from petechiae by a larger 
size and from ecchymoses by the development of blis-
ters or eschars. Vascular necrosis is usually associated 
with other manifestations of vessel involvement, pur-
pura or livedo.

Skin necrosis can also result from direct toxicity on 
skin cells and proteins, including the vessels. Such cell 
destruction can be initiated by “external” (trauma, 
burns, etc….) or “internal” aggression (bacterial 
 toxins, proteolytic enzymes released by neutrophils, 
eosinophils or macrophages…).

Livedo can be considered an equivalent for skin of 
angina pectoris for the heart: pre-necrotic ischemia. 
Ischemia will affect preferentially the periphery of the 
blood distribution system, hence its reticulate pattern. 
The cause of livedo can be vasoconstriction or obstruc-
tion of deep vessels.

Based on the schematic presentation of skin vascu-
lature in the fi gure, one may expect the following cor-
relation between the type of vessels involved and 
clinical expression (Fig. 30.1).

Involvement of terminal capillaries of the dermis 
can induce purpura when a few capillaries are infl amed 
(vasculitis), and superfi cial necrosis when all are 
obstructed in a delimited area (purpura fulminans, 
DIC, anticoagulant induced necrosis, monoclonal 
cryoglobulinemia). Capillary lesions, whatever their 
extent, are not expected to induce livedo or deep 
necrosis.

Involvement of medium-size arteries in the hypo-
dermis can be compensated for in part by collateral 
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circulation if a few vessels are involved. That will 
induce livedo. If too many arteries are involved, deep 
necrosis will occur. Purpura is not an expected 
feature, it can occur only in the causative process 
which also alters superficial capillaries at other 
sites. Livedo, with or without necrosis, is observed 
in cutaneous peri-arteritis nodosa, cholesterol crystals 
embolism, clot embolism, calciphylaxis, anti-phos-

pholipid syndrome, intra-arterial injections (Nicolau), 
and shock.

Occlusion of deeper large arteries will result in deep 
necrosis. Livedo may be present at the periphery of 
necrosis, but not at a distance.

Necrosis of infl ammatory origin is often hemor-
rhagic but not associated with livedo or distant purpura 
(pyoderma gangrenosum, ecthyma gangenosum…).

Fig. 30.1 Schematic 
presentation of skin vessels, 
and tentative correlation 
between site of lesions and 
presentation of signs such as 
purpura, livedo, and necrosis
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Fig. 31.1 Skin necrosis and ulceration
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31.1 Introduction

Ischemia is the prominent mechanism in all cases of 
skin necrosis. Ischemia is defi ned as insuffi cient blood 
supply resulting in painful ulceration. When large ves-
sels of the lower extremity are involved, classic symp-
toms range from intermittent claudication (pain when 
walking), and rest pain. Additionally, decreased or 
absent pedal pulses, cold skin, red and/or shiny skin, 
ulceration, wasting of calf muscles, and gangrene of 
the feet and toes may be present. Doppler ankle bra-
chial index (ABI) measurements are useful as a tool to 
assess leg circulation. An ABI between 1.3 and 0.9 is 
normal, with worsening disease farther from 1.0 [1]. 
Arterial and venous Doppler studies also aid in excluding 
different conditions associated with ischemia.

A variety of conditions may lead to skin necrosis. The 
associated diagram will help differentiate among them 
(see Fig. 31.1). Some of these conditions are discussed in 
other chapters and are therefore only mentioned in this 
chapter. Burns and malignancies are beyond the scope of 
this chapter.

I.  Congenital

A. Protein S and C defi ciencies

•  Proteins S and C are vitamin K-dependent proteins 
mainly produced in the liver. Although these inher-
ited protein defi ciencies are rare, their presence pre-
disposes patients to venous thromboembolic effects. 

Patients with protein S defi ciency may suffer their 
fi rst thrombotic event at an early age, such as by age 
25 [2]. Half of the patients who are heterozygote for 
protein C defi ciency may suffer a thrombotic event 
by age 50 [3]. When functional, protein C is a cofac-
tor to protein S, and both work together to have an 
anticoagulant effect by inhibiting the propagation of 
the coagulation cascade and subsequent thrombin 
formation. Protein S also directly inhibits the factor 
X clotting factor-activating and pro-thrombin-acti-
vating complexes.

•  It is important to obtain a detailed patient history of 
any previous thrombotic events, and abnormal coag-
ulation studies, as well as family history of 
thrombosis.

•  Laboratory tests to confi rm these conditions or dis-
tinguish them from other causes of thrombosis 
include: protein S antigen, functional protein test 
(clotting assays), protein C level, anti-thrombin 
level, factor V Leiden gene, and prothrombin 
G20210A gene. Also, assess the haemodynamic sta-
tus by obtaining the following tests: prothrombin 
time (PT), partial prothrombin time (aPTT), fi brino-
gen level, and D-dimer.

•  Conditions to be excluded: Factor V Leiden, pro-
thrombin G20210A mutation, anti-thrombic defi -
ciency, DIC, mesenteric venous thrombosis, 
warfarin use, cancer-related thrombosis, and homo-
cystinemia.

II. Infections

A. Vibrio vulnifi cus infection

•  V. vulnifi cus, a Gram-negative bacillus, has a high 
affi nity for warm weather and contaminated sea 
water. Although rare, risk factors for this infection 
are patients with liver disease (especially iron over-
load) and immuno-compromised states which when 
present increase the likelihood of mortality as well.

•  Acquired by either direct inoculation or parentally 
cutaneous involvement, conditions range from ery-
thema to bullae (especially hemorrhagic) to ulcer 
formation that can rapidly develop into cellulitis and 
necrotizing fasciitis [4].

•  The mechanism of infection is exposure to contami-
nated sea water, either through an open wound or 
ingestion of contaminated sea food (mainly raw oys-
ters and shellfi sh). If ingested, the bacillus binds to 
the intestinal mucosa and rapidly spreads through 

› Skin necrosis is a clinical manifestation of 
tissue death, most commonly due to alteration 
of cutaneous blood fl ow.

› Tissue death may occur from blockage, destruction 
or physiologic constriction of vessels supplying 
the skin, in either large vessels (peripheral arterial 
disease) or small vessels (thrombi or emboli), caus-
ing ischemia.

› Vessel destruction may be direct as in vasculitis 
or indirect as in pyoderma gangrenosum.

› Cutaneous signs such as purpura and livedo can 
suggest both presence and type of blood-vessel 
damage.

› Vascular studies, biopsy and laboratory tests are 
important in rendering a diagnosis.

Core Messages
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the blood [4]. Virulence factors associated with V. 
vulnifi cus infection include proteases, elastases and 
collagenases [5] as well as bradykinin, haemolysin, 
DNase, lecithinase, gelatinase and cytolysin [6–8].

•  Helpful laboratory tests include: a complete blood 
count, a comprehensive metabolic panel, stool exam 
for ova and parasites, stool and blood cultures, Gram 
stain and culture of the bulla or ulcer, radiographic 
examination of the extremities with ulcer 
involvement,

•  Conditions to be excluded: other bacterial and other 
Vibrio species infections, i.e., cholera, disseminated 
intravascular coagulation (DIC), and gas gangrene.

B. Ecthyma gangrenosum (EG)

•  Although most commonly associated with systemic 
infection with Pseudomonas aeruginosa in immuno-
compromised patients, this rare cutaneous infection 
can also be caused by other Gram-negative bacteria 
(Klebsiella pneumonia, Aeromonas hydrophila, 
Escherichia coli), Gram-positive bacteria 
(Staphylococcus aureus and Streptococcus pyogenes), 
fungi (Candida albicans, Mucormycosis) and Herpes 
simplex virus among others.

•  The characteristic cutaneous lesions start as erythe-
matosus or hemorrhagic papules and vesicles that 
can rapidly evolve into a painless indurated ulcer 
with central necrosis with periulcer erythema.

•  The bacteria invade the dermis and subcutaneous 
tissues through the blood supply, mainly veins, 
and multiply in the wall of small vessels [9].

The edema and necrosis further decrease blood supply 
to the involved tissues resulting in ischemic necrosis 
and necrotizing vasculitis.

