Ultraviolet Light Induces Reactivation in a Murine Model of Cutaneous Herpes Simplex ... Page 1 of 14

Photochemistry and Photobiology

Published by the American Society for Photobiology

Subscriptions &  Editorial  lssue  Help & Advertising Society Current Archived
Membership Board Alert FAQ Homepage Issue Issues

[PDF Version] [Create Reference]
[PubMed Citation] [Related Articles in PubMed]

TABLE OF CONTENTS

[INTRODUCTION] [MATERIALS AND...] [RESULTS] [DISCUSSION] [REFERENCES] [TABLES] [FIGURES]

American Society for Photobiology Journal 74:108-114 (2001)

doi: 10.1562/0031-8655(2001)074<0108:ULIRIA>2.0.CO;2
Photochemistry and Photobiology: Vol. 74, No. 1, pp. 108-114.

Ultraviolet Light Induces Reactivation in a Murine
Model of Cutaneous Herpes Simplex Virus-1

Infection

Diane E. Goade,! Robert A. Nofchissey,1 Donna F. Kusewitt,2 Brian Hjelle,3
John Kreisel,* Julene Moore,! and C. Richard Lyons?

1Departments of Medicine, Health Sciences Center, University of New Mexico,
Albuquerque, NM

2Cell Biology and Physiology, Health Sciences Center, University of New
Mexico, Albuquerque, NM

3pathology, Health Sciences Center, University of New Mexico, Albuquerque,
NM

4Department of Medicine, University of Utah School of Medicine, Salt Lake City,
uT

Received April 17, 2001; accepted May 5, 2001

ABSTRACT
We have developed a model of cutaneous herpes simplex virus-1 (HSV-1)
reactivation in SKH-1 hairless mice which closely mimics the condition in

humans. Sixty plaque-forming units of HSV-1 strain 17 syn+ were applied
to a superficially abraded area on the lateral body wall. More than 85% of
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mice developed primary HSV-1 infection characterized by a zosteriform
pattern of cutaneous vesiculation and ulceration. Approximately one-third
of mice with primary skin lesions succumbed to neurologic disease and in
the remaining mice cutaneous lesions healed completely. Subsequent
exposure of healed areas to two minimal inflammatory doses of UV
resulted in recrudescence of skin lesions in the irradiated areas in almost
60% of mice. Lesions appeared approximately 4 days after irradiation,
persisted for 3-5 days and then resolved completely. Reactivation rarely
resulted in death due to neurologic disease. Primary lesions had a
histologic appearance typical of cutaneous HSV-1 infection with vesicles
and focal epithelial necrosis accompanied by the formation of epithelial
syncytial cells and the presence of herpetic intranuclear inclusion bodies.
In primary lesions HSV-1 was demonstrated by immunohistochemistry,
polymerase chain reaction and culture. In reactivated lesions epithelial
syncytia and inclusion bodies were not seen; however, virus was
demonstrable by polymerase chain reaction and culture. Exposure of the
uninfected side to UV did not stimulate disease recurrence suggesting that
local effects of UV rather than systemic immunosuppression were
responsible for reactivation. Reactivation could also be obtained with two
minimal inflammatory doses of UV from a UV-340 light source which
emits light approximating the solar spectrum.

INTRODUCTION Return to TOC

Herpes simplex viruses (HSV-1 and HSV-2)i are among the most common and
troublesome human viral pathogens. HSV-1 infects approximately 80% of the world's
population while HSV-2 affects 30% (1). Primary HSV infections are initiated by cutaneous
or mucous membrane exposure to live virus (1-4). After a 2—8 day incubation period
characteristic vesicular lesions on an erythematous base develop. These lesions progress to
form sharply demarcated crusted ulcers. After primary infection lifelong latency is
established, with persistence of the viral genome in spinal ganglia (5). Latent virus can be
reactivated by environmental or physiologic stimuli, including fever, mechanical trauma
and UV (1,6). For many individuals HSV reactivation is asymptomatic or results in only
mild clinical signs; however, even those with clinically nonapparent reactivated disease
shed infectious virus (7-9). Furthermore, in immunosuppressed patients such as those
infected with acquired immune deficiency syndrome or transplant recipients persistent
reactivation of HSV-1 or HSV-2 can be debilitating or life-threatening (10,11).

