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WELCOME ADDRESS

Ladies and Gentlemen,

| feel honoured and proud that you came from so many
countries to our university to exchange your clinical and laboratory
experience on herpes virus. This is a mixed meeting of ophthalmo-
logists and virologists, clinicians asking questions and learning
from people working in the laboratory, and laboratory people
looking to the problems expressed by the clinicians - an example
of mutual fecundation of applied and fundamental medical science.

We owe this meeting to an enthousiastic young man, Dr.
Maudgal, who for the first time brought together the Department of
Ophthalmology of Dr. Missotten and the Laboratory of Virology
of Dr. De Clercqg in a collaborative study of herpes infections and
who organised this gathering as an extension of this intiative.
He is entitled to your gratitude and also to your criticism.

Our university will be your host for these few days you
will spend with us. We have no luxury to offer you in this
medieval city, | hope you will be able to adapt to its quiet
atmosphere and its poor accomodations, that you will relax, far
from your own laboratories and clinics, in this old university
where for more than 5 centuries scholars from all countries gathered
together, just like you, to find inspiration to solve their problems.

| wish to all of you that your stay with us will be interes-
ting and pleasant. The progress of science is based on the com-
munication of knowledge and communication depends on .good rela-
tions between people. The contribution of this meeting to a better
knowledge of what herpes virus is and does, will depend as much
on the friendship that you will develop from living together for

three days, as on the quality of the work that will be presented.
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| hope that you will be successful in realising both and
that Leuven will remain an important date for your future work,
As a virologist myself, | got lost in university administration.

I regret very much that | cannot stay with you to learn about
the latest news in herpes research, it would be more exciting than
to run a university.

My best wishes for a successful meeting !

Professor P. DE SOMER,

Rector K.U.Leuven.



PATHOGENESIS OF HERPES VIRUS INFECTIONS.

H.J. Field, Dept. Clinical Veterinary Medicine, University of Cambridge,
U.K.

Towards a Molecular Understanding of Herpes Pathogenesis

My original intention was to relate some of the recent developments in
the molecular understanding of the herpes virus to its diverse patho-
genicity, paying special attention to the ocular manifestations of
disease. Of the large family of herpes viruses only the neurotropic
human herpes viruses will be considered - especially herpes simplex. In
the event even this restricted survey proves to be a difficult task and
emphasizes the gulf which still exists between the molecular detail
(much of the genome has now been sequenced) and the disease processes.

One difficulty is the large and complex nature of the virion. The virus
is relatively "jntelligent", having a genome molecular weight of approxi-
mately 100 x 10" Daltons; this being coding potential for about 100 poly-
peptides. In fact, over 80 virus-induced products have been detected in
infected cells, so it is going to be very difficult to relate any parti-
cular aspects of the pathogenic process to a particular gene product of
the virus. The genome itself is a linear, double-stranded molecule made
up of unique and repeated sequences. A long and a short unique sequence
of nucleotides (that is, they occur only once in the genome) is each
flanked by repeated sequences which occur at the termini and internally
in the genome. A hinge point exists between the internal repeated
sequences such that each unique sequence can flip-flop relative to the
other, generating 4 possible isomeric forms of the complete DNA molecule
- this point will be relevant to the consideration of 'latency', below.

Herpesvirus Interactions with Differentiated Cells

Among the range of products encoded by the herpes genome about half are
structural components of the virus particle; of these, six or more are
glycoproteins. The glycoproteins may be especially important in patho-
genesis since they become incorporated in the envelope of the virus and
are involved in the first interactions between the virus and the cells
which it can infect and with the host's immune system.

About half the virus-polypeptides are not structural components of the
virion but are involved in the replication process within the infected
cells and among these are at least six virus-induced enzymes. Two of
these - the deoxypyrimidine kinase (usually known as thymidine kinase)
and DNA-polymerase will be referred to often in this volume because they
have a vital réle in the modes of action of several successful antiviral
compounds which are active against herpes.

One of the problems with understanding the strategy of the herpes virus

Maudgal, P.C. and Missotten, L., (eds.) Herpetic Eye Diseases.
© 1985, Dr W. Junk Publishers, Dordrecht/Boston/Lancaster. ISBN 978-94-010-8935-7



is that most of our biochemical information has necessarily been obtained
from the study of productively infected replicating cells, challenged at
high multiplicity with herpes simplex virus. Of course, in the real case
things are very much more complex. The typical sequence of events in a
herpes simplex infection is well known: epidermal cells, often at a
mucocutaneous junction are the first cells to be encountered and undergo
a productive infection. But things become more mysterious when the virus
finds its way into the sensory nerve endings and travels to the cell
bodies of those neurons probably by retrograde transport within the axons.
The recent work of Lycke et al. (1984) (using cultured neural cells)
suggests that virus travels up the axon as unenveloped particles - while
virus travelling centrifugally, at least from productively infected
neurons seem to be in the enveloped, mature form. The virus can cause a
productive infection in neurons (killing the cells) but it may (perhaps
usually) establish a stable relationship with the neurons giving rise to
a latent infection; the state of the virus and the controlling events
which govern latency and reactivation have yet to be elucidated.

Something that one often forgets is that there are many cells, other than
neurons, in the nervous system with which the virus can interact. We are
extremely ignorant about the nature of virus interactions with glial
cells, for example the schwann cells in the peripheral nerve or the
satellite cells which engulf the ganglion neurons, or with the supporting
cells in the CNS. In some cases the virus seems to infect these cells in
an abortive fashion such that no morphologically mature virus particles
are released. Whether glial cells can sometimes survive such inter-
actions is doubtful but unclear. In any case these cells may have an
important réle in insulating a focus of infected neurons from the other
uninfected, susceptible tissue?

Factors Involved in Herpes Tissue Specificity

To emphasize our ignorance we will consider a few of the many different
factors which may influence the virus interactions with these highly
differentiated cells. Much interest has been directed towards the glyco-
proteins. Among these ere the receptors which may determine the kind of
cells to which the virus can adsorb to initiate the infection. They also
cause a number of interesting biological effects; they give rise to "Fc-
receptors" on infected cells which can bind to the Fc portion of immuno-
globulin molecules and yet arother feature is to bring about the fusion
between adjacent cells. We are very uncertain about the relevance and
importance of these interesting observations. Apart from the glyco-
protein receptors, other virus features that may be important in deter-
mining the outcome of the infection of a particular tissue may be found
among the non-structural polypeptides. Examples of this type are the
enzyme activities which occur in the herpes-infected cells. The fact
that both herpes simplex and varicella-zoster can make their own thymi-
dine kinase may make them better able to infect cells, such as neurons,
which are normally not prepared for DNA replication to occur. The DNA-
polymerase complex itself may involve cellular components and these inter-
actions would be likely to vary in different kinds of cells. Yet other
enzymes, about which we know less, may also have a réle to play? Once
the cells are infected we know that there are sequences in the herpes DNA
which are requlatory sequences or '"signposts" which help to control the
expression of the virus genome. These regulatory sequences may interact
with cellular proteins which contribute a regulatory function and these
proteins may vary among different kinds of cells. So we begin to build



Establishment of Latency Giving Ocular Recurrence of Virus

1) Primary infection of the eye (several animal models with ocular
shedding on trigeminal stimuli)

2)  Secondary Infection

a) Spread within ganglion (occurs in mice)
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Fig.l. A Schematic Diagram to Illustrate the General Possibilities for

the Establishment of Recurrent Ocular Herpes Infections in Man.



up an extremely complex picture of the virus in its interactions with
differentiated cells, and still more so with the intact host, its active
non-specific defence systems and specific immune responses to the
presence of the parasite.

Developments in Understanding Herpes Latency

There has recently been an important development in this field with the
discovery that the virus DNA detected in "latently-infected" mice was in
a form dissimilar from normal replicating DNA. Rock & Fraser (1983)
reported that residual herpes virus DNA could be detected in the trigem-
inal ganglia or brainstems of experimentally infected mice (several weeks
after the acute disease) by means of Southern blot hybridization analysis.
When the digested infected mouse brain DNA was hybridized to a probe
comprizing a short sequence of herpes DNA, obtained from the junction
region, the anticipated terminal fragments were absent (the internal
junction sequences are repeated at the termini and are thus "recognized"
by this probe) while the junction itself was clearly visible. The most
likely explanation for this result seems to be that the DNA molecules are
present in circular form. However, even if this does turn out to be a
crucial feature of the latent genome (and it is still possible that a
small minority of genomes are present in a different form, for example
integrated into the host DNA) it is still uncertain which virus sequences
or gene products requlate latency and switch to reactivation and the
sequence of events leading to recurrence of infectious virus and recrudes-
cence. Moreover, there is increasing evidence from experimental models
and in man that virus latency may not be exclusive to neural cells but
may also occur in non-neural tissue such as the keratocytes of the
corneal stroma (A. Tullo, this volume) or the skin of the mouse footpad
(Al-Saadi et al., 1983).

Herpes in Recurrent Ocular Disease

There seem to be two general ways in which a recurrent herpes infection
of the eye can become established and this is shown in diagrammatic form
Fig. 1. The simplest case is that primary infection occurs in the eye
and there are good experimental models to substantiate this. It is
notable that in these models (for example rabbits or mice infected with
herpes simplex by applying virus to the scarified cornea) virus estab-
lishes latency in the trigeminal ganglia from where it can be reactivated
by the appropriate stimuli to the eye or to the ganglion itself resulting
in virus shedding. Another feature of these models is that virus finds
its way centrally into the brainstem, though whether this kind of trans-
location occurs in man (either reqularly or rarely) is unknown.

The second general possibility for the establishment of ocular herpes is
that the disease arises as a secondary infection following the spread of
virus from a primary infection at another site such as the lip. Virus
may either be transmitted exogenously from a skin lesion to the eye, or
more likely virus spreads within the trigeminal ganglion to the compart-
ment containing the neurons of the ophthalmic branch. The virus then may
spread centrifugally to reach the eye. Our own studies show that this
sequence of events can occur in intra-nasally infected mice (Anderson

& Field, 1983) and it was shown earlier by Tullo et al. (1982)



in a model involving lip inoculation of mice. Again virus spread into the
CNS can be demonstrated in these models. Similar events can probably
occur in man during a primary oral infection, however, it seems likely
that the nervous systems of the experimental animals are much more permis-
sive to the translocation of virus than is the case in man where the
infection may be better insulated from related tissue? A particularly
interesting study which bears on this is that of Tullo et al. (1983) who
divided the left and right trigeminal ganglia explanted from human
cadavers into the three compartments - maxillary, mandibular, and ophthal-
mic and tested each for the presence of reactivatable virus. In a neces-
sarily small number of cases none were found to contain virus in the
ophthalmic compartment while the other parts yielded positive isolations

- however, a very much larger number of ganglia would need to be examined
to include herpes keratitis sufferers since this manifestation occurs in
as few as 1% of the total herpes cases.

Before leaving the question of the events leading to recurrent ocular
herpes we should not close our minds to other possibilities that may be
important. It has been shown in mice (Price et al., 1975 and C. Dawson,
this volume) and in man (Warren et al., 1978) that the autonomic ganglia
can harbour latent herpes and indeed the eye itself seems to be another
possibility either in the retinal neurons as suggested by Openshaw (1983)
or perhaps more likely in sympathetic neurons or even keratocytes (A.Tullo,
this volume). However, whether these other possibilities have a réle in
human disease, perhaps making the troublesome complications or frequent
recurrences more or less likely, we do not yet know; one suspects that
among the total human ocular herpes all these possibilities have a part
to play.

Animal Models for the Study of Ocular Herpes

The advantages and problems of the different available models will
not be discussed here except with regard to one very general point - to
plead caution about extrapolating too far from animal data. It is attrac-
tive to consider that the different kinds of ocular herpes seen in differ-
ent individuals may relate, at least in part, to the particular strain of
virus that has been encountered. Indeed, if a dozen different isolates
of herpes simplex are inoculated into a standard animal model then several
quite distinct disease patterns will become apparent. However, these
features such as the production of encephalitis by one strain but not
another may have little or no relevance to the natural infection in man.
Because of the complexity of the cellular interactions mentioned above it
is highly unlikely that any particular manifestation such as the product-
ion of deep stromal disease will be mapped to a particular gene product
such as a glycoprotein. It will surely turn out that particular constell-
ations of many gene products will act in concert to produce a particular
effect in certain individuals. Having thus cautioned against over-
interpreting the pathogenicity data obtained from animal models, my
concluding paragraphs will discuss two types of eye disease which can be
produced in mice using a herpes simplex virus; they are examples where
internal translocations of virus result in two quite different manifest-
ations of ocular herpes.

Translocation of Virus to the Eye in Experimentally Infected Mice

1. Intra-cerebral Inoculation

When virus was inoculated into BALB/c mice by the intra-cerebral route



virus spread via the optic nerve to involve the retina. Normally there
was a concurrent and overwhelming encephalitis which resulted in death.
If the lethal encephalitis was prevented by chemotherapy or by using an
attentuated mutant then a florid infection of the retina and nerve head
occurred in surviving mice. It was notable that the anterior eye was
invariably spared. The mice given this type of infection recovered to
look overtly normal but the ocular damage (which in thejacute phase, 3-12
days after infection, involved virus titres of up to 107 pfu in the eye)
was reflected in the development of cataracts (Anderson & Field, 1982;
Field et al., 1982). The lens of the mouse is almost spherical and no
doubt extremely susceptible to any nutritional deprivation or other
disturbance of the lens epithelium (which itself did not appear to become
infected). This then may be a useful model to study the retinitis which
occurs in man particularly in neonates with generalized herpes and in the
terminal phase of herpes encephalitis. Both these conditions are likely
to become more frequent in those surviving these serious manifestations
of herpes as a result of effective chemotherapy. Cataracts form in these
mice very reproducibly, thus this may also represent a useful model to
study the genesis of cataracts which result from non-virus stimuli such
as the use of silicone in treatment of detached retina.

2. Intra-nasal Inoculation

The second model to be described involves the inoculation of similar mice
but by means of introducing virus into the nares. The infection was
initiated in the neurons of the olfactory mucosa and spread up the unmyel-
inated olfactory nerve into the olfactory bulbs. However, virus infection
occurred concurrently in the more anterior mucosa and spread via the 5th
nerve to the trigeminal ganglion where virus antigen could be detected

3-5 days after inoculation. The interesting feature of this infection

was that virus then spread centrifugally and infected the anterior eye by
means of the sensory route (Anderson & Field, 1984). The iris and
cilliary body were often involved and in some cases corneal ulcers were
also present. It was notable that while the cilliary body sometimes con-
tained a florid mass of virus antigen-containing cells, the neighbouring
retina was always spared, for in this model the retina was never involved
and cataracts did not develop. Perhaps this emphasizes the importance of
the particular route by which virus arrives to infect the cells of an
organ as well as the potential the virus has to infect different cell
types. Clearly, the mouse retinal neurons are exquisitely sensitive to
herpes simplex and may even be infected with mutants which are highly
attenuated, but possibly the infection needs to be initiated via the
axonal route?