•  Helpful tests: Gram stain, skin biopsy for culture 
and histopathology, blood cultures, radiograph of 
the involved extremity.

•  Conditions to be excluded: other causes of septice-
mia, necrotizing fasciitis and vasculitis, 
cryoglobulinemia

C. Necrotizing fasciitis (see Chap. 6)
D. Diabetic foot ulcers (see Chap. 6)

III. Infl ammatory

A. Vasculitis
B. Vasculopathy

(1) Thrombotic

(a) Purpura fulminans or intra-vascular coagulation

•  Systemic haematologic disorder characterized by 
both bleeding and coagulation of the microvascu-
lature damage causing organ dysfunction.

•  Involvement of the dermis and the subcutaneous tis-
sue characterized by fi brin deposition in the small 
veins and post capillary venules, with hemorrhage 
and necrosis in the dermis and subcutaneous tissue 
[10].

•  Usually affects adipose tissue; therefore, lesions are 
usually seen on the breasts, buttocks, thighs, and 
abdomen. Pain in the affected area is the initial 
symptom, followed by bullae, ulceration and skin 
necrosis. A clinical picture consistent with DIC, 
thrombocytopenia (<100 × 109 l−1, prolonged PT and 
aPTT, and presence of FDP/D-dimer is suggestive. 
The following laboratory tests are adjunctive when 
diagnosing: D-dimer test (greatest specifi city), 
Prothrombin fragment 1 and 2 (abnormal in 90% of 
patients), anti-thrombin III, fi brin and fi brinogen 
degradation products (FDP is elevated in 90%), 
thrombin time (prolonged), prothrombin time and 
partial thromboplastin time (less reliable tests for 
diagnosis but elevated in 50–75% of patients), and 
platelet count (decreased). Patients with protein C or 
S defi ciencies are at greatest risk.

•  Conditions to be excluded: thrombotic thrombocy-
topenic purpura, haemolytic uremic syndrome, hae-
molysis, severe liver failure, idiopathic purpura 
fulminans, primary fi brinolysis, and vitamin K 
defi ciency.

(b) Calciphylaxis

•  Vasculopathy (vascular thrombi) characterized by 
excessive calcifi cation in the skin and vessels, often a 
fatal complication of secondary hyperparathyroidism 
due to end-stage renal failure in the obese, women and 
diabetics.

•  Calcium deposits in subcutaneous tissue and arterial 
calcifi cations obliterating small blood vessels and 
calcium concentrated in the media of vessel walls 
have been described on histopathology [11, 12].

•  Skin lesions range from painful ulcers to multiple 
violaceous plaques, mainly on areas with thick adi-
pose tissue such as the abdomen, breasts and thighs. 
The violaceous plaques may have features of livedo 
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reticularis [13] which constitute a vascular pattern. 
With time, these lesions usually progress to gangre-
nous plaques that ulcerate, leading to amputation 
[14]. Calf pain is often the fi rst symptom. Painful 
myopathy secondary to ischemia and necrosis causes 
debilitating symptoms.

•  Laboratory fi ndings include high levels of parathy-
roid hormone (PTH), calcium, and phosphate. 
Radiological studies show calcium in the skin and 
soft tissue supporting the diagnosis.

•  Conditions to be excluded: vasculitis, lupus, sclero-
derma, CREST syndrome, protein C and S defi cien-
cies, cryoglobulinemia, DIC, cholesterol emboli, 
Henoch–Schonlein Purpura, homocysteinemia 
among others.

(c) Cryoglobulinemia type I

•  Cryoglobulinemia type I, or primary cryoglobuline-
mia is a rare condition caused by increased concen-
trations of monoclonal immunoglobulins (Ig) [15]. 
IgM is the most common Ig involved, followed by 
IgG and IgA.

•  Complement activation is induced by infl ammation 
caused by the high concentration of immunoglobulin 
deposition, resulting in hyper-viscosity, or by direct 
destruction of blood vessels.

•  Histologically, small, dilated vessels in the dermis 
with eosinophilic, diastase resistance PAS positive 
material and extra-vasation of erythrocytes are usu-
ally seen [16]. A mild perivascular lymphocytic infi l-
trate can also be seen. [17] Interestingly, similar 
histopathologic changes have been reported in skin 
biopsies of patients with a clinical picture of tick bites 
[18].

•  Cutaneous involvement ranges from purpura to ery-
thematous papules to ulcer formation [17]. 

• Ischemic necrosis usually follows ulcer formation.
•  Although ulcers, typically located in the lower 

extremities, are common in all types of cryoglobu-
linemia, it has been reported that head, and oral or 
nasal mucosa lesions suggest type I cryoglobuline-
mia [17]. Other common cutaneous lesions include 
Raynaud’s phenomena with ulceration and scarring 
of digits, hemorrhagic crusts, and post-infl ammatory 
hyper-pigmentation.

•  Laboratory workup should include: serum cryoglob-
ulins (precipitation occurs within 24 h at a concen-
tration of 5 mg ml−1 or higher, compared to other 
types of cryoglobulins which required up to a week 

to precipitate), complete blood cell count (leukocy-
tosis is present in leukemia), urinalysis and (for con-
comitant renal disease) rheumatoid factor, chest 
radiograph, CT scan (to rule out malignancy), and 
angiography

•  Conditions to be excluded: chronic lymphocytic leu-
kemia (CLL), lymphoproliferative diseases (i.e., 
multiple myeloma), non-Hodgkin’s lymphoma, and 
anti-phospholipid antibody syndrome (APS).

(d) Cryofi brinogenemia

•  Cryofi brinogenemia, which may be primary or sec-
ondary to an underlying thrombotic, autoimmune 
disease or malignancy, is a rare disorder character-
ized by presence of a cold cryoprecipitate composed 
of fi brinogen, fi brin and fi bronectin [19, 20].

•  Alpha 1-antitrypsin and alpha 2-macroglobulin are 
protease inhibitors associated with the pathogenesis 
of cryofribinogenemia [20]. They directly inhibit 
plasmin and therefore fi brinolysis, which results in 
cryofi brinogen accumulation. The accumulated 
cryofi brinogen lead to occlusion of small and 
medium arteries by thrombi formation. Although 
underlying thrombosis is the dominant feature, vas-
cular occlusion by cryofi brinogen deposition may 
also occur through hyper-viscosity, refl ex vasospasm 
and vascular stasis [19, 20]. Zouboulis et al. [21] 
have also reported immunoglobulin and complement 
deposits associated with the pathogenesis.

•  Histologically, small, dilated vessels in the dermis 
with eosinophilic globular PAS positive material and 
peri-vascular mononuclear infi ltrate are seen. In 
contrast to mixed cryoglobulinemia, infl ammatory 
or non-infl ammatory purpura without vasculitis is 
seen [17, 22]. Necrosis of epidermis and dermis may 
also be seen.

•  The skin is the most commonly affected organ, 
mainly in the lower extremities, tip of nose and ears. 
Cutaneous involvement ranges from purpura, livedo 
reticularis, painful ulcerations and Raynaud’s phe-
nomena to gangrene and skin necrosis upon cold 
exposure [17, 22, 23].

•  Laboratory workup should include: serum cryofi -
brinogen (precipitation occurs between 24 and 72 h 
at cold temperatures 4°C, and redissolve upon warm-
ing at 378°C), serum cryoglobulins, serum 1-antit-
rypsin and 2-macroglobulin, skin biopsy, complete 
blood cell count, chest radiograph, angiography, and 
CT scan. Note: Cryofi brinogen precipitates in plasma 
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but not in serum, differentiating it from cryoglobulin 
which precipitates in both serum and plasma.

•  Conditions to be excluded: cryoglobulinemia, purpura 
fulminans, protein C defi ciency, thrombotic thrombo-
cytopenic purpura, peripheral vascular disease, dis-
seminated intravascular coagulation, vasculitis, 
hyper-coagulable states, cholesterol emboli, antiphos-
pholipid antibody syndrome, and lymphoma.