Animal models of primary cutaneous and ocular HSV infection and viral reactivation
have been developed in mouse, rat, guinea pig and rabbit (reviewed in Wagner and Bloom
[12]). Stimuli for reactivation have included a variety of chemical and physical agents.
Although each of these models is valuable for studying particular aspects of reactivation,
the general usefulness of many is limited by factors such as difficulty in establishing latent
infection, nonphysiologic nature of the reactivation stimulus, significant spontaneous
reactivation and low or inconsistent reactivation frequency.

We have developed a very useful murine model of cutaneous HSV-1 reactivation that

closely resembles the disease in humans. SKH-1 mice that recover from primary HSV-1
disease develop latent infection that can be reactivated by exposure to two minimal

http://phot.allenpress.com/photonline/?request=get-document&doi=10.1562%2F0031-865... 7/19/2006



http://phot.allenpress.com/photonline/?request=get-document&doi=10.1562%2F0031-865...

Ultraviolet Light Induces Reactivation in a Murine Model of Cutaneous Herpes Simplex ... Page 3 of 14

inflammatory doses (MID) of UV. Because the model employs hairless mice and
reactivation is triggered by UV it is particularly suitable for photobiology studies.
Preliminary studies with this model indicate that local rather than systemic effects of UV
are responsible for reactivation. The success of these initial studies suggests that our model
will be valuable in examining the pathophysiology of HSV latency and reactivation and for
testing strategies to prevent and treat HSV-1 reactivation.

MATERIALS AND METHODS Return to TOC

Animals. SHK-1 hairless mice were obtained from Charles Rivers (Wilmington, MA) and
maintained in isolation in Biosafety Level 2 housing. Pelleted feed and water were available
ad libitum. Rooms were maintained at 20-25°C and 33% humidity with a 12 h light/dark
cycle. Both male and female mice were used for these studies; groups of four to five mice of
the same sex were housed together. Before potentially painful procedures mice were
anesthetized with a mixture of ketamine and xylazine (80 mg/kg ketamine and 16 mg/kg
xylazine) or Avertin (4 M 2,2,2-tribromoethanol in 7% 2-methyl-2-butanol; 250 mg/kg)
given intraperitoneally. Mice that developed neurologic disease, as evidenced by abdominal
distension or hindlimb paralysis, were euthanized promptly by CO, inhalation. All

protocols employed were approved by the University of New Mexico Health Sciences
Center Animal Care and Use Committee.

Virus. HSV-1 viral stocks, strain 17 syn+ (provided by Dr. Kreisel), were collected from
the cell culture medium of HSV-1-infected confluent VERO-E6 cell cultures. Supernatants
were centrifuged at 350 g for 15 min to remove cell debris. The plaque-forming unit (PFU)
concentration was determined by standard Vero cell culture of a dilution series of virus
stock (13). Viral stocks were stored at —80°C. The dose of virus that established grossly
apparent primary infection in 50% of inoculated mice was determined by challenging three
to four groups of SKH-1 mice with serial dilutions of viral stock.

Primary infection. A 5-10 x 2 mm linear dermabrasion was created on the lateral body
wall using a small wire brush attached to a cordless rotary tool (Dremel Minimite Model
750, Racine, WI) set at 5000 rpm. Dermabrasion barely penetrated the epidermis; the
resultant lesion was markedly reddened but did not bleed. A 50 pL inoculum containing 60
PFU of virus (1200 PFU/mL) was applied to the abraded area, rubbed into the wound and
allowed to dry. This dose was chosen based on preliminary studies indicating that it gave
the best balance of survival and susceptibility to reactivation. At higher doses the number of
animals that survived infection was too low to be useful, while at lower doses too few
animals developed primary infection to yield reasonable numbers of mice with latent
infection. Control mice underwent dermabrasion and application of suspension medium
without virus. Mice were observed daily for signs of infection. Skin lesions were graded as
mild (discrete, noncoalescing lesions in a zosteriform pattern), moderate (partially
coalescing lesions) or severe (coalescing, hemicircumferential ulcers). For these studies
‘reactivation’ was defined as the appearance of gross skin lesions compatible with HSV-1,
including macules, vesicles and ulcers. Reactivated lesions were graded like primary
lesions; however, reactivated lesions were never hemicircumferential. Additional controls
for reactivation studies included mice that had recovered from primary infection but were
not exposed to UV.