This reference to two specific examples of ocular pathogenesis in mice
completes my rather superficial survey of the molecular events underlying
herpes infections. There has not been time to devote attention to those
aspects of the disease which involve host inflammatory and immunological
responses. Several genetically engineered vaccines are well forward in
development and these will shortly be under evaluation. Results in
animals are very encouraging but again we may find that it is much easier
to protect against or influence the pathogenicity in the animal infections
than turns out to be the case in the natural infection where things are
beautifully balanced between host and parasite and this probably also
applies to the testing of chemotherapy. However, the use of vaccines and
effective chemotherapy in man should modify some aspects of the patho-
genesis of herpes and this will complement the data from animal studies



and in turn should help to bridge the gulf between our molecular under-
standing of the workings of the herpes genome and the range of diseases
this virus can produce.
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DISCUSSION

Y. Centifanto (New Orleans) : You showed the joint regions of
the HSV genome of the isolated virus by Southern blot, but
you didn't show the termini. | would like to know when, in
the infection cycle, the brain stem and ganglia were removed ?
All 1 see is the virus in the brain stem, and none in the
ganglia.

H.J. Field (Cambridge) : We have not been able to detect the vi-
rus in the ganglia, but Rock and Fraser have; it just seems
to be a guestion of the level of sensitivity. The brain stems

were obtained 5 weeks after inoculation.



HERPES SIMPLEX VIRUS INFECTION OF CORNEAL CELLS IN VITRO

C. CARTER, H. DYSON, D.L. EASTY
Department of Ophthalmology, University of Bristol, U.K.

SUMMARY

Methods have been developed for obtaining confluent secondary
cultures of corneal epithelium, keratocytes and endothelium, in
sufficient numbers for virological or other studies requiring a number
of data points and replicates.

Virus growth curves following infection of these cultures with
herpes simplex virus (HSV) at 0.1 - 0.2 PFU/cell showed that HSV
replicated in each cell type, but that different amounts of infectious
virus were produced by the 3 types of corneal cell cultures. Corneal
epithelium (and Vero cells) produced the highest T1levels of virus,
keratocytes (and skin fibroblast-like cells) less, and corneal
endothelium least.

1. INTRODUCTION

An interest in herpetic disease in the cornea at the cellular Tevel
has led us to examine herpes simplex virus (HSV) infection in cultured
corneal cells. In vitro the cell types from the three tissue layers of
the cornea can be separated and HSV infection can be studied in detail.
This approach has previously been used to compare the susceptibilities
of corneal epithelial, keratocyte and endothelial cultures to infection
by HSV types 1 and 2 (1); to examine the ability of antibody plus
complement or leukocytes to kill HSV-infected keratocytes (2,3); and to
test the effect of prednisolone on infection and antibody-dependent
cell-mediated killing of keratocytes (4).

The main aim of the experiments reported below was to compare the
production of infectious HSV in corneal epithelial, keratocyte and
endothelial cultures. Firstly, however, methods were developed for
growing sufficient numbers of cultures under comparable conditions.

Maudgal, P.C. and Missotten, L., (eds.) Herpetic Eye Diseases.
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Secondary cultures of rabbit cells were used to allow for some cell
proliferation in vitro but to avoid the specific culture requirements of
more extensively passaged corneal cells. A number of.split ratios and
serum concentrations were tested to select those to be used to obtain
confluent secondary cultures of each cell type. Vero cells (a
serially-passaged monkey kidney-derived cell Tine commonly used as a
sensitive indicator of HSV) and skin fibroblast-like cells (skin
fibroblasts) were infected in addition to the corneal cell types, for
comparison.

2. METHODS
2.1.Cell Culture

Primary cultures of each corneal cell type were set up using a
single set of corneas (5). Eight corneas were removed within the Timbus
from excised New Zealand White rabbit eyes, and each cornea separated
into anterior and posterior halves. The anterior halves were treated
with Dispase to detach the epithelial sheets (6) which were then
dissociated with trypsin-EDTA (0.05% and 0.02%) in phosphate buffered
saline (PBS). Meanwhile the posterior halves of the corneas were
incubated with trypsin-EDTA (0.025% and 0.01%) in PBS on the endothelial
surfaces for 10 minutes at 37° C, excess medium was added and the
endothelial cells were detached mechanically. After removal of
Descemet's membrane, the posterior stromas were cut into segments and
explanted to allow outgrowth of keratocytes. Skin fibroblasts were
cultured from explants of rabbit dermis.

The primary cultures were grown in medium 199 with Earle's salts,
0.22% NaHCO 3, antibiotics, and 10% foetal calf serum, on tissue culture
plastic at 370C and in a humidified incubator with 5% CO». The primary
cultures were split when confluent. Split ratios of 1:2,1:4 and 1:8 and
serum concentrations of 2% to 18% were tested, and percent confluency in
the resulting secondary cultures was estimated visually at intervals.
Secondary cultures for infection experiments were grown in 4 cm® plastic
wells, in medium containing 10% serum. Confluent cultures were
maintained in medium containing 2% serum for 1 or more days before
inoculation of HSV.
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2.2. Virology

HSV type 1, strain SC16, was wused throughout. Cultures were
infected with 0.1 ml. of virus suspension containing 0.1-0.2
plaque-forming units (PFU; titrated on Vero cells) per cell, in medium
containing 2% serum. 1 ml. medium containing 2% serum was added 1 hour
later. At intervals, media from triplicate wells were removed and
centrifuged. The pellets and 1 ml. aliquots of medium were pooled with
the cells remaining in the respective wells ('cell-associated virus').
These samples and the supernatants ('cell-free virus') were stored at
-70°C. The cell-associated fractions were frozen and thawed 3 times to
release intracellular virus. Virus suspension was also introduced into
empty wells for determination of the decay of virus inoculum during the
experiment. Samples were titrated by plaque assay on Vero cells and the
results corrected to PFU per 10° cells.

RESULTS.
3.1. Cell Culture

The capacity for growth to confluency differed markedly in the 3
corneal cell types (Fig. 1). Under the conditions used, cultured
corneal epithelium proliferated Tittle and consequently required a Tow
split ratio from primary to secondary cultures, even in the presence of
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FIGURE 1. Growth to confluence in secondary cultures of corneal cells.
1:2, 4, 8 : split ratio. Data for 10% serum.
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high serum concentrations. By contrast keratocytes proliferated
rapidly and were capable of becoming confluent from sparse cultures or
in low serum concentrations. Corneal endothelium required a split ratio
of no more than 1:4 and serum concentrations of at least 10% to produce
confluent secondary cultures.

3.2 Virology

HSV replicated in all 3 types of corneal cell culture (Fig. 2).
However, it was reproducibly observed that there was a gradation in the
amounts of total virus produced. Corneal epithelial cultures produced
as much infectious virus as did Vero cells, on a per cell basis: the
maximum levels being 1.4 x 106 and 1.6 x 106 per 105 cells,
respectively. Approximately 1 1log. less virus per 10° cells was
detected in both keratocyte and skin fibroblast cultures. The amounts
of HSV were further decreased by approximately 1 log. in the endothelial
cultures. These differences between the cell types showed no apparent
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FIGURE 2. Growth of HSV in corneal in vitro: total virus (cell-
associated and cell-free). Means of triplicate cultures.
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relation to the minor differences in multiplicity of infection and cell
density. The timecourses of infection following inoculation at Tow
multiplicity appeared to be broadly similar in the various cell types.
Virus levels reached their maximum at about 24 hours and then remained
approximately constant until 72 hours. When cell-associated and
cell-free virus were considered separately, the same gradation in
amounts of virus produced by epithelial, keratocyte and endothelial
cultures was observed. Up to 48 hours after infection, most of the
virus was in the cell-associated fraction. By 72 hours the majority of
the total virus detected was in the cell-free fraction. The proportion
of total virus released into the medium was similar in all cell types,
except endothelial cultures in which it tended to be relatively low.

4. DISCUSSION.

In this study confluent secondary cultures of rabbit corneal
epithelium, keratocytes and endothelium have been obtained from small
numbers of animals, using the same standard tissue culture conditions
for all 3 cell types. Such cultures can be employed in further
virological studies, and in a range of other investigations requiring a
number of data points and replicates.

In vitro systems have the disadvantage that the environment and
probably the physiology of the cells differ from those in vivo and these
differences may affect the course of HSV infection. For this reason,
the results of in vitro infection cannot be used to draw confident
conclusions about in vivo pathogenesis. However, they do permit direct
comparison of HSV infection in different cell types, and indicate
definite possibilities for the behaviour of the cells in infection in
vivo

The results of in vitro infection at Tow multiplicity suggest that
differences 1in infectious virus production by corneal epithelial,
stromal and endothelial cell populations should be anticipated in vivo.
Such differences may contribute to the characteristics of disease in the
3 layers of the cornea. Further investigation is needed to determine the
stage in the infection of individual cells at which the variations
between the cell types occur.
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It dis interesting to note that cultured rabbit corneal epithelium
has a high capacity for virus production, similar to that of Vero cells.
This may be due to the higher susceptibility to infection of cultured
corneal epithelium compared to keratocytes or endothelium which have
similar susceptibilities (1). The similarity between virus production
in  keratocytes and in skin fibroblasts, which are similar
morphologically, should also be remarked. The demonstration of the
production and release of infectious HSV by cultured corneal endothelium
is consistent with recent proposals that endotheliitis is a significant
factor in ocular herpetic disease (7). If the lTow levels of virus
produced and especially released by endothelial cultures reflect in vivo
circumstances, they may help to explain the Tess than obvious nature of
endothelial involvement.
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DISCUSSION
G.0. Waring (Atlanta) : David, have you been able to isolate
or identify, in your other work, viral genomes or viral par-

ticles in the endothelium ?

D.L. Easty (Bristol) : | don't think so, if you are referring to
human cornea.

G.0. Waring (Atlanta) : Human organ culture.

D.L. Easty (Bristol) : We are referring to the corneal discs. We

have not looked very hard. We have not come across it, put it

that way.

G. Smolin (San Francisco) : Does the age of the cell line determine
how fast a virus will grow in that cell line ?

C. Carter (Bristol) : We just use secondary cultures. So that

is a possibility, sure.

J.0. Oh (San Francisco) : In vivo, the cornea temperature is lower
than 36° or 37°C. Now, your experiments were done at 36°
or 37° ?

C. Carter (Bristol) : Yes.

J.0. Oh (San Francisco) : Do you know what would happen if you
studied it at 32°C which is the temperature of the cornea in
vivo when the eye is open ?

C. Carter (Bristol) : No, | don't know. Didn't you look at 30°C ?

J.0. Oh (San Francisco) : Yes, that is why | am asking.

C. Carter (Bristol) : Did you find much difference, though, wasn't
it at 40° that you saw a difference ?

J.0. Oh (San Francisco) : What we were looking for was the diffe-
rence between type 1 and type 2 HSV. We could not find any
difference whatsoever. | am just wondering if you can pick
up any differences by varying the temperature.

C. Carter (Bristol) : That is one of the range of things that it
would be nice to look at with this system.

C.S. Foster (Boston) : Recently at the ARVO meeting Doyle Stulting
from Emory and his group reported on studies in some respect
similar to these, using a variety of congenic mouse strains.
They showed a marked difference in permissivity of the kerato-
cytes in allowing replication of HSV. Did you look at this

system or other strains of rabbits ?
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Carter (Bristol) : No, we haven't. | think one would need

to use mice to get the differentiation between strains probably.
Claoué (Southampton) : Have you looked at virus replication

in keratocytes derived from the anterior stroma ? | think your
discs were derived from the posterior part.

Carter (Bristol) : No, we haven't compared the two. | used
the posterior part because | felt it was easier to make sure
you had no endothelium. You know, with the anterior part,

it would be more difficult to make sure that you have no epi-
thelial cells contaminating the preparation. Do you think there
might be a difference ?

Claoué (Southampton) : | don't know, but the anterior stroma
is histologically distinct, and most scarring from herpetic epi-

thelial disease is very superficial.
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CYTOPATHOGENIC EFFECTS OF HERPES SIMPLEX VIRUS ON CORNEAL
EPITHELIUM.

P.C. MAUDGAL and L. MISSOTTEN

1. Corneal Replica technique

Histopathological and cytological changes in the experimental
herpes simplex virus (HSV-1) keratitis and dendritic corneal ulcers
in patients was studied by using the in vivo corneal replica tech-
nique]_3. To make a corneal replica a topical anesthetic is instil-
led thrice into the eye at five minutes intervals. The eyelids are
separated by an ocular speculum. Corneal surface is dried by
blowing air for about one minute. An airpump used in fish-tanks
is suitable for this purpose. Collodion solution in amyl acetate
(2.12 to 4%, depending upon the quality of collodion) is painted

on the cornea with a soft painter's brush. The painted solution on
the cornea is dried again for about two minutes. Amyl acetate
evaporates quickly and a thin membrane of collodion is formed on
the cornea. This membrane, which is a replica of the cornea, is
peeled off by using a fine curved foreceps. Diseased epithelium
cells are easily removed with the replica. It is mounted in 0.1%
albumin or gelatin with the epithelium side down. After drying,
the replica can be examined by phase contrast or oblique illumina-
tion microscopy. The replica can be dissolved in acetone to study

the attached epithelium cells after staining.

2. Cytology of experimental herpes simplex keratitis
We have previously reported on the cytology and re-

Maudgal, P.C. and Missotten, L., (eds.) Herpetic Eye Diseases.
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plication stages of the herpes virus in experimental HSV-1 keratitis

in rabbits]’3_5.

In the replication cycle of the virus, the first
cytological change is the enlargement of nucleolus which develops
into the "A type" inclusion or "A body". In the "A bodies" "A
granules'" appear which are the replicating and maturing virus
particles. The "A granules" are released by ballooning of nuclear
membrane and extend in long chains of rounded inclusion bodies
interconnected by thin filamentous structures. The thin filaments ul-
timately disappear to leave free rounded inclusions. The rounded
inclusions show an internal ring structure and may be found in
the cell or out of the cells. Sometimes rearrangement of "A granu-
les" into rounded inclusion bodies occurs inside the nucleus.