(e) Antiphospholipid antibody syndrome (APS)

•  Hyper-coagulable disorder characterized by recur-
rent venous or arterial thrombosis, thrombocytope-
nia and/or miscarriages, along with increased levels 
of anti-phospholipid antibodies [24, 25]. In contrast 
to primary APS, secondary APS is associated with 
autoimmune diseases, most commonly with sys-
temic lupus anticoagulant (SLE) and rheumatoid 

arthritis. A higher prevalence has been observed in 
elderly patients with chronic diseases compared to 
healthy individuals [26].

•  Cutaneous manifestations are very common in APS. 
Livedo reticularis and digital necrosis have been 
reported to be the most common dermato-
logical manifestations [27]. Splinter hemorrhages, 
ulcer formation and superfi cial venous thrombosis 
are also common [28]. Although up to 50% of the 
patients present with cutaneous lesions [28], they 
are not part of the diagnostic criteria for APS [29, 
30]. A defi nitive diagnosis is made following the 
revised Sapporo criteria.

•  Conditions to be excluded: DIC, thrombotic throm-
bocytopenic purpura (TTP), hyper-coagulable 
states such as malignancy, Factor V Leiden muta-
tion, protein C or S defi ciencies, and hyper-
homocysteinemia.

Fig. 31.4 Ulcerative pyoderma gangrenosum Fig. 31.5 Pustular pyoderma gangrenosum

Fig. 31.3 CalciphylaxisFig. 31.2 Ischemic ulcer
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(f) Purpura fulminans (see Chap. 5)
(g) TTP

(2) Embolic

(h) Cholesterol emboli (see Chap. 6—Livedo)

C. Pyoderma gangrenosum (PG)

•  Rare infl ammatory disease characterized by chronic 
cutaneous ulcerations usually affecting lower 
extremities.

•  Five clinical types of PG (ulcerative, pustular, bul-
lae, vegetative, and periostomal) exist, and are char-
acterized by painful papules, nodules, pustules or 
superfi cial bulla resulting in enlarging ulcers (Figs. 
31.4–31.5).

•  Increased levels of IL-8 are part of pathogenesis. 
Histopathology shows edema and massive neutro-
philic infl ammation with undermining of the ulcer 
edges but the main utility of the biopsy is to exclude 
other diseases (e.g., atypical infections, vasculitis, 
vasculopathy and cancer) [31].

•  PG is a diagnosis of exclusion. Excluding other 
causes is critical through biopsy for histology and 
tissue culture. The fi rst symptom is usually pain 
out of proportion. The fi rst sign is sudden red 
small bumps (nodules) appearing on the skin that 
progress into painful, irregularly shaped and 
violaceous ulcers with central necrosis and edem-
atous borders. A history of Crohn’s disease, ulcer-
ative colitis, rheumatoid arthritis, and venous 
diseases are associated with PG.

•  Conditions to be excluded: Sweet’s syndrome, cuta-
neous vasculitis, hematologic malignancy, venous 
disease, and infections.

IV. Burns

A. Chemical
B. Thermal
C. Frostbites (see Chap. 4)

V. Malignancy

A. Solid tumors

(1) Squamous cell carcinoma
(2) Basal cell carcinoma

B. Lymphoreticular
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The Patient with Purpura in the ICU 
or in the Emergency Room

Dan Lipsker
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ACUTE PURPURA 

HIGH FEVER & SEPSIS 

PETECHIAL
PURPURA

-Endocarditis
-Septicemia 

STELLAR AND/OR 
RETIFORM PURPURA,
Necrotic 
livedoid  
ecchymotic 
rapidly extensive 

PURPURA 
FULMINANS

-meningococceal sepsis 

-varicella gangraenosa 

-Haemophilus influenzae

-Streptococcus pneumoniae

- gram negative bacterial 

infections 

- Plasmodium falciparum

- other infections 

Emergency 
treatment 

STELLAR AND/OR 
RETIFORM PURPURA,
necrosis; Cyanosis 
ulceration,

LOW OR NO FEVER ; NO SEPSIS 

THROMBOTIC 
MICROANGIOPATHY 

#Infection (to be excluded)
#Embolism :cholesterol, myxoma
#Thrombosis & hyperviscocity: 
-Antiphospholipid antibody syndrome 
-Thrombotic thrombocytopenic 
purpura

-Warfarin induced skin necrosis
-Disseminated IV coagulation 
-Monoclonal gammapathies, cryo 
-Sickle cell disease 
-Myeloproliferative disorders 
#Non vasculitic vessel wall        

pathology: 
-Calciphylaxis 
-Hyperoxaluria 
-Amyloidosis 
-Radiation arteriopathy 
# vasospasm:

PURPURA + BLEEDING 
DISORDER 

ecchymoses, mucosal bleeding 

-Thrombopenia:
Peripheral: idiopathic 
thrombopenic purpura, 
Central 

-.thrombopathies 
-haemophilia, 
-excess of anticoagulant 
 treatment 
 Disseminated intravascular
-

INFILTRATED PETECHIAL 
PURPURA

Purpura may be a feature of drug & viral eruptions 

- Septic vasculitis
- Systemic vasculitis with 

cutaneous involvement, 
including micro-PAN, 
Wegener granulomatosis, 
PAN, …

- Cutaneous leucocytoclastic 
vasculitis and cutaneous
PAN 

Not to be missed 

cholesterol

D. Lipsker  
Clinique Dermatologique 1, Place de l’hôpital, 
67091 Strasbourg Cedex, France
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The goal in the acutely ill patient with purpura is not to 
miss a serious but curable infection or a haematologi-
cal disorder.

A cutaneous haemorrhage is called purpura. It is a 
red spot that does not blanch with pressure. Depending 
on origin of purpura, the same process that provokes 
cutaneous bleeding might be responsible of bleeding 
in other organs.

Purpura can result from different mechanisms and 
four disease categories, with overlapping mechanisms, 
should be considered in patients with acute onset 
purpura:

– Serious infectious diseases, especially meningococ-
cemia and endocarditis

– Haematological disorders, either involving primary 
haemostasis, as for example thrombopenia 
(< 20,000 mm−3), or involving coagulation

– Thrombosis involving microcirculation, as for 
example in the catastrophic anti-phospholipid anti-
body syndrome

– Vasculitis, an infl ammatory disease involving 
vessel walls

Some clinical fi ndings are suggestive of a mechanism:

– A bleeding diathesis with widespread purpura and 
ecchymoses and/or mucosal bleeding suggests 
an haematological disorder involving primary 
haemostasis.

– Stellate purpura and/or retiform purpura (a purpuric 
livedo), with associated fi ndings like cyanosis, blue 
toes, ulceration, necrosis are suggestive of acute 
thrombotic microangiopathy; if rapidly extensive 

and associated with signs of sepsis, it is a purpura 
fulminans.

– Fever, hypotension, heart murmur, confusion should 
always raise suspicion of a serious infection.

– Infi ltrated, palpable purpura, located mainly on the 
lower limbs, is indicative of vasculitis.

Disseminated intravascular coagulation exemplifi es 
the overlapping nature of the disease categories, as it 
can complicate serious infections or haematological 
disorders and it can be the main mechanism involved 
in thrombotic micro-angiopathy. Bacterial sepsis can 
result in both thrombotic micro-angiopathy and 
palpable purpura of (septic) vasculitis.

When signs of infection are present, haemocultures 
and CSF cultures should be performed and antibiotic 
treatment must be immediately started. A complete 
blood count and an exploration of haemostasis should 
be performed in all purpuric patients. Coagulation and 
haemostasis work-up should at least include: platelet 
count, fi brinogen, plasma D-dimer levels, thrombin 
time and fi brin degradation products.

Some clues:

Purpura in a patient with signs of infection, espe-
cially when the purpura is stellar, size >3 mm, livedoid, 
necrotic or rapidly extensive, should always be consid-
ered as purpura fulminans, and the patient should be 
referred immediately to an intensive care unit or a 
reanimation unit, after administration of ceftriaxone 
(50 mg kg−1 in children or 2 g in adults). At a very early 
stage, elementary lesions are small (less than 1 or 
2 mm) irregular macules, some of which are centred by 
a petechia. The irregularity of the macule is the key to 
diagnosis. However, small purpuric (petechial, <2 mm) 
eruptions are frequent in febrile children, especially 
during entero- and adenoviral infections. Thus, the 
constellation “fever, petechial eruption and meningeal 
irritation” is not uncommon in the child infected with 
neurotropic echovirus. When petechiae are located 
exclusively in the upper body part, the face, the neck or 
the upper trunk, they are usually the result of elevated 
pressure in vena cava superior territory related to 
coughing or vomiting, and they do not refl ect a disor-
der of haemostasis. Multiple petechiae and palpable 
purpura involving only the extremities and sometimes 
the buttocks is the hallmark of the papulopurpuric 
gloves and socks syndrome which is a paraviral erup-
tion, the commonest causes of which are parvovirus 
B19 infection in adults and Epstein–Barr virus infection 

12, 24, 36

› A serious life-threatening infection, especially 
meningococcemia or endocarditis, should always 
be considered in acutely ill patients with purpura.

