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Summary 

The guinea pig model of genital herpes simplex virus infection has proven useful 
in the evaluation of antiviral drugs. We have recently demonstrated that recurrent 
herpetic infections can be induced in latently infected guinea pigs by ultraviolet 
irradiation. In this report we have examined the effect of acyclovir on ultraviolet 
radiation-induced recurrent genital herpes. Prophylactic topical acyclovir de- 
creased the severity but not the incidence of ultraviolet radiation-induced recur- 
rences while intraperitoneal acyclovir initiated before ultraviolet irradiation re- 
duced both the incidence and severity of induced recurrences. When treatment was 
begun after ultraviolet exposure, neither topical nor intraperitoneal acyclovir were 
effective in reducing the incidence or severity of induced recurrent disease. The 
effectiveness of acyclovir in the control of induced recurrent genital infections in 
~the guinea pig is similar to what has been observed in human trials. This model of 
ultraviolet radiation-induced recurrent herpes simplex virus infection should prove 
useful in the evaluation on new putative antiviral drugs. 

Acyclovir; Recurrent genital herpes; Herpes simplex virus; Guinea pig model 

Introduction 

Recurrent herpes simplex virus (HSV) infections result from the reactivation of 
latent virus in sensory ganglia with transport of virus to the periphery where rep- 
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lication produces characteristic herpetic lesions (Klein, 1985). Ultraviolet (UV) 
radiation has been used to experimentally induce recurrent cutaneous HSV infec- 
tions in humans and animals (Blyth et al., 1976; Norval et al., 1987; Perna et al., 
1987; Spruance, 1985; Spurney and Rosenthal, 1972; Wheeler, 1975). It has been 
suggested that these models of induced recurrent disease can be used to study the 
efficacy of antiviral drugs (Spruance, 1988). 

The guinea pig model of genital HSV infection has proven useful in the evalu- 
ation of putative antiviral compounds (Harrison et al., 1988; Provonost et al., 1982; 
Richards et al., 1985; Stanberry et al., 1986). After recovery from primary infec- 
tion the frequency of spontaneous recurrent disease in the guinea pig is initially 
high (one to two episodes per week); however, the frequency declines over time 
such that by day 100 post-inoculation recurrences are infrequent (Stanberry et al., 
1985). Recently, we have developed a model of UV radiation-induced recurrent 
genital herpes using the guinea pig (Stanberry, 1989). Employing latently infected 
animals more than 100 days post HSV-2 inoculation we have successfully used UV 
radiation to reproducibly induce recurrent genital disease. In this report we have 
examined the utility of this model in evaluating the efficacy of acyclovir in the con- 
trol of UV radiation-induced recurrent cutaneous herpetic disease. 

Materials and Methods 

Animal model 

Primary genital infection was produced in 250-300 g female Hartley guinea pigs 
(Charles River Breeding Laboratories, Wilmington, MA) by intravaginal inocu- 
lation with 5.7 log10 pfu HSV-2, strain MS (ATCC VR-540). One hundred days 
after recovery from primary infection animals were randomized into treatment 
groups. In the first experiment, the five day drug or placebo regimen was begun 
on day 108 post-inoculation followed by UV radiation exposure of Metaphane 
anesthesized animals on day 109. The pattern of recurrent disease was determined 
from day 110 through day 114. In the second experiment, the same animals were 
re-randomized into new treatment groups to assess the effectiveness of acyclovir 
begun after UV exposure. Animals were irradiated on day 130 post-inoculation and 
the five day drug or placebo regimen was started on day 131. The pattern of re- 
current disease was assessed from day 131 through day 135. Evidence of recurrent 
lesions was sought once per day (at approximately noon) by careful inspection of 
the guinea pig perineum. Lesion days were defined as days when clinically appar- 
ent herpetic lesions were observed on the perineal skin. The incidence of induced 
disease was quantified by determining the percentage of animals developing re- 
current lesions each day for five days after UV radiation exposure. The severity 
of induced recurrent disease was defined by the duration of lesions and was meas- 
ured by calculating the mean lesion days per observation period (i.e. five days) for 
animals experiencing recurrences. The time between UV radiation exposure and 
development of herpetic lesions was defined as the time to onset of induced le- 
sions. 
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Utraviolet radiation 

