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Abstract

 

Reactivation of herpes simplex virus type 2 (HSV-2) occurs

intermittently as perceived clinically and by viral culture.

We performed a series of studies to evaluate the frequency

and pattern of HSV-2 reactivation using both viral isolation

and HSV PCR assay. Daily samples of genital secretions

were obtained from 27 HSV-2 seropositive women; a subset

of subjects obtained samples while receiving oral acyclovir

400 mg PO twice a day. HSV DNA was detected in genital

swab specimens on 28% of 1,410 d compared with 8.1% of

days by viral isolation. 11 of 20 women had HSV DNA de-

tected on 

 

.

 

 20% of days, 4 on 

 

.

 

 50%, and 2 on 

 

.

 

 75% of

days; in contrast, none of the women shed on 

 

.

 

 21% of days

by viral isolation. The daily administration of oral acyclovir

promptly reduced the frequency of HSV DNA detection by

a median of 80%. Within 3–4 d of discontinuing daily acy-

clovir, HSV DNA again appeared in the genital area. HSV-2

shedding in the genital mucosa occurs much more fre-

quently than previously appreciated. This frequent reactiva-

tion likely plays a role in the epidemic spread of genital

herpes worldwide. (

 

J. Clin. Invest.

 

 1997. 99:1092–1097.)
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Introduction

 

Herpes simplex viruses (HSV)

 

1

 

 are ubiquitous human patho-
gens (1). Herpes simplex virus type 2 (HSV-2) is the major
cause of genital herpes and one of the most frequent sexually
transmitted diseases (STDs) worldwide. In industrialized
countries HSV-2 is the leading cause of genital ulcer disease
and an independent risk factor for the acquisition of HIV in-
fection (2, 3). Recent serosurveys of adults in the United States
have shown a 32% increase in the prevalence of HSV-2 be-

tween 1978 and 1990 (4; Johnson, R., personal communica-
tion). The pathogenesis of HSV infection involves acute infec-
tion, subsequent latency in neuronal cells, and intermittent
reactivation of virus with reinfection of epithelial cells and
spread of virus on mucosal surfaces (5, 6). Among persons
with clinical genital herpes, symptomatic reactivations of geni-
tal herpes occur from 4 to 15 times/yr (median 5/yr), genital le-
sions last from 3 to 12 d (median 7), and HSV can be isolated
from the lesions for 1 to 4 d (7–9). Subclinical shedding of the
virus in the genital tract has been estimated to occur on 1–4%
of days sampled (10–15). This intermittent reactivation of
HSV has led to a management strategy that emphasizes epi-
sodic therapy of symptomatic reactivation, and counseling of
patients with genital herpes about the potential of transmitting
infection to sexual partners during clinical recurrences (16).

HSV DNA detection by PCR has been shown to be more
sensitive than viral isolation for detection of HSV in cere-
brospinal fluid and in genital lesions (17–19). In initial studies
evaluating the use of PCR for detecting subclinical shedding of
HSV in genital secretions at the onset of birth labor, we noted
a much higher frequency of HSV by PCR than by viral isola-
tion (20). To evaluate whether this was unique to pregnancy,
we initiated two studies to evaluate the frequency of HSV-2 re-
activation in the genital tract: an initial pilot trial to estimate
the frequency of subclinical reactivation in the genital tract,
and a second crossover treatment trial to evaluate whether an-
tiviral therapy which inhibits viral replication could abrogate
the detection of PCR positivity.

 

Methods

 

Subjects and clinical procedures.

 

Studies were conducted at the Uni-
versity of Washington Virology Research Clinic. Subjects were in
good health and not receiving immunosuppressive medication; all
signed written informed consent. In the pilot study, four women with
clinical evidence of genital herpes were followed without antiviral
therapy for 40–60 consecutive d. Three of these four women were
HSV-2 seropositive (21) and have had HSV-2 isolated from genital
lesions. The fourth woman was enrolled on the basis of a recent clini-
cal diagnosis of primary genital herpes. However, HSV was never iso-
lated from her genital tract, nor was HSV DNA detected from the
genital area for 46 consecutive d. The patient remained seronegative
to HSV-1 and HSV-2 by both standard and enhanced chemilumines-
cent Western blot assays over a 2-yr follow-up period (21, 22). She
served as a negative control for both the laboratory and specimen col-
lection methods (see Table I, subject 28).

