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Abstract. A study of three Herpes Simplex strains with different frequencies of recurrent disease 
was done using the New Zealand white rabbit eye model. Each of the three strains, the McKrae 
strain (high frequency), the E-43 strain (low frequency), and the CGA-3 (no recurrence) grew well 
in the rabbit corneal epithelium and produced overt recognizable disease for up to 5 days post- 
infection, thus minimizing differences in virus reactivation due to a lack of or insufficient ganglionic 
colonization. Asymptomatic shedding and spontaneous recurrences, as well as iontophoretically 
induced recurrences, were seen in the E-43 and McKrae strains, but not in the CGA-3-infected 
animals. The virus strain’s optimum temperature was an important aspect of its reactivation 
process, as shown by the failure of the nonrecurrent CGA-3 to replicate at the host’s core tem- 
perature (39°C). The fact that these explants yielded infectious virus at 33°C and not at 39°C 
confirmed that the CGA-3 had colonized the ganglia, and its lack of recurrences or shedding 
suggests a temperature-dependency relationship. Our observations were further supported by the 
preferential growth at 39°C of fresh clinical isolates obtained from HSV encephalitis and herpes 
labialis. Isolates from animals infected with the heterogeneous McKrae were classified as shedders 
(isolated in the absence of disease) and recurrent (isolated from a recurrent lesion). Both shedders 
and recurrent isolates were of a homologous nature and retained their phenotype when tested. 
From this study, we theorize that reactivation and disease may have different regulatory mech- 
anisms. The type of recurrent disease (lesions, asymptomatic shedding, or none) is virusdependent 
and frequency of disease may be regulated by host functions. o 1987 Society for Experimental Biology and 

Medicine. 

Primary infection of the corneal epithelium 
with herpes simplex virus (HSV) results in 
ocular dendritic disease of varying severity and 
the concomitant establishment of latency in 
the corresponding trigeminal ganglia (1). Dur- 
ing latency (2, 3) ,  the virus resides in the neu- 
ronal cells and is reactivated from time to time 
through an as yet unknown mechanism. Ev- 
idence suggests that upon reactivation the virus 
replicates in the ganglia which innervates the 
peripheral site of initial infection and results 
in either epithelial lesions or asymptomatic 
shedding. For the sake of clarity, we define 
recurrence as the reappearance of epithelial 
lesions and shedding as the recovery of infec- 
tious HSV virus from eyes without apparent 
herpetic disease. Differences in frequencies of 
lesion reappearance (high, low, or none) and 
type of lesion (recurrence vs shedding) can be 
considered as part of the properties which 
characterize a particular viral strain or phe- 
notype. 

In humans with a history of herpetic infec- 
tion, the HSV can be recovered from tears (4- 

6), saliva (7), and genital secretions (8), even 
in the absence of active disease. The virus has 
also been recovered in individuals without any 
history of herpetic infection (9). Following 
primary infection of ocular herpetic disease 
some patients experience recurrent episodes 
of disease while others do not (10-1 1). In the 
first group, the frequency of recurrence varies 
greatly, from one to multiple episodes each 
year. Several studies have attempted to relate 
recurrence to a variation in the immune sys- 
tem of the host (1 2), and a cause and effect 
relationship due to an immune deficiency has 
been found in some cases ( 13). However, there 
is not yet a verifiable explanation of why, in 
otherwise healthy individuals, some experi- 
ence episodes of disease while others do not. 
There is ample evidence to suggest that the 
inherent characteristics of the virus are deter- 
minants in the disease process. Previous work 
from my laboratory has shown that the type 
of disease, as well as its severity and duration, 
is attributable to and characteristic of the in- 
fecting virus strain ( 14- 17). Since variations 
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seen in humans with herpetic disease can also 
be seen in New Zealand white (NZW) rabbits 
(infected with various HSV-1 strains), we 
chose this experimental animal model for our 
study of recurrent herpetic disease. 

Our study goal was to determine the phe- 
notypic differences between recurrent and 
nonrecurrent HSV strains, and to identify 
possible determinants in the recurrence pat- 
tern. Specifically, we attempted to find whether 
failure to reactivate is due to an insufficient 
colonization of the ganglia or to an inherent 
incapability of the strain to be reactivated. 

