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Patients with severe or frequent recurrent genital herpes simplex virus (HSV) 
infection can be managed either by treating each recurrence with acyclovir or by 
suppressing recurrences with daily administration of the drug. To determine the 
effects of long-term acyclovir therapy on the immune response to HSV, we studied 
the change in IgG antibody concentration to HSV in 46 individuals with recurrent 
genital HSV-2 infection who received acyclovir for 1 year, Twentyseven subjects 
received daily acyclovir chemosuppression, while 19 subjects received daily pla- 
cebo (with acyclovir administered intermittently only during recurrences). Immu- 
noglobulin G (IgG) antibody to HSV was determined before medication began, at 
completion of 1 year of therapy, and 22 weeks following the first untreated HSV 
recurrence. Daily acyclovir chemosuppression for 1 year reduced mean IgG 
antibody concentration by 10% from baseline values ( P  < 0.01), whereas in 
patients receiving intermittent therapy no significant decline was observed. In both 
groups, however, the first untreated recurrence produced a rise in mean antibody 
concentrations. We conclude that prolonged daily acyclovir chemosuppression 
reduces humoral immunity to HSV, but antibody concentrations increase following 
the first untreated recurrence. 
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INTRODUCTION 

The role of humoral immunity in the control of herpes simplex virus (HSV) 
infections is not completely understood. Serum antibody does not prevent reactivation 
of latent HSV but may be critical in reducing the severity of disease and the duration 
of virus-shedding during recurrences when compared to primary infection [Corey et 
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al., 1983; McKendall et al., 19791. Serum antibody persists throughout life in latently 
infected hosts, and may be present in high concentrations in individuals with no 
history of symptomatic HSV infection [Corey and Spear, 19861. The persistence of 
high antibody concentrations in HSV infected individuals may require intermittent 
exposure of the immune system to virus antigens during either symptomatic or 
asymptomatic recurrent HSV infection. 

Individuals with frequent or severe HSV recurrences may be managed by short 
term administration of oral acyclovir during each recurrence (i.e., treatment) or by 
maintenance on daily acyclovir for long periods of time to prevent recurrences 
altogether (i.e., chemosuppression) [Bryson et al., 1983; Straus et al., 19841. The 
effects of repeated courses of acyclovir therapy or daily acyclovir chemosuppression 
on the immune response to HSV antigens is unknown. If maintenance of humoral 
immunity is dependent on repeated exposure of the immune system to virus antigens, 
long term daily chemosuppression could reduce serum antibody concentrations by 
preventing antigenic stimulation of the immune system. We studied the concentration 
of immunoglobulin G (IgG) antibody to HSV in 46 individuals with recurrent genital 
HSV-2 infection who received acyclovir for 1 year either as daily chemosuppression 
or intermittent therapy during recurrences. 

MATERIALS AND METHODS 
Patient Population 

Sixty-three individuals with culture-documented genital HSV-2 infection who 
reported at least six recurrences per year were randomized to receive oral acyclovir 
400 mg twice daily or an identical appearing placebo. The study was double blinded, 
and subjects in either group who developed recurrent HSV infection were treated 
with acyclovir (200 mg five times daily for 5 days beginning within 48 hr of symptom 
onset). Following the 5-day course of acyclovir, subjects resumed their blinded 
medication. After 1 year of therapy, the study medication (acyclovir or placebo) was 
discontinued and the subjects were observed through their first recurrence of HSV, 
which was not treated with acyclovir. 

Subjects who had enrolled in this study were considered fully evaluable if they 
adhered to the therapeutic regimen and gave serum samples for antibody testing at 
the designated times. Compliance to the prescribed medication regimen was assessed 
by reviewing the home records kept by each subject and by counting unused capsules 
at each monthly visit. 

Serum Samples 

Serum was obtained at the following times: 1) prior to the institution of therapy; 
2) at completion of the l-year course of blinded treatment; and 3) 2 weeks following 
the onset of the first HSV recurrence after completion of the study. Serum was coded 
and stored at -20" until the study was completed. 