After the pilot trial demonstrated a much higher frequency of
HSV DNA detection in genital secretions than viral isolation (see Ta-
ble I, subjects 1, 2, and 27), we evaluated whether HSV shedding as
detected by PCR was altered by antiviral chemotherapy. We then
studied the first 24 of 34 women who participated in a double-blind,
placebo-controlled, crossover study of oral acyclovir 400-mg twice a
day to evaluate the effect of antiviral therapy on subclinical shedding
of HSV (23). Acyclovir blocks HSV replication by its selective phos-
phorylation by viral thymidine kinase, and the subsequent interaction
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of acyclovir triphosphate with the HSV DNA polymerase (24). Both
of these viral gene products are made relatively late in the viral repli-
cation cycle and have never been detected during latent infections
(25–27). As such, the in vivo inhibition of PCR positivity by acyclovir
would indicate the presence of replicating and hence potentially in-
fectious virus on mucosal surfaces; therefore, we sought to compare
detection rates of HSV DNA on and off acyclovir. All women in the
acyclovir group were seropositive for HSV-2 only with genital herpes
infection for 

 

,

 

 2 yr, and were sampled daily for 22 wk (23). For the
initial 10 wk the subjects received placebo, followed by 2-wk of wash-
out, and 10 wk of acyclovir, or the reverse order. The 2-wk washout
period was to assure that the participants will return to baseline rates
of reactivation before receipt of the second study drug. Women in the
pilot trial and in the study of acyclovir obtained daily swabs of genital
secretions for viral isolation and PCR (13, 15, 23). The cervical speci-
men was obtained by inserting the swab in the vagina and swabbing
the cervix and vaginal fornix. The vulvar specimen was obtained by
swabbing the entire vulva. The samples were placed in viral media
and stored refrigerated until delivered to the laboratory three times a
week. The viral isolation results showed that acyclovir was 94% effec-
tive in reducing subclinical and clinical shedding among these women
(23). As the demographic, clinical, and serologic characteristics, and
sampling methods of the women as well as the laboratory methods
were similar between the two trials, the results of these studies have
been combined.

 

Laboratory methods.

 

Viral isolation, HSV serology by Western
blot, and the PCR assay for HSV DNA detection were performed us-
ing previously published methods (21, 28, 29). The samples collected
by subjects were opened and divided in a separate P-2 facility. Half of
each sample was sent to an adjoining laboratory for HSV isolation us-
ing standard tissue culture techniques (28) and half was digested
overnight in a buffer containing proteinase K and sodium dodecyl
sulfate, EDTA, and Tris HCl, pH 8.0. All HSV isolates were typed by
monoclonal antibodies to HSV-2.

DNA was extracted with phenol and phenol chloroform and was
then precipitated with ethanol. HSV PCR was performed as previ-
ously described (18–20). We used a type common primer set
HSVgB2a (5

 

9

 

-CTGGTCAGCTTTCGGTACGA, 5

 

9

 

-CAGGTCGTG-
CAGCTGGTTGC) from the glycoprotein B gene. A type common
probe (HSVgB2a-P: 5

 

9

 

-AGGTCGATGAAGGTGCTGACGGTG-
GTGA) was used for hybridization with the resulting 342-bp PCR
product. To insure negative samples were not due to nonspecific inhi-
bition, all samples were spiked with 50 copies of a modified PCR
product containing a 35-bp 

 

Drosophila

 

 gene sequence replacing the
HSV probe region (29). Reactions were then hybridized separately
with both the 

 

Drosophila

 

 probe (to test for inhibition of the reaction)
and the HSV probe (to detect HSV DNA in the sample). All inhib-
ited samples (

 

z

 

 4% of initial samples) were reextracted and then suc-
cessfully amplified. All runs also contained uninfected tissue culture
negative controls. On selected samples, HSV DNA was subtyped us-

 

Table I. Frequency of Detection of HSV from Genital Tract of 27 HSV-2 Seropositive Women by Viral Culture and PCR

 

No. days since
HSV acquisitiion

No therapy Daily acyclovir therapy

Subject
No.