› A haematological work-up including platelet 
count, fibrinogen, plasma D-dimer levels, 
thrombin time and fi brin degradation products 
should be performed in patients presenting with 
purpura in the emergency room.

› Stellate and retiform (net-like arrangement) pur-
pura must always raise concern, because they 
are indicative of an acute thrombotic purpura, of 
which purpura fulminans is one possible cause.

Core Messages
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in children. When only a small number of petechiae 
are acrally located, especially when associated with 
pustules on an erythematous and/or purpuric base, sep-
ticaemia (Neisseria gonorrhoeae) and endocarditis 
should be considered.

Petechiae involving skin and mucosa (conjunctivae, 
oral mucosa) are indeed also a common fi nding in patients 
with infective endocarditis, and this diagnosis should be 
suspected in each patient with fever and a heart murmur.

In patients with a recent travel history to the tropics, 
malaria must always be excluded. Other infectious 
diseases that need to be considered in these patients 
are haemorrhagic fevers, especially dengue, and rick-
ettsial infection, mainly African tick-bite fever. Some 
rickettsial infections, like Rocky Mountain spotted 
fever are endemic in North America, and others like 
“fi èvre boutonneuse” in Europe.

32.1 Acute Onset Purpura, ill Patient

 I. Signs suggestive of infection: fever, precessive fl u-
like illness, heart murmur, hypotension, head-
aches, photophobia, etc. Work-up including blood 
and urine cultures for bacteria and fungus, lumbar 
puncture for CSF culture, and, depending on 
context, transoesophageal echocardiography… 
Æ ICU. Immediate antibiotic treatment. 

a. Stellar, necrotic, livedoid and ecchymotic rapidly 
extensive purpura: purpura fulminans

(1) Invasive meningococceal sepsis
(2) Post-varicella (varicella gangraenosa)
(3) Other: Haemophilus infl uenzae, Strepto-

coccus pneumoniae, Gram-negative bacterial 
infections, Plasmodium falciparum, other 
infections

(4) Idiopathic

b. Petechial purpura
(1) Infective endocarditis
(2) Other infections

 II.  Signs suggestive of bleeding diathesis: ecchymoses, 
mucosal bleeding, known haematological disorder.

a. Peripheral thrombopenia, including idiopathic 
thrombopenic purpura, and thrombopathies

b. Central thrombopenia (numerous causes)
c. Other: haemophilia, excess of anticoagulant treat-

ment, disseminated intravascular coagu-lation…

III.  Signs suggestive of thrombotic microangiopathy: 
cyanosis, ulceration, stellar and/or retiform purpura, 
necrosis… Again, infection should be excluded.

a. Exclude infection
b. Embolism

(1) Cholesterol embolus
(2) Atrial myxoma
(3) Other: cancer-associated

c. Thrombosis and hyper-viscocity
(1) Antiphospholipid antibody syndrome
(2) Thrombotic thrombocytopenic purpura
(3) Warfarin (coumadin)-induced skin necrosis
(4) Disseminated intravascular coagulation
(5) Monoclonal gammapathies, cryoglobulins, 

cryofi brigenemia
(6) Sickle cell disease
(7) Myeloproliferative disorders
(8) Homozygous protein C or protein S defi -

ciency (neonates)

d. Non-vasculitic vessel wall pathology

(1) Calciphylaxis
(2) Hyperoxaluria
(3) Amyloidosis
(4) Radiation arteriopathy

e. Vasospasm
(1) Ergot derivatives
(2) Methysergide
(3) Cocaine

f. Other

IV. Infi ltrated purpura: vasculitis. Cutaneous biopsy, 
ANCA. Refer to specialist.

a. Always exclude septic vasculitis
b. Systemic vasculitis with cutaneous involve-

ment, including micro-PAN, Wegener granulo-
matosis, PAN, …

c. Cutaneous leucocytoclastic vasculitis and cuta-
neous PAN

32.2 Stable Patient, Progressive Purpura

Eliminate haematological disorder and refer to specialists.
Numerous causes, among which:

– Pigmented and purpuric dermatosis
– Mycosis fungoides
– Scurvy
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– Solar/senile purpura
– Traumatic purpura*

– Purpuric arthropod assault*

– Purpuric drug eruptions*

– Purpuric viral exanthemas*

– Venous insuffi ciency/stasis dermatitis
– Amyloidosis
– Histiocytosis
– Cutaneous involvement in myelodysplasic disor-

ders, haemorrhagic metastasis of melanoma…
– Gardner–Diamond syndrome
– Ehlers–Danlos syndrome (haemorrhagic variant)
– Purpuric variants of numerous dermatosis: pityriasis 

lichenoides, pyoderma gangrenosum, granuloma 
annulare…

The editorial assistant should include the photographs 
in the algorithm, to the corresponding situations.
Here is the place where the fi gures should be 

included with a short legend (Figs. 32.1–32.9):

Fig. 32.1 Corresponds to situation A.I.a: idiopathic purpura 
fulminans in a 17-year-old girl

Fig. 32.2 Corresponds to situation A.I.b.i: petechiae in a patient 
with subacute endocarditis related to Streptococcus oralis

Fig. 32.3 Corresponds to situation A.II: purpura in a throm-
bopenic patient

Fig. 32.4 Corresponds to situation A.II.c: bleeding with exten-
sive purpura related to excessive anticoagulant therapy

Fig. 32.5 Corresponds to A.III.b.i: acral cyanonis with necrotic 
purpura in a patient with cholesterol embolus

* acute onset purpura in a patient who does not appear ill
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Fig. 32.6 Corresponds to A.III.d.i: necrotic retiform purpura in 
a patient with caciphylaxis

Fig. 32.7 Corresponds to A.IV: palpable purpura involving the 
lower limbs in patient with leucocytoclastic vasculitis

Fig. 32.8 Corresponds to A.IV.b: infi ltrated livedo with purpu-
ric nodules in a patient with panarteritis nodosa

Fig. 32.9 Corresponds to B. …traumatic purpura: ecchymoses 
in patient who fell from a chair
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LIVEDO ACUTELY ILL
PATIENT  

HEMODYNAMICALLY 
UNSTABLE OR 

FEBRILE

•Disseminated 
intravascular 
coagulation ; 
purpura fulminans 

•Disseminated infection 
( e.g. meningococcus) 

•Necrotising fasciitis 

• Drug induced: 
Pressors ( e.g. 
phenyephrine) 
Warfarin
hepanin

HEMODYNAMICALLY 
STABLE 

ACUTE CNS SYMPTOMS 

•Sneddon syndrome 

• Hypercoagulable state 

• Generalised vasculitis 

RECENT 
ARTERIOGRAPHY 

Cholesterol embolus 

 PRESSURISED ENVIRONMENT 

Decompression 
sickness 

CHRONICALLY ILL PATIENT 

DRUGS 

• Amantadine 

• Hydroxyurea 

• Gefitinib 

• Minocycline 

• Quinidine 

• Warfarin

RHEUMATOLOGIC 

• Systemic Lupus ; 

• Sneddon syndrome 

• Rheumatoid 
arthritis 

•
•

Dermatomyositis 

Vasculitis; PAN

INFECTIOUS 

• Endocarditis 

• Parvovirus B19 

• Rickettsia 

•
•
•

Hepatitis C 
Vasculitis 

  Cryoglobulinemia

RENAL, METABOLIC, 
CARDIOVASCULAR 

•Calciphylaxis 

• Oxalosis 

• Cholesterol 
embolus 

HEMATOLOGIC 

• Coagulopathy 

• Cryoglobulinemia

NEOPLASTIC 

• Endovascular 
lymphoma 

• Breast cancer 

• Renal cell carcinoma 

• Hematologic 
malignancies
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› Livedo is a cutaneous sign characterised by 
 violaceous patches and plaques in a reticulated 
confi guration.