The perineal skin of anesthetized guinea pigs was exposed for 10 min to UV-B 
light produced by transiUuminators emitting radiation between 280-320 nm with a 
peak output of 7000 i.~W/cm 2 at 302 nm (UVP, Inc, San Gabriel, CA). The output 
of the transiUuminators was determined using an UV radiometer (UVP, Inc). 
Mock-irradiated animals were anesthetized and placed on a non-operating tran- 
silluminator bed. 

Drug treatment 

Parenteral treatment consisted of 6 cc of either saline or acyciovir dissolved in 
saline (2.5 mg/cc) (Burroughs Wellcome Co., Research Triangle Park, NC) ad- 
ministered by intraperitoneal injection twice daily for 5 days. The total dose was 
approximately 50 mg/kg/day. Topical cutaneous treatment with either polyethyl- 
ene glycol (PEG) or 5% acyclovir ointment (Burroughs Wellcome Co., Research 
Triangle Park, NC) was administered by applying 0.1 cc intravaginally and 0.1 cc 
to the perineal skin four times daily for 5 days. 

Results 

We first investigated whether antiviral therapy initiated prior to UV irradiation 
could prevent or ameliorate induced recurrent herpetic disease (Table 1). A five 
day course of parenteral or topical acyclovir treatment was begun 108 days after 
intravaginal HSV-2 inoculation, and 24 h later on day 109 post-inoculation (p.i.), 
the perineal skin of drug and placebo treated animals was exposed to UV radia- 
tion. As shown in Table 1, 27% of untreated, non-irradiated animals developed 
spontaneous recurrent disease and the severity of disease, as measured by the du- 
ration of lesions (mean lesion days) was 1.3 -+ 0.3 days. Exposure to UV radiation 
increased the incidence and severity of recurrent disease in both the topical and 
parenteral placebo groups; however, only the incidence of disease was significantly 
enhanced by UV irradiation. 

Compared to the placebo groups, topical acyclovir begun before UV radiation 
significantly reduced the severity but not the incidence nor time to onset of in- 
duced recurrences (P = 0.04, 0.17 and 0.74, respectively). Systemically adminis- 
tered acyclovir, however, significantly reduced both the incidence and severity of 
UV-induced recurrent disease compared to saline (P = 0.008 and 0.02, respec- 
tively) and prolonged the time to onset of lesions following UV radiation exposure 
(P = 0.05). The percentage of pretreated animals experiencing recurrent genital 
HSV-2 lesions each day is shown in Fig. 1, while the cumulative recurrence pat- 
tern is presented in Fig. 2. 

We next explored whether antiviral therapy started after UV radiation exposure 
could alter the natural history of induced recurrent genital herpes. A five day reg- 
imen of either intraperitoneal or topical acyclovir was begun 24 h after UV irra- 
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TABLE 1 

Effect of acyclovir treatment initiated before ultraviolet radiation exposure on the incidence and se- 
verity of induced herpetic disease 

Treatment a UV b Incidence c Severity d Onset c 

Animals P Value Days P value Days P value 

None - 3/11 - 1.3-+0.3 - 
Topical PEG + 6/8 0.049 1.8+-0.2 0.17 2.5-+0.5 - 
IP. Saline + 14/16 0.002 2.3+-0.3 0.14 1.9-+0.2 0.21 

Topical PEG + 6/8 - 1.8+-0.2 - 2.5+---0.5 - 
Topical ACV + 5/11 0.17 1.2+-0.2 0.04 2.2+-0.7 0.74 

