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Culture of infectious virus, PCR amplification of viral DNA, and the appearance of genital skin lesions were
used as markers to study the course of a recurrence of genital herpes in 40 patients treated with famciclovir
or placebo. The highest frequency of patients with skin lesions occurred within the first 36 h following the onset
of a recurrence, which also corresponded to the peak in the production of virus. While the timing of the peak
in skin lesions was independent of the type of treatment, the frequency of lesions and the release of virus at the
lesion site were both reduced by famciclovir treatment. Furthermore, patients receiving this antiviral agent
showed a more rapid recovery time and a shorter period during which viral DNA could be detected at the lesion.
PCR and then Southern blot hybridization greatly enhanced our ability to detect herpes simplex virus at the
lesion site. This procedure proved to be of greater diagnostic value in assessing genital herpes than the
standard culture method currently used. In addition, PCR was more sensitive in evaluating treatment effec-
tiveness.

Genital herpes, resulting from herpes simplex virus (HSV)
type 1 (HSV-1) or HSV-2 infection of the urogenital tract, is a
worldwide public health problem. Several antiviral drugs have
been used in the treatment of primary infections and recur-
rences but with variable results. Although several candidate
vaccines are in clinical trials, no vaccine is available for general
use.
Herpetic lesions will, in the majority of cases, cause severe

discomfort and will have detrimental effects on the healthy
sexuality of infected adults. In addition, a high percentage of
neonates who contract HSV-1 or HSV-2 at birth die or suffer
severe neurological damage, despite antiviral therapy (1, 24,
25). The rate of neonatal HSV infection could be significantly
reduced by the development of sensitive, specific, and rapid
screening procedures which could identify babies at risk and
which could allow for the planning of an alternative route of
delivery or for the early initiation of antiviral treatment fol-
lowing delivery. Such procedures are also required in order to
follow the effects of new drugs on the frequency of herpetic
recurrences and on viral shedding during acute or recurrent
infections.
While tissue culture has remained the standard procedure

for the detection of HSV, it requires at least 2 to 3 days before
results can be obtained and a minimum titer of infectious virus
(1, 3, 9, 15). Detection of viral antigens by immunological
methods has also not yet achieved the desired sensitivity (4,
21). PCR, on the other hand (17), has high degrees of sensi-
tivity and specificity for the detection of selected viral DNA
sequences. Although it does not differentiate between infec-
tious and noninfectious virus, it has been used successfully to
identify human immunodeficiency virus, human papillomavi-
ruses, and cytomegalovirus (14, 19, 20) and also to study pop-
ulations at high risk of shedding HSV-1 and HSV-2 (5–7, 10,

11, 16). To date, however, PCR has not been used to follow the
evolution of HSV infection in patients with recurrences of
genital herpes or in patients with genital herpes on antiviral
treatment. Here we report the use of PCR and virus culture to
follow the natural history of recurrent genital herpes, virus and
viral DNA shedding, and the association of this shedding with
different stages of skin lesions. The effects of famciclovir, an
inhibitor of the HSV DNA polymerase (22, 23), on these
parameters were also analyzed.

MATERIALS AND METHODS

Patient population. The study was approved by the Human Experimentation
Committee at the Ottawa General Hospital, University of Ottawa. The patients
were selected as part of a multicenter study to evaluate the efficacy and safety of
three different doses of famciclovir for the treatment of recurrent genital herpes.
All the data collected from patients enrolled in the Ottawa center are presented
in this report. The recruited patients were otherwise healthy and nonpregnant
individuals who were over the age of legal consent and who had a previous
diagnosis of genital herpes proven by culture. All patients in our study group had
recurrent episodes of genital herpes at least every 4 months with a clearly
identifiable prodrome. Patients were instructed to self-culture the skin site where
the lesions or prodrome occurred. The initial swab was taken within 6 h of the
appearance of lesions or prodrome, and treatment was started immediately
thereafter. The patients reported to the clinic within 12 h of the recurrence for
initial clinical assessment and were assessed twice daily for 5 days and once daily
thereafter until complete reepithelialization of the genital lesion occurred or
only until day 5 if the lesion was healed. At each visit, the symptoms and the
conditions of the lesions were documented and samples were collected for virus
culture and DNA amplification. A total of 40 patients were recruited into the
study; 10 patients received placebo and the other 30 patients received famciclo-
vir. The treatment regimen consisted of 125 mg (10 patients), 250 mg (13
patients), and 500 mg (7 patients) of oral famciclovir administered twice daily for
5 days following the appearance of lesions or prodrome.
Clinical observations. The prodromal areas or lesion sites were examined, and