Materials and Methods. Cells and viruses. 
Vero and RK-13 cells obtained from Whit- 
taker M.A. Bioproducts (Rockville, MD) were 
grown in Eagle's basal minimal medium sup- 
plemented with 10% fetal calf serum, 1 % glu- 
tamine, sodium bicarbonate, and antibiotics. 
From our library of wild-type HSV-1 strains, 
we chose three strains with differing frequen- 
cies of recurrent disease. Those chosen in- 
cluded the McKrae strain (high frequency of 
recurrence), the E-43 strain (low frequency of 
recurrence), and the CGA-3 strain (zero re- 
currence). 

For the thymidine kinase studies we in- 
cluded the HSV-1 SC16 strain as a positive 
control for the thymidine kinase (TK) enzyme. 
The SC16-SI is a TK mutant strain obtained 
from the SC 16 parent strain and was included 
as a negative control ( 1 8, 19). Both strains were 
kindly donated by H. J. Field University of 
Cambridge, United Kingdom. The clinical 
isolates from herpetic ocular disease used in 
this study were obtained from our own clinic 
population. Virus isolated from confirmed 
cases of encephalitis and herpes labiales were 
obtained from the Charity Hospital, New Or- 
leans, Louisiana. None of the clinical isolates 
were repeatedly passed on tissue culture. All 
the studies were made from a P- 1 stock grown 
at 36.5"C. 

Animal model. The characteristics of the 
New Zealand white (NZW) rabbit as the an- 
imal model for ocular herpetic disease have 
been previously described (20). Three basic 
types of experiments were designed to assess 
(1) severity and pattern of primary ocular dis- 
ease, (2) virus shedding and recurrent disease, 
and (3) establishment of latency. For the first 
experiment, each rabbit was infected in both 
eyes with lo5 PFU of the virus strain. The an- 

imals were examined daily by slit lamp, and 
the severity and duration of the disease were 
recorded. The aim of the second experiment 
was to document ganghonic colonization. The 
infected animals were sacrificed, and the tri- 
geminal ganglia removed and processed for 
virus recovery according to described proce- 
dures (21). In the third experiment a group of 
50 rabbits was infected. At 30 days of post- 
infection (pi) when the disease had cleared, 
the survivors were examined for frequency of 
recurrent episodes of disease as well as for virus 
shedding. Examinations and culturing were 
performed three times a week for 4 to 5 weeks. 

In vivo titer. To determine the amount of 
infectious virus present in the cornea during 
the acute phase of infection, three groups of 
10 rabbits were infected (in both eyes) with 
each of the three chosen HSV strains. At Days 
1, 3, 5 ,  7, and 9 pi, two animals from each 
group were sacrificed. The eyes were then re- 
moved, the epithelium scraped and placed in 
tissue culture media, and its titer determined 
in RK- 13 cell cultures. 

Trigeminal ganglia virus recovery. The tri- 
geminal ganglia was surgically removed from 
the sacrificed animals and washed with phos- 
phate-buffered saline (PBS) containing anti- 
biotics. The tissue was minced and processed 
for virus recovery as described above. All cul- 
tures were kept for 3 weeks, with weekly sam- 
pling of supernatant fluid to determine the 
presence of infectious virus. 

Temperature optimum. Growth of the three 
virus strains at 39 and 33°C was determined 
by plaque assay. 

Plaque assay. Vero cell cultures in 25-cm2 
flasks were infected with the appropriate 
amount of virus ( 100- 150 PFU) and allowed 
to adsorb for 45 min at 37°C. After the ad- 
sorption period, maintenance media contain- 
ing 1% methylcellulose was added. One set of 
cultures was incubated at 39°C and the other 
at 33°C. After 48 hr both sets of cultures were 
stained with crystal violet and the number and 
size of plaques were noted. 

Iontophoresis. Reactivation of latent virus 
by iontophoresis with 6-hydroxydopamine (6- 
HD) was accomplished using the method of 
Shimomura et al. (22). The presence of shed- 
ding and/or recurrences was recorded daily. 
Animals were sacrificed after 6 days and the 
percentages of virus colonization of both tri- 
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geminal and superior cervical ganglia were de- 
termined by cocultivation in RK-13 mono- 
layer culture. 