› Many acute, potentially life-threatening condi-
tions may lead to livedo.

› In evaluation of the acutely ill patient with 
livedo, one must consider disseminated infection, 
 disseminated intravascular coagulation, and 
 medication effect.

› Many chronic conditions may contribute to 
livedo. A thorough history and physical exami-
nation are required to identify the etiology of 
livedo in the chronically ill patient who is hae-
modynamically stable.

› In well-appearing patients in whom other causes 
of livedo have been excluded, one may consider 
physiologic, idiopathic, or primary livedo in the 
diagnosis.

› Erythema ab igne, a condition that may mimic 
livedo, is diagnosed after obtaining a his-
tory of prolonged heat exposure at the 
involved area.

Core Messages

33.1 Diagnosis of Livedo

In distinguishing potentially life-threatening causes of 
livedo, the fi rst question to be asked is, “Is the patient 
acutely ill?” If the answer is “yes”, then several  clinical 
clues can direct the provider to the underlying  etiology 
of livedo (Fig. 33.1):

Fever and haemodynamic instability:•  Consider 
serious infection, including sepsis from any 
cause, meningococcus, and pneumococcal sepsis 

[1, 2]. Disruption of coagulation parameters may 
implicate disseminated intravascular coagulation 
or purpura fulminans. Rapidly progressive livedo-
like lesions with exquisite pain out of proportion 
to physical fi ndings may herald the presence of 
necrotizing fasciitis.
Acute central nervous system symptoms:•  Sneddon’s 
syndrome is characterised by multiple cerebral vas-
cular accidents and livedo, and has been associated 
with the lupus anticoagulant [3]. Other hyper-coag-
ulability states or vasculitis could lead to concomi-
tant CNS and skin ischemia [4–7].
Recent exposure to pressurised environment:•  
Several cases of livedo in association with decom-
pression sickness have been reported [1, 8]. Index 
of suspicion for this rare but potentially serious 
condition should be high in patients with the appro-
priate history, as symptoms may develop several 
days following exposure.
Recent arteriography:•  Instrumentation of the 
peripheral vasculature in patients with  atherosclerotic 
disease can dislodge plaque material, leading to 
ischemia of the superfi cial blood vessels and the 
appearance of livedo [1].
Medications:•  Pressors (e.g., phenylephrine), warfa-
rin, heparin, thrombolytics, gefi tinib, and hydroxyu-
rea may contribute to livedo [9–14].
Once the acute, potentially life-threatening condi-• 
tions are excluded, one should then consider the 
patient’s underlying chronic illnesses as a potential 
source of livedo [15] (Fig. 33.2). Some entities 
associated with chronic disease, such as calciphy-
laxis in the patient with end-stage kidney disease 
[1, 12, 16], also may be life- or limb-threatening.

In the well-appearing patient, the most likely diagno-
ses are primary, idiopathic, or physiologic livedo, or 
erythema ab igne [1] (Fig. 33.3).

The clinical appearance of livedo from various eti-
ologies may be similar (Fig. 33.4), so a careful and 
complete patient assessment is required. 
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Fig. 33.1 Diagnostic approach to patients with livedo who are acutely ill

Livedo 

Acutely ill patient Chronically ill patient Well-appearing  
patient 

Hemodynamically 
unstable or febrile 

Hemodynamically 
stable 

Acute CNS symptoms 

Recent arteriography 

Recent exposure to pressurized 
environment 

Disseminated infection
(e.g. meningococcus,  

sepsis) 

Necrotizing fasciitis 

Drug effect Cholesterol embolus 

Decompression sickness 

Disseminated intravascular
coagulation/

Purpura fulminans 

Sneddon syndrome
Hypercoagulable state
Generalized vasculitis 

Pressors (e.g. phenylephrine)
Warfarin-induced

Skin necrosis 
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Livedo 

Acutely ill patient
Chronically ill

patient
Well-appearing

patient

Primary livedo Idiopathic livedo

Physiologic 
livedo 
(cutis 

marmorata) 

Erythema ab
igne

Fig. 33.3 Diagnosis to consider in well-appearing patients with livedo, since other causes are excluded

Fig. 33.4 Livedo reticularis. Note that livedo is a non-specifi c sign that may accompany many underlying conditions. 
PAN = polyasteritis nodosa

Sneddon
syndrome

Sneddon syndrome

Livedoid vasculopathy

Microscopic polyangiitis

Necrotizing fasciitis

Cutaneous
B-cell

lymphoma
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Hydroxyurea-induced ulcer DIC

Warfarin-induced skin 
necrosis 

Calciphylaxis 

Cryoglobulinemia

Cutaneous PAN Lupus panniculitis

Fig. 33.4 (continued)
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Diagnosis of Blisters and Vesicles 
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ACUTE  VESICLES  & 
BLISTERS 

BLISTER 
≥  0.5 cm

VESICLES 
<  0.5 cm

MUCOUS MEMBRANES 
INVOLVED 

Erythema multiforme 

Stevens johnson syndrome

Toxic epidermal necrolysis

Pemphigus (acute)

Impetigo, pyoderma… 

Insect bites 

Burn: thermal ; photoinduced 

Contact dermatitis;  photocontact dermatitis  

Fixed drug eruption 

Bullous pemphigoid 

Varicella

Eczema herpeticum 

Miliaria 

HIGH FEVER  

Localized herpes simplex infection 

Herpes zoster 
  
Contact dermatitis 

Atopic dermatitis 

Dermatitis herpetiformis 

NO YES 

YES 

NO 
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Vesicles and/or bullous lesions can be associated with 
potentially life-threatening dermatosis including severe 
cutaneous adverse drug reactions, infections, etc. 
Blisters and vesicles are features of numerous skin dis-
eases [1]. Their clinical features as well as accompany-
ing signs help to ascertain the fi nal diagnosis. Exam of 
the total body surface area including the fi ve mucous 
membranes is mandatory.

– High Fever is frequent in infectious diseases: small-
pox, eczema herpeticum…However, high fever and/
or “pseudo infl uenza syndrome” is usually present 
in other dermatoses such as epidermal necrolysis, 
multiforme erythema…

– Vesicles, a feature of contact (Fig. 34.1) and 
atopic dermatitis, are also present in viral infec-
tions (herpes virus…). Umbilicated and diffuse 
vesicles are seen in varicella. Viral vesicles are 
frequently well-circumscribed and recurrent 
(herpes simplex) or metameric (herpes zoster) 
(Fig. 34.2).

Miliaria crystallina is characterized by subcorneal or 
intracorneal vesicles that are centered by the acrosy-
ringium. It resolves without any treatment, and can 
be prevented by avoidance of overheating and over-
swaddling. It is mainly observed on the back and the 
neck and may be mistaken for infectious or other 
febrile vesicles [2].

– Mucous membrane involvement is an important clue:

Mucous membrane erosions are frequently observed in 
auto-immune bullous diseases, mainly pemphigus. The 
presence of acantholytic cells on Tzanck cytodiagnostic 
makes it possible to rapidly confi rm the diagnosis. Mucous 
membrane lesions may also be observed associated with 
other auto-immune bullous diseases (Fig. 34.3).

Involvement of at least two mucous membranes 
associated with atypical targets such as cutaneous 
lesions are features of toxic epidermal necrolysis 
(TEN) (Fig. 34.4). The association with typical target 
lesions on acral location is more suggestive of ery-
thema multiforme [3].

– Pruritus is suggestive of eczematous reaction, but 
also of auto-immune bullous dermatosis including 
dermatitis herpetiformis and bullous pemphigoid.

– Pain is a feature of herpes zoster, but is also observed 
in other conditions such as toxic epidermal necroly-
sis and erythema multiforme.