Antigen Preparation 

Monolayers of human foreskin fibroblast (HFF) cells were used to prepare both 
HSV-2 antigen and mock antigen for use in the antibody detection assay. Flasks of 
HFF cells were inoculated with medium alone or HSV-2 (strain 186) at a multiplicity 
of 0.01-0.1 plague-forming units (pfu)/cell. Once the infected monolayers exhibited 
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90-95% cytopathic effects, the flasks were frozen at -7O"C, thawed, and the 
contents collected. The supernatant was clarified by centrifugation, plaque titered in 
African green monkey (Vero) cells, and transferred to 60 mm tissue culture dishes. 
The virus pool was inactivated by exposure to a 30 watt ultraviolet germicidal lamp 
(Sylvania GTE G30T8, VWR Scientific Supply, San Francisco) at a distance of 15 
cm for 30 min. This treatment resulted in a drop in virus titer from 107.4 pfu/ml to 
< 10 pfu/ml. The inactivated virus pool was stored in small aliquots at -70" C .  

Antibody Assay 

IgG antibody to HSV antigen was determined by ELISA as described by 
Hampar and colleagues 119851. Inciividual wells of Imulon 11 polystyrene plates 
(Dynatech Laboratories, Inc., Alexandria, VA) were coated with 50 pl of HSV-2 or 
mock antigen. Antiqen-coated plates were covered with paraffin film and incubated 
at 4°C overnight. The following morning, the plates were washed three times with 
phosphate buffered saline (PBS) containing 0.05 % Tween (PBS-T), incubated with 
200 ~ 1 2 %  bovine serum albumin, and washed three times with PBS-T. 

In order to reduce the day-to-day variability in the assay, all serum samples 
from individual subjects were tested on the same day and in the same plate. Samples 
were diluted 1: 10 in PBS, heated to 56°C for 30 min, and tested in triplicate against 
both HSV-2 and mock antigen. Fifty pl of diluted serum was added to each well and 
allowed to incubate for 1 hr at 37°C. The plates were washed three times with PBS- 
T, and 50 p1 of biotinylated goat anti-human IgG (Tago Inc., Burlingame, CA) was 
diluted 1500 in PBS and added to each well. After a 15-min incubation, the plates 
were washed three times with PBS-T, and 45 pl avidin-peroxidase reagent (Vectastain 
Kit; Vector Laboratories, Inc., Burlingame, CA) was added to each well. The plates 
were washed four times with PBS-T and twice with PBS alone. Fifty pl of 2,2-azino- 
di(3-ethyl-benzthiazoline-6-sulfonic acid) in 50 mM citrate/phosphate buffer with 
0.015% H202 was then added to each well. The reaction was not terminated by 
acidification, and absorbency was read at 405 nm on a Titertek multiscan automatic 
plate reader precisely 20 min after addition of substrate. 

To increase the accuracy of HSV-specific antibody determination in each serum 
sample, the optical density (OD) reading for mock antigen was subtracted from the 
optical density OD reading for HSV antigen, resulting in an optical density index 
(ODI). Due to subtraction of background values, these final OD1 values for HSV- 
specific antibody were relatively low. To determine the change in HSV-specific 
antibody concentration over time, the earlier OD1 was subtracted from the later ODI. 
A rise in antibody concentration is thus reported as a positive change in ODI. 