No. days PCR

 

1

 

/
No. days sampled

No. days culture

 

1

 

/
No. days sampled

No. days PCR

 

1

 

/
No. days sampled

No. days culture

 

1

 

/
No. days sampled

 

% % % %

 

1 11 20/42 47.6 5/42 11.9 ND — ND —

2 14 9/56 16.1 0/56 0.0 ND — ND —

3 76 11/65 16.9 5/65 7.7 ND — ND —

4 95 ND — ND — 1/53 1.9 1/53 1.9

5 99 ND — ND — 1/74 1.4 0/74 0.0

6 113 59/77 76.6 15/77 19.5 8/64 12.5 0/64 0.0

7 147 45/80 56.3 17/80 21.3 13/69 18.8 0/69 0.0

8 153 ND — ND — 12/72 16.7 0/72 0.0

9 153 ND — ND — 1/64 1.6 0/64 0.0

10 155 7/69 10.1 1/69 1.4 ND — ND —

11 159 27/85 31.8 5/85 5.9 2/64 3.1 0/64 0.0

12 174 19/80 23.8 4/80 5.0 7/72 9.7 0/72 0.0

13 181 34/44 77.3 8/44 18.2 13/69 18.8 1/69 1.4

14 243 41/81 50.6 12/81 14.8 7/71 9.9 0/71 0.0

15 336 25/78 32.1 5/78 6.4 2/67 3.0 1/67 1.5

16 400 6/63 9.5 0/63 0.0 ND — ND —

17 447 ND — ND — 1/66 1.5 0/66 0.0

18 500 25/80 31.3 12/80 15.0 2/65 3.1 0/65 0.0

19 501 10/82 12.2 0/82 0.0 6/74 8.1 0/74 0.0

20 540 14/77 18.2 2/77 2.6 ND — ND —

21 564 ND — ND — 6/55 10.9 1/55 1.8

22 607 17/71 23.9 12/71 16.9 ND — ND —

23 618 6/82 7.3 0/82 0.0 ND — ND —

24 643 ND — ND — 3/65 4.6 0/65 0.0

25 714 0/76 0.0 0/76 0.0 ND — ND —

26 717 4/63 6.3 2/63 3.2 ND — ND —

27 2247 15/59 25.4 9/59 15.3 ND — ND —

Total 394/1410 27.9 114/1410 8.1 85/1064 8.0 4/1064 0.4

28 No HSV 0/46 0.0 0/46 0.0 ND — ND —
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ing HSV-1 and HSV-2 type-specific probes (20). We quantitated the
approximate number of HSV genomic copies in swab specimens by
comparing the intensity of the band on the autoradiogram in 50 

 

m

 

l of
specimen with bands generated from input HSV DNA of known copy
number (10

 

1

 

 to 10

 

4

 

). Previous studies had shown that the intensity of
the bands linearly increased up to 10

 

4

 

 copies of HSV DNA; all sam-
ples in which initial testing revealed 

 

.

 

 10

 

3

 

 copies of HSV DNA/50 

 

m

 

l
of sample were diluted to give copy numbers in the range of 10

 

1

 

 to 10

 

4

 

and reamplified using this method. We visually estimated on a log
scale the amount of HSV DNA in each specimen. This method gives
results which are comparable to results obtained by quantitative com-
petitive HSV DNA PCR (30). The PCR, viral isolation, and serologic
assays were all done without knowledge of clinical or culture results.

To examine how long inactivated HSV DNA would persist on the
mucosa of the genital tract in the absence of replicating virus, we
placed 10

 

6

 

 plaque forming units of heat-inactivated HSV-1 (strain
E115) on the external genitalia of a seronegative woman. High levels
of HSV DNA (10

 

6

 

 genome copies/50 

 

m

 

l of sample) were detected on
the vulva immediately after placement. The amount of HSV DNA
decreased rapidly by 5 h after the placement of HSV, and none was
detected by 24 h after placement.

 

Definitions and statistical methods.

 

Subclinical shedding was de-
fined as the detection of HSV on a day without genital lesions noted
by the patient or clinician (15). The frequency of HSV shedding was
calculated by dividing the number of days on which HSV was isolated
or detected by PCR by the number of days of samples. Previous stud-
ies have shown the similarity in the rate of viral isolation among pa-
tient-obtained specimens versus clinician-obtained cultures (15). To
evaluate the reliability of patients sampling methods by PCR, we
compared results on 140 d on which vulvar and cervical samples were
obtained on the same day both at home and in the clinic. Of these 280
home-clinic sample pairs, 202 were negative. Of 78 pairs with HSV
DNA, 55 (71%) were positive from swabs taken both at home and
the clinic, 13 (17%) were positive only in samples obtained at home,
while 10 (13%) were positive only in samples obtained at clinic (

 

k

 

 

 

5

 

0.77, 95% confidence interval 0.69–0.86). Among the 55 pairs with
DNA in both home and clinic samples, 24 (44%) had the same
amount of HSV DNA detected in both samples, 26 (47%) pairs had a
1 or 2 log difference and only 5 (9%) had a 3 log difference in HSV
DNA between the two samples. Thus the patient sampling method
for detecting HSV DNA from mucosal surfaces appeared reliable.