– Recent intake of a “new” drug (new for this partic-
ular patient) within the last 4 weeks is indicative of 
drug reaction, e.g., toxic epidermal necrolysis. The 
appearance of isolated bullous cutaneous lesions 
within 48 h after drug intake is a hallmark of fi xed 
drug eruption. Local viral sampling, cutaneous 
biopsy with immunofl uorescent stainig are the basic 
investigations to be performed.

Fig. 34.1 Contact dermatitis 
characterized by confl uent 
vesicles
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Fig. 34.2 Intercostal herpes 
zoster

Fig. 34.3 Bullous 
pemphigoid
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Fig. 34.4 Toxic epidermal necrolysis characterized by full-thickness epidermal necrosis leading to skin detachment on the trunk

References
1. Tran T, Muelenhoff M, Saeed S, Morgan MB. The miscellaneous 

blistering disorders. Semin Cutan Med Surg 2004;23:19–28
2. Sellheyer K, Medenica M, Stein SL. Vesicular eruption on 

the trunk and in intertriginous folds. Arch Dermatol 2004;
140(2):231–6

3. Auquier-Dunant A, Mockenhaupt M, Naldi L, Correia O, 
Schröder W, Roujeau JC. Correlations between clinical pat-
terns and causes of erythema multiforme majus, Stevens–
Johnson syndrome and toxic epidermal necrolysis. Arch 
Dermatol 2002;138:1019–24



Diagnosis of Disseminated Pustulosis
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DISSEMINATED PUSTULOSIS

ACUTE & HIGH FEVER SUBACUTE�FEVER 

PURPURIC
PUSTULES

NON
PURPURIC
PUSTULES

PURPURIC
PUSTULES

• Generalized pustular psoriasis
• Impetigo herpetiformis (pregnancy)
• Acute generalized exanthematic pustulosis

• Meningococcemia 
• Pseudomonas 

septicemia 
( before ecthyma)

• Acute endocarditis 
• Septicemia 

Stah aureus 
Other bacteria 
Candida SP & yeast ( 
bone marrow transplant 
& severe 
immunosuppression 

• Acne fulminans (necrotic 
pustules; slim adolescent)

• Gonococcemia 
• Chronic

meningococcemia 
• Pustular vasculitis

• Infectious 
Subacute endocarditis 
Varicella/zoster(vesicles) ; 
Eczema herpeticum 

• Non infectious 
Behçet disease
Sweet syndrome
Pustulosis of inflammatory
bowel diseases
Severe iodides after contrast
media injection
Pustulosis of connective 
tissue diseases ( big folds; 
hairy zones 
Sonozaki syndrome( anterior 
chest rheumatism)

SUBCORNEAL PUSTULES
Superficial planes ; often confluent ; 

Not to be missed

FOLLICULAR & PSEUDO-
FOLLICULAR PUSTULES
Raised, palpables

NON
PURPURIC
PUSTULES
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The main questions are: “Is it infectious?” and “Is 
there a life saving procedure to be implemented 
within hours?” Several clues exist to solve these 
questions:

Fever•  is important but may not always be a sign of 
sepsis: acne fulminans, systemic vasculitis, pustular 
psoriasis.
Systemic signs• ; a severe impairment of vital signs 
will narrow the diagnostic hypothesis, and at fi rst 
focus on acute severe systemic infections.
Clinical features of the pustules• : subcorneal, super-
fi cial (milky, confl uent) pustules are non-infectious 
as a rule; purpuric pustules raise the alarm for 
potentially rapidly lethal infection (meningococce-
mia); raised palpable pustules, whether follicular or 
not, open a wide range of possible diagnosis.
Topography• : “disseminated” means that pustules 
are not confined to a particular area, e.g., palms 
and soles, but may be situated in every part of 
the body, even if they are few. Yet some diseases 
may have a preferential topography, e.g., big 

folds for acute generalized exanthematic pustu-
losis (AGEP).
The local bacteriological sampling may be helpful • 
when performed on closed lesions during septicemias 
when blood cultures are negative; on open lesions, 
such sampling may be valid if the bacteria does not 
belong to the cutaneous fl ora.

Two stages in the recognition of the pustules:

Blisters or vesicles: the liquid sooner or later  −
becomes fi lled with polymorphonuclears (even in 
the absence of superinfection) and thus looks like a 
pustule. This happens early for herpetic vesicles.
Short-lived, labile pustules. The subcorneal,  −
superfi cial non-follicular pustules may be 
extremely short-lived, especially in the case of 
AGEP, and the diagnosis must sometimes rely 
on “remnants”, i.e., superfi cial desquamation 
mimicking exfoliative dermatitis.

The diagnostic algorithm in the fi gure doesn’t cover 
children or regional forms of pustulosis (Fig. 35.1).
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Fig. 35.1

Staph aureus septicemia meningococcemia 

Candida  septicemiaBehçet disease 

Kaposi - Juliusberg Acne fulminans 

AGEP Pustular psoriasis 
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ACUTE FACE EDEMA 

NORMAL COLOR 

Angioedema

With urticaria (see urticaria)

Without urticaria

C1INH deficiency 

Idiopathic 

Drug induced 

Acute edema secondary to superior
vena cava obstruction 

REDNESS & INFLAMMATION 

PHOTO INDUCED & PHOTODISTRIBUTED 

YES 

- Phototoxicity 

- Photocontact dermatitiss

- Dermatomyositis 

- Lupus erythematosus 

- Erythropoietic protoporphyria 

NO

HIGH FEVER /
SEPSIS

LOW / NO FEVER 

• Erysipela/cellulitis
• Sinusitis
• Necrotizing cellulitis

OOZING & VESICLES

YES NO

atopic dermatitis
contact dermatitis 
herpes zoster 
eczema herpeticum

-dress
- viral rash : 

parvovirus b19;
ebv  

- trichinosis 

Not to be missed
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Face oedema can be life-threatening in the case of 
oropharynx mucosal involvement.

Various aetiologies are responsible for face oedema, 
but usually their clinical features are a help for 
diagnosis:

Coloration of oedema −  (white or red) and the rapidity 
of installation are the main clues. Rapid installation 
of a white, non-pitting and well-defi ned face oedema 
is characteristic of angio-oedema or allergic reaction. 
In the case of red coloration, other signs accompanying 
oedema such as vesicles, oozing, localisation of the 
eruption, and systemic signs should be evaluated.
The rapidity of apparition of oedema −  is a major sign: 
A rapid installation with progressive swelling involv-
ing oropharynx mucosal (angio-oedema) is an emer-
gency, with a high risk of asphyxia. In this case, note 
the lack of pruritus. Systemic signs with hypotension, 
tachycardia, bronchospasm may be associated in case 
of anaphylactic shock. Recent new medication, food, 
insect bites are the major causes of angio-oedema. In 
the case of angio-oedema without body urticarian 
eruption and a positive family history, a C1-esterase 
inhibitor defi ciency should be explored.
Vesicles −  are a feature of contact dermatitis but also 
of viral infection (herpes-zoster). Viral vesicles are 
usually grouped in a circumscribed area (herpes 
simplex) sometimes unilateral and metameric (her-
pes-zoster). Vesicles of contact dermatitis are more 
diffusely distributed and rapidly ruptured, with sub-
sequent oozing.
Fever −  is a sign of bacterial infections such as cellulitis 
or erysipelas, with sudden and warm swelling and 

sharp borders. Viral infections (parvovirus B19 with 
swollen cheeks, or varicella herpes zoster with dis-
seminated vesicles) are usually accompanied with 
fever. On the other hand, fever with marked systemic 
signs associated with a body eruption, enlarged lymph 
nodes, and eosinophilia 2–5 weeks after introduction 
of a new medication is suggestive of DRESS.
Pruritus −  is a major sign, accompanying contact derma-
titis, atopic dermatitis and light-induced dermatoses.
Pain −  is a sign in case of infectious disease (bacterial 
infection such as erysipelas and cellulitis; viral 
infection such as herpes zoster or Kaposi-Juliusberg 
varicelliform eruption).
Recent medication −  and the time of drug ingestion is 
an important clue for the diagnosis: angio-oedema 
occurs a few minutes to 2 h after drug intake.
DRESS occurs weeks after introduction of the  −
responsible drug.
Drugs such as angiotensin conversion enzyme  −
(ACE) inhibitors or non-steroidal anti-infl ammatory 
drugs (NSAID) are frequent causes of chronic face 
oedema, with a different mechanism.
Topics −  on the face can be responsible for eyelid 
oedema or face oedema, usually accompanied by 
vesicles and oozing (contact dermatitis).
Light-induced face oedema −  is characterized by its 
topography: absence of involvement of the anterior 
sub-mandibular area. Sunburn, topical and systemic 
photosensitization including phyto-photodermatosis 
are of acute onset; aggravation of a chronic disease 
such as a systemic lupus erythematosus or dermato-
myositis may be mistaken for such acute photo-
dermatoses.
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MUCOUS MEMBRANE EROSIONS & ULCERATIONS