These are extruded out of the cell at a later stage. The rounded
inclusions probably float freely in the tearfilm and thus help in
the transport of the virus from its site of replication.

Replication of the virus is accompanied by an increase
in the RNA content of the cytoplasm. C-mitotic lesions or colchicin-
like effect produces multinucleate giant cells. Other cells may
become rounded and swollen, and stain intensely with different
histochemical stains. Their number gradually increases and some
of them form variable sized syncytia by fusion. Thin pseudo-
podia-like processes extend from syncytia to other cells. Rounded
ghost cells, having an eosinophillic cytoplasm and a basphillic
central mass, appear after two weeks of infection. Some cells are
devoid of central basophillic mass. Their significance is not
known. No inflammatory cells have been observed during these

studies.
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3. Dendritic corneal ulcers
Dendritic corneal ulcers and herpetic punctate keratitis
show a typical histological picture by the replica technique3’6’7.

Both types of lesions contain rounded epithelium cells which fuse

to form different sized syncytia. Pseudopodia-like processes extend

from the syncytia to peripheral cells, or between two punctate
lesions. The peripheral cells that come in contact with the pseudo-
podia-like process become rounded, swollen and start fusing. In
this way a dendritic figure develops.Partly fused cells are pre-
sent at the border of syncytia, that are surrounded by a few rows
of elongated cells forming an arcuate pattern. The elongated cells
represent the areas of cell palisading observed by biomicroscopy.

The partly fused cells and elongated cells contain intranuclear

inclusions, "A granules", and rarely cytoplasmic inclusions. |In a

corneal replica from a dendritic ulcer, without associated epithe-

lial or stromal edema, cytological lesions may be observed upto 4

mm away from the dendrite.
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DISCUSSION

D.L. Easty (Bristol) : What was your technique for getting these
pictures ?

P.C. Maudgal (Leuven) : A few years ago, we developed the in
vivo corneal replica technique for the histopathological study
of superficial corneal lesions. The technique has been descri-
bed in the poster. Since not many people had a chance to
see the poster yet, | shall briefly describe the technique.
Collodion in amyl acetate solution is prepared in a 2% to 4%
concentration. Sometimes you don't get a transparent solution.
It depends upon the quality of collodion. One needs a trans-
parent solution. After topical anesthesia, the corneal surface
is dried, we paint the solution and dry again. Amyl acetate
evaporates quickly and collodion forms a membrane on the cor-
neal surface. This membrane, which is the replica of the cor-
neal surface, is peeled off. You can mount it on glass slides
and examine by phase contrast or oblique illumination micros-
copy. Diseased cells are easily removed with the membrane.
You can stain them to study the cytology or cytopathology.

D.L. Easty (Bristol) : So these photographs are by light micros-
copy.

P.C. Maudgal (Leuven) : Yes.

D.L. Easty (Bristol) : Can you use them with scanning E.M. for
example ?

P.C. Maudgal (Leuven) : | tried it. The results were not that
good. Collodion burns under the electron beam, especially
at high magnification.

C. Carter (Bristol) : Around the periphery of the dendrite, are
the epithelial cells flowing in, migrating in, towards the le-
sion ?

P.C. Maudgal (Leuven) : That is a good question. | thought
they are compressed, they are certainly not migrating. These
elongated cells around the lesion are probably pushed aside
by the edematous, swollen, large cells in the ulcer. In the
edematous cells you see syncytia formation. Clinically, if you

detect such an arrangement of peripheral elongated cells around
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a lesion, you can be sure it is herpes simplex infection. We
have examined a large number of other epithelium lesions, and
no where else we find such an arrangement of cells around
the ulcer.

D.L. Easty (Bristol) : Have you tried any study on animal cor-
neas ?

P.C. Maudgal (Leuven) : Yes we did. It was done to investigate
the cytopathology and replication of the virus in vivo. You
can study the virus replication very well with this technique.

C.P. Herbort (Lausanne) : Did you study the toxicity of the sol-
vent you use, amyl acetate ?

P.C. Maudgal (Leuven) : Yes, we did it to investigate any toxic
effects of the solution upon repeated application. We made
corneal replicas in rabbits, once a week, for 10 consecutive
weeks. Clinical and histological examination of these eyes
did not reveal any damage to the cornea. We have made cor-
neal replicas in more than 200 patients. There have been
no complications. It is a very safe method.

C.P. Herbort (Lausanne) : Can you tell me what happens to Bow-
man's membrane ?

P.C. Maudgal (Leuven) : It is not damaged. | may add here
that if you make a replica of a dendritic ulcer, or any other
superficial localised epithelial lesion, it has an excellent thera-
peutic effect. The epithelium defect produced by the replica

heals in about 3 to 5 days.
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SUPERIOR CERVICAL GANGLION IN EXPERIMENTAL
HERPES SIMPLEX VIRUS EYE DISEASE

Chandler R. Dawson, M.D., Wen-hua Zhang, M.D. and Odeon Briones, B.A.,
F.I. Proctor Foundation, University of California, San Francisco, San
Francisco, CA 94143, USA.*

The present animal models of recurrent herpes simplex virus (HSV)
eye infections include mechanical and electrical stimulation of the
trigeminal ganglia (TG) and treatment of the external eye with adren-
ergic drugs (1, 2). Because adrenergic drugs (epinephrine and 6-
hydroxydopamine or 6-OHDA) are so effective for inducing HSV shedding
in the eye, we are studying the role of the superior cervical ganglion
(SCG) in this process.

Our present experiments are based on the hypothesis that stimula-
tion of HSV shedding in the eye by adrenergic drugs is due to stimula-

tion of the SCG neurons at the pre-synaptic junction.

Effect of pre-treatment with 6-OHDA on HSV infection of TG and SCG

In previously uninfected New Zealand white rabbits, iontophoresis
was applied two days before and on the day of inoculation with McKrae
strain HSV. Treatment with 1% 6-OHDA was given to 11 rabbits and
saline to 12.

Immediately after the second iontophoresis, both eyes were
infected with McKrae strain HSV. Established HSV infection of the eye
was confirmed by culture for all animals on days 3 and 7 post-

infection. On day 7 the animals were sacrificed and homogenates of TG

* Supported by EY.03917 and Cecilia Vaughan Fellowship.
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and SCG were tested separately for virus by reisolation in cell
culture.

TG and SCG were infected with both treatments. It was apparent
that 6-0OHDA had no effect on the virus infection in TG but did appear
to reduce significantly the total number of SCG infected. Among those
ganglia infected, moreover, the 6-OHDA treatment reduced the titer of
virus substantially in the SCG of treated animals, but not in TG.

This reduction of SCG infection following treatment of the exter-
nal eye with 6-OHDA is in direct contrast to the work of Price, who
found that systemic 6-OHDA potentiated acute HSV infection of SCG in
mice who received intraocular HSV challenge (3). We propose, however,
that 6-OHDA, when given by iontophoresis, has a destructive effect on
nerve terminals in the eye; this effect of 6-OHDA has been noted by
Traenzer and Thoenen (4) and by Flach et al. when topical epinephrine
was administered to the eye (5). It is probable that the destruction
of these nerve terminals prevented uptake of the virus from the
infected external tissues or otherwise interfered with viral replica-
tion in the autonomic neurons (SCG) but not sensory neurons (TG).

Ocular shedding of HSV after surgical extirpation of SCG

To further elucidate the role of the SCG, we removed both SCG from
young NZW rabbits and infected the eyes five days after surgery by
topical application of 25 microliters of McKrae strain HSV. Control
animals were sham operated but the ganglia were not removed.

From six to eight weeks after surgery and infection, the eyes were

treated with 6-OHDA by iontophoresis and epinephrine drops (2).
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Conjunctival swabs for virus isolations were taken before iontophoresis
and for five days after the stimulation. The rate of HSV shedding was
compared in the sham operated and ganglionectomized animals before and
after adrenergic stimulation.

Virus was detected in eye swabs in both control and ganglion-
ectomized animals. Shedding occurred from all the animals at least
once.

The presence of virus after removal of SCG may have several
causes, among which are :

- Persistent sympathetic fibers

- A direct effect of 6-OHDA and epinephrine on trigeminal axon

terminals

- Local trauma from iontophoresis

The action of adrenergic mediators on stimulation of HSV shedding
does not depend entirely on stimulation of the pre-synaptic neurons of
the SCG but the possibility of non-SCG adrenergic neurons must also be
considered (6). Because the receptor for the actions of these drugs is
not known, our group is examining this problem in more detail.
References
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DISCUSSION

G. Smolin (San Francisco) : | have done some work with iontopho-
resis, and | know how much it destroys the corneal epithelium.
Using it causes very large erosions. Do you have any control
groups where you just had the iontophoresis without 6-hydroxy-
dopamine ?

C.R. Dawson (San Francisco) : Yes, we always have control groups.
With our eéarlier animals we did get corneal erosions with both
6-hydroxydopamine (6-HD) and with the normal saline used
in the iontophoresis apparatus. We are not now getting these
corneal erosions as we did before. The pH of the 6-HD is care-
fully adjusted to 6.5 and we limit the iontophoresis to three
to four minutes and are careful in the application of the cor-
neal cup used with the apparatus.

D.L. Easty (Bristol) : Were there any correlates in your studies ?
| saw recently a patient who had carotid vascular surgery
and came with the first attack of herpetic ocular disease. Have
you seen anything like that which might correlate with the
laboratory models, such as the one you have described ?

C.R. Dawson (San Francisco) : We have not seen obvious correla-
tions with these laboratory models, for example people on topi-
cal epinepherine therapy with frequent recurrences. There
is always the possibility, however, that herpes simplex recur-
rences during emotional crises and other kinds of stress may

be mediated by release of epinepherine or other mediators.
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RECURRENT AND NON-RECURRENT HSV-1 STRAINS: EFFECT OF
TEMPERATURE
Ysolina Centifanto-Fitzgerald, Ph.D. (Louisiana State

University Eye Center, New Orleans, Louisiana, U.S.A.)

1. INTRODUCTION

Infection of the rabbit cornea with HSV-1 results in
ocular disease and the establishment of latency in the tri-
geminal ganglia. Work from our laboratory has shown that
the type of disease, as well as the severity and duration,
is a characteristic attributable to the infecting strain and
is not dependent on the inoculum size (1-3). We have also
demonstrated that the disease manifestations are determined
by a specific region of the viral DNA, located within 0.70
to 0.83 map units of the HSV-1 DNA (4). That the inherent
characteristics of the viral strain are a determinant in the
outcome of the disease process was also clearly demonstrat-
ed. Based on the results of these studies, we focused our
attention on the events in the trigeminal ganglia. We
observed that ocular infections with different HSV strains
lead to the establishment of latency with similar efficiency
(80-90%), but patterns of shedding or recurrent disease were
not the same. In a recent report, it was shown that in a
single animal infected in each eye with a different virus,
the pattern of shedding and recurrences for each eye was
particular to the infecting strain (5).

In other words, it appears that whether or not the
latent virus is reactivated to the infectious state, and
thus the pattern of shedding or recurrent disease, may be
characteristic of the virus strain itself, although host or
external stimuli may influence the frequency of reactiva-
tion.

Maudgal, P.C. and Missotten, L., (eds.) Herpetic Eye Diseases.
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thymidine (0.5 pCi/ml) was added. The plates were incubated
for an additional 4-6 hours, at which time they were fixed,
stained, and photographed. The dried plates were then
placed in contact with X-ray film. Incorporation of the
radiolabel was seen around the edges of plaques produced by
virus with thymidine kinase. No incorporation of label was
seen in plaques produced by TK™ viruses (6).

3. RESULTS

Initially we determined the optimal growth temperature
for the parent strain. The virus grew well at 33°C; at
39°C, 48% of the plaques developed.

At 30 days postinfection, 50% of the rabbits infected
with this virus stock were dead. Some of the remaining
rabbits were sacrificed and the virus recovered from the
explanted cornea. Virus isolates were obtained from three
types of animals: rabbits with a low frequency of recurrent
episodes; rabbits with no recurrent episodes; and rabbits
with neither recurrences nor shedding. All three kinds of
isolates were examined for optimal growth temperature,

correlated with the number of recurrent episodes (Table 1).

Table 1. HSV Isolates from rabbits infected with McKrae
strain HSV-1

Virus No. plaques at Recurrent TK
strain 33°C 39°C episodes Phenotype
M 4611 188 405 1 +
M 4606 350 328 dead +
M 4591 129 259 3 +
M 4574 244 304 5 +
M1711 95~ 152 o T +
M 1300 90 182 0 +

We interpret our results as follows. The McKrae strain
of HSV-1 has a high frequency of recurrences, as well as



29

To evaluate this possibility, we studied the McKrae
strain of HSV-1, which 1is our prototype of recurrent
disease. Infection of the rabbit eye with this strain re-
sults in severe ocular disease, 50% mortality, and the
establishment of latency in the surviving animals.

Some McKrae-infected animals have recurrent episodes and
some do not. We compared recurrent, non-recurrent, and the
parent strain in terms of growth at 33°C and 39°C and thymi-
dine kinase phenotype (6). Because these two factors appear
to influence the ability of the virus to replicate in the
ganglion, they may be related to the likelihood and frequen-
cy of shedding and recurrent disease (7-10).

2. PROCEDURE
2.1 Methods

2.1.1. Temperature studies. Confluent monolayer cul-

tures of Vero cells were infected with the appropriate PFU
of HSV-1 adsorbed at 37°C for 30 min. The excess unadsorbed
virus was washed out and the plates incubated at 33° or
39°C. The plates were stained with crystal violet at the
same time and the plaques were counted on an illuminator.
2.1.2. Animal studies. Rabbits were infected by the
corneal route with 102 PFU of the McKrae strain. At 30

days postinfection, the mortality rate was recorded and the

surviving rabbits were examined by slit lamp for recurrent
episodes three times a week for 60 days. Swab cultures of
the conjunctiva were taken and the recovered isolates were
examined for optimal growth temperature, as described
above.

2.1.3. Thymidine kinase phenotype. Confluent monolayers
of Vero cells were infected with 100 PFU of the HSV iso-

lates. The virus was adsorbed at 37°C for 30 minutes with

gentle rocking of the plates to ensure even distribution of
plaques. At the end of the adsorption period, maintenance
medium (2% calf serum, glutamine, and antibiotics) was added
at 48 hours, upon the appearance of discrete plaques. The

medium was decanted and fresh medium containing [14C]-
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shedding episodes. It is a heterogeneous stock; the ganglia
are colonized by any of the virions. Reactivation of the
virus, as evidenced by either shedding or recurrent
episodes, is frequent.