Light sources. Most studies utilized a transilluminator (Ultra-Lum, Model UVB-15,
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Carson, CA) covered with an UV-transparent glass protector (UviClear, Fotodyne Inc.,

Hartland, WI) that provided 70 J/m%/s UV. This apparatus emitted wavelengths of light
between 250 and 400 nm with a peak emission at 312 nm. Approximately 12% of the
energy was in the UV-C range (250-290 nm), 49% was in the UV-B range (290-320 nm)
and 39% was in the UV-A range. A UV-340 light source (Q-Panel, Cleveland, OH) that
emitted a UV spectrum nearly identical to that of a solar simulator (14) was employed for
one study. This light source produced light in the range of 290—400 nm and the peak energy
output was at 342 nm. The emitted light contained no UV-C wavelengths, 8% of the energy
was in the UV-B range and 92% was in the UV-A range. Separate studies indicated that the
MID for SKH-1 mice, as determined by development of edema (15,16), was approximately

1000 J/m? for the transilluminator light source; exposure to 15 min of irradiation from the
UV-340 light source yielded edema comparable to one MID from the transilluminator. The
development of edema is a more sensitive indicator of UV-induced inflammation than
visual detection of erythema (15). For disease reactivation mice were anesthetized and
exposed to UV on only one side of the body. Except for a single study the side exposed was
the originally infected side. During UV exposure the eyes were protected from UV damage
by shielding with an aluminum foil.

Sample collection. Material were collected in a laminar flow hood, instruments were
cleaned and disinfected and fresh gloves were donned between mice. Blood was collected
from the retro-orbital sinus or heart. Skin samples were taken on days 1-14 following viral
inoculation and on days 0—8 following UV exposure. Skin samples were fixed in 10%
neutral zinc-buffered formalin (for histology and immunohistochemistry) or frozen in liquid
nitrogen (for polymerase chain reaction (PCR), immunohistochemistry and viral isolation).
Skin samples for virus culture were approximately 5 x 5 mm in size; they were placed in
sterile tubes and immediately frozen in liquid nitrogen for storage at —80°C. For viral
isolation 1.5 mL culture medium and 1 g of 2.5 um zirconia/silica beads (Bio Spec
Products, Bartlesville, OK) were added to each frozen sample and the sample was processed
in a minibeadbeater apparatus (Bio Spec Products) at 2500 rpm for 30 s. Supernatants were
collected and plated immediately as described below.

Serology. Recombinant proteins encoded by the carboxy terminal regions of glycoprotein
B (gB-SS1, amino acids 228-903) and glycoprotein D (gD-PB1, amino acids 306—462)
were generated using pATH expression vectors (American Type Culture Collection,
Manassas, VA), separated by SDS-PAGE and transferred to 0.2 pm nitrocellulose. To
detect antibodies to these viral proteins in blood and serum, samples to be tested were
diluted 1:200 in a buffered milk solution and incubated with blots of recombinant proteins
overnight at 4°C. Blots were developed with goat anti-mouse alkaline phosphatase—
conjugated secondary antibody (Southern Biotechnology, Birmingham, AL) using standard
techniques.

Histology and immunohistochemistry. Formalin-fixed skin was embedded in paraffin,
sectioned at 6 um and stained with hematoxylin and eosin. For immunohistochemistry
deparaffinized slides or frozen sections were stained for HSV-1 by standard techniques
using a rabbit primary antibody (Dako #B0114, Dako, Carpinteria, CA) at dilutions of
1:1000—1:10 000, a horseradish peroxidase—conjugated goat anti-rabbit secondary antibody
as recommended (Vectastain Elite ABC kit, Vector Laboratories, Burlingame, CA) and a
diaminobenzidine color detection system (Vector Laboratories). As a negative control a
similarly prepared rabbit polyclonal antibody against human secretory factor (Dako) was
used at the same protein concentration.
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Polymerase chain reaction. DNA was extracted from frozen skin samples by grinding the
skin with a liquid nitrogen—cooled mortar and pestle and processing the resultant powder
with a DNA minicolumn kit (Qiagen, Valencia, CA). The yield was approximately 40 pg of
DNA per 20 mg skin sample. PCR primers (5'-CATGACCCTTGTGAAGTACG-3', 5'-
GCTCGAGAGCTTGATCTT-GTCG-3") were designed to amplify a region of the HSV-1
pol gene from nucleotides 1930-2191. A single cycle of 95°C for 4 min was followed by 30
cycles of 95, 64 and 72°C for 45 s at each temperature with a 10 min extension at 72°C after
the last of the 30 cycles. Positive controls included DNA prepared from HSV-1 17 syn+ and
Maclntyre virus stocks.