We calculated geometric means of numbers of genomic copies in
samples, with PCR-negative samples assigned the value 10

 

8

 

 

 

5

 

 1. Be-
cause the test results within a woman are correlated, we computed
summary statistics for each woman, and significance tests were done
using these summary statistics. Correlation coefficients were Pearson
correlations, with significance assessed by the 

 

F

 

 test from a least
squares regression. Comparisons of mean amounts of HSV DNA un-
der different conditions (untreated versus acyclovir, culture positive
vs. culture negative, lesions present versus not) were done using
paired two-sided 

 

t

 

 tests (

 

a

 

 

 

5

 

 0.05) on the women with data under
both conditions. The average from the cervical and vulvar samples for
each woman under each condition was computed on the log scale for
these tests.

 

Results

 

We assayed each of the daily genital tract specimens on 20
HSV-2 seropositive women who were not receiving antiviral
therapy. HSV DNA was detected in genital secretions in 19
(95%) women during 42 to 85 consecutive sampling days, and
HSV was isolated by culture in 15 (75%) women (Table I).
Overall, HSV DNA was detected on 394 of 1,410 (28%) of
days sampled, compared to 114 d (8.1%) on which HSV was
isolated by culture from the same specimens (Fig. 1). The me-
dian percent of days on which HSV DNA was detected in the
vulvar or cervical areas was 24% and ranged from zero in one

woman (subject 25) to 

 

.

 

 75% of days in two subjects (subjects
6 and 13). The frequency of HSV DNA detection in cervical
and vulvar samples was similar, 23 and 24% of days, respec-
tively. HSV DNA was detected in all but one sample from
which HSV was isolated. In individual women, the correlation
between HSV-culture positivity and HSV DNA detection was
0.83 (

 

P

 

 

 

,

 

 0.001); that is, women with frequent detection of
HSV DNA had frequent HSV detection by standard viral iso-
lation. In agreement with previous studies in which only viral
isolation was performed (14, 15), detection of HSV DNA was
higher in women enrolled into the study within 6 mo of acquir-
ing HSV-2 than those between 6 and 24 mo, 39% vs. 20% of
days, respectively (Table I).

The appearance of HSV DNA occurred in clusters of con-
secutive days, or episodes, similar to the pattern previously
seen in studies evaluating HSV reactivation by viral isolation
(Fig. 2). Overall, the median duration of an episode of HSV
shedding as detected by PCR was 2 d (range 1 to 34). Of 107
episodes, 45 (42%) lasted 1 d, 20 (19%) 2 d, 8 (7%) 3 d, 5 (5%)
4 d, and 29 (27%) 5 d or more. Lesions consistent with herpes
were noted on 40% of days on which HSV DNA was detected.
The median duration of PCR positivity during lesional epi-
sodes was 4 d vs. 1 d for subclinical episodes.

 

Amount of HSV DNA in genital secretions.

 

Among the 663
cervical and vulvar specimens in which HSV DNA was de-
tected, the number of genomic copies per 50 

 

m

 

l of specimen
was 

 

z

 

 10

 

1

 

 in 36%, 10

 

2

 

 in 19%, 10

 

3

 

 in 15%, 10

 

4

 

 in 13%, 10

 

5

 

 in
5%, 10

 

6

 

 in 5%, and 10

 

7

 

 or more in 6%. The distribution of the
amount of DNA was similar in vulvar and cervical specimens.
The estimated HSV copy number was significantly higher in
PCR-positive samples from which HSV-2 was isolated (mean
difference 10

 

2.00

 

, 95% CI 10

 

1.49

 

 to 10

 

2.51

 

, 

 

P

 

 

 

,

 

 0.001); 72% of cul-
ture-positive vulvar samples contained 

 

.