In some cases, the isolates obtained during the shedding
period (latency) grew better at the reactivation temperature
of the rabbit (39°C) than at the corneal temperature. There
was also some suggestion that frequent recurrent episodes of
disease could be correlated with the ability of the virus
strain to grow at 33°C, but the number of isolates was small
and a positive statement is not possible at this time.

In contrast, virus recovered from animals with neither
recurrence nor shedding grew better at 39°C than at the
corneal temperature (33°C).

We examined the optimal growth temperature of clinical
isolates from patients with multiple or sporadic recurrent
episodes of disease. We found that those strains isolated
from patients with high frequency recurrence (several per
year) showed an optimal growth temperature of 33°C
(epithelial temperature), and those strains from patients
with low frequency recurrence (one episode every two or
three years) grew equally well at 33°C and 39°C.

These data suggest that the ability to grow at the host
core temperature is a factor in the frequency of reactiva-
tion and shedding, while the ability to grow at the external
temperature of 33°C is a factor in the development of clini-
cal episodes of disease.

4. DISCUSSION

The ability to establish latency after primary infection
is a well-established property of HSV. The latent period
can be divided in three phases: the establishment of
latency, which varies with the strain; the maintenance of
latency; and the reactivation stage. It is known that in
latently infected animals, as well as humans, virus shedding
occurs in the absence of disease, and that the frequency of

recurrent episodes varies among individuals. These
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observations then suggest that both phenomena may have
different regulatory mechanisms. Reactivation at the
ganglionic site may be related to the characteristics of the
virus strain and that recurrent episodes of clinical disease
may be partially determined by host factors.

We think that the optimal temperature of growth does
have an effect on the frequency of lesions, and the ability
of the virus to grow at 33°C may increase the number of
disease episodes. We also believe that host factors, such
as local and systemic immunity and interferon induction, may
be important.

Our animal studies showed that viruses that cause no
recurrences or apparent shedding grow better at 39°C and
very poorly at 33°C. These findings are in agreement with
the studies from clinical isolates.

It is not clear whether viruses with different optimal
temperatures have the same reactivation rates as these
studies deal only with isolates from the McKrae strain.
Studies with other non-recurrent strains are now in pro-

gress.
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HERPES SIMPLEX VIRUS CYCLE: MODEL OF MECHANISM OF ACUTE DISEASE,
LATENCY AND REACTIVATION

A. ROMANO, D. GAMUS

Maurice & Gabriela Goldschleger Eye Institute, Tel-Aviv University
Sackler School of Medicine, Chaim Sheba Medical Center, Tel Hashomer,
52621, Israel.

INTRODUCTION

The amazing secret of HSV survival for thousands of years and its
adjustment to human organism still remain a mystery, and probably are
due to the complex and almost perfect mechanism-of latency and reactivations
of the disease.

During past years, a model of ganglionic latency was widely accepted.
According to it, after the primary disease (whether with clinical manifes-
tations or not) HSV enters sensory nerve endings and propagetes through
axoplasma towards the corresponding ganglia(l). Neuronal latency is
apparently established 2-3 weeks after the onset of primary disease, and
latent herpetic reservoir in the ganglia becomes the source of the re-
current infection.

Fig. No. 1

Therefore, we are discussing two phases of Herpetic disease: 1. internal
cycle in which the virus has no direct contact with immunologic defense
system, or external world, and can remain in latent state because of the
low metabolic rate in neurons, which are non-dividing cells. There is a
possibility that during recurrent local infection, viral spread to other
ganglia is limited by INF(Z) and IgG(3), which are among the principle
components of immune system that can reach CNS-through blood-brain-barrier.

Clinical appearance of reactivation occurs in target organ, where epi-
thelial cells meet amyelinated nerve fibers of the affected ganglia. HSV
enters now its external cycle. In this part of virus life cycle reproductive
viral replication takes place, in close interaction with immunologic defence
system.

Manifestations of recurrent diseases is usually presented in mucocutaneous
organs - eyes, nose, mouth (HSV-1) genital and anal areas (HSV-2). Those
regions are very special in several aspects: they are invaginations of the
external world into internal mucosas, are hormone sensitive organs, get
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rich blood supply (except for the cornea which is practically avascularized)
and rich innervation by the somatic sensory nerves to mucosal surfaces:
trigeminal (HSV-1) and Sacral (HSV-2) ganglia. (The other internal mucosas
are supplied by autonomic nervous system). Both TG and Sacral ganglia are
among the largest in the human body, and besides neural cell there are
fibroblasts in TG ganglion, which can facilitate viral spread inside the
ganglion.

Although other areas of skin and internal organs can be involved in
acute herpetic disease, predisposing factors such as damage to -mechanical
barrier (Herpes gladiatorum, eczema herpeticum) or severe immunosuppression
are usually present.

Upon its entry into mucosal surface, HSV meets mechanical and immuno-
logic defence systems: local antibodies - secretory IgA, IgG CMI in
addition to INF and lysosomal enzymes secretion. We think that there is a
possibility that HSV is not completely eliminated from periferal tissues
after recovery from acute disease, but stays in non-infective form as viral
memory imprint in dose connection with host cell DNA. Cells that carry
such an imprint (basal cells) can get a rise to a new generation of cells
with new genetic composition.

Fig. No. 2

Under influence of certain triggers, that disturb this delicate balance,
reactivation of the disease in ganglia or in target organ takes place.
There is a wide variety of factors capable of affecting recurrence rate in
human and can act both on neural and periferal tissues. The influence of
these factors is through several levels: hormonal, cellular and viral
activity level. The role of steroids on the course of the natural history
of herpetic disease is well known(4). A large group of systemic triggers
known to induce recurrent disease can cause to an elevation of endogenous
steroid hormones (whether directly or through hypothalamus - hypophisis axis),
and steroid preparations given in certain diseases lead to a rise of exo-
genous steroids in the body.

Besides its collagenolytic activity, stabilization of lysosomes and
immune suppression, steroids can change metabolic activity of the cell -
by binding to specific cytosol receptor entering as a complex to the nucleus
binding to chromatin to cause start of host cell DNA transcription (whether
in ganglia or in the target organ). There are evidences that steroids have

direct effect on HSV'spread(s).
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Fig. No. 2
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Local triggers on nervous system (microtraumas and probably—adrenaline(§))

and local triggers on target organ probably cause to the same metabolic

cellular changes in neuronal and target tissues respectively.

If viral genome is incorporated or is in close contact with host cell
DNA (whether in the ganglia of in target organ), such metabolic changes

can cause to activation of viral genome.

Immune deficiency states are not triggers as such, but can aggravate the
damage when present.
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SPREAD OF HERPES SIMPLEX VIRUS TO THE EYE FOLLOWING CUTANEOUS
INOCULATION IN THE SKIN OF THE SNOUT OF THE MOUSE

C. shimeld!, D.L. Easty}, A;B. Tullo!, W.A. Blyth’, T.J. Hi112
Department of Ophthalmology and M1crob1ology s Un1versity of Bristol, U.K

* Present address; Manchester Royal Eye Hospital

SUMMARY

Mice were inoculated in the skin of the snout with the virulent HSV1
strain SC16 or the avirulent strain KOS. Both viruses caused clinical
disease of the ocular surface and the deep tissue of the eye, virus was
shed in eye secretions and latent infection was established in all 3
parts of the trigeminal ganglion and the superior cervical ganglion.
INTRODUCTION

In man primary ocular infection with HSV is rare and it has been
argued from experimental studies in animals (1) that the virus might
establish Tlatent infection in neurons serving the eye after cutaneous
infection around the mouth. We now show that in the mouse cutaneous
infection in the snout can spread to cause eye disease and latent
infection 1in neurons of the ophthalmic, maxillary and mandibular parts
of the trigeminal ganglion. With the relatively virulent strain HSVl
SC16 permanent ocular damage often resulted but with less virulent
strain KOS, the eye usually recovered.
MATERIALS AND METHODS
Virus

HSV1 strain SC16 (2) and the relatively avirulent HSV1 strain KOS
(kindly supplied by Prof. B. Roizman) were grown in Vero cells.
Animals

Mice were 8 week old male outbred Bristol /2 (3). Methods of
selection and anaesthesia have been described (4)
Inoculation of Mice

Mice were anaesthetised and the skin of the left tip of the snout
was shaved. Whilst viewing with a binocular dissecting microscope, 5ul.
of the virus suspension was placed onto the shaved area and using a 25
gauge needle 50 stabs were made in an area of 3 mf into the skin
through the inoculum. The doses for strains SC16 and KOS were 1x109 pfu

Maudgal, P.C. and Missotten, L., (eds.) Herpetic Eye Diseases.
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and 8x106 pfu respectively.

Isolation of virus from eyewashings

Has been described (5).
Examination of the eyes and skin of the snout

Both eyes of anaesthetised mice were examined daily using a Zeiss
10SL sl1it Tamp microscope. Rose Bengal stain was used when appropriate
to enhance any suspected epithelial deficits in the cornea. The skin of
the snout, forehead, cheek and lower jaw of both sides of the head were
also examined for signs of disease using the s1it lamp microscope.
Detection of Tatent infection in the trigeminal ganglia and the superior

cervical ganglion

Animals were killed by intra-peritoneal injection of sodium
pentobarbitone and exsanguinated by evisceration. The left trigeminal
ganglion (T.G.) was divided in situ into three parts, ophthalmic (I),
maxillary (II) and mandibular (III) using separate sterile instruments
for each part (4). The right T.G. was dissected out whole and the left
superior cervical ganglion (S.C.G.) was removed.

Each sample of tissue was placed in 0.5 m1. G.M. and incubated for
5 days at 36°C in 5% COp. Tissues were then ground in sterile glass
grinders and 0.1 ml. of the suspension was placed onto monolayers of
Vero cells for isolation of virus.

RESULTS
Eye Washings

Virus was isolated from the eyewashings of 11 of the 25 mice
inoculated with strain SC16, from 6 of these animals virus was isolated
on more than one occasion. Virus was first isolated 4 days after
inoculation and the peak incidence of isolations was 8/25 (32%) on day 6
(Fig. 1). Virus was isolated from the eyewashings of 12 of the 25 mice
inoculated with strain KOS, from 5 of these animals virus was isolated
on more than one occasion. Virus was first isolated 3 days after
inoculation and the peak incidence of isolation was 9/25 (36%) on day 5
(Fig. 1).

Eye Disease

In mice inoculated with strain SC16 signs of disease of the ocular
surface namely corneal ulceration and/or 1id margin disease were first
observed 4 days after inoculation and reached a peak incidence of 56% on
day 6 (Fig. 2). Signs of deeper eye disease namely iris hyperaemia and
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Fig |
Isolation of HSVI from eyewashings of mice after
inoculation into the skin of the snout
80 . b
Strain SC16 Strain KOS
40
» (319)
=
£ 18)
>
< 30
3
R 5 (216) (3/8)
¢
(0r3)
10
1 2 3 4 s e 7 8 1
Days after inoculation
s 5 c
dose 1x10 pfu number previously positive

b o 2
dose 8x10 pfu number positive

Fig 2

Disease of the ocular surface and skin lesions in mice after inoculation
with HSV1 into the skin of the snout
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mydriasis were first noted 5 days after inoculation, stromal opacity was
first observed 6 days after inoculation and hypopyon on day 9. Stromal
opacification and corneal vascularisation persisted in 40% and 29% of
mice respectively until at Tleast day 45 (Fig. 3). With strain KOS,
disease of the ocular surface was seen on the first day of examination 3
days after inoculation, by day 7 48% of mice showed corneal ulceration
and/or 1id margin disease (Fig. 2). Other signs of eye disease occurred
in very few animals (Fig. 3) and corneal vascularisation was present in
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Fig 3

Eye disease in mice after inoculation of HSV1

into the skin of the snout
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only 1 mouse at day 40.
Skin disease

With strain SC16 swelling of the 1left side of the snout and
forehead was first seen 3 days after inoculation and reached a maximum
incidence of 32% on day 5. Pustules and scabbed lesions in the
cutaneous area served by the sensory nerves of the ophthalmic part of
the T.G. other than at the site of inoculation were first seen on day 5.
These were found in 62% of mice by day 8 (Fig. 2). Mice inoculated with
strain KOS first developed such swelling on day 3 and skin lesions on
day 5, by day 7 80% of mice had skin lesions (Fig. 2).
Signs of eye disease and isolation of virus from eyewashings
Strain SC16

Virus was isolated from 5 mice on one occasion each. One of these

eyes never showed signs of disease, 4 had transient corneal and/or 1id
margin ulceration lasting 1 or 2 days. Of the 6 mice whose eye washings
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Table I

Incidence of latent infection in mice? after inoculation of HSV1 strain KOS or
SC16 into the skin of the snout.

Tissues tested

Strain of LTG1b LTG2 LTG3 LSCGE RTGd
HSV1

Dose

SC16 21/24e  (88) 8/24 (33) 5/24 (21) 8/24  (33)|5/24 (21)
1 x 105 p.f.u.

KOS 22/25 (88) 10/25 (40) 2/25  (8) 6/25 (24)|8/25 (32)
8 x 106 p.f.u.

outbred 8 weeks old at the time of inoculation.

b LTG1 ophthalmic part of left trigeminal ganglion,
LTG2 maxillary part, LTG3 mandibular part.

¢ LSG left superior cervical ganglion

d RTG right trigeminal ganglion

e Virus_ isolated (%)

total tested

yielded virus on more than one occasion, 5 had severe disease with 2 or
more of the following signs: corneal ulceration, stromal opacity, iris
hyperaemia, mydriasis, 1id disease and corneal vascularisation and all
but one eye still showed corneal vascularisation on day 45. Of the 14
mice from whose eye washings virus was not isolated only 1 had signs of
such severe disease, 5 had transient corneal ulceration lasting 1-2 days
and 5 never had signs of eye disease.
Strain KOS

0f the 12 mice from whose eye washings virus was isolated, 2 eyes
never showed signs of disease. The other 10 had 1id ulceration which
lasted for 1-16 days and 2 of these had corneal ulceration lasting 1 day
only. Eleven of the 12 eyes were normal 40 days after inoculation and 1
had a small 1id ulcer. Of the 13 mice from whose eye washings virus was
not isolated, 8 never had signs of eye disease and 2 had 1id disease
lasting 5-7 days. One mouse had severe eye disease but the eye was
normal at day 40, one mouse had a mydriasis at day 40 which was present
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from day 5 after inoculation and one mouse had corneal vascularisation

at day 40, which was not present on day 11.
Latent infection

Forty five days after inoculation with strain SC16 and 40 days
after inoculation with strain KOS the mice were killed and the tissues
were examined “or the presence of latent HSV infection (Tablel). Latent
infection was detected in part I of the left T.G. in the majority of
mice (88%) inoculated with either strain of virus. Both strains were
also detected in the non-ophthalmic parts of this ganglion, in the right
T.G. (removed whole) and in the left S.C.G.