skin lesions were recorded as papules, vesicles, ulcers, and/or crusts.
Viral studies. Swabs were taken from the genital prodromal areas or lesion

sites and were soaked in preparative medium (Iscove’s modified Dulbecco’s
medium [Gibco/BRL] supplemented with 25 mM HEPES [N-2-hydroxyeth-
ylpiperazine-N9-2-ethanesulfonic acid], 0.2% bovine serum albumin, 25 mg of
amphotericin B per ml, 1,000 IU of penicillin per ml, and 500 mg of gentamicin
per ml) to elute virus. An aliquot (0.1 ml) of this suspension was used to
inoculate subconfluent cultures (80% confluence) of a human lung fibroblast cell
line growing in Dulbecco’s modified Eagle medium (Gibco/BRL) supplemented
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with 2% fetal calf serum. The cultures were kept at 378C for 1 to 7 days until
about 50 to 75% of the monolayer showed cytopathic effects. The cultures were
then harvested for analysis by immunofluorescence. The Micro Trak HSV-1 and
HSV-2 Culture Identification/Typing Test (Syva, San Jose, Calif.), which uses
two fluorescein-labelled monoclonal antibodies directed against the HSV-2 ri-
bonucleotide reductase and glycoprotein B doublet, were used to type the HSV
isolates in the cultures. Cultures without a cytopathic effect were discarded after
7 to 8 days and were reported as negative.
In order to determine the one-half tissue culture infective dose (TCID50),

subconfluent human lung fibroblast cell cultures were inoculated with 0.1 ml of
serial 1/10 dilutions of the HSV-1 McIntyre strain (ATCC VR539) and HSV-2
strain V58399 (clinical isolate). After 7 days, the cultures were harvested and
their TCID50s were determined (12).
PCR conditions and primers.A duplicate swab was taken at the same time and

from the same site as that used for the viral culture. This second swab was placed
in 300 ml of lysis buffer (10 mM Tris-HCl [pH 8.3], 50 mM KCl, 2.5 mM MgCl2,
0.5% Tween 20, 0.5% Nonidet P-40). The samples were digested at 378C over-
night with 100 mg of proteinase K and were then boiled for 10 min to inactivate
the enzyme. The viral DNA extracts were stored at 2208C until they were tested
by PCR. The oligonucleotide primers used were designed to amplify a portion of
the HSV DNA polymerase gene (13). The upstream primer DNAP5 recognizes
both HSV-1 and HSV-2 sequences, while the downstream primers DNAP3-1 and
DNAP3-2 recognize nucleotide sequences of HSV-1 and HSV-2, respectively.
The oligonucleotide internal probe HSV-P3 recognizes both HSV-1 and HSV-2
sequences. By using these primers, we were able to distinguish between the
presence of HSV-1 and HSV-2 on the basis of the PCR product size, 469 and 391
bp, respectively (13). PCR was carried out for 35 cycles in a programmable DNA
thermal cycler (9600; Perkin-Elmer), as follows: DNA denaturation at 948C for
40 s, primer annealing at 658C for 1 min and 30 s, and primer extension at 718C
for 2 min. For the last cycle, the DNA molecules were allowed to extend for 7
min at 728C. The amplified DNAs were then detected by electrophoresis on a
1.5% agarose gel and were stained with ethidium bromide (18).
In order to determine the sensitivity of the PCR method, HSV-1 and HSV-2

stocks were grown in human lung fibroblast cells and their TCID50s were deter-
mined by the Reed and Muench method described previously (17). Serial 10-fold
dilutions of culture supernatants containing titers of 107 TCID50s/ml for HSV-1
and 104 TCID50s/ml for HSV-2 were extracted to isolate viral DNA, and each
sample was subjected to PCR amplification and then analyzed by ethidium
bromide staining and Southern blot hybridization.
Clinical samples from patients with genital lesions but negative by PCR were

spiked with HSV-2 DNA to rule out the presence of PCR inhibitors.
Southern blotting. PCR products were transferred (18) to nylon filters (Am-