SUPERFICIAL EROSIONS 
WITH OR WITHOUT 

BLISTERS & VESICLES 

ACUTE 

SUBACUTE 

ULCERATIONS 

DRUG INDUCED 
INFECTIONS 

Herpes zoster 
Herpes simplex 
Varicella 
Herpangina 

Erythema multiforme 
Bullous hemorragic angina

-Pemphigus 
-Bullous 
pemphigoid 
-Cicatricial 
pemphigoid 

UNIQUE 

Aphthae 
Syphilis 
Trauma 
Tumor 
Vasculitis 

Neutropenia/agran
ulocytosis 
Aphthae & Behcet 
Herpes simplex 
Herpes zoster 
Syphilis

MULTIPLE 

ULCERATION + 
NECROSIS

Horton 
Chemical burns 

Toxic epidermal 
necrolysis 
Stevens-Johson 
syndrome 
Fixed drug eruption 

Not to be missed 

L. Vaillant (*)
Université François Rabelais, 3 rue des Tanneurs BP 4103, 
37041 Tours Cedex 01, France

Blisters and vesicles are very transient in the oral 
 cavity, and rapidly result in painful superfi cial 
 erosions. Identifi cation of the cause may be helped 
by the presence of cutaneous blisters and vesicles 
and of other mucosal lesions. The main cause of 
acute bullous diseases is erythema multiforme (Fig. 
37.1), sometimes isolated with no cutaneous lesion. 
Mucous erosions from Stevens–Johnson syndrome, 
toxic epidermal necrolysis and fi xed eruption are 
very similar.

Bullous hemorrhagic angina (angina bullosa 
 haemorroragica) is a benign common condition of the 
elderly, usually situated on the palate, presenting as a 
blister with blood content which ruptures after a few 
hours leaving ulceration.

Ulcerations are deeper than erosions, but the  confusion 
is frequent between “aphthae” and post-bullous erosions. 
Typical aphthae are round ulcerations 2–3 mm in diame-
ter with a yellowish centre and a red rim. Ulceration may 
be necrotic in Horton’s disease or after chemical burn.
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PSEUDOMEMEBRANE 
SWELLING 

Fig. 37.1

SUPERFICIAL 
EROSION 

ULCERATION: APHTHAE BLISTER 

Pseudo membrane of the oral cavity may be 
acute: thrush seen after wide spectrum oral anti-
biotics or in immunosuppressed patients. Hairy 
leucoplakia secondary to EBV infection is 
chronic and mainly observed in HIV infected 
patients.

ORAL SWELLING 

NO FEVER 

Angioedema
Scurvy 
Leukemia 
Contact dermatitis 
 Allergic 
 Irritant 

FEVER 

Cellulitis 
Leukemia 



Acute Urticaria and Anaphylaxis
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ACUTE URTICARIA
ANGIOEDEMA

Shock . dyspnea : anaphylaxis → epinephrine 

YES

NO

Associated cutaneous lesions 

frequent 

-Vasculitis 

-Erythema multiforme 

-Drug eruption 

-Viral eruption 

Urticaria

DEEP CUTANEOUS SWELLING (NORMAL SKIN COLOR) = 

ANGIOEDEMA

ASSOCIATED WHEALS 

YES
NO

- C1 INHdeficiency

- Idiopathic angioedema 

- Drugs : 

Non steroidal anti-inflammatoy

Angiotensin converting enzyme inhibitors(ACE)

Angiotensin receptor blockers

SUPERFICIAL WHEALS = URTICARIA 

FLEETING. COMING & GOING

Not to be missed
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Urticaria is characterized by the rapid appearance of 
wheals with three typical features:

A central swelling of variable size, surrounded by a • 
refl ex erythema.
Associated itching or sometimes burning.• 
A fl eeting nature with a duration of usually 1–24 h; • 
the lesions resolve without any trace.

The size of the wheals varies, ranging from a few mil-
limetres to many centimetres. They appear on any part 
of the body, and may be associated with angioedema.

Some clues for the diagnosis of urticaria:

If the wheals are not transient, or are associated with • 
blisters, pigmentation or purpura, vasculitis, erythema 
multiforme, erythema annulare centrifugum, bullous 
pemphigoid, or maculopapular drug eruption, viral 
eruption must be considered.
If the epidermis is injured (vesicles, desquamation, • 
etc.), allergic or irritative contact dermatitis, infec-
tious diseases, etc. may be involved.

Angioedema (Quincke’s oedema) is defi ned by a 
sudden, pronounced swelling of the lower dermis and 
sub-cutis, sometimes painful rather than itching, with a 
frequent involvement of mucous membrane the resolu-
tion of which can take 72 h.

If epidermal injury (vesicles, desquamation, etc.) or 
fever is present, or if the oedema is bilateral and sym-
metrical, it is not an angioedema.

A familial history of angioedema, some previous 
episodes, associated abdominal pain are in favour of 
C1 Inh defi ciency;

Some drugs may be responsible for angioedema: 
non-steroidal anti-inflammatory drugs (NSAID), 
angiotensin-converting enzyme (ACE) inhibitors, or 
angiotensin receptor (AR) blockers.

Generalised urticaria and angioedema are the most 
common manifestations of anaphylaxis, and are often 
the initial signs of this acute life-threatening reaction with 
respiratory compromise and cardiovascular collapse.

A classifi cation of urticaria is proposed on the basis 
of the duration:

In acute urticaria, the duration of appearance of • 
wheals is less than 6 weeks. Anaphylaxis can occur 
in this form. Most often, there is only one episode. 
No diagnostic tests are necessary. Questioning for a 
triggering factor in the few hours before the onset 
(drugs, foods, insect bites, infection, etc.) is impor-

tant in order to identify and treat or avoid it. 
Secondary, allergic evaluation is useful.
In chronic urticaria, the duration of appearance of • 
wheals is more than 6 weeks, daily or almost daily 
in continuous chronic urticaria, or with symptom 
free-intervals in chronic recurrent urticaria. No 
allergic reactions are responsible for such urticaria, 
but some drugs, physical stimuli (pressure with der-
mographic urticaria or delayed urticaria, cold, cho-
linergic, etc.) and infections can raise the lesions. 
The risk of anaphylaxis is very low. No tests are 
needed during the events. Secondary, dermatologic 
evaluation is useful (Figs. 38.1–38.2).

Fig. 38.1 Urticaria

Fig. 38.2 Angioedema
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Anaphylactic shock
Severity grades:

(1)  Disseminated skin and mucous membranes 
signs: erythema, urticaria ± angioedema

(2)  Moderate systemic involvement: hypotension, 
high pulse rate, bronchial hypersecretion

(3)  Severe systemic involvement: collapsus, high 
or low pulse rate with arrhythmia, bronchial 
spasm ± skin and mucous signs

(4) Cardiac and/or respiratory arres

Treatment:

Stop any suspected drug• 
Oxygen• 
Permeability of upper respiratory way• 
Emergency phone call• 
Venous line• 

In Grade 1: no epinephrine
Grade 2: epinephrine 10–20 mg intravenously 

or 100–200 mg intramuscularly
Grade 3: epinephrine 100–200 mg intrave-

nously or 500 mg intramuscularly
Grade 4: cardiac massage, epinephrine 1 mg 

every minute, 5 mg at the third injection.
Bronchospasm: salbutamol inhalation
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LOCALIZED EXANTHEMA

Contact dermatitis (irritant or allergic)  
Gloves and socks syndrome 
Baboon Syndrome (reactivated contact 
dermatitis) YES 