DISCUSSION

At present there is no mouse model of recurrent herpetic keratitis
and the .development of such a model would help investigation of
mechanisms underlying control and recrudescence of the disease.
Inoculation of HSV1 by scarification of the cornea or conjunctiva of
mice results in a high proportion of animals with latent infection of
the ophthalmic part of the ipsilateral trigeminal ganglion but with a
relatively virulent strain such as SC16 the inoculated eye is often
severely and irreversibly damaged during the acute disease (4,5). With
a less virulent strain such as KOS permanent ocular damage can be
avoided but 1in the skin of the mouse this strain (unlike SC16) has not
so far produced recrudescent disease (3). Mice protected by previous
HSV infection in the skin suffer relatively mild eye disease after
corneal inoculation with strain SC16 but the incidence of Tatent
infection is also decreased (4,5) so that the chance of recrudescent
disease is again diminished.

The tip of the snout lies in the cutaneous field of the ophthalmic
part of the trigeminal ganglion so that, with inoculation of this site
zosteriform spread (3,6) might provide ocular infection without
scarification of the cornea and with the possibility of avoiding
permanent damage to the eye. The distribution and timing of development
of Tlesions on the skin, the eye disease and the timing of isolation of
virus from the eye washings suggests that such spread of infection does
result from zosteriform spread of virus from the snout. The routes by
which virus spreads from the site of inoculation have been discussed
previously (6), the frequent latent infection of the superior cervical
ganglion again 'shows that the virus can spread by sympathetic as well as
Sensory nerves.
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With the doses of either strain of virus used here disease of the
eye with shedding of virus from the ocular surfaces develops in about
half the mice inoculated into the skin of the snout and there was a
clear correlation between clinical signs of eye disease, isolation of
virus from eye washings and length of time for which such isolation was
made. With both viruses some eyes, after the acute infection, appeared
normal by slit-lamp examination though the proportion was far greater
with strain KOS. In both groups a high proportion of animals was
latently infected in the ophthalmic part of the trigeminal ganglion with
a lower incidence of such infection in the other 2 parts of this
ganglion, the ipsilateral superior cervical ganglion and the
contralateral trigeminal ganglion. Inoculation of mice in a non-ocular
site to produce reversible herpetic eye disease and latent infection may
thus prove useful in investigating recurrent ocular disease. It may
also be valuable in testing the effects of therapy on HSV infection in
the eye.
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D1SCUSSION

C.S. Foster (Boston) : David, | think that others have shown that

inoculation in the auricula, for example, can result in the
establishment of ganglionic latency in the trigeminal ganglion.
| think that a great many people have presumed that in human
herpes keratitis, the primary site for virus entery is not the
eye, but infact probably the respiratory, nasal or oral mucosa,
and not the skin. | wonder what you have done, in your
mouse model system, to eliminate the possibility that the virus
found in the eye and the virus causing keratopathy was not
infact transferred by the animals paw or surroundings on the
cage directly from the site of inoculation from snout to the eye,

and not from neuronal spread ?

D.L. Easty (Bristol) : Well, we have done work evaluating produc-

tive virus. And sequential studies at daily intervals following
eye inoculation show that the productive virus can be found
in the first division on approximately day 3 or day 4. Then
by day 4 to 5 you can find it in brain stem. And then if
you take the 2nd part or 3rd part you find it in that part

at day 5, 6 or 7. So you can actually track it along these
routes. You can also find it in the opposite trigeminal gan-
glion and the superior cervical ganglion. So | think when
you follow productive virus in that way, it is evident that

it is via the CNS rather than by auto-inoculation. Other stu-
dies by Hill and Blyth have shown that in their zosteriform
spread experiments, if you cut nerves supplying other parts
of the particular dermatome, prior to inoculation, virus does
not spread to that part of the dermatome. So | think there
is very solid evidence that indicates that you are looking at

neuronal spread rather than surface spread.

C.S. Foster (Boston) : That was the reason of the question. |

just wondred whether nerve transections have been done in

your model vyet.

D.L. Easty (Bristol) : We have not done that in our model. We

have difficulty identifying where the nasociliary is. Perhaps

we should look into that.
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C.R. Dawson (San Francisco) : Did the other eye become infected ?
D.L. Easty (Bristol) : | am not sure if cultures were done. |

don't think it was infected. We did not look very closely at

that.
H.J. Field (Cambridge) : | would just like to comment in relation
to a previous question : our own observations in a similar

mouse model, in which virus was inoculated intranasally, are
totally supportive of Professor Easty's analysis. Everything

is consistent with the sequential spread of virus up through
the maxillary and mandibular divisions of the fifth nerve, and
then centrifugally via the ophthalmic division to the eye. Then
one can see antigen in the ciliary nerves. The temporal
appearence of virus antigen in our experience was thus consis-
tent with the route of spread proposed by Professor Easty.

C.R. Dawson (San Francisco) : Have you considered that virus
may be spread to other divisions of the trigeminal ganglion
through connections in the mid-brain ? Your supposition has
been that all the spread occurs by contiguous infection within
the ganglion itself, not through the connections in the mid-
brain.

D.L. Easty (Bristol) : If you take productive virus, which indeed
we did, we cultured midbrains and found productive virus.
Although we could not establish latency in the midbrain itself.
So it only seems to pass through it, but it does not leave any

messages behind.
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LIGHT MICROSCOPIC EVALUATION OF RABBIT CORNEAL NERVES:
COMPARISON OF THE NORMAL WITH DENDRITIC HERPETIC KERATITIS.

PENNY A. ASBELL, MOUNT SINAI MEDICAL CENTER, NEW YORK, NY
ROGER W. BEUERMAN, LSU EYE CENTER, NEW ORLEANS, LA

1. INTRODUCTION

Although some researchers have noted degeneration and edema
of corneal stromal nerves in HSV-1 keratitis, such changes have
not been described in detail or quantified.l'2 Work by Tullo
et al. demonstrated a decrease in corneal sensitivity as well
as levels of corneal substance P in a herpes simplex keratitis
model in the mouse, using a radioimmuno assay for substance p.3
Metcalf et al. used a histochemical method for acetylcholine
esterase, but failed to show loss of nerves in the stroma al-
though a significant decrease 1in corneal sensitivity was
found.4 These results suggest that changes in corneal sensi-
tivity could be due to an altered function of corneal nerves,
rather than to a decrease in corneal nerve density. However,
recently Rozsa and Beuerman showed a parallel between corneal
nerve density and psychophysical thresholds for corneal stimu-
lation.>

We compared the organization of the corneal innervation at

both the intraepithelial and stromal levels in normal rabbits
and following the development of herpetic dendritic keratitis.
2. MATERIALS AND METHODS
2.1 Animals: New Zealand albino rabbits (1.5 - 2.0 kg).
2.2 Virus: RE strain of HSV-1 (kindly supplied by Dr. Centi-
fanto-Fitzgerald) was used. Virus stock was grown on Vero
cells, and the titre of each viral stock was determined on
monolayer cultures. Innoculum size per eye was approximately
0.100 ml of 10°® PFU/m1.

Partially funded by NEI # EY04681 and # EYO1l867 and by the
National Society to Prevent Blindness # EY09074.
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2.3 Innoculation of rabbit cornea: Innoculation was performed

so as to minimize damage to the corneal epithelium and to the
corneal nerves. Sterile paper strips (Schirmer tear test
strips, Cooper Vision Pharmaceuticals, Inc, San Germain, PR)
soaked in the viral suspension, was placed on the rabbit cornea
after achieving anaesthesia with two drops of proparacaine 0.5%
solution. The 1ids were then pulled closed and gently rubbed
for 30 seconds, after which the Schirmer paper was removed.
Control eyes were handled identically, except that the Schirmer
paper was soaked in tissue culture media without virus.

2.4. Nerve staining. Rabbits were sacrificed by intravenous

injection of sodium pentobarbitol. For orientation purposes, a
small incision was made at the 12:00 o'clock position of the
cornea at the limbus. Both corneas were incised and processed
in parallel by a modified gold chloride technique. 5 Briefly,
the tissue was immersed in 1.0% gold chloride solution for 12
to 15 minutes, followed by incubation in acidulated water for
14 to 15 hours, at which time the solution was replaced with
70% alcohol to stop further staining. The tissue was dissected
into 4-6 lamellae in the frontal plane before dehydration and
mounted flat on slides for observation and photography. Some
specimens were not dissected, but were imbedded in paraffin and
then used to make 15 p cross-sections.

2.5 Histology: Selected rabbit corneas were also evaluated
for routine histology by fixation of the tissue in normal
buffered formalin and then 5 p cross-sections were stained by
hemotoxin and eosin.

2.6 Procedure: After viral corneal innoculation, rabbits were
followed by slit lamp examination. Photographs, with and with-
out fluorescein, and viral cultures were made at periodic
intervals. At selected times, animals were sacrificed for
histological evaluation.

3.0 RESULTS

3.1 Normal innervation: The cornea is innervated by 12 to 16

large nerves which enter in the mid-stroma at the limbus. Some

2 to 3mm within the cornea, these nerves contain both
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myelinated and unmyelinated axons. The deep stromal nerves
cross towards the middle of the cornea, giving off collateral
branches which in turn form the ramifying subepithelial plexus.
At this level of organization, the nerves are preterminal.
Terminals then extend upward into the epithelium from the
plexus. These terminals appear to be unspecialized and
continue forward as terminal leashes or can simply break into
random nerve endings. Gold chloride impregnation of the nerves
in the central cornea in normal rabbits demonstrated nerves
within the stroma as well as the subepithelial plexus.
Terminal endings within the epithelial cell layer were also

evident in all cases.

Figure 1. Normal, control cornea: (a) Limbal markings. Flat
mounts (gold chloride): (b) Intraepithelial nerve endings; (c)
Intraepithelial leashes; (d) Subepithelial plexus. Note that
nerves are located at all layers.
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Figure 2. Normal, control cornea: (a) H & E; (b) gold chlor-
ide: abundant intraepithelial terminals noted.

3.2 Herpetic dendritic keratitis: Evaluation of corneas 3 to

5 days post innoculation showed striking differences, including
a marked decrease in intraepithelial nerve endings. This was
particularly observed around the dendritic lesions. There was
no evidence of wound response in terms of leash formation.
There was also marked plexus degeneration, particularly

directly under the ulcer bed.

Figure 3. Dendritic Keratitis: (a) Clinical picture of
dendritic keratitis, day 3 post-innoculation. Flat mounts
(gold chloride): (b) Degeneration of epithelial terminals; (c)
Degeneration of subepithelial plexus; (d) Weak wound response
near dendritic ulcer.
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Figure 4. Dendritic keratitis, cross-sections: (a) H & E,
showing thin and irregular epithelium, with a moderate mixed
cellular inflammatory infiltrate; (b) gold chloride staining,
showing sparse terminal endings in the epithelial layer.

4. DISCUSSION

Evaluation of corneal nerve alterations in the rabbit model
of herpes simplex type 1 keratitis demonstrated marked peri-
pheral alterations, as evaluated by gold chloride light micro-
scopic evaluation. In dendritic keratitis there was a marked
decrease in epithelial nerve endings in the involved cornea, as
well as plexus degeneration directly under the ulceration, and
deep nerve degeneration. Analysis of the cross-sections
occasionally showed abnormalities of the corneal epithelial
cells as well as loss of terminal endings in the epithelium.
These results were paralleled by decreased corneal sensitivity.

These results suggest that herpes infection in the rabbit
cornea leads to direct destruction of the corneal nerves in the
involved part of the cornea. Other direct or indirect effects
on corneal nerves may also play a role in herpes keratitis and
contribute to a change in corneal sensitivity. These studies
are in direct contrast to the findings of Metcalf, and may be
related to the sampling error, innoculation technique (stromal
injection), and/or staining methods.? The gold chloride
staining clearly demonstrates marked abnormalities in corneal
epithelial nerve endings as a result of herpes infection.
The corneal nerve alterations noted after dendritic keratitis

in the rabbit are in sharp contrast to the changes noted after
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corneal wound healing.6 Wounding by epithelial abrasion or
superficial keratectomy leads to a marked increase in density
of wound oriented terminals by day 3 after injury. Collateral
sprouts from the subepithelial plexus were even noted by 24
hours after injury. 1In contrast, following herpetic infection
of the cornea the neural sprouting response was rarely noted.
The density of terminal endings was decreased from the normal
values. Evaluation on day 3 and day 5 after initiation of
keratitis, demonstrated little tendency towards a sprouting
response in the herpes model. In addition, degeneration of the
epithelial and subepithelial nerves was a notable finding in
the herpes model.

Further studies of corneal nerve function in herpes kera-
titis are needed to evaulate the type of direct damage to the

nerve and possible changes in nerve function.
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DISCUSSION

C.R. Dawson (San Francisco) : Did you examine the long ciliary
nerves to look for damage at a distance from the cornea ? |Is
it your hypothesis that destruction of the neurons occurs or
that only the terminal portions of the axons are damaged ?

P.A. Asbell (New York) : Basically, we looked at the cornea it-
self. We did not look at the nerves, which certainly would
be of interest. But it appears that there is direct damage to
peripheral nerves there. How far that damage goes in terms
of retrograde degeneration, we don't know from this study.

P.C. Maudgal (Leuven) : This is a very interesting study. Could
you tell us if this nerve damage influences the healing time
of dendritic and geographic ulcers ?