Virus culture. Culture medium consisted of minimal essential medium with Earle's
balanced salt solution (HyClone, Logan, UT) containing 10% heat-inactivated fetal calf
serum, 2 mM glutamine, 40 U/mL penicillin, 40 pg/mL streptomycin and 40 mg/mL
fungizone. Samples were plated at varying dilutions on confluent Vero cell monolayers and
observed for virus cytopathic effect (CPE) (13).

RESULTS Return to TOC

Four studies performed to characterize primary and UV-reactivated HSV-1 disease in
SKH-1 mice are summarized in Table 1 ©=. Overall, an inoculum of 60 PFU established
grossly apparent primary disease in 86% of mice. About one-third of mice with primary
skin lesions developed neurologic signs (hindlimb paralysis or intestinal stasis) and were
humanely killed. In later studies mice with severe skin lesions were euthanized early, and
remaining mice did not develop nervous disease. In all studies zosteriform lesions of
primary infection appeared 4—6 days after inoculation. Initial lesions were erythematous
macules that progressed to small vesicles each on an erythematous base. Vesicles developed
into sharply demarcated ulcers over a 1-2 day period. Lesions spread dorsally but did not
cross the midline (Fig. 1a ©=). In mice surviving the initial infection skin healing was
complete in a week with little or no visible scarring.

Upon treatment with two MID of UV from a transilluminator (Table 1 ©=, Groups 1-3) or
a UV-340 light source (Table 1 ©=, Group 4) approximately 60% of mice that had
completely recovered from primary infection developed skin lesions within 4 days (Table 1
©=). Skin lesions appeared somewhat less severe and healed more quickly than those seen in
primary disease. Lesions consisted of macules that progressed to vesicles; vesicles resolved
or evolved into shallow ulcers. Lesions of reactivated disease were more widespread than in
primary disease but remained restricted to the side of the body initially infected (Fig. 1b
C=). Fewer than 10% of animals developed neurologic signs following HSV-1 reactivation.

Sixteen mice with healed lesions of primary HSV-1 disease (Table 1 ©=, Group 2) were
first exposed to two MID of UV from a transilluminator on the side of the body opposite the
infected side. Twice daily examination of the mice for 2 weeks did not reveal evidence of
reactivated disease. Subsequent exposure of the infected side gave the expected reactivation
frequency. Twenty mice that had recovered from primary infection, exposed to two MID of
UV, and allowed to recover from reactivated disease were used to test the ability of a
second exposure to UV to stimulate reactivation. Mice were exposed to UV for a second
time after periods ranging from 1 week to 3 months following the initial UV exposure. Of
the 20 mice tested, 12 had reactivated upon initial UV exposure. Of these 12 ten developed
reactivated disease following a second exposure to UV; thus, two mice did not reactivate a
second time. One mouse refractory to HSV-1 reactivation on first UV exposure developed
cutaneous disease after a second UV exposure. These results indicated that mice latently
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infected with HSV-1 could undergo at least two episodes of reactivation and that the pattern
of susceptibility to reactivation shown by individual animals was largely reproducible.

Eighteen mice that survived primary HSV-1 infection (Group 4, Table 1 ©=) were
exposed to two MID from a UV-340 light source that simulated the solar spectrum. Fifty-
six percent of these mice (10/18) developed reactivated HSV-1 disease. One of the 10 mice
with reactivated cutaneous lesions also developed neurologic signs. Thus, both UV that
closely simulates the solar spectrum and UV from a transilluminator emitting mostly UV-B
wavelengths can stimulate reactivation.

An IgM serum antibody response to glycoprotein B was detectable by Western blot by 7
days after virus inoculation in 23% (3/13) of mice tested (data not shown). Forty-six mice
that developed clinical disease were tested, and all had IgG antibodies to glycoproteins B
and D by 21 days after inoculation (data not shown). Occasional mice with very mild or
inapparent disease developed specific antibodies to the glycoproteins and were able to
reactivate disease upon exposure to UV.