 

 10

 

3

 

 copies of HSV
DNA and only one culture-positive sample was PCR-negative.
Nevertheless, 19% of PCR-positive, culture-negative vulvar
specimens had more than 10

 

3

 

 copies of HSV DNA and 7% had
more than 10

 

5

 

 copies. Moreover, HSV was isolated on days in
which only low (10 or 100) copies of HSV DNA were detected

Figure 1. The cumulative culture and PCR-positive days from sam-
ples of genital secretions from women on placebo or acyclovir ther-
apy. The cumulative number of days is illustrated both for the cervix 
and for the vulva.
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(Fig. 3). The geometric mean HSV copy number was signifi-
cantly higher in samples obtained on days with lesions than
days without lesions, 10

 

1.74

 

 and 10

 

0.44

 

 (

 

P

 

 

 

,

 

 0.001), respectively
(see days 29–33 and 48–53 in Fig. 2). Of interest, on the days
with positive cultures, the presence or absence of genital le-
sions did not appreciably alter the amount of HSV DNA
present—10

 

4.43

 

 for days with genital lesions compared with
10

 

4.04

 

 for days without lesions.

 

Effect of acyclovir on detection of HSV DNA.

 

In 16 women
receiving daily suppressive acyclovir, we evaluated the fre-
quency and amount of HSV DNA on mucosal surfaces. Daily
oral acyclovir markedly reduced the frequency of HSV DNA
detection (Table I, Figs. 1 and 2). Overall, HSV reactivation as
measured by DNA detection in genital swabs was reduced
from 394 of 1,410 d (28%) during untreated period to 85 of
1,064 d (8%) during acyclovir therapy. Among the nine
women who obtained specimens both on placebo and on acy-
clovir, the frequency with which HSV DNA was detected by

PCR was reduced from 285 of 687 d (41%) to 60 of 615 d
(10%); a median reduction of 80% (range 34–91%). Addition-
ally, women who had high rates of shedding by PCR without
antiviral therapy tended to have higher shedding rates on acy-
clovir as well (

 

r

 

 

 

5

 

 0.7, 

 

P

 

 

 

5

 

 .03).
HSV DNA detection markedly decreased upon the initia-

tion of acyclovir and promptly increased within 4 d of stopping
acyclovir. Mean HSV DNA was reduced from baseline (no
treatment) levels of 10 

 

1.06

 

 to 10

 

0.72

 

 on days 1–3 of acyclovir
therapy, 10

 

0.37

 

 on days 4–6, and to 10

 

0.09

 

 on days 

 

$ 

 

7 of therapy.
Similarly, the reemergence of PCR positivity was prompt
when acyclovir was discontinued (Fig. 4). When HSV DNA
was detected in the genital tract, the number of HSV genomic
copies was significantly reduced from 10

 

2.75

 

 on placebo to 10

 

1.62

 

on acyclovir (mean difference 10

 

1.12

 

, 95% CI 10

 

0.26

 

 to 10

 

1.99

 

, 

 

P

 

 

 

5

 

0.02). The reduction of detection of HSV DNA in genital tract
was seen in all women and at both anatomic sites during acy-
clovir administration.

 

Discussion

 

Our study indicates that genital HSV-2 reactivation occurs
much more commonly than previously appreciated. Using a
sensitive HSV DNA PCR assay, we found HSV-2 shedding in
the cervico-vaginal or vulvar region an average of 28% of days
sampled among healthy immunocompetent HSV-2 seroposi-
tive women. The rate of HSV detection by PCR was 3.5 times
higher than viral isolation when the same specimens were eval-
uated by both methods. Both the epidemiologic and virologic
pattern of HSV reactivation as detected by PCR paralleled the
known characteristics of mucosal HSV-2 infection as shown pre-
viously by viral isolation (15). HSV reactivation as detected by
PCR: (

 

a

 

) was more frequent in women with recent acquisition
of genital herpes and frequent reactivation by viral isolation;
(

 

b

 

) occurred in clusters of days or episodes; (

 

c

 

) was associated
with higher copy numbers and longer duration of shedding when
viral cultures were positive or genital lesions were present; and
(

 

d

 

) was reduced with antiviral therapy. These data all support
the conclusion that detection of HSV DNA on a genital mu-
cosal swab indicates recent replication and release of virus

Figure 3. The distribution of the amount of HSV DNA/50 ml of spec-
imen obtained from cervical and vulvar swabs on days HSV was iso-
lated in culture compared to days HSV was not isolated from women 
not receiving antiviral therapy.

Figure 4. Temporal association between discontinuation of daily oral 
acyclovir and the ability to detect HSV DNA in genital swabs. End 
point is the daily mean copy number of HSV DNA in the 3 wk before 
and 3 wk immediately after discontinuing oral acyclovir 400-mg PO 
twice a day (n 5 7). The line depicts a locally weighted smoothed ver-
sion of the daily data.