RESULTS 
Patient Population 

Of the original 63 subjects who enrolled in the study, 27 individuals receiving 
daily acyclovir and 19 subjects receiving daily placebo (intermittent acyclovir) were 
fully evaluable. Eight subjects in the intermittent acyclovir group and none in the 
daily acyclovir group failed to adhere to the treatment regimen for the full year. In 
addition, five subjects in the intermittent acyclovir group and four in the daily 
acyclovir group were excluded from analysis due to failure to provide sera at the 
designated times. The demographic characteristics of these individuals and their 
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clinical response to therapy have been reported in abstract form previously [Mertz et 
a]., 19861 and are described extensively elsewhere [Mertz et al., 19881. During the 1- 
year course of therapy, subjects receiving daily acyclovir chemosuppression were 
taken off the blinded medication and treated with open labelled acyclovir due to a 
mean HSV recurrence of 1.04 times (median 1.0; range 0-5), whereas subjects 
receiving placebo were treated with acyclovir a mean of 8.84 times (median 7.0; 
range 1-26). 

Antibody Assay 

OD readings of individual serum samples assayed in triplicate consistently had 
less than 10% variability when run on a single plate. When samples were run on 
different days, however, a 20-30% variability in OD readings was observed. This 
day-to-day variability in the assay had a minimal effect on this study, however, since 
all serum samples from individual patients were run on a single plate; hence, the 
change in OD readings over time was not affected by this variability. 

Antibody Concentrations 

Baseline antibody concentrations from sera obtained before therapy began were 
similar in both groups (Table I). Following 1 year of therapy, the mean antibody 
concentrations of subjects receiving daily acyclovir dropped 10% from baseline (P  < 
0.01 for change in OD1 value not equal to zero; Paired t-test), whereas no drop in 
antibody for subjects receiving intermittent acyclovir was observed ( P  = 0.10 for 
change in OD1 value not equal to zero; Paired t-test) (Table 11). 

It is of interest that not all individuals had a fall in antibody titers following 1 
year of therapy. A rise in mean antibody concentration was observed in 8 (42%) of 
19 subjects receiving intermittent acyclovir and 6 (22%) of 27 subjects receiving daily 
acyclovir (P  = 0.09, Fisher’s Exact Test). Subjects with a rise in antibody concentra- 
tion following 1 year of therapy and those with a reduction in antibody concentration 
had a comparable number of HSV recurrences (data not shown). In addition, there 
was no evidence that the individuals who experienced a fall in antibody concentration 
were noncompliant with the prescribed treatment regimen. 

TABLE I. IgG Antibody to HSV in Subjects Receiving Acyclovir 

Study 
group 

Daily 
acyclovir 
(n = 27) 

Intermittent 
acyclovir 
(n = 19) 

All subjects 
(n = 46) 

Mean antibody optical density index (0DI)a (SEM; Range) 
2 Wk after 

Baseline of study recurrence 

0.165 (0.10; 0.147 (0.014; 0.163 (0.010; 

End first untreated 

0.048-0.275)* 0.064-0.231)* 0.08 1-0.249) * 

0.172 (0.016; 0.156 (0.011; 0.174 (0.015; 
0.029-0.275)* 0.054-0.258) * 0.074-0.26 1 )* 

0.168 (0.009; 0.151 (0.008; 0.168 (0.008 
0.029-0.275) 0.054-0.258) 0.074-0.261) 

aIgG antibody concentration (optical density index [ODI]) was calculated as the optical density (OD) of 
the serum sample tested against HSV antigen minus the OD of the sample tested against mock antigen. 
All serum samples were tested in triplicate and all samples from each patient were assayed on the same 
plate to minimize the effects of day to day variability (see Materials and Methods). 
*P > 0.5; paired t-test. 
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TABLE 11. Change in IgG Antibody Concentration During Acyclovir Therapy 

Change in mean antibody optical density index (ODI)a (SEM) 
Study During 1 year 
group of study after first untreated recurrence 

Daily acyclovir -0.018 (0.006)* +0.015 (0.005)* 

Intermittent acyclovir -0.017 (0.010)** +0.018 (0.006)* 

All subjects -0.017 (0.005)* +0.017 (0.004)* 

From end of study to 2 wk 

(n = 27) 

(n = 19) 

(n = 46) 

aIgG antibody concentration was determined as described in Materials and Methods. Change in antibody 
concentration = (Initial ODI) - (Final ODI) over the indicated time interval. 
*P < 0.01. 
**P = 0.10, for change in OD1 over indicated time different from zero; paired t-test. 