P.A. Asbell (New York) : One of the current feelings is that the
epithelial nerves of the cornea are instrumental in maintaining
a normal epithelium. And if you destroy them, you have less
normal epithelium and perhaps a longer time in recovery of the
epithelium. We did not specifically go on to evaluate past day
20 in this particular study. But we are pursuing that right
now. | think one of the interesting things just to think about,
although it is certainly not answered by this study, is whether
there is a more marked decrease in those patients who have
more intensive keratitis and those patients who go on to have
more recurrences. Since we feel that the herpes virus enters
the eye through the nerves, it presents a bit of a conundrum
to understand how the virus gets in when in fact there may be
fewer nerve endings in the eyes that have more clinical recur-
rent disease. And we have no answer to that. But it is an
interesting thing to think about and to try to figure out what

the etiology might be.
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ISOLATION OF HERPES SIMPLEX VIRUS FROM CORNEAL DISCS OF PATIENTS WITH
CHRONIC STROMAL KERATITIS

A.B. Tullo, D.L. Easty, C. Shimeld, P.E. Stirling and J.M, Darville,
Departments of Ophthalmology and Microbiology, University of Bristol,
U.K.

1. INTRODUCTION

The dendritic ulcer results from replication of herpes simplex virus
(HSV) 1in corneal epithelial cells 1’2. The pathogenesis of herpetic
stromal keratitis (HSK) is however less clear. How much this disease
process is due to viral replication, and how much due to the immune
response to viral antigen 3’4, or other factors such as nerve damage,
is not fully understood.

The removal of corneal discs at keratoplasty provides an opportunity
to attempt identification of the virus in a selected group of patients.
Although it has been possible to demonstrate the presence of virus in
such specimens by electron microscopy, and by immunofluorescence, the
isolation of virus from such specimens has proved difficult.

We have cultured several full thickness corneal discs from patients
with HSK, using a laboratory method normally used to demonstrate
latent infection in neuronal tissue 5

2. MATERIAL AND METHODS

2.1. Tissue and Culture

Vero cells (African green monkey kidney) were grown continuously in
supplemented medium 199; for detection of virus cell monolayers vere
grown in 20 mm square wells in plastic dishes 5.

2.2. Isolation of Virus

After removal corneal discs were placed in sterile balanced saline
solution and kept in a refridgerator at 2°C for up to 48 hours,
excluding the time taken to reach the laboratory, where they were
transferred to 3 mls of GM contining 5% FCS (patient 1) or 20% FCS
(patients 2-9),

The cornea of patient 1 was incubated for 5 days then ground in a

Maudgal, P.C. and Missotten, L., (eds.) Herpetic Eye Diseases.
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sterile glass grinder. Supernatant samples were taken at intervals (at
least three times per week) from all other specimens until virus was
isolated, or for up to 31 days. Several 50 samples of the ground
specimen (patient 1) or supernatant samples were placed on Vero cell
monolayers in multidishes. After incubation in a humidified CO2
incubator at 35°C for 48 hours the plates were fixed with ethanol and
stained with Giemsa for identification of viral plaques.

2.3. Restriction Endonuclease Analysis
Isolates were analysed by the cleavage of 32P labelled viral DNA with
the restriction enzymes; Bstl, Pvull and SstIG.

2.4, Electron Microscopy
Tissues were fixed in 2.5% glutaraldehyde in 0.1 m cacodylate buffer,
postfixed in 1% osmium tetroxide.

3. RESULTS

3.1. Virus Isolation

Virus was isolated from six of the nine corneal discs. Six of the
patients were female and three were male., Al1 patients except one
(patient 2) had a dendritic ulcer at some stage prior to keratoplasty.
HSV was cultured from a conjunctival swab of patient 2 taken at the time
the patient presented with blepharoconjunctivitis. The period in
culture till virus was first isolated ranged from 5 to 11 days.

3.2. Restriction Endonuclease Analysis
A11 isolates were shown to be HSV type 1, and were all distinguishable
from each other.

3.3, Electron Microscopy

1 mm3 pieces of all corneas which yielded virus were examined by EM,
One piece was taken at random from the discs of patients 2 and 4; virus
was found in both specimens. Two pieces separated from each other by
several mms, were taken from the disc of patients 5 and 6. Virus was
found in both specimens of patient 5, and one from patient 6, The
number of fibroplastic cells in each specimen was of the order 30-50,
Infected cells tended to occur in foci where virus was plentiful in
most cells, Few extracellular particles were seen.
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Margination of chromatin characteristic of infection with HSV was
present. Cytoplasmic changes were also seen in cells which were not
infected, however similar changes were observed in the cytoplasm of
keratocytes from a normal cornea that was cultured for 5 days. In none
of the specimens was the endothelium still present.

5. DISCUSSION
Despite the demonstration of viral antigen by immunofluorescence 4’8,

and of virus particles by EM 4,10, M, ]2, the isolation of virus in

stromal keratitis has proved difficult in man 9, 10, 13

15

, and animals
The successful isolation of virus from the discs of 6 out of 9
patients with HSK, which have been previously reported 16, show how
such diseased corneas will yield infectious virus when cultured in
vitro.

The state and site of the infection with HSV are of considerable
interest, and the results of this study permit speculation on three
possible origins of the virus. Chronic stromal keratitis is typically
preceeded by epithelial disease, as was the case in most of the
patients. Once virus has penetrated the stroma, often facilitated by
the inappropriate use of topical steroids ]7, a chronic low grade
infection may be established. The appearance of virus particles on EM
has been interpreted as resulting from an abortive form of replication
in degenerating keratocytes 8, which may explain the difficulties in
isolating HSV. However evidence of active replication has also been
reported 9, and on one occasion was found to be present in part of the
stroma which had appeared normal on slit-lamp.examination ]8. There
is also histological evidence of inflammation inferring an active
process, in corneas which were clinically quiescent 13. In vitro
systems have been developed in which persistent infection with HSV can
be masked by elevated temperature ]g’ or by cytosine arabinoside 20,
and in which the presence of virus can be demonstrated only after
considerably long periods by culture methods similar to that described
here. Thus in vitro culture of the cornea may have merely removed the



60

DETAILS OF PATIENTS AND ISOLATINM OF VIRUS

Patient Length of Clinical details Time from Time of sampling

(age in history removal to of cultures and
years) (years) culture isolation of virus
(hours) (days in culture)
1. Male 6 Dendritic ulcer a8 ®
(46) treated with
steroid - chronic
ulcerative
keratouveitis
2. Female 7 Blepharoconjunc- 36 5,(:1(2)
(33) tivitis -

recurrent disci-
form keratitis

3. Male 7 Dendritic ulcer 20 3, 4, 6, 10, 11,
(56) - chronic stromal 12, 13, 16
keratitis
4, Female 4 Dendritic ulcer 48 a, 5,@,@
(57) treated with

steroid - stromal
keratitis - graft
(1979) - graft
failure - second

graft (1982)

5. Female 11 Dendritic ulcer 20 5, 6, 7, 8,@
(29) - disciform
keratitis -
vascularisation
6. Female 4 Keratouveitis 30 5. 6,7, 8, 9,(3&
(35) dendritic ulcer - @
disciform
keratitis
7. Female 5 Dendritic ulcer 14 5, 6, 7, 8, 11,
(60) treated with 13, 15, 20, 22,
steroid - chronic 25, 27, 29, 31

ulcerative kerati-
tis and marked

thinning
8. Female 43 Dendritic ulcer - 18 4, 6, 8, 13, 18,
(56) disciform kerati- 20, 22, 24

tis - recurrences
- vascularised
scarred cornea

9. Male 10 Dendritic ulcer -~ 48 3, 5, 6, 7, 8,
(55) keratouveitis - 9, @
scarred quiescent
cornea with sec-
tional vasculari-

sation O = virus isolated
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restrictive influences of the immune system or antiviral drugs which
might mask infection without its eradication.

An alternative to low grade chronic infection,is that of true latent
infection. This is suggested by the delay of up to 11 days in the
isolation of virus. This delay may merely reflect the time taken for
virus particles to pass out through the lamellae of the cornea 9.
Nevertheless the nature of the keratocyte, which does not normally
undergo mitosis is such that viral DNA might become incorporated into
the cell. Lack of access to adequate numbers of specimens has
prohibited the necessary investigation of grinding discs immediately
after removal and placing samples of the resulting suspension onto
indicator cells.

The cornea is not the only site which challenges the apparent
prerogative of sensory neurones as a host cell for latent infection
with HSV. The virus has been isolated from clinically normal skin of
mice latently infected in the dorsal root ganglion supplying the area
2], and from the footpad of mice 12. HSV has also been isolated from
the skin of guinea-pigs in which latent infection of the ganglion could
not be demonstrated 23. Recently the presence of HSV has been reported
in the posterior segment of the mouse eye after lengthy periods in
culture 24, 25.

A third possible source of infection is the influx of virus into the
cornea from the trigeminal ganglion which is generally considered to be
the source of virus resulting in recurrent epithelial disease 26. Such
latent infection would be expected in patients with HSK, and a 'dribble’
of virus from the trigeminal ganglion into the cornea may explain the
chronic nature of the condition. The demonstration of virus particles
by EM failed corneal grafts % ]2, and the isolation of virus from the
disc of one of our patients indicates that an extra-corneal source of
virus may be present.

An adequate supply of corneal specimens would allow the method of in
vitro culture to be further developed and compared with other
techniques such as immunofluorescence and DNA hybridisation. An
advantage offered by in vitro culture over other techniques is that
isolates become avialable for further study. It has been suggested
that some strains are more likely to result in stromal disease than

others ]7. It will now be possible to make in vivo and in vitro
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comparisons of human isolates causing epithelial disease with those
recovered from corneal discs.
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DISCUSSION :

J.Mc Gill (Southampton) : It is a lovely work. Your rejected
grafts had some virus particles in them. Do you think that
viral invasion takes place in these grafts ?

A.B. Tullo (Bristol) : Yes; but this is not an original observa-
tion. Virus particles have been observed by electron micros-
copy in failed grafts. One does not always remove all the
diseased tissue during keratoplasty, and as | emphasized there
is a need for antiviral cover in the postoperative period.

J.McGill (Southampton) : Have you treated any rejected grafts with
antivirals and reversed rejection ?

A.B. Tullo (Bristol) : | think if one sees a rejection episode in
a patient with a diagnosis of herpetic keratitis, you have to

treat it as you would any rejection episode; and obviously you
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have to be very mindful of the fact that the virus is playing
a part. | don't think you have to assume it necessarily, be-
cause a lot of these corneas are grossly vascularised anyway.
So they are entitled to reject for other reasons.

J.McGill (Southampton) : | have several patients who have shown
rejection phenomenon and have kept the steroid levels at the
same level, and given them systemic and topical antivirals,
in this case acyclovir, and have been able to reverse the re-
jection signs.

Y. Centifanto (New Orleans) : | like this work very much, and
| am very interested in the sequence of events here. First
you obtain the corneas and put them into the medium. Then
you sample the supernatant. When you see the cytopathic ef-
fects in these cultures, then you perform electron microscopy.
You mentioned that you recover the virus at eight days, or
between five and eleven days. This would be about the time
you would expect to begin to see the virus if it were in the
latent state. However, you didn't say whether this virus real-
ly was latent. Have you done a simple control, such as taking
a piece of tissue initially to see if the virus is there or not ?

A.B. Tullo (Bristol) : | think that is the major criticism of the

work. The reason why we have not done that is, firstly, that
other people have shown that in a small proportion of such

cases there is a virus there when it is first removed from the
patient. But more importantly, we just haven't had access
to a large enough number of specimens to do the study. But
I think that is a very fair criticism. Another shortcoming
that you pointed out is that it takes 48 hours to observe the
indicator cells having cytopathic effects. One then fixes the
specimen. So there is further 48 hours before electron micros-
copy is carried out. So there is delay.

Y. Centifanto (New Orleans) : Do you think the virus is in the
latent state ?

A.B. Tullo (Bristol) : One of the differences between the electron
microscopy findings in this study and previous ones, and parti-

cularly of Kaufman who showed that inflammatory cells tended



to aggregate around the keratocytes in which there was a re-
plication going on.

Y. Centifanto (New Orleans) : What did you see ?

A.B. Tullo (Bristol) : We did not see that. We tended to see the
isolated cells of which | showed an example with virus parti-
cles in it. And no apparent inflammatory response around

it. One interpretation of the appearance of replicating virus

is that it is an event which occurs after the tissues have been

removed from the patient.

Y. Centifanto (New Orleans) : | think this is very good work,
and | also think that finding the answer to this problem is
fundamental to understanding stromal disease from the virolo-

gist's point of view.

L. Missotten (Leuven) : You have shown us a slide with an infec-

ted keratocyte. Have you seen virus particles in the other

layers of the cornea too ?
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A.B. Tullo (Bristol) : No, | have been waiting to answer the ques-

tion on endothelium. There is a lot of interest in this. |

am sure it is very important. None of the specimens, at the
time they were fixed for electron microscopy, had endothelium
present. | would like to ask anybody else if you remove the
disc at keratoplasty and fixed it for routine light microscopy,

would you expect to see the endothelium there in such speci-

mens ?
C.R. Dawson (San Francisco) : Certainly.
A.B. Tullo (Bristol) : You would ! So we lost it somewhere !

P.A. Asbell (New York) : Then you did not have the opportunity
to look at any EM samples of the cornea just after material
removal from the patient. )

A.B. Tullo (Bristol) : No. | said if we had done that we would
not have got the size of the patient group, which is still
small. I think it is obviously a very important thing to do,
and in a center where you have access to a large number of

specimens, | think it should be done.

P.A. Asbell (New York) : Yes, but it seems a bit surprising since

you have 5 samples labeled disciform edema and 4 of the 5 had
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positive cultures. In general, many feel that disciform edema
may be related to an immunological mechanism, rather than to
direct viral replication. | have analyzed EM samples of
patients with disciform edema, where we did a very superficial
corneal biopsy, and we noted no virus in the keratocytes.

A.B. Tullo (Bristol) : Is this during the active stage ?

P.A. Asbell (New York) : Yes. During the acute disease, most
of these patients with disciform edema, in my experience, do
not come to penetrating keratoplasty. So, | was wondering
whether your samples are really typical of disciform edema.

A.B. Tullo (Bristol) : | think this is a very highly selected group
of patients, isn't it ? | mean these patients are not a simple
disciform keratitis because this is a condition that responds
well to treatment, as you say. There are patients who have
repeated episodes of disciform keratitis and they have vascula-
rised corneas. So they select themselves. So, | think, we
may be talking about slightly different group. But it is a
very attractive hypothesis that relatively normal clear cornea
can suddenly become opaque and edematous, as if by magic,
where an exacerbation of disciform keratitis represents reacti-
vation of the virus from the latent site in the cornea. But
it is not yet proven.

C.R. Dawson (San Francisco) : Do you feel that you can tell
whether or not there is virus in the stroma by the clinical
appaerance of these corneas ?