IP saline 14/16 - 2.3---0.3 - 1.9---0.2 - 
IP ACV + 4/11 0.008 1 .0 -0  0.02 2.7---0.3 0.05 

aTreatment initiated on day 108 post HSV-2 inoculation, 24 h before ultraviolet radiation exposure and 
continued for 5 days (see text). 
bUltraviolet radiation exposure for 10 min. 7000 p.W/cm 2 at 302 nm. 
Clncidence expressed as number of animals with recurrences over the total number of animals. Data 
evaluated using Fischer's exact test, values for irradiated placebo groups vs non-irradiated untreated 
controls; or irradiated placebo vs irradiated treated groups. 
dSeverity expressed as mean lesion days +- standard error for a five day observation period from day 
110 through 114 post-inoculation for animals with recurrent disease. Data evaluated using Student's t- 
test. 
eTime to onset of lesions following UV irradiation, mean days +- standard error for animals with re- 
current disease. Data evaluated using Student's t-test. 

diation. Similar to the previous experiment, 25% of untreated non-irradiated guinea 
pigs exhibited spontaneous recurrences with an average duration of lesions (se- 
verity) of 1.7 --+ 0.7 days (Table 2). Compared to the non-irradiated guinea pigs 
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Fig. 1. Effect of prophylactic acyclovir treatment on the incidence of UV radiation-induced recurre 
disease. (A), topical drug or placebo; (B), intraperitoneal drug or placebo. 



231 

2.5- 

2 . 0 .  

z 1.5 
O 
hi  
"J 1.0 

17.5, 

0.0 

2 . 5  ~ 

O--O N o  UV 
2.0 & - - A  UV TOPICAL PEG 

<>--<> UV TOPICAL ACV 
1.5- 

1.0- 

^ ~ 0 . 5 -  

I o.o 
1 2 3 4 5 0 

DAYS AFTER UV EXPOSURE 

0--['3 N o  UV  

0 - - 0  UV I.P. SALINE 
e - -  . . ~ ~  

~ = ~  T I I I 
1 2 3 4 5 
DAYS AFTER W EXPOSURE 

F i g .  2. Cumulative mean number of days when UV radiation-induced recurrent herpetic lesions were 
observed: Effect of prophylactic aeyclovir treatment.  (A),  topical drug or placebo; (B), intraperitoneal 

drug or placebo. 

UV radiation significantly increased the incidence but not the severity of recur- 
rences in the placebo groups. Topical acyclovir did not reduce the incidence, se- 
verity or time to onset of UV radiation induced of recurrent disease while intra- 

T A B L E  2 

Effect of  acyclovir t reatment initiated after ultraviolet radiation exposure on the incidence and severity 
of induced recurrent herpetic disease 

Treatment" U- Incidence c Severity a Onset ~ 

Vb Animals P Value Days P value Days P value 

None - 3/12 - 1.7+--0.7 - 
Topical PEG + 8/12 0.044 1.9+-0.4 0.53 2.7+-0.4 - 
IP saline + 10/11 0.002 2.0-+0.2 0.77 2.7-+0.4 1.0 

Topical PEG + 8/12 - 1 . 8 - + 0 . 4  - 2 . 7 - - - 0 . 4  - 

T o p i c a l  A C V  + 10/11 0.16 2.1-+0.2 0.59 1.9-+0.5 0.16 

IP saline + 10/11 - 2.0-+0.2 - 2.7'_+0.4 - 
IP ACV + 6/11 0.068 1.7-+0.3 0.33 2.7-+0.5 1.0 

aTreatment initiated on day 131 post HSV-2 inoculation, 24 h after ultraviolet radiation exposure and 
continued for 5 days (see text). 
bUltraviolet radiation exposure for 10 min; 7000 izW/cm 2 at 302 nm. 
qncidence expressed as number of animals with recurrences over the total number of animals. Data 
evaluated using Fischer's exact test, values for irradiated placebo groups vs non-irradiated untreated 
controls; or irradiated placebo vs irradiated treated groups. 
dSeverity expressed as mean lesion days -+ standard error for a five day observation period from clays 
131 through 135 post-inoculation for animals with recurrent disease. Data evaluated using Student 's  t- 
test. 
q ' i m e  to onset  of lesions following UV irradiation, mean days -. standard error for animals with re- 
current disease. Data evaluated using Student 's t-test. 
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Effect of acyclovir therapy begun after UV exposure on the incidence of UV radiation-induced 
recurrent disease. (A), topical drug or placebo; (B), intraperitoneal drug or placebo. 