After the study medication was discontinued, all subjects developed sympto- 
matic recurrent HSV infection. Four individuals who had received intermittent acy- 
clovir (and none receiving daily acyclovir) developed symptoms of recurrent HSV 
infection within 2 days after discontinuing daily therapy. These individuals were 
excluded from the analysis of the interval before the first symptomatic recurrence, as 
their recurrences likely began during the study period. Once these individuals were 
excluded, the median time until the first symptomatic HSV recurrence was 20 days 
(mean 35; range 4-146) in the group receiving daily acyclovir as compared to 30 
days (mean 46; range 7-160) in the group receiving intermittent acyclovir (P = 0.02 
for a first symptomatic recurrence during the first 14 days after discontinuation of 
daily medication, Fisher’s Exact Test). 

Mean IgG HSV antibody concentrations increased in both groups following the 
first untreated HSV recurrence, and the increases were comparable between the two 
groups (Table I). The antibody concentration did not rise in all subjects following the 
first untreated recurrence, however. A drop in antibody concentration was observed 
in 7 (26%) of 27 subjects receiving daily acyclovir and 8 (42%) of 19 subjects 
receiving intermittent acyclovir (P = 0.13, Fisher’s Exact Test). The direction af 
antibody change was not associated with whether the first clinical recurrence was 
culture positive for HSV; cultures were positive during the first untreated recurrence 
in 15/20 (75 %) daily acyclovir treated subjects and 8/11 (73 %) intermittent acyclovir 
treated subjects who had a rise in antibody titer, as compared to 5/7 (71%) daily 
acyclovir subjects and 618 (75%) intermittent acyclovir subjects who had a fall in 
antibody titer. 

DISCUSSION 

Patients with genital HSV-2 infection who received daily acyclovir for 1 year 
had a 10% reduction in the concentration of IgG antibody to HSV-2 as compared to 
baseline values, whereas no comparable decline in antibody concentration in patients 
receiving intermittent acyclovir therapy during the same time period was observed 
(Table II). Other investigators have also noted that acyclovir chemosuppression 
decreases glycoprotein-specific HSV antibody concentrations [Gold et al., 19871. In 
our study, patients on daily acyclovir chemosuppression averaged only one recurrence 
during the study period, as compared to subjects receiving daily placebo who experi- 
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enced nine recurrences during the same period of time. These data may suggest that 
daily long-term acyclovir therapy suppresses humoral immunity to HSV; possibly 
through a reduction in HSV-antigen stimulation of the immune system. 

Genital herpes recurred in all patients following discontinuation of daily medi- 
cation. In our study, the first recurrence was not treated after discontinuing daily 
therapy, and antibody concentrations increased in both study groups (Table II). The 
interval between discontinuation of the study drug and the first recurrence was shorter 
in patients given daily acyclovir chemosuppression than in those given intermittent 
therapy. This phenomenon has been observed previously [Douglas et al., 19841; it 
may be due to a waning in HSV-specific immunity following long-term acyclovir 
chemosuppression. Although some reports have suggested that the first HSV recur- 
rence following cessation of long-term acyclovir chemosuppression may be more 
severe than those previously experienced [Douglas et al., 1984; Sara1 et al., 19811; 
we did not observe this in our study. The mechanisms by which long-term acyclovir 
chemosuppression reduces host resistance to HSV are not known, but may be due to 
a decrease in replicating HSV and a reduction in associated viral antigens [Straw et 
al., 19851. Caution should be taken in discontinuing long-term acyclovir chemo- 
suppression, particularly in immunocompromised individuals who may be unable to 
mount an adequate immune response. Additional studies evaluating HSV-specific 
immune responses in individuals receiving acyclovir for periods longer than 1 year 
appear warranted. 
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