Histologically, primary HSV-1 disease was similar to cutaneous HSV infection in man
(1,6). In the earliest grossly apparent primary lesions there were foci of pale and swollen
keratinocytes within which epithelial syncytia and eosinophilic intranuclear inclusion
bodies could be identified (Fig. 2a,b ©=). Lesions progressed first to intraepidermal vesicles
and then to ulcers covered by crusts of necrotic debris. The underlying dermis became
heavily infiltrated with mixed inflammatory cells. Lesions remained localized and were
sharply demarcated from surrounding normal skin. A mouse with flaccid paralysis of the
hindlimbs had an extensive area of malacia in the spinal cord; this necrotizing myelitis was
consistent with an HSV etiology (17-19). The histologic lesions of reactivated disease were
similar to those of primary disease, except that neither epithelial syncytia nor intranuclear
inclusion bodies were seen either in vesicles or in ulcers.

Immunohistochemical staining localized HSV-1 antigen to the epidermal lesions of
primary disease. Surface epithelium and hair follicles in vesicles and foci of epidermal
necrosis were strongly immunoreactive with antibodies against HSV-1 (Fig. 3a ©=).
Immunoreactivity did not extend into the surrounding normal skin. Both cytoplasm and
nuclei of epithelial cells were immunopositive, with nuclear staining often more prominent
than cytoplasmic. With the development of ulceration immunoreactivity disappeared,
except in hair follicles. Occasional cutaneous nerve fibers in proximity to the initial lesions
exhibited HSV-1 immunoreactivity (Fig. 3b ©=). HSV-1 immunoreactivity in reactivated
lesions was detectable using frozen sections of skin; however, the intensity of the staining in
reactivated lesions was markedly reduced compared to primary lesions and the high
concentration of antibody required resulted in appreciable background staining in negative
control samples.

HSV-1 was cultured from all four samples taken from cutaneous lesions at 5—7 days
following primary infection. In these cultures high levels of virus and distinct CPE were
evident within 24-48 h (not shown). HSV-1 was cultured from 10 of 15 (67%) samples
taken from animals with reactivated disease 3—6 days after UV exposure. Up to 7 days of
incubation were required for the development of CPE in samples from reactivated lesions
suggesting that the amount of virus present was very low (13,20). HSV pol gene segments
were demonstrated by PCR in all eight lesions tested on days 5-7 of primary infection and
in five of six (83%) reactivated lesions tested 3—6 days after UV exposure (Fig. 4 ©=). HSV-
1 could not be demonstrated by culture or PCR in crusted lesions sampled late in the course
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of primary or reactivated disease. The virus could not be detected by PCR in samples taken
on days 0-2 after UV exposure given to stimulate reactivation.

Sham-infected mice did not develop grossly or microscopically evident lesions of HSV-1
following primary infection or UV treatment. UV exposure caused slight reddening and
flaking of the skin with microscopic evidence of epidermal hyperplasia. HSV-1 was not
detected in these mice by immunohistochemistry, culture or PCR. HSV-1 was also not
detected by these methods in mice that had recovered from primary infection when these
mice were tested at 3—4 weeks after primary disease.

DISCUSSION Return to TOC

The histologic changes seen in primary HSV-1 infection in this model, vesiculation and
ulceration with epithelial syncytia and intranuclear inclusion bodies, were entirely
consistent with HSV-1 disease in man (1,6). Primary infection was verified by
immunohistochemistry, culture and PCR. All observations on primary disease suggested
that large numbers of infective viral particles were present. However, in reactivated disease
there appeared to be considerably fewer viruses. Viral inclusion bodies were not seen
histologically, and viral antigen was difficult to demonstrate by immunohistochemistry.
Furthermore, the appearance of viral CPE in culture was delayed relative to primary
disease. However, virus was readily demonstrable in reactivated lesions by PCR. Similarly,
in reactivated HSV disease in humans the amount of virus is significantly lower than in
primary disease and virus is present only in early macular and vesicular lesions leading to
difficulties in diagnosis (1,20). In human HSV reactivation multinucleated epithelial cells
and intranuclear inclusions are seen in very early macular and vesicular lesions but not in
ulcers (1,6). These indications of viral reactivation might have been observed in our study
had we sampled lesions at sufficiently early stages of lesions development, perhaps at the
stage of macules or very early vesicles.