peritoneal acyclovir tended to reduce the incidence of recurrent disease compared 
to saline (P = 0.068) without affecting the severity or time to onset of recurrences. 
The effect of antiviral treatment initiated after UV irradiation on the percentage 
of animals experiencing recurrent disease and on the cumulative recurrence pat- 
tern is shown in Fig. 3 and 4. 

Discussion 

In this study we have confirmed our previous report that recurrent genital herpes 
can be induced in latently infected guinea pigs by exposure to UV radiation (Stan- 
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berry, 1989). Further, we have shown that the administration of antiviral therapy 
can effectively reduce both the incidence and severity of UV-induced recurrent 
disease in the guinea pig as well aS delay the onset of recurrent infection following 
UV irradiation. In this study systemically administered acyclovir was more effec- 
tive than topically applied drug and therapy begun before UV irradiation was more 
effective than treatment initiated after UV exposure. These results parallel clinical 
experience using acyclovir for the treatment of spontaneously recurring herpetic 
disease. For example, oral but not topical acyclovir was effective in shortening the 
clinical course of recurrent genital herpes (Nilsen et al., 1982; Reichman et al., 
1983; Luby et al., 1984). Likewise, early, patient-initiated treatment of herpes la- 
bialis with topical acyclovir was ineffective (Spruance et al., 1984), while treat- 
ment with oral acyclovir appeared to ameliorate some aspects of herpes labialis 
(Spruance et al., 1986). More recently it was reported that prophylactic oral acy- 
clovir effectively prevented solar UV radiation-induced herpes simplex labialis in 
skiers (Spruance et al., 1988) as well as reducing the severity of herpes labialis in 
human volunteers experimentally exposed to UV radiation (Spruance, 1988). In- 
terestingly, Spruance (1988) noted that the time from irradiation to onset of le- 
sions was reduced in acyclovir treated humans while we noted that prophylactic 
intraperitoneal acyclovir actually prolonged the time between UV irradiation and 
the development of herpetic lesions. These differences in the effects of acyclovir 
on UV radiation induced disease warrant further study. 

UV-induced recurrent genital herpes in the guinea pig may be a useful addition 
to the experimental models currently available for the study of antiviral drugs. 
Advantages of the model include the ability to reproducibly induce recurrent dis- 
ease, the modest equipment required, the use of a clinical (inexpensive) rather than 
a virologic (expensive) measure Of efficacy and the fact that latently infected guinea 
pigs, like humans, can be used in repetitive experiments to screen new antiviral 
compounds. Additionally, because the effectiveness of a putative antiviral drug in 
controlling recurrent infection can be determined within five days using a short 
course of therapy, the model is well suited for the evaluation of drugs available in 
limited supply. The principle disadvantage of this model is the expense of pur- 
chasing guinea pigs and the need to maintain animals for 100 days after intrava- 
ginal HSV-2 inoculation before use in UV-induced recurrence experiments. 

In conclusion, the guinea pig model of UV radiation-induced recurrent genital 
HSV-2 infection can be used to assess the effectiveness of antiviral therapy in both 
the prevention and the treatment of recurrent herpetic disease. The many simi- 
larities between genital HSV infection in humans and guinea pigs (Kern, 1984; 
Stanberry, 1986)suggest that antiviral efficacy in this model may be predictive of 
efficacY in humans. 
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