A.B. Tullo (Bristol) : Well, | am beginning to get a bit of a fee-
ling as to whether we are going to isolate something or not.

C.R. Dawson (San Francisco) : Could you tell us what clinical
findings suggest viral infection of the stroma ?

A.B. Tullo (Bristol) : | think it is important to emphasize this
selection, the autoselection of these patients, | mean, they
should have a strong definitive clinical history; and we have
looked at patients without the diagnosis and failed to get the

virus out.
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GENETIC INFLUENCE FROM CHROMOSOME 12 ON MURINE SUSCEPTIBILITY TO HERPES
SIMPLEX KERATITIS

C. STEPHEN FOSTER, M.D., RICHARD WETZIG, M.D., DAVID KNIPE, PH.D.,
AND MARK I. GREENE, M.D.

From the Hilles Immunology Laboratory, Massachusetts Eye and Ear
Infirmary (Drs. Foster, and Wetzig); the Deaprtments of Opthalmology
(Dr. Foster), Pathology ( Dr. Greene); and Microbiology (Dr. Knipe).
Harvard Medical School.

ABSTRACT

We studied, in a murine model of herpes simplex keratitis, the
influence of certain genes for controlling immunological responses on devel-
opment of keratopathy after HSV corneal inoculation. We found, using
congenic strains of mice, that the Igh-1 gene locus exerts a powerful
influence on the clinical expression of HSV infection. Mice with Igh-le
or Igh-1d phenotype routinely developed severe keratopathy after HSV
corneal inoculation, while those congenic strains with Igh-la or Igh-lb
phenotype were less susceptible to such keratopathy development.

These results are discussed in the context of genetic influence on the
response to herpes simplex infection.

Herpes simplex keratitis (HSK) is a major cause of corneal blindness
in the world today, in spite of the development, over the past two decades,
of very effective antiviral agents for treatment of an active episode
of dendritic keratitis. The incidence of recurrent HSK and of corneal
scarring secondary to such recurrent episodes has not diminished in the
past 20 years, and, indeed is apparently increasing. The available
evidence suggests that both viral factors and recipient immune host
factors, influence the clinical expression of herpes simplex virus (HSV)
infection. Clarification of the details of the role of the immune system
in the initial response to herpes simplex virus encounter, in the
establishment of ganglionic latency, and in the reactivation process
from latency to active viral replication has been extremely difficult.

We have chosen to concentrate on an animal model of herpes simples
keratitis in an effort to define certain immunologic responses to HSV.

A variety of genetic events including immune response gene defects has
been implicated in reactivity to several viruses (l). Genetic analyses
of natural killer cell (NK) activity revealed the influence of non-H-2
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background seen in murine eradication of HSV-infected targets (2).
The purpose of this report is to describe a genetic association with
the development of clinical lesions after HSV corneal inoculation.
MATERTALS AND METHODS

Mice. Inbred congenic murine strains were employed in these
studies. The background genetics and the H-2, Igh-1 and Igk phenotype
of each of these congenic strains are shown in Table I. Female mice,
6-8 weeks of age, from each of the strains studied, were randomized
into an incomplete block design for corneal inoculation of herpes
simplex virus or placebo control. Six mice from each strain were
employed for each experiment, and at least three replicates of each
experiment were performed.

Table I. Congenic Murine Strain Genetics

Mouse Chromosome 17 Chromosome 12 Chromosome 6
Strain H-2 Haplotype Igh-l-allotype Lyt 2 Genotype (Igh-V)
Balb/c d a b
CAL~20 d d b
C58-AL20 d d a
A/J a e b
ABY b e b
AKR k d a
B10 b d b
B10.A a b b
B10.D2 d b b
C57BL6 b b b

Virus. Herpes simplex virus type-l, KOS strain, was grown on
Vero cell layers. An inoculum of 107 plaque forming units (PFU) was
employed for these studies.

Inoculation and Clinical Observations. The right cornea of each

mouse was scratched eight times, 4 vertical and 4 horizontal scratch
marks, with a 25 gauge needle under binocular microscopy observation.
Fifty microliters of a suspension of KOS herpes simplex virus type-1
at a concentration of 107 PFU/ml was inoculated into the cul-de-sac,
and the lids were compressed over the cornea for five seconds. Daily
masked biomicroscopic observations were performed, and clinical
parameters scored. HSV 1lid lesions, conjuctival inflammation, epithe-
lial keratitis, stromal keratitis, and anterior chamber cellular
reaction were each graded on a scale of 0-4+. Representative members

of each study sample were randomly killed at various time points;
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blood was harvested for herpes simplex antibody determinations and for
mononuclear cell isolation, and eyes were harvested for histopathology
and were fixed in Karnovsky's fixative, embedded in JB4 plastic, sectioned
at 1 ym, and stained with alkali Giemsa or with hematoxylin and eosin.
Tissue for immunologic studies was snap-frozen immediately- after being
obtained, embedded in Tissue Tek II OCT embedding compound (Lab Tex
Products, Inc. Naperville, IL), and sectioned at 4 pm. Direct immuno-
fluorescence staining was performed with fluorescein-conjugated rabbit
antisera to mouse IgG, IgA, IgM, third camponent of mouse complement
and antiserum directed against herpes simplex virus.

Antiherpes Antibody Determination. Serum was isolated from blood

collected from the tail veins of mice at various time intervals. A
modified, direct enzyme-linked immunosorbent assay was used to measure
anti-HSV antibody titres.

In Vitro Lymphocyte Proliferation. In vitro proliferation in res-

ponse to HSV was performed as described elsewhere (3). Briefly, 2 x
10° mononuclear cells prepared in single cell suspension from draining
lymph nodes and suspended in 1.0 ml of RPMI-1640 tissue culture medium
were placed in triplicate into wells of micro-culture tissue-culture
plates. An additional 0.1 ml of medium, containing appropriate concen-
trations of stimulatory mitogens or herpes simplex antigen was added to
the appropriate wells. The plates were incubated in a humidified
atmosphere of 5% CO2 in water-jacketed incubator, and blastogenic
transformation in response to mitogens and antigens was measured by
examining the uptake by proliferating cells of tritiated thymidine
3H-TdR, 0.5pCi/well, at 3 days for mitogens, and at 7 days for herpes
antigen.

Delayed-Type Hypersensitivity (DTH) Responses. DTH responses to
HSV-1 foot pad challenge was performed five days after priming. Foot-
pad challenge was achieved by injection of 107 PFU HSV-1 into the left
footpad. Twenty-four hours after challenge, footpad swelling was meas-

ured with a Fowler micrameter (Schlesinger Tool, Broklyn, NY). The

uninjected right footpad was also measured, and the difference in size
was used as an index of DTH. All measurements were done in masked
fashion with respect to experimental groups.

Statistical Analysis. Group means, standard errors, and standard
errors of the means were calculated in the usual way, and statistical
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Significance of differences between the means was assessed with Student's
t-test as the statistical instrument. The reported results for each
experiment represent reproducible findings from multuiple repeated experi-
ments (at least 3 replicates of each experiment) employing at least 4
mice in each experimental group during each experimental run.
RESULTS

Lack of Influence of the Major histocompatibility locus on HSV.

Figure I shows the major differences in clinical disease pattern
development between the various murine strains studied, C57 black mice
(H-2b, Igh-1b), both with the B10 background ‘and with the B6 background,
were relatively protected from development of severe keratitis after
HSV corneal inoculation. A/J mice (H-2a, Igh-le), on the other hand,
routinely developed severe

keratopathy after similar

inoculation. Balb/c mice “
(H-2d, Igh-la) regularly

"
exhibited a pattern of i
"

initial resolution of

keratitis with subsequent

relapse and development of
keratopathy. ABY (H-2b, Igh-
le), and AKR (H-2k, Igh-1d) (Figure 1)

mice developed rapid onset and persistance of severe keatopathy. It is

DAYS

apparent that the major histocomparibility phenotype does not discern-
ably influence susceptibility to HSV-induced keratopathy. C57 B10, and
C57B6 mice are resistant, Balb/C mice are relatively resistant, and A/J,
ABY and AKR mice are susceptible to severe HSV-induced keropathy. To
further evaluate the influence of the H-2 histocompatibility locus on
development of keratopathy, we compared Bl0 congenics differing only at
H-2 (Figure 2.) There was no

apparent disease difference

among B10 (H-2b), Bl0.A (H-2a »
or B10.D2 (H-2d) congenics.

—— #10
—— 104

KERATITIS
woex  2°

(Figure 2)
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Influence of Igh-l-linked Genes on HSV Keratopathy. In contrast

to the above results, the use of Igh-1 allotype congenics showed
distinct clinical disease pattern differences. CAL-20 (Igh-1d) had
similar disease to A/J (Igh-le) but dissimilar to Balb/c (Igh-la)
(Figure 3). Further, the availability of néew inbred congenic murine
strains which have the kappa gene -
of C58 mice on the C.AL-20 back-
ground enabled us to determine
that the Igk locus has no apparent ... .
significant influence on disease -
suseptibility. CAL-20 and C58-AL- -

——Cs8AL20
—e— Cat 20
—— Baib/c

20 mice are genetically different

at the Igk locus, but develop ¢ *° * *
similar degrees of ocular destruction (Figure 3)

after HSV inoculation into the cornea Figures 4a & b are representative
clinical lesions in resistant (Balb/c Figure,4a)and in susceptible
(C.AL~20, Figure 4b)mice. The extensive destruction of the eye (4+
keratopathy)in the C.AL~20 mice is in sharp contrast to the minimal
damage in the Balb/c cornea.

(Figure 4a) (Figure 4b)
Antibody Responses to HSV. Antiherpes serum antibody levels

after HSV corneal inoculation are not significantly different between

murine strains, irrespective of H-2 and Igh-1 types regardless of the
corneal pathology that develops (Table II). Total HSV-specific immuno-—
globulin responses after corneal inoculation with HSV are similar in
all strains.
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Table II. Anti-herpes Antibody Titers 5 Weeks after Corneal
Inoculation with HSV

Murine Strain Inoculation Route Antibody Titer
A/J Intraperitoneal + 1:128
A/J Corneal * 1: 64
BB.y Intraperitoneal 1:256
AB.y Corneal 1: 64
B10 Intraperitoneal 1:256
B10 Corneal 1: 64
B10.D2 Intraperitoneal 1:256
B10.D2 Corneal 1:256
Balb/c Intraperitoneal 1:256
Balb/c Corneal 1:128
Cal 20 Intraperitoneal 1: 64
Cal 20 Corneal 1: 32

Specific anti-HSV antibody titers in serum of mice inoculated
introcorneally (5 x 104 PFU) * or intraperitoneally (107PFU) +.
Although the CAL20 mice did not develop as good an antibody response
as the Balb/c mice, the data overlap makes the differences statisti-
cally insignificant. Antibody determinations prior to 4 weeks post
inoculation were unrelaible due to the nearly undetectable amounts
present in serum at this early time.

T Cell Responses to HSV. HSV-specific lymphocyte proliferation

studies indicated that there is a more vigorous, and more rapid devel-
opment of a T cell dependent response in the murine strains that
resist severe keratopathy after HSV corneal innoculation (Table III).

Table III. In Vitro Lymphocyte Proliferation Responses to HSV
5 Days After Corneal Priming with HSV.

Murine Strain CPM S.I. *
A/J 12933 24
B10 29002 266
Balb/c 24314 121
CAL20 12748 38

CPM (counts per minute) with HSV antigen
*S.I.: Stimulation Index =

CPM Control

Control CPM varied from 109 to 537.

Delayed type hypersensitivity in vivo (DTH) responses to HSV corneal
inoculation (Figure 5) were impaired in mice with the Igh-le or
Igh-1d genotype as compared to other congenics.
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(Figure 5)
Tmmunoflurcescence and Histopathology. The Immunofluorescence and

histopathology patterns which develop in corneas from the various murine
strains are dramatically different between "susceptible" and "resistent"
strains. The initial (up to 2 days after HSV corneal inoculation) response
in all strains is characterized by complement deposition (C3) in the
superficial corneal strama and by a neutrophil and lymphocyte peripheral
corneal stromal infiltrate; A/J mice, however, subsequently fail to
develop a prominent mononuclear response in the cornea. Instead, neutro-
phils continue to constitute the major cell type migrating into p/J
corneas. Immunofluorescence studies show that, compared to the patterns
in B10 mice, excessive IgG, IgM, IgA, and C3 commonly accumulate in the
corneal stroma of A/J mice and herpes persistence in the epithelium past
day 16 after inoculation is common. B10 mice, on the other hand, rapidly
develop a prominent mononuclear cell response in the HSV inoculated cornea,
with few neutrophils seen by day 5 after inoculation. Macrophages and
lymphocytes are the predominent cells. By immunofluorescence and by HSV
culture we find B10 mice to harbor few HSV particles after day 7 post
inoculation; this is in distinct contrast to A/J mice which frequently
continue to have HSV in the cornea 16 - 20 days after inoculation. Balb/c
mice, which tend to exhibit clinical keratitis severity intermediate to
that of A/J and B10 mice, usually develop a mixed mononuclear cell/neutro-
phil corneal response; these animals usually show no virus in the cornea
past day 7. Exceptions to the typical responses are occasionally seen,

in that rarely a B10 mouse will develop clinically severe keratitis.
Histopathology of these corneas always shows intense neutrophil infiltra-

tion of the corneal stroma, and immunofluorescence always demonstrates
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extreme amounts of IgG, IgM, and C3 in these corneas. HSV persistence

is also occasionally demonstrable.

DISCUSSION

These studies indicate a dominant genetic influence on the clinical
response to HSV infection. This genetic effect is imported by Igh-1
linked genes on chromosome 12 of the mouse. These Igh-1 associated
clinical responses are mediated by as yet imcompletely defined immune
responses to limit HSV mediated keratitis. We have no evidence to indicate
antibody mediated effects on HSV as explaining these data. We have
considered that HSV-induced T cell dependent processes may be contributary.