Experimental reactivation of HSV-1 or HSV-2 in latently infected humans can be
stimulated by UV-B irradiation of the site of primary infection, the lip or peri-genital
region, respectively (21,22). Three minimal erythemal doses of UV-B directed to a site of
previous reactivation induces reactivation about 60% of the time with lesions appearing 1-6
days after exposure (23,24). Lesions arise within the UV-exposed areas and extend up to 1
cm beyond the margin of the exposed areas but are generally restricted to regions sharing
local innervation. Virus can be recovered from early vesicles in approximately 75% of cases
(24). Reactivation is difficult to study in humans because primary disease or very early
reactivation may be indistinguishable and the kinetics of reactivation are unpredictable.
Thus, animal models such as the one we describe are required for thorough investigation of
the disease process.

Mice can be infected with HSV by inoculation of the skin, footpad, eye or vaginal
mucosa (25-36). Mortality from systemic disease in these studies is usually reported to be
about 30% (31,32,35) even when passive immunization precedes infection (33).
Reactivation has been elicited in other cutaneous and ocular models of HSV infection by a
variety of stimuli, including mechanical trauma, chemical irritation, hyperthermia,
prednisone administration and UV exposure (25,26,28,30,31,33-36). Reactivation rates
using these models are variable ranging from 10-90%; in some of the models spontaneous
reactivation of disease is a complicating factor (25,30,31.,34.,36).
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The HSV-1 reactivation model that we describe is a reproducible and clinically relevant
model of human HSV-1 reactivation. It fulfills the criteria suggested as appropriate for an
animal model of human HSV-1 reactivation (12): the host is immunocompetent; the initial
infection is sufficiently mild so that most animals survive; reactivation occurs in response to
physiologically relevant stimuli; recovery from reactivation is complete; reactivation occurs
in vivo and in a large proportion of infected animals and the strain of virus employed (17
syn+) is appropriate for generating mutations to examine the function of critical viral genes.
Our model has distinct advantages compared to other HSV reactivation models. Death from
primary disease does not exceed 40%, and passive immunization to prevent excessive
mortality is not required. Reactivation is seen consistently in almost 60% of mice in
response to relatively low doses of UV, a common stimulus for HSV-1 reactivation in man.
Preliminary studies indicate that reactivation in our model occurs with similar frequency in
response to irradiation with both UV-B and UV-340 light sources. This makes the model
particularly relevant to human disease because the energy output of the UV-340 light source
closely approximates the solar spectrum. The lack of spontaneous reactivation in our model
further enhances its power. In addition, because the mice we employ are hairless shaving is
not required; thus a confounding stimulant to reactivation is eliminated from the model. Our
model will be useful for studies examining the pathophysiology of primary and reactivated
HSV-1 disease, for testing therapeutic approaches and for testing vaccination strategies.

There are several distinct mechanisms by which UV might stimulate reactivation of HSV-
1 but these mechanisms are not mutually exclusive. First, there may be continual low-level
production of virus even when disease is clinically inactive, and overt disease may be
prevented by an effective immune response against the virus. UV may cause local or
systemic immunosuppression that allows escape of the virus from immune surveillance and
recrudescence of disease; the precipitating immune suppression might well be mediated by
cytokines released from UV-exposed epidermis. Secondly, UV may stimulate the release of
cytokines from the UV-exposed skin that interact directly with receptors on sensory nerves
to initiate signaling cascades that culminate in a burst of virus replication. Finally, UV may
directly activate virus present in the skin at very low levels during latency resulting in active
disease.

There is evidence to support all mechanisms for reactivation. Although the cellular
immune response to primary HSV-1 infection of the ganglia develops slowly (7-10 days
after infection) immune cells rapidly infiltrate latently infected neurons during reactivation,
as early as 12 h after viral antigen appears (37). Viral antigen is present in these immune
cells and is rapidly cleared from the dorsal root ganglia. This suggests that immune cells
limit the spread of reactivated virus, perhaps thereby preventing disease or reducing its
severity. On the other hand, peripheral neurectomy, presumably resulting in the loss of
trophic factors to neurons in dorsal root ganglia, can reduce the incidence of HSV-1
reactivation (38). This indicates that non—-immune-mediated alterations in the neuronal
milieu can have profound effects on latency. In a recent study of cutaneous HSV infection
in rats it was demonstrated that the cellular immune response to HSV was suppressed by
UV exposure prior to primary infection while the severity of the subsequent skin lesions
was not altered (39). On the other hand, UV exposure after primary HSV infection
increased the severity of skin lesions without changing the immune response. This suggests
that UV might stimulate viral replication directly if small amounts of virus persist in the
skin during latency. It should be noted, however, that we were unable to demonstrate
persistent virus in healed lesions in the present study.