YES

YES

EXANTHEMA 

Associated SEVERITY SIGNS: High fever; 
lymphadenopathy; prominent mucous membrane 
erosions 
Visceral and/or multiorgan involvement 

NO 

-Drug eruption 
-Viral eruptions 
-Pityriasis Rosea  
-Exfoliative dermatitis 
-Systemic reactivation of 
contact dermatitis 

Biologic investigations needed

YES 

PROMINENT 
LYMPHADENOPATHY

YES 

-Kawasaki syndrome
-Secondary Syphilis 
-HIV primo-infection 
-DRESS 
-Angio-immunoblastic 
lymphadenopathy 
-Brucellosis -
Bartonellosis  

NO MUCOUS MEMBRANE
EROSIONS

Prominent /several sites

-Stevens-Johnson syndrome
-Toxic epidermal 
necrolysis 
-Acute GVH 

NO or MILD

MACULOPAPULES 
SMALL PATCHES

-Juvenile rheumatoid arthritis (Still’s disease) 
-Rheumatic fever 
-Rickettsial infections 
-Viral insect-borne infections and 
haemorrhagic fevers
-Bacterial diseases: Brucellosis, Bartonellosis, 
Legionellosis 
-Tick and/or louse-borne zoonosis: Erlichiosis, 
Tularemia, 
- Spirochetosis 
Rat-bite fever (Sodoku) 

CONFLUENT
ERYTHEMA PHOTO

DISTRIBUTED
EUPTION-Toxic shock syndrome 

-Scarlet fever 
-Staphylococcal skin scaled
syndrome
-Recalcitrant erythematous 
desquamating disorders 
-Tick and/or louse-borne 
zoonosis: Erlichiosis, Tularemia, 
-Spirochetosis 
-Histamine intoxication 
-Flush and flushing syndromes  

-Systemic lupus 
-Dermatomyositis 
-Photodermatosis: 
Sunburn, Phototoxic 
reaction, Solar urticaria, 
Polymorphic light 
eruption 

NO 

-Hepatitis B 
-Secondary Syphilis 
-HIV 
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39.1 Acute Exanthema

39.1.1  Exanthema with Vesicles, Blisters, 
Pustules Excluded; No Prominent 
Early Desquamation

This clinical situation is frequent in the daily practice 
of emergency doctors. Three questions must be answered 
early for better care of patients, as they point toward 
life-threatening diseases like toxic epidermal necrolysis, 
DRESS or toxic shock syndrome:

Are there severity signs? Are there several mucous 
membranes involved? Is there lymph-node enlarge-
ment at different sites?

Aetiology is dominated by viral infections (pre-
cise identifi cation seldom needed, except in the con-
text of travelling patients from tropical or subtropical 
areas) and drug eruptions (1, 2). Effi cient question-
ing of the patient is essential. However, other possi-
ble causes are worth identifying. Of interest is to 
note that one aetiology may be concerned with dif-
ferent diagnostic steps.

The clinical approach will take into account several 
criteria given by a thorough clinical investigation: (a) 
Age of patient, with higher rate of benign viral rashes or 
drug eruptions in childhood or elderly respectively, (b) 
Context — environmental, professional and epidemio-
logic informations, associated diseases, recent travel 
with exposure to new specifi c infectious agents, drug or 
toxic exposure and more importantly (c) associated 
clinical signs: constitutional symptoms, even non-spe-
cifi c, such as fever, chills, headache, general malaise, 
accelerated heart rate, and hypotension, lymph node 
enlargement on different sites, other visceral involve-
ment (liver, spleen, kidney, gastro-intestinal with diar-
rhoea, vomiting, lung), myalgia, or arthralgia, and 
fi nally mucous membrane involvement.

Exanthema will be further analysed on:

– Extension that may be diffuse or more limited, 
mainly on the upper trunk (rose spots on the trunk 
in typhoid fever) even only localized.

– Some localizations have some specifi city:

Prominent involvement of palms or soles, in syphi-• 
lis, parvovirus B19, Rocky Mountain spotted fever 
or Mediterranean fever

Involvement on photo-exposed areas (face and neck • 
with respect of underneath the chin, dorsum of 
hands, and lower legs)

– Pattern of exanthema may be macular (small spots) 
or patchy (pityriasis rosea) versus coalescent and 
confl uent in toxin-mediated exanthema. Some 
specifi c fi gurate features with wreath on limbs are 
easy to recognize in parvovirus infection (epi-
demic megalerythema). Palpable exanthema (mor-
billiform, scarlatiniform) are to be differentiated 
from non-palpable exanthema. Panel of colours 
ranges from pale (early phase of syphilis, or subi-
tum exanthema) to dark red in toxic epidermal 
necrolysis.

Remember that Erythema on Dark-Complexioned 
Skin Demonstrates as Darker than Normal Skin.

– Associated cutaneous lesions concomitant or 
delayed with oedema of the face (DRESS), purpu-
ric lesion (rickettsial or meningococcal infections), 
even pustules or vesicles or bullous (see related 
chapters).

– Pattern of evolution: short duration in flush and 
flushing syndrome (including flushing erythema 
in many viral and bacterial infections), relapses 
in Still’s disease, desquamation in Kawasaki 
syndrome or streptococcal infection, progressive 
enlargement in Lyme disease.

Further investigations are needed, which include skin 
biopsy that is mandatory to confi rm some specifi c 
diseases as Stevens–Johnson, toxic epidermal necrol-
ysis or specifi c photo-dermatosis. In many diseases 
discussed here, skin pathology, often non-specifi c, is 
helpful to discard other specifi c diseases such as in 
DRESS.

Blood sampling, with cell blood count, liver or 
renal function test, is useful when any severity sign 
or symptoms are present. Some specifi c tests (syphi-
lis, hepatitis and/or HIV serology) should be investi-
gated if any risk factor is expressed by the patient. 
Other specifi c serology is occasionally requested for 
severe eruption or in specifi c epidemiologic context 
(Rubella and contact with pregnant women) (Figs. 
39.1–39.10).
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Fig. 39.1 Gloves and socks syndrome. Parvovirus infection

Fig. 39.2 Pityriasis rosea

Fig. 39.3 Rubella

Fig. 39.4 Parvovirus infection (epidemic megalerythema)

Fig. 39.5 Early secondary syphilis
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Fig. 39.6 Baboon syndrome: widespread exanthema with 
buttock involvement

Fig. 39.7 Systemic lupus

Fig. 39.8 Phototoxic reaction

Fig. 39.9 Beta haemolytic group A streptococcal toxin-mediated exanthema
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Fig. 39.10 Widespread and benign drug eruption
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Typhus, 207, 212, 242
Tzanck test, 89, 193

U
Urticaria, 112, 115, 125, 138, 151, 152, 156, 167–169, 175, 

176, 181, 191, 195, 211, 219, 236, 238, 241, 243, 245, 
268, 312, 316–317

UVA, 235–238
UVB, 235–238

V
Vancomycin, 30, 68, 70, 72–74, 106, 268, 270
Varicella, 45, 53, 60, 75, 106, 177, 178, 181, 183, 189, 192, 

259, 291, 304, 312
Varicella-zoster infection, 177
Vasculitis, 48, 105–106, 123–125, 136, 148–149, 151, 

159–160, 169, 194, 195, 217, 224, 238, 248, 250, 251, 
263, 279, 282–286, 290, 291, 293, 296, 308, 316

Vasodilators, 52, 189, 219, 226, 229, 232
Vasovagal syncope, 165, 170, 172
Vesicles, 48, 58, 104, 105, 112, 136, 139, 145, 175, 176, 178, 

181, 183, 193, 201, 209, 216, 225, 256, 258, 262, 283, 
303–306, 308, 312, 313, 316, 320

Vibrio vulnifi cus, 60, 282
Vitamin C, 204–205
Voriconazole, 134, 135, 138–140, 237, 272

W
Water loss, 3, 4, 6, 11, 13, 37, 39, 41, 42, 186
Waterhouse–Friderichsen syndrome, 70, 129
Wells’ syndrome, 59
Widow spiders, 215, 219–220
Xanthomas, 150, 158

Y
Yellow fever, 263
Yersinia pestis, 212, 261, 262

Z
Zygomycosis, 133, 13
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