Figure 2. The virologic and clinical course of HSV infection of sub-
ject 14 during placebo and acyclovir therapy. The 1 denotes a day in 
which HSV was isolated by culture; on all other days HSV cultures 
revealed no growth. The woman received placebo on day 1–88 of 
study and acyclovir 400-mg twice a day on days 89–160. Day, consecu-
tive day of sampling.
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from mucosal epithelial cells. This conclusion is supported by
our preliminary observation which demonstrated that high
copy number of heat inactivated HSV DNA rapidly disap-
peared from mucosal surfaces. The HSV PCR assay which we
used has been extensively evaluated for specificity in prior
studies (18–20); and genital samples from HSV seronegative
persons were invariably negative, as demonstrated by subject
28 in Table I.

The marked reduction in HSV DNA detection which oc-
curred on daily acyclovir provides evidence that most of the
HSV DNA in genital swabs is replicating rather than latent or
defective virus. No evidence of latent HSV has been found in
human genital tract, despite findings of latent or low frequency
replicating HSV in the guinea pig, mouse mucosa, or the hu-
man cornea (31–33). For activity, acyclovir requires HSV-spec-
ified enzymes which are not produced during latent infection
(24–27). As such, suppression of HSV DNA detection with
acyclovir therapy would indicate that we detect replicating vi-
rus on the mucosal surface. The prompt reduction of PCR pos-
itivity after initiation of acyclovir and the rapid reappearance
of HSV DNA positivity upon discontinuing acyclovir also sup-
port this observation. The median reduction in shedding dur-
ing acyclovir therapy was 100% by viral isolation compared
with 80% by PCR assay; it is not clear whether the low-level
HSV DNA which remained detectable during antiviral ther-
apy represented infectious virus. However, as shown in Fig. 3,
HSV-2 can be isolated in tissue culture when only 10 to 100
copies of HSV DNA are detected in concomitantly obtained
genital swabs.

Our study leaves several important issues yet unanswered.
Despite the large number of samples in this study (

 

.

 

 8,000
PCR assays), the number of persons we studied was small. Our
goal was to investigate if HSV reactivated more frequently
than previously appreciated by viral culture, not to define the
entire clinical spectrum of such reactivations. As such, addi-
tional information on HSV shedding patterns in a wider vari-
ety of patient populations is needed. The estimates of subclini-
cal shedding that we report in this paper may be low, as we
sampled only the vulvar and cervical areas. As detected by vi-
ral isolation in previous studies (15), perianal shedding is com-
mon in both women and heterosexual men and results from in-
nervation of the region by the sacral nerves.

 

Clinical implications.

 

Our findings have several clinical im-
plications. Persons with HSV-2 infection need to be more ac-
tively counseled about the frequency of subclinical reactiva-
tion in the genital tract. They should be informed that HSV-2
shedding on mucosal surfaces occurs frequently and, as such,
exposure to potentially infectious virus does not occur on just
2% of days (15). One interesting finding of our study was that
the amount of HSV DNA that we detected in genital secre-
tions was similar in subclinical or lesional culture positive epi-
sodes of HSV-2. We have assayed culture negative genital se-
cretions from two women at the time of delivery whose infants
subsequently developed neonatal HSV (20). HSV DNA was
detected in samples from both women, and the genomic copies
varied from 10

 

3

 

 to 10

 

5

 

. These data indicate that HSV-2 can be
transmitted when HSV DNA is detected by PCR but HSV is
not isolated in culture. High copy number of HSV DNA corre-
lated with our ability to isolate virus, and is likely to be a factor
in transmissibility of infection. However, other factors influ-
ence sexual transmission of HSV-2 infection, such as antibody
titers of the exposed sexual partner and the type and duration

of coital activity. Thus, it may not be possible to establish the
threshold level of HSV DNA which results in transmissible in-
fection. As such, consistent use of barriers to prevent transmis-
sion of genital herpes should be a routine message for all per-
sons at risk for transmitting HSV to others.

In summary, while the pathogenic mechanisms of HSV-2
shedding on mucosal surfaces are incompletely understood,
models of HSV intervention, whether behavioral or chemo-
therapeutic, need to take into account the very frequent re-
lease of replicating herpes simplex virions into mucosal sur-
faces.
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