ersham) and were hybridized with the oligonucleotide probe HSV-P3 (13). This
probe was labelled with the E-LINK Oligonucleotide Labelling Kit (Cambridge
Research Biochemicals). Prehybridization of the filters was done for 4 h at 428C
with 10 ml of prehybridization buffer (53 SSC [13 SSC is 0.15 M NaCl plus 0.015
M sodium citrate], 0.3% blocking buffer [Boehringer Mannheim, Laval, Quebec,
Canada], 0.1% sarcosyl, and 0.01% sodium dodecyl sulfate [SDS]). Hybridization
was performed at 428C overnight with 10 ml of prehybridization buffer plus and
20 ml of the E-LINK probe. After successive washes with 23 SSC plus 0.1% SDS,
0.53 SSC plus 0.1% SDS, and buffers A (100 mM Tris [pH 7.4], 150 mM NaCl),
B (2% blocking buffer in buffer A), and C (100 mM Tris [pH 9.5], 100 mM NaCl,
50 mMMgCl2), the damp filters were sprayed two or three times with LumiPhos
530 (Boehringer Mannheim) and were exposed to X-ray film (X-Omat; Kodak)
at 378C for between 30 min and 2 h.
Statistical methods. Analysis of variance was used to compare the different

treatment groups. In addition, weighted kappa statistics (using quadratic
weights) were used to compare the agreement between the presence of genital
lesions and the results of DNA PCR and virus culture, since a Pearson r value
gives an overly optimistic value in situations in which agreement is being evalu-
ated. Since antiviral treatment inhibited both virus and viral DNA shedding, this
analysis was undertaken only for subjects in the placebo group. Means were also
compared by two-tailed Student’s t test. Proportions were compared by Fisher’s
exact test.

RESULTS

Sensitivity of the PCR procedure. The comparison of PCR
with virus culture demonstrated that PCR could detect viral
DNA in dilutions beyond the point at which infectious virus
was detectable. As shown in Fig. 1, herpesvirus DNA could be
detected with the HSV-P3 probe in culture supernatants di-
luted as low as 10210 for HSV-1 and HSV-2. This represents a
limit of detection of much less than 1 TCID50/ml for both
viruses (1023 TCID50s/ml for HSV-1 and 10

26 TCID50s/ml for
HSV-2). Hybridization of the PCR products with the HSV-P3
probe increased the sensitivity of the assay with respect to
ethidium bromide staining by a factor of 102 (Fig. 1). Hybrid-
ization of clinical samples amplified by PCR with the labelled

oligonucleotide probe increased from 28 to 34 the number of
patients in whom viral DNA could be detected, thus increasing
the sensitivity by 15% (see Table 1). The use of this procedure
allowed the detection of viral DNA in 100% of the patients
treated with placebo and even allowed the detection of viral
DNA in one patient who had prodromic symptoms but who did
not develop skin lesions (see below).
Clinical symptoms and their association with virus detec-

tion and viral DNA amplification during the course of recur-
rent genital herpetic lesions. Virus culture and DNA amplifi-
cation were performed in 363 samples collected from 40
patients (Table 1). The patients were divided into four groups
according to their treatment: those receiving placebo or 125,
250, or 500 mg of oral famciclovir administered twice daily.
Swabs were taken at 12-h intervals for 5 days after the begin-

FIG. 1. Sensitivity of HSV PCR. An aliquot (100 ml) of the supernatants
from cultures of HSV-1 (a and b) and HSV-2 (c and d), with titers of 107 and 104

TCID50s/ml, respectively, were extracted, diluted 10-fold, and amplified as de-
scribed in Materials and Methods. Samples from the PCR were then electro-
phoresed in agarose and stained with ethidium bromide (a and c) or transferred
to nylon filters and hybridized with the labelled probe (b and d; see Materials and
Methods). The last positive dilutions after hybridization with the labelled probe
were 10210 for HSV-1 and HSV-2, which represents limits of detection of 1023

and 1026 for HSV-1 and HSV-2, respectively. Lanes 1, phage 174 replicative-
form DNA digested with HaeIII as a size marker; lanes 2 to 11 (a and b), 1/10
serial dilutions of HSV-1 (1026 to 10215); lanes 2 to 12 (c and d), 1/10 serial
dilutions of HSV-2 (1023 to 10213); lanes 13 (c and d), negative control con-
taining all components of the PCR except target DNA.
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ning of the prodrome or recurrence and then once a day until
reepithelialization occurred. The mean number of samples per
patient was 9 (range, 5 to 16). Figure 2 summarizes the time
course of the development of skin lesions as well as the time
course of virus and viral DNA shedding during a recurrence of
genital herpes in the population of patients treated with pla-
cebo. Both the detection of HSV DNA and the ability to
culture virus were related to the stage of the lesion, with a
higher number of positive results being found for samples
taken from vesicles or ulcers. The peak in virus shedding, as
indicated by a positive culture test results, was observed within
the first 24 h of the development of skin lesions coincident with
the peak in the amplification of viral DNA by PCR. After day
1, there was a slow decay in the level of infectious virus cul-
tured, whereas the presence of viral DNA detected by PCR
remained high (70%) until day 4 (samples 6 to 8). As the level
of detectable viral DNA declined, so did the frequency of skin
lesions.
Agreement between last day with lesions and last day with

positive test result. To compare the diagnostic value of viral
DNA detection and virus culture in the assessment of genital
lesions, we measured the correlation between the last day that
a positive test result was observed and the last day that lesions
were present. The kappa value was 0.51 for agreement between
the virus culture method and the presence of lesions and 0.72
for agreement between DNA PCR results and the presence of
lesions.
Effects of famciclovir treatment on herpetic lesions. Patients

on famciclovir had lower rates of skin lesions and virus shed-
ding than patients on placebo. In patients receiving placebo,
67% of the samples collected during the course of the study
were positive by PCR, while in famciclovir-treated patients the
percentage of positive samples by PCR was 30% (Table 1).
Patients on placebo had skin lesions at 71% of the time points
studied, while patients on famciclovir had skin lesions at 61.6%
of the time points studied (Table 1). The data obtained from
patients receiving either of the three doses of famciclovir (Ta-
ble 1) were pooled and analyzed (Fig. 3). In comparison with
the placebo group, patients in the famciclovir group had a
delayed onset of skin lesions when they presented with a re-
currence. In the first 12 h of the recurrence, 8 of 10 patients
(80%) in the placebo group had vesicular lesions, whereas 15
of 40 patients (37.5%) in the famciclovir group had vesicular
lesions (P , 0.02) (Fig. 2 and 3). Similarly, in the first 24 h, the
rate of shallow genital ulcers was lower in the famciclovir

group than in the placebo group (1 of 40 versus 5 of 10,
respectively; P , 0.001). Patients on the antiviral treatment
did, however, show an increase in the rate of genital lesion
formation between 24 and 36 h following the initiation of
symptoms. This peak immediately subsided, with the frequency
of symptoms dropping at a faster rate than that for the control
group (Fig. 3). For both the placebo control and famciclovir
groups, there was an apparent plateau in the decline of skin
lesions at about day 4 (samples 6 to 8). Nevertheless, famci-
clovir-treated patients showed a trend for faster recovery of
skin lesions than patients treated with placebo (Fig. 2 and 3).
Famciclovir consistently inhibited infectious virus and viral

DNA from clinical samples. A consequence of this inhibition
was the widening of the gap between the frequency of virus and
viral DNA detection and the frequency of skin lesions as seen
at the later time points (Fig. 3). The detection of infectious
virus in patients on famciclovir reached its highest frequency
on day 1, as was the case for placebo-treated patients. How-
ever, while for patients on placebo the highest virus isolation
rate was in the second sample taken on day 1 (sample 1, 40%;
sample 2, 70%), for famciclovir-treated patients a more con-
stant rate was maintained over the same time period (sample 1,
32%; sample 2, 30%). In contrast to infectious virus, the level
of viral DNA detected by PCR peaked in both groups at about
24 h following the onset of symptoms. Two marked differences,
however, are apparent when comparing the control and fam-
ciclovir groups. First, the frequency of virus shedding is con-
sistently and significantly lower in the treatment group. Even
when using the more sensitive PCR assay on samples taken at
the 24-h time point, only 63.3% of the patients in the treatment
group showed evidence of viral DNA at the lesion site, whereas
90% of the patients receiving placebo showed evidence of viral
DNA at the lesion site. Second, patients on placebo had per-
sistent infectious viral detection rates of 30 to 40% from day 1
to day 3; this was followed by a slow decline through day 5,
falling to about 10%. Patients on famciclovir, on the other
hand, had a 10-fold decrease in the presence of infectious virus
over the first 3 days, dropping from 34% to 3% of shedding
infectious virus. No further virus was detected by culture after
sample 7 (3.5 days) in the treatment group (Fig. 3).
For those patients receiving famciclovir, reepithelialization

of visible skin lesions occurred within 6 to 7 days following the
initiation of treatment. Viral DNA was not detected by PCR in
this group beyond day 5. In the control group, herpetic lesions

TABLE 1. Skin lesions, virus isolation, and DNA amplification in patients with a recurrence of HSV-2 treated with famciclovir or placebo

Treatment group

Totala Skin lesionsb Virus isolationc PCR (EtBr)d PCR 1 hybridizatione

No. of
patients

No. of
samples

No. of
patients

No. of
samples

No. of
patients

No. of
samples

No. of
patients

No. of
samples

No. of
patients

No. of
samples

Placebo 10 100 9 (90)f 71 (71) 8 (80) 32 (32) 9 (90) 59 (59) 10 (100) 67 (67)

Famciclovir
125 mg 10 89 8 (80) 45 (50.6) 5 (50) 9 (10.1) 7 (70) 17 (19.1) 8 (80) 25 (28)
250 mg 13 102 10 (76.9) 66 (64.7) 5 (38.4) 10 (9.8) 7 (53.8) 19 (18.6) 9 (69.2) 23 (22.5)
500 mg 7 72 7 (100) 51 (70.8) 5 (71.4) 16 (22.2) 5 (71.4) 23 (31.9) 7 (100) 31 (43)

Total treated 30 263 25 (83.3) 162 (61.6) 15 (50) 35 (13.3) 19 (63.3) 59 (22.4) 24 (80) 79 (30)

a Number of patients participating in the study and total number of samples collected for each treatment.
b Patients with genital lesions and total number of samples taken from genital lesions.
c Patients infected with virus that grew in culture during the course of the study and number of samples in which HSV-2 was isolated.
d Patients from whom HSV-2 DNA was detected by PCR amplification and samples positive by ethidium bromide (EtBr) staining of the gels.
e Patients with positive results after PCR and Southern blot hybridization and number of samples positive by this procedure.
f The results in parentheses represent percent positive.
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persisted in 2 of the 10 patients through day 8. These patients
also continued to have detectable viral DNA at the lesion sites.
There was no apparent variability in the mean duration of

lesions with respect to drug dosage. The mean duration of virus
shedding as measured by culture was 2.05 days for the placebo
group and 0.88 days for the famciclovir group (P , 0.02). The
time frame, then, during which infectious virus could be cul-
tured from the lesion site was shorter than the mean duration
of the lesion, indicating that virus shedding declines prior to
reepithelialization. However, when lesion sites were examined
for the presence of HSV by PCR, viral DNA could be consis-
tently detected at the lesion site within the control group. The
mean duration of the presence of viral DNA was 4.3 days for
the placebo group and 2 days for the famciclovir group (P ,
0.001), which are very close to the mean durations of the
lesions, which were 3.8 and 2.9 days for the placebo and treat-
ment groups, respectively (P5 0.17). Use of the more sensitive
PCR method, then, indicates the presence of virus or viral
products at the lesion site for a longer time period than has
previously been demonstrated by culture tests.
Clinical observations. Six patients, one receiving placebo

and five receiving famciclovir, had prodrome only and never
developed skin lesions. HSV DNA could be detected in three
of them (one on placebo and two on famciclovir) only by PCR
amplification and then Southern blot hybridization. Ethidium
bromide staining of the PCR products was negative, as were
culture tests, thereby indicating that these three patients expe-
rienced very low levels of virus shedding. Of the other three
patients, all receiving famciclovir, one individual was positive
by PCR and virus growth, and two patients presented with
prodrome only but were negative for HSV both by PCR plus
hybridization and by virus culture. An additional five patients
treated with famciclovir had negative PCR results and negative
virus cultures, yet they developed typical herpetic skin lesions
during the course of the study. Patients in this group developed
genital papules and vesicles during days 1 to 4 of the recur-
rence, with rapid healing afterward. The presence of PCR
inhibitors was ruled out after spiking HSV DNA into the
extracts of clinical samples (data not shown).
Assessment of treatment effects. We assessed the effective-

ness of famciclovir treatment at various dosages using either
number of days with positive virus culture or days with a pos-

FIG. 2. Skin lesions, virus isolation, and DNA shedding in 10 patients with a recurrence of genital HSV-2 treated with placebo. Prodromal areas or lesion sites were
examined, and samples were collected every 12 h for 5 days (samples 1 to 10) and every 24 h thereafter (samples 11 to 13). Sample 1 was collected by the patient before
treatment. Samples 2 to 13 were collected by a nurse after treatment was initiated. Lesions were recorded as vesicles, ulcers, or crusts. The total number of patients
with skin lesions at each time point is shown. The bars represent virus isolation in tissue cultures or DNA detection after PCR and then Southern blot hybridization
with the labelled probe (see Materials and Methods).
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itive DNA PCR test result as the outcome. We performed
separate one-way analyses of variance for each dependent vari-
able (our data met the usual assumptions underlying analysis
of variance: variance homogeneity and normally distributed
data). The independent variable was treatment (four groups;
placebo and famciclovir at 125, 250, and 500 mg). When virus
culture was the outcome, a borderline significant overall F
value was observed (F3,36 5 2.56; P5 0.081). Post hoc pairwise
comparisons between group means by the least-significant-
difference test indicated that the placebo group had a higher
number of days with a positive test result than the group of
subjects treated with 250 mg of famciclovir (P , 0.05). No
other group means differed significantly.
The same analysis, but with the DNA PCR test result as the

outcome, had highly significant results (F3,36 5 8.36; P 5
0.0002). Pairwise comparison of group means by the least-
significant-difference test found significant differences in the
number of days with a positive test result between the placebo
group and the group receiving famciclovir at 125 mg, the pla-
cebo group and the group receiving famciclovir at 250 mg, and
the placebo group and the group receiving famciclovir at 500
mg (P , 0.05 for all comparisons). There were no significant
differences between the famciclovir groups (P . 0.10 for all
comparisons).

DISCUSSION

The concomitant appearance of detectable infectious virus
or viral DNA and genital lesions was examined in patients with
a recurrence of genital herpes. On the basis of this correlation,
DNA amplification by PCR was found to be more sensitive as
a diagnostic test than the detection of infectious virus in tissue
culture, consistent with the results of others (11, 13). PCR
alone and then visualization of the products with ethidium
bromide allowed the detection of 1024 TCID50/ml for HSV-2.
The additional use of Southern blot hybridization following
PCR increased the sensitivity of the assay an additional 102,
allowing the detection of 1026 TCID50/ml for HSV-2. The
difference in sensitivity between the detection of infectious
virus or DNA may have been due to a high concentration of
noninfectious viral particles or free viral DNA in the stock
cultures. Although the PCR cannot distinguish between infec-
tious or noninfectious virus, this increased sensitivity was of
clear clinical relevance in that it allowed the detection of HSV
DNA in samples that were otherwise negative by culture and
ethidium bromide staining of the PCR products. A total of six
patients (28 new samples; Table 1), for whom all other tests
were negative, were diagnosed by HSV DNA hybridization.
The improved sensitivity of this method of detection allows for

FIG. 3. Skin lesions, virus isolation, and DNA shedding in 30 patients with a recurrence of genital HSV-2 treated with famciclovir. Samples were collected as
described in the legend to Fig. 2 from patients treated with 125, 250, or 500 mg of famciclovir twice daily. The total number of patients with skin lesions at each time
point is shown. The bars represent virus isolation in tissue culture or viral DNA detection after PCR and then Southern blot hybridization with a labelled probe.
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a more precise description of the natural history of herpetic
lesions and a more accurate assessment of the efficacies of
antiviral drugs.
In the present study, we made use of the enhanced sensitivity

of the PCR in detecting HSV to follow the natural history of
genital herpetic recurrences in patients treated with placebo
and the changes resulting from therapy with oral famciclovir.
In both cases, the highest incidence of patients with genital
skin lesions and of virus isolation was observed in the first 36 h
following the onset of symptoms. The highest rates of detec-
tion of HSV or viral DNA were in samples taken from vesicles
or ulcers. Antiviral therapy initiated at the onset of the recur-
rence was effective in decreasing infectious virus and viral
DNA shedding.
It should be noted that in some of our samples, herpetic

lesions were not associated with detectable virus or viral DNA.
It is possible that in such cases the levels of DNA in the lesions
were below the levels of detection of the PCR and