Thymidine kinase studies. For the three 
HSV prototypes used (i.e., CGA-3, E43, and 
McKrae), the specific activity of the thymidine 
kinase enzyme was measured according to de- 
scribed procedures (23). For the various HSV 
isolates, the TK phenotype was determined 
by using a rapid assay in tissue culture de- 
scribed by Tenser et al. (24) that permits the 
screening of a large number of strains. In this 
assay, 100 PFU of the particular virus strain 
was inoculated onto a rabbit kidney mono- 
layer cell culture and allowed to adsorb for 45 
min. The cell cultures were then overlaid with 
growth medium containing 0.5% methylcel- 
lulose. After 2-3 days of incubation and the 
appearance of discrete, well-defined plaques, 
the overlay was removed and the maintenance 
medium containing [ ''C]thymidine (NE Nu- 
clear) was added. The cultures were incubated 
again for 5 to 6 hr then the medium was re- 
moved and the monolayers washed, stained, 
and fixed with crystal violet. The stained and 
dried cultures were then exposed to X-ray film 
for various periods of time. 

Results. Ocular disease produced by parent 
strains. All three HSV-1 strains produced a 
well-defined herpetic keratitis in the rabbit 
cornea. Some of the biological characteristics 
of these strains are illustrated in Table 1. 
Characteristically, the McKrae strain pro- 
duced severe epithelial disease that sometimes 

persisted for more than 10 days and inflicted 
a 40-6096 mortality in the study rabbits. The 
frequency of disease recurrence was high. In 
one experiment, 10 of 13 animals had recur- 
rent disease (76%) and in another, 28 out of 
30 (93%) had recurrence. The E-43 strain pro- 
duced mild dendritic keratitis that usually re- 
solved around Day 7 pi, leaving corneas clear 
and unscarred. Recurrences were less frequent, 
usually affecting between 30 and 40% of the 
animals. Mortality was less than 10%. In com- 
parison, the CGA-3 strain produced mild but 
significant disease but no mortality, virus 
shedding, or recurrences. All 3 HSV strains 
had an active thymidine kinase. The presence 
of thymidine kinase activity of the virus strains 
was further documented using the rapid 
method as described above. In this experiment, 
we included a known positive and negative 
TK strain as a control for our technique. We 
found that the McKrae, E43, and CGA-3 
strains were positive for TK activity (pictures 
not shown). 

Temperature requirements varied among 
the strains. At 33"C, the McKrae strain cul- 
tures developed twice as many plaques as the 
cultures at 39°C. The E-43 cultures had a sim- 
ilar number of plaques at both temperatures. 
In contrast, the CGA-3 cultures had many 
plaques at 33°C but only about 1% of the 
plaques developed at 39°C. 

Our findings from the recurrent episodes of 
disease documents and confirms that the 
McKrae and E-43 strains establish latency, al- 

TABLE I. HSV PROTOTYPES OF PARENT STRAINS 

No. of plaques/ 
dish 

Virus Percentage of Ocular disease Recurrences/ TK units/ 
strain 33°C 39°C mortality 1 week pi" No. of rabbits mg protein 

McKrae 3 30 160 40-60 3.4 10/13 1.50 

E-43 78 76 > 10 2.1 12/30 1.62 

CGA-3 150 1 0 1.3 0 1.83 

28/30 

75 158 

Note. Groups of NZW rabbits were infected in both eyes with PFU of the HSV strains as described under 
Methods. All animals were examined daily with a slit lamp biomicroscope. Starting at 30 days postinfection, the 
surviving animals were examined and cultured three times a week for 45 days to record the appearance of recurrent 
lesions and shedding episodes. In the temperature experiments, the number of plaques was done in triplicate cultures. 
The thymidine kinase activity was of the prototypes measured by the method of Lee (23). The TK phenotype of the 
strains (24), including a positive and negative control, was also included. 

a Percent of corneal surface involved (average of 10 eyes). 
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though each causes a different frequency of 
recurrent disease. The CGA-3 strain, in con- 
trast, does not produce recurrence. It may be 
that the failure of this strain to produce re- 
currence is due to low levels of ganglionic col- 
onization which, in turn, may be related to 
how well the virus grows in the ocular tissue 
during the primary infection. 

HSV in rabbit cornea. To determine the ti- 
ters of infectious virus present in ocular tissue 
during primary infection, rabbits in three 
groups of 10 animals were infected with the 
McKrae, E-43, and CGA-3 strains. At Days 
one, three, five, seven, and nine pi, the amount 
of infectious virus in the cornea was deter- 
mined as described under Methods. 

The results, illustrated in Table 11, indicate 
that all three viruses grew well in the rabbit 
cornea although more virus was found in the 
McKrae-infected animals than in the others. 
The titers of infectious virus in the rabbit cor- 
nea correlated well with the observed severity 
of ocular disease. Although large differences 
were found between McKrae- and CGA-3-in- 
fected corneas, all eyes became infected and 
exhibited overt disease for at least 5 days. We 
expect no significant differences in ganglionic 
colonization for the following reasons: (a) it is 
known and documented that colonization of 
the ganglia takes place within the first 24 hr 
of infection (25) regardless of the subsequent 
amount of viral growth, and (b) avirulent 
strains that produced no disease in the eye col- 
onize the ganglia (26). In acute primary infec- 
tions, only a small number of neurons become 

TABLE 11. IN Vzvo TITER OF HSV STRAINS 
IN CORNEAS OF NEW ZEALAND WHITE RABBITS 

Days HSV- 1 strains 
Pi CGA-3 E-43 McKrae 

3 2 x 204 8~ 104 i 9 x  105 

7 16 x 103 29x 103 38 x 103 
9 5 x  lo2 6 X  lo2 3 x  103 

5 9.8 x 105 8.5 x lo6 28 X lo6 

Note. NZW rabbits were infected with the HSV strains 
as described under Methods. At the designated time, two 
animals were sacrificed, the eyes removed, and the corneal 
epithelium scraped and placed in tissue culture mainte- 
nance media. The amount of infectious virus in each cor- 
nea was determined by plaque assays in RK- 13 cell cul- 
tures. 

TABLE 111. SHEDDING OF HSV IN INFECTED 
NEW ZEALAND WHITE RABBITS 

% Positive for 
HSV after 

Spontaneous Induction after induction 
shedding iontophoresis (Trigeminal 

Strain (% eyes) (% eyes) ganglia) 

McKrae 92 100 100 
E-43 16.7 57.1 100 
CGA-3 0 0 25 

~ 

Note. After iontophoresis induction, 100% of the 
McKrae-infected animals displayed shedding, including 
eyes in which spontaneous shedding was not seen. Virus 
was also isolated from 100% of the trigeminal ganglia. In 
the E-43-infected animals, an increased shedding of virus 
was seen, with 100% colonization of the trigeminal ganglia. 
In contrast, the CGA-3-infected animals failed to shed in- 
fectious virus before and after iontophoresis. Only 25% of 
the trigeminal ganglia released virus. 

latently infected, usually 1 % of the total num- 
ber of neurons in the ganglia (27, 28). From 
these premises, it seems that the primary ocu- 
lar infection with CGA-3 strain could confer 
ganglionic colonization; and the failure to 
reactivate and shed was due to a factor other 
than the amount of virus growth at the pe- 
ripheral site. 

Ganglionic colonization. Percentages of 
ganglionic colonization, spontaneous shed- 
ding, as well as induced shedding after 6-hy- 
droxydopamine iontophoresis were quanti- 
tated and documented for all three prototype 
strains. To substantiate the establishment of 
latency NZW rabbits were infected with the 
HSV strains as described under Methods. 
During the latent stage following primary in- 
fection, the animals were cultured daily for 30 
days to record the levels of spontaneous shed- 
ding. At the end of that period, all animals 
were subjected to 6-HD iontophoresis followed 
by topical epinephrine. The animals were cul- 
tured for 5 days immediately following the 
iontophoresis procedure. They were then sac- 
rificed, and the trigeminal ganglia was surgi- 
cally removed and processed for virus recov- 
ery. The results are shown in Table 111. After 
iontophoresis induction, shedding of virus was 
observed in 100% of the eyes of McKrae- 
strain-infected animals, including those in 
which spontaneous shedding was not previ- 
ously detected. A similar situation was seen 
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with the E-43 strain in which shedding of virus 
after the iontophoresis procedure increased 
from 16.7 to 57.1% of all eyes. The CGA-3- 
infected animals did not exhibit virus shedding 
either before or after iontophoresis. 

In this study, 100% of the trigeminal ganglia 
of McKrae- and E-43-infected animals tested 
positive for HSV following iontophoresis. In 
contrast, in rabbits infected with the CGA-3 
strain, only 25% of the trigeminal ganglia were 
positive for the HSV after iontophoresis. The 
fact that some of the ganglia of the CGA-3- 
infected animals yielded the infectious virus 
by cocultivation after iontophoresis indicated 
that at least in some cases the virus had reached 
the ganglia and had established latency. Since 
none of the animals shed or exhibited a re- 
current lesion during latency, it appeared that 
this latent virus could not easily be reactivated 
at the ganglionic site. It was unclear whether 
the absence of shedding before and after ion- 
tophoresis was due to a lack of ganglionic col- 
onization. Since growth of the CGA-3 strain 
at the peripheral site was sufficient to expect 
colonization, recovery of latent virus was at- 
tempted at 33°C incubation temperature. This 
is based on the fact that the core temperature 
of rabbits is 39°C and the external temperature 
of the cornea is usually 33°C. Six trigeminal 
ganglia of latently infected animals were sur- 
gically removed, explanted, incubated at 33°C 
for 3 days, and then seeded onto RK-13 
monolayer cultures after which virus was re- 
covered in 100% of the explants. This indicates 
that colonization of the ganglia took place, but 
reactivation and replication of the latent virus 
at the internal temperature of the ganglia did 
not occur. The fact that the explants yielded 
infectious virus at 33°C confirmed that CGA- 
3 had in fact successfully colonized the ganglia 
and that its apparent lack of recurrence or 
shedding suggests a temperature-dependency 
relationship or some other in vivo vs in vitro 
difference. 

This finding was further tested in another 
experiment. Surgically removed trigeminal 
ganglia from CGA-3-latently infected animals 
were used for explants and cocultivation assays 
as described under Methods. All cultures were 
kept at 39°C. The explants failed to release 
infectious virus in the supernatant fluid. In 
the cocultivation cultures, a change in mor- 
phology of the feeder layer was seen. But again, 

no infectious virus was released. All the in- 
oculated samplings from these cultures were 
kept at 36.5”C. 

Isolation of shedder and recurrent strains. 
In these experiments, we have partially char- 
acterized three different phenotypes for recur- 
rent disease within wild-type HSV- 1 strains. 
It was also observed that in McKrae-infected 
rabbits, some shed asymptomatically, some 
had recurrent disease, and some neither shed 
nor had disease. It remained unclear why a 
lesion formed in some cases, while asympto- 
matic shedding occurred in others. The iso- 
lates, obtained from McKrae-infected animals 
(shedders, recurrent, and ganglionic), were ex- 
amined for optimum-growth temperature and 
pattern of ocular disease. Essentially it was 
found that viruses isolated from shedding ep- 
isodes produced more plaques at 39°C than 
at 33”C, while those from recurrent eye lesions 
grew well at both temperatures or slightly bet- 
ter at 33°C. In contrast, ganglionic isolates 
displayed the same variability in temperature 
requirements noted in different stocks of the 
parent McKrae strain. That is to say, they grew 
equally at both temperatures or only slightly 
better at one of the two temperatures. 

The McKrae strain, used extensively as a 
model for recurrent disease, has a high fre- 
quency of recurrences and shedding episodes 
and is also a very heterogenous stock. Thus, 
a random colonization of the ganglia by any 
of these virions can be expected. When reac- 
tivation at the neuronal cell takes place, dif- 
ferent phenotypes are expressed and sent to 
the peripheral site (hence shedders and recur- 
rent phenotypes can be recovered). This hy- 
pothesis was then tested using groups of six 
rabbits. The eyes in each group were infected 
with one of these isolates. Six weeks after in- 
fection, the animals were subjected to ionto- 
phoresis with 6-hydroxydopamine as described 
under Methods. All the eyes were examined 
with the slit lamp daily for 7 days after induc- 
tion. Rabbits infected with the recurrent phe- 
notype produced corneal lesions in five out of 
six animals with 8 out of 10 eyes exhibiting 
dendritic ulcers. Rabbits infected with the 
shedder phenotype showed only small punc- 
tate lesions in 3 out of 10 eyes. 

Our findings indicate that the phenotype of 
the infecting strain was conserved, and that 
“recurrent strains” produced dendritic ulcers 
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while the “shedders” produced minimal dis- 
ease in the form of punctate staining. 

The optimum temperature of these isolates 
was of interest to us; the shedders favored a 
high temperature while the recurrent favored 
a lower temperature, suggesting perhaps a re- 
lationship between type of disease and tem- 
perature. 

Clinical isolates. The concept that optimum 
temperature requirements of HSV- 1 strains 
are important factors in the development of 
clinical disease was reaffirmed by findings in 
temperature studies with fresh clinical isolates. 
For these studies, four representative types of 
isolates were selected and obtained from pa- 
tients with (1) multiple recurrences per year, 
(2) sporadic recurrences, (3) herpes labialis, or 
(4) herpes encephalitis. We found that (a) iso- 
lates that produced multiple recurrences grew 
preferentially at 33°C but also grew at 37 and 
39”C, (b) isolates that produced sporadic re- 
currences were more variable but consistently 
favored the highest temperatures, and (c) iso- 
lates from encephalitis and herpes labialis cases 
had an optimum temperature range of 37- 
39°C. Results are presented in Table IV. A 

TABLE IV. TEMPERATURE OPTIMUM OF CLINICAL 
ISOLATES AND TYPE OF HSV RECURRENT DISEASE 

No. plaques/ 
dish 

Patient 33°C 39°C Clinical history 

FA 
GR 
CH 
HO 

1 
2 
3 
4 
5 
6 
7 

53 
55 

700 
880 
520 

50 
500 
800 
270 

76 
258 
152 
386 
152 
386 

25 
400 
110 

13 
523 
400 
36 1 
153 
313 
210 
450 
20 1 
448 

Multiple recurrences 
Multiple recurrences 
Multiple recurrences 
Multiple recurrences 
Multiple recurrences 
Multiple recurrences 
Sporadic recurrences 
Herpes labialis 
Herpes labialis 
Encephalitis 
Encephalitis 
Encephalitis 
Encephalitis 

Note. Herpes simplex virus strains isolated from our 
clinical population were tested for their optimum tem- 
perature as described under Methods. Isolates from patients 
with multiple recurrences favor a lower temperature (33°C) 
while the isolates from encephalitis and herpes labialis grew 
well at both temperatures and better at the higher tem- 
perature. 

true “shedder” isolate was not included in the 
testing, because study patients already had le- 
sions at the time of their first visit. 

The concept of optimum temperature and 
disease is tempting, and it is suggested by the 
previous data in rabbits and in humans. How- 
ever, we believed that in order to confirm this 
observation, a larger matched population of 
individuals, including shedders, should be 
studied . 

Discussion. In this communication, we have 
demonstrated the existence of different phe- 
notypes of ocular herpetic diseases and a pos- 
sible role for temperature in the recurrence 
phenomena. The frequency of reactivation at 
the ganglionic site may be dependent on the 
strain’s characteristics, but the development 
and frequency of disease may be controlled by 
host factors. 

Central to this study was the question of 
whether differences in the number of recurrent 
episodes of disease are due to different levels 
of colonization of the trigeminal ganglia dur- 
ing primary infection. Several aspects of this 
work warrant discussion. All three viruses were 
found to produce overt disease in the NZW 
rabbit eye. The severity of disease (Table I) 
and the amount of infectious virus in the rab- 
bit corneas (Table 11) was sufficient to colonize 
the trigeminal ganglia. It is known that colo- 
nization of the ganglia occurs within the first 
24 hr of infection (25) and that the virus suc- 
cessfully reaches the ganglia even in asymp- 
tomatic infections by avirulent strains (29). 
Therefore, the rate of reactivation and/or re- 
currences in the three strains studied cannot 
be ascribed to poor growth of the infecting 
strains during primary infection or to insuf- 
ficient colonization of the ganglia. 

In the NZW rabbit model, spontaneous 
shedding and recurrences can be frequent. Our 
experiments utilized a large number of ani- 
mals, all of which were subjected to the same 
conditions or stimuli. Our results suggest that 
reactivation at the ganglionic site and asymp- 
tomatic shedding in the tear film must be de- 
termined by the characteristics of the strains 
in residence in the ganglia (30). 

The role of temperature on virus shedding 
was illustrated by the CGA-3 strain. This par- 
ticular strain does not shed even after artificial 
induction by 6-hydroxydopamine iontopho- 
resis. However, when the excised ganglia of 
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CGA-3-infected animals were incubated at 
33”C, rather than at 39°C (which is the core 
temperature of the host), the virus was recov- 
ered in all animals tested. The failure of this 
strain to shed in the tear film seems to depend 
on, or be indicated by, the strain’s temperature 
requirement. This phenomenon is similar to 
that of temperature-sensitive mutants of which 
some are classified as latency minus for their 
apparent inability to colonize the ganglia (3 1). 
The inability of the CGA-3 strain to achieve 
strong virus replication at 39°C may account 
for its failure to shed virus during latency. 

The effects of temperature on the patho- 
genesis of herpes simplex virus infections have 
been reported by several investigators. Initially, 
the effect of ambient temperature in the de- 
velopment of the disease was examined (32- 
33). In these studies, mice were infected intra- 
cerebrally with HSV and kept at either 34 or 
22°C. It was found that the mice in the group 
that was kept at 34°C were more resistant to 
the infection than those kept at the lower tem- 
perature. These studies, although significant, 
were hard to evaluate since any changes in the 
host core temperature would affect the entire 
metabolism of the animal. 

The studies in which the optimum temper- 
ature of the virus is the determinant factor in 
disease development has been reported for 
bovine herpes virus (BHV). In this system, it 
was shown that infection with BHV produced 
lesions in cooler areas such as the skin and 
around the udder and teats, while infections 
in the internal organs did not progress and 
virus replication was very low. This suggests 
that temperature effect on viral pathogenesis 
may operate at a local level rather than by 
systemic modification of immune responses 
(34). These observations are in agreement with 
our findings that the temperature optimum of 
the infecting strain is a determinant in viral 
disease. 

Recently, Huang and co-workers (35) com- 
pared the disease produced by one HSV-2 
strain and its cold-adapted variant in intra- 
cerebrally infected mice. It was found that al- 
though both viruses infected the neurons, the 
infection produced by the wild type spread 
through several tissues in contrast with the in- 
fection produced by the cold variant, which 
did not spread. They suggest that the cold 
variant strain was impaired in its ability to 

lyse the neuronal cells and spread to other tis- 
sues. Recently, Stevens and co-workers (36) 
have described in their studies that failure to 
reactivate during latency is due to a neuron 
temperature-sensitive lesion. 

It appears then that the ability of a latent 
virus to reactivate at the ganglionic site is con- 
trolled by the latent virus characteristics and 
that lesion formations at the peripheral site 
are more or less determined by host functions. 

This peculiar relationship of strain optimum 
temperature and disease was further illustrated 
by data derived from fresh cultures obtained 
from hospital patients. The viral isolates from 
encephalitis patients and herpes labialis (fever 
blisters) favored the higher temperature, while 
those isolated from patients with high fre- 
quency of recurrences had a lower optimum 
temperature. 

We theorize that virus shedding and recur- 
rent disease may have different regulatory 
mechanisms. Our findings indicate that a virus 
which reaches the peripheral site must find the 
“proper” environment to further multiply and 
cause a lesion. For example, viruses that prefer 
to require a higher temperature can cause a 
lesion upon onset of a high fever, thermal in- 
jury such as sunburn, or because of a prefer- 
ential localization in the warmer areas of the 
body, such as the mucocutaneous junctions. 
The rapid onset of these lesions (from over- 
night to 24 hr) suggests that asymptomatic 
shedding may have already occurred, but that 
upon encountering the “proper” environ- 
mental conditions, the virus causes a recurrent 
episode of disease. 

The McKrae strain has a high frequency of 
both recurrent disease and shedding episodes 
and is a heterogenous stock. From McKrae- 
infected animals, isolates were carefully ob- 
tained: “shedders” during the absence of dis- 
ease, “recurrent” from a recurrent corneal 
lesion, and “ganglionic” from animals with 
neither shedding nor a recurrence. Most im- 
portantly, when these isolates were tested they 
retained their phenotypes. The “recurrent” 
isolates produced dendritic ulcers, while the 
“shedders” produced only punctate staining 
at best. The homologous nature of these iso- 
lates is most likely the result of a small foci of 
active replication within the ganglia. These 
data are in agreement with our present un- 
derstanding of latency in which reactivation 
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causes a limited foci of viral replication within 
the ganglia. 

It is then apparent that in the pathogenesis 
of herpetic disease, the HSV strain optimum 
temperature is important not only on the pro- 
gress of the primary disease, but in its reacti- 
vation from the latent state. 

In summary, different aspects of herpetic 
disease, as well as its clinical course, in oth- 
erwise healthy individuals are consistent with 
and may be determined by the phenotype of 
the infecting strain. 
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