Based on in vitro and in vivo studies it appears that a variety of local signaling molecules
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can influence HSV-1 reactivation. Factors that have been implicated include nerve growth
factor, interleukin 6, interleukin 1a, epinephrine, tumor necrosis factor-a, interferon o/p and
interferon y (40-48). Neither the cellular origin nor the cellular target of these modulating
factors has been clearly identified in vivo. Signaling molecules may originate from skin
innervated by latently infected neurons, inflammatory cells that infiltrate the skin or
inflammatory cells or satellite cells within latently infected ganglia. Furthermore, signals
may impinge on the soma, the axon or the dendrites of the reactivating neurons.

In our studies mice exposed to UV on the uninfected side failed to reactivate clinically
apparent disease. The mice subsequently reactivated at the expected frequency and with the
expected pattern of lesions upon exposure of the infected side indicating that successful
primary infection and latency had been achieved. These findings suggested that local rather
than systemic UV effects were responsible for reactivation. Our results are in keeping with
studies in mice and humans showing that, to be effective, stimuli for reactivation must be
applied to the site of original infection thus directly affecting processes of nerves in latently
infected ganglia (21,23,49). We hypothesize that these local effects are mediated by
signaling molecules released from UV-exposed epidermis, and we anticipate that further
studies employing this murine model of HSV-1 reactivation will yield significant insights
into the pathophysiology of HSV-1 reactivation.
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Table 1. Primary and reactivated HSV-1 disease in SKH-1 mice

Group 1 Group 2 C
Primary infection
Mice inoculated 24 16 16
Sex F F 9
Age at primary infection (weeks) 8-11 7 5
Mice with primary disease 19/24 (79%) 13/16 (81%) 14
Mice with neurologic signs 7119 (37%) 5/13 (39%) —
Mice surviving primary infection 9/19 (47%) T/13 (549%) 11
Reactivation
Age at reactivation (weeks) 30-52 11 9
Infection—reactivation interval (weeks) 20—40 4 3
UV source UV-B+ UV-B Ul
Mice with reactivated disease 6/9 (75%) 3/7 (43%) 7
Mice with neurologic signs 1/6 (17%) 0/3 (0%) 0

*Mice with severe skin lesions were removed from study before neurologic signs dev
FTransilluminator.
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Figure 1.  Gross lesions of (A) primary and (B) reactivated HSV-1 disease in hairless mice. Lesions of
primary disease were linear and deeply ulcerated while lesions of reactivated disease were more widespread
but generally shallower
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Figure 2. Microscopic lesions of primary HSV-1 disease. (A) Normal skin (long arrow) can be seen
adjacent to an area of necrosis (short arrow). (B) In the region adjacent to the area of necrosis there are HSV-
induced syncytia (arrows)
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Figure 3. Immunohistochemical detection of HSV-1 in lesions of primary disease. Viral antigen was
readily detectable in (A) skin and (B) sensory nerves underlying affected skin during active primary infection
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Figure 4. HSV-1 PCR. Lane 1, markers; Lane 2, HSV-1 Maclntyre strain; Lane 3, water blank; Lane 4,
HSV-1 17 syn+; Lane 5, uninfected control mouse skin; Lane 6, skin from the unexposed side of an infected
mouse; Lane 7, unexposed skin from an infected mouse; Lane 8, late reactivation lesion; Lane 9, early primary
lesion; Lane 10, HSV 17 syn+; Lanes 11 and 12, early reactivated lesions from two mice; Lane 13, fatal
primary infection; Lanes 14 and 15, markers. A 262 bp pol gene segment was recovered by PCR from DNA
prepared from infected mouse skin samples and from viral DNA stock preparations. HSV was demonstrated in
early primary lesions and in early reactivated lesions only
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