The work of Lopez et al. has shown that there are major differences
in murine susceptibility to the lethal effect of intraperitoneally
inoculated herpes simplex Type 1-1 (2). This genetically governed
"natural" resistance seems to be mediated by a bone-marrow-dependent cell
(apparently a natural killer (NK) or NK-like cell) which rapidly clears
the virus, thereby preventing viral dissemination (4). The natural
immunity governing such resistance or susceptibility appears to be
controlled by two major, independently segregating, non-H2 genetic
loci (5). Kirschner et al. (6) have shown that this early "natural"
murine resistance or susceptibility to HSV is correlated with the capacity
of the specific murine strain's spleen cells to produce interferon, with
spleen cells from resistant strains (e.g., Bl0 or B6) producing much
greater amounts of interferon than those from susceptible strains (e.q.,
A/J or AKR). We believe that the work from our laboratory, reported
above, further suggests that, in addition to these differences in natural
immunity, major differences exist in the development of an acquired
immune response to HSV inoculation.
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DISCUSSION

H.J. Field (Cambridge) : Is it not the case that the C57-black
mouse is resistant to virus infections by many other routes
of inoculation ? That is to say this phenomenon may not be
specific to the eye.

C.S. Foster (Boston) : It is not a virus specific to the eye.
Others, including most notably Carlos Lopez, have looked at the
so called natural immune phenomenon, particularly with respect
to the natural killer cell activity, and have summarily shown
that the black strains of mice resist death from encephalitis
after intraperitoneal inoculation compared, for example, to AJ
mice. | think that is an important question you ask. An
important distinction between their work and ours is that they
have shown, and others have confirmed, that there is a pronoun-
ced difference in K activity and immediate resistance to the
virus. We think that our work suggests that there is also
a difference in the acquired immune system.

P.A. Asbell (New York) : It would help elucidate the difference
between the role of host genetics and viral genetics. Have you
looked at other viral strains, keeping the host genetics the
same ?

C.S. Foster (Boston) : Herb and Ysolina sent us a variety of vi-
rus isolates which we are very grateful for, and have now
a huge stock of viral isolates stored away. The first thing
we did when we started this work was to look into mouse sys-
tem, at keratopathy that resulted from corneal inoculation with
a panel of seven different viruses. And in essence, we con-
firm their observations of striking differences depending on
the isolate. We have not gone to the point yet, where we will
try to dissect out establishment of latency, reactivation and
the role that the relationship between the host reponses and
the virus isolate plays. It is ten years worth of work.

D.L. Easty (Bristol) : Have you done any work on the permissi-

veness of corneal cells in these mice. Are there strain differen-
ces ?
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C.S. Foster (Boston) : We haven't. But as | mentioned in this

morning session, Doyale Stulting and his colleagues at Emory
have done that, and reported their results at the ARVO meeting
at Sarasota two weeks ago. They showed differences in per-
missivity in keratocytes from different inbread congenic mouse
strains. It was interesting work. | asked the question about
the AJ mice, for example, which classically develops very se-
vere ocular pathology. And they haven't looked at AJ kerato-

cytes.
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SYSTEMIC IMMUNE RESPONSES AFTER OCULAR ANTIGENIC ENCOUNTER
C. STEPHEN FOSTER

Harvard Medical School and the Hilles Immunology Laboratory of
The Massachusetts Eye and Ear Infirmary
INTRODUCTION

The eye has been considered an immunologically "privileged" site
for over three decades. Corneal and anterior chamber (AC) immunologic
privilege concepts are particularly well entrenched in traditional
teaching, since the pioneering work of Medawar (1) and of Woodruff
(2) demonstrated prolonged survival of allogenic transplants in
these sites. 1In order to explain this relative unresponsiveness to
antigen in these ocular sites, the notion of afferent arc blockade
developed, and many scientists accepted this concept of antigen
"invisibility" from the recipient immune system. Indeed, this concept
has been employed as the explanation for the relatively low incidence
of corneal allograft rejections.

Clinical experience with human ocular disease and with corneal
transplantation quickly calls into question this idea of afferent arc
blockade in the cornea and in the AC. Corneal allograft rejection
reactions occur in approximately 30% of human keratoplasties, even in
the very best prognosis cases with completely avascular corneas and no
inflammation prior to grafting and in the period after postoperative
inflammation resolution. More important, treatment of such rejection
reactions with topical corticosteroids results in successful resolutions
of the allograft rejection episode in 80-90% of these cases. Further-
more, patients who have experienced such a corneal allograft reaction
with successful reversal typically enjoy graft tolerance without
further episodes of rejection indefinitely, even in the absence of
steroid or other drug therapy. Recent evidence has shown, in fact, that
corneal transplant recipients exhibit systemic immunoreactivity against
the transplanted tissue very soon after corneal grafting, even in the
absence of any subsequent clinically evident graft rejection. (3,4).

The importance of understanding the cellular and molecular events
responsible for immunoregulation in the eye seems obvious; yet this is
an area of study which has been relatively neglected over the past
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three detades. We recently developed a model to study ocular immune
responses and to study systemic immune responses to ocular antigenic
encounters in the murine system. We took advantage of the previously
accumulated information on the immune response of A/J strain mice to
the hapten azobenzenearsonate (ABA) (5-7), and studied the response to
ABA encounter in the ocular AC and in the vitreous body. We find that
initial encounter with ABA coupled to spleen cells in the AC results in
suppression of subsequent delayed-type hypersensitivity (DTH) reactions
to challenge with ABA. This suppression is hapten-specific and is
adoptively transferable to syngeneic naive recipients .by T lymphocytes
which lack idiotypic surface determinants. These suppressor T lympho-
cytes are capable of suppressing both afferent and efferent arcs of the
DIH response. Splenectomy prior to ABA priming in the AC prevents the
development of tolerance. Vitreous body priming-with particulate antigen
(ABA-SC) does not result in the generation of these suppressor cells,
although vitreous priming with anti-ABA idiotypic antibody, a soluble
"mimic" of ABA, does stimulate the development of tolerance.

MATERTALS AND METHODS

Mice. A/J (H-2a, Igh-le) female mice, 8-10 weeks old, were
obtained from Jackson Laboratories, Bar Harbor, ME. Each experimental
group consisted of 4 or 5 mice.

Antigen. The diazonium salt of arsanilic acid (Eastman Organic
Chemicals Division, Eastman Kodak Co., Rochester, N.Y.) was prepared
to give a 10 mM concentration of activated ABA used to derivatize
erythrocyte-free A/J splenocytes, as described previously (6). The
ABA-derivatized syngeneic splenocytes were washed in Hanks' balanced
salt solution to form trinitrophenol conjugates of syngeneic, erythro-
cyte-free splenocytes (TNP-SC), as described below.

Immunization and Challenge. A dose 3 x 107 derivatized cells in
0.2 ml of Hanks' balanced salt solution was injected in bilateral dorsal

sites for immunization 5 days later; challenge consisted in injecting
either 25 upl. of activated ABA at 10 mM or 25 ul of TNP-SC totalling
1 x 107 cells into the left footpad. Twenty-four hours after challenge,
footpad swelling was measured with a Fowler micrameter (Schlesinger's
Tool Brooklyn, N.Y.). The uninjected right footpad was also measured,
and the difference in size was used as a1 index for DTH. All measure-

ments were done blindly with respect to experimental groups.
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Intravenous Induction of Tolerance. Mice in some groups received

intravenous tail injections of varying doses of ABA-SC in 0.5 ml of
Hanks' balanced salt solution just before subcutaneous immunization.
Intraocular Priming. Capillary tubes were heated and pulled to

produce glass needles of 10 ym tip diameter. The needles were attached
to a Narishige pipette hub (Labron Scientific Corp. Farmingdale, N.Y.)
and thus coupled to.a 50 pl Hamilton luer lock syringe. Under 40 X
magnification, precise volumes of 10 ul of derivatized cells at 4 x

108 cells/ml suspension in Hanks' balanced salt solution were injected
into each AC of each mouse. The cornea was entered tangentially so
that the oblique needle tract would act as a valve to prevent the
egress of injected cells. Subconjunctival priming was similarly
performed with volumes of 10 pul. During ocular priming, mice were
topically anesthetized with proparacaine hydrochloride. Vitreous
priming with ABA-SC or with anti-idiotypic antiserum (anti-ABA)
crossreactive idiotype, (a-CRI) was done through a tangential posterior
sclerotomy entry site, under microscopic control to ensure avoidance
of the crystalline lens and to visually assure delivery of the desired
volume of priming material in the vitreous body.

Splenectomies. Splenectomies were performed 3 weeks prior to the
experiments of spleen requirement for tolerance induction. Sham splen-
ectamies were done on mice destined to serve as controls in these
experiments. Skin and peritoneal wounds were closed with surgical
adhesive.

Anti-idiotypic Antiserum (a-CRI). The a~CRI used in some of. the

vitreous body experiments was the generous gift of Dr. Alfred Nisonoff,
Brandeis University, Waltham, Mass. Its preparation, purification, and
characterization have been previously described (9).

Splenocyte Transfer. Donor mice received either 6 X 106 apa-sc
in the AC or 5 X 107 ABA-SC intravenously and were killed 7 days later.
Their splenocytes were suspended and washed.in Hanks' balanced salt
solution. A total of 5 X 107 donor lymphocytes were injected intra-

venously into syngeneic naive recipients. Within 1-2 hours, the

recipients were immunized subcutaneously with ABA-SC or TNP-SC.
Anti-Thy 1.2 and Complement Treatment. Mouse monoclonal IgM

anti-Thy 1.2 was the generous gift of Phil Lake, George Washington

University, Washington, D.C. Its characteristics are described




80

elsewhere (10). Low tox rabbit complement for mice was purchased
from Cedar Lane Laboratories, Hornby, Ont., Canada. Splenocytes were
treated with anti-Thy 1.2 plus camplement or with complement alone,
as described previously (7). After treatment and washing in Hanks
balanced salt solution, 5 x lO7 viable cells were transferred through
intravenous tail injection.

Statistical Analyses. Group means, standard errors, and standard

errors of the means were calculated in the usual way, and statistical
significance of differences between the means was assessed with Student's
test as the statistical instrument. The reported results for each
experiment represent reproducible findings from multiple repeated
experiments (at lease 3 replicates of each experiment) employing at least
4 mice in each experimental group during each experimental run.

RESULTS
The results of subcutaneous sensitization with ABA-SC and footpad

challenge with ABA 5 days later is seen in Table I.
Table I. Responses after ocular or intravenous administration of ABA-SC.

Day 1 pay 1 Day 6
Priming Subcutaneocus Footpad Increment %
Group Site Immunization (mm x 10“2-_0-_ SEM) Tolerance P
I - ABA 30+5 - -
T - ABA 27 + 3 — NS
III AC ABA 16 + 2 73% 0.0033
v IV ABA 15+ 2 77% 0.0045
vV - - 10+1 - 0.0003

The footpad swelling response is typical of DTH, with response peaking
24-48 hours after challenge and a typical mononuclear cell infiltration,

as seen on histopathology. The response is dose dependent, with minimal
but consistent sensitization responses to 6 x 10° célls and maximal response
to 6 x 107 cells for subcutaneous immunization (Table II).
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Table II. Dose-Response Characteristics after ocular or Intravenous
administration of ABA-SC

Dose of

hapten-coupled cells Response to priming, % of positive control

after AC intravenous = subconjunctival
6 x 105 - 91 -
3 x 106 54 - -
6 x 106 36 (P < 0.01) 47 (P < 0.01) 75
2 x 107 - 42 (P < 0.01) 120
5 x 107 - 39 (P < 0.01) —

AC Priming Produces Systemic Tolerance. A state of relative

immunologic tolerance results from AC priming. Systemic DTH was markedly
inhibited in mice that received either AC or intravenous injections of
ABA-SC, whereas subconjunctival priming had no such effect (Table I).

In fact, footpad swelling was enhanced if the number of ABA-SC injected
subconjunctivally was increased. Tolerance was also achieved with lower
doses of ABA-SC and with monocular injection, but the magnitude of the
tolerance was smaller. As shown in table III, tolerance also decreases
with decreasing numbers of cells injected intravenously. Intravenous
injection of 5 x 107 ABA-SC led to about the same level of tolerance as
injection of 6 x 106 ABA-SC into the AC.

Table III. Hapten Specificity

Day I Day 1 Day 5 Day 6
Footpad
Cell Trans. Increment
from AC Subcut. (m x 1072+ 2
Group Primed mice Immun. ~hallenge SEM) Suppression P
I - ABA ABA 30 + 6 - -
II  5x107sC  ARA ABA 19 + 4 55% 0.007
111 - - ABA 10+ 3 - 0.0009
v - TNP "TNP 25 +3 -- -
v 5x107sc P TNP 22+8 - NS
\ai - - TNP 6+ 3 - 0.007

Tolerance following AC Priming is Mediated by Hapten-Specific

Suppressor T-Cells. The results in Table III show that the systemic

unresponsiveness to ABA after AC priming with ABA-SC is hapten specific.
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The suppressor phencmenon is specific for ABA in that lymphocytes from
ARA-primed mice do not inhibit the ability to sensitize to the unrelated
hapten trinitrophenol. The lymphocytes suppressing the response to ABA
were elimated by treatment with anti-Thy 1.2 plus complement alone
(Table 1V).

Table IV. Adoptive Transferability is T-Cell Dependent.

Day 1 Day 1 Day 5 Day6
SC Trans. Footpad
from AC Increment
Primed  SC Subcut.  (mm x 1072+ 3
Group Mice Treatment  Immun. SEM) Suppression P
I - ABA ABA 38 + 12 - -
I s5x10  -- ARA 26 + 10 - NS
normal SC
T 5x 10 - ARA 4+ 4 75% 0.0034
IV 5x 10 anti-Thy 1.2 ARA 32 + - NS
+C
vV  5x 107 C alone ABA 12+ 4 80% 0.0032
VI -- - - 7+ 3 - 0.0005

Therefore, the suppressor cells are thymus-derived and are suppressor
T lymphocytes (Ts). These results indicate that a population of hapten-
specific suppressor T lymphocytes (Ts) is activated following AC
inoculation with ABA-SC.

AC Priming Induces Ts That Block the Efferent Immune Responses.

Transfer of AC-induced Ts suppressed the immune response in mice
previously sensitized (i.e. sensitized via subcutaneous ABA-SC priming
prior to rather than simultaneous with adoptive transfer of donor spleno-
cytes) to ABA-SC. Transfer of Ts from mice primed with 5 x 100 ABA-SC
injected intravenously did not suppress the DTH challenge response in
previously sensitized mice. Both the AC and the intravenously induced
Ts used in this experiment were able to prevent sensitization for DTH

in naive mice when given in the afferent mode (i.e. when transferred
simultaneously with subcutaneous sensitization priming with ABA-SC) .
Thus, AC-induced Ts differ from intravenously induced Ts in their ability
to block the efferent arm of the immune response (Table V).
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Table V. AC-induced Ts are second order-like

Day 1 Day 1 Day 4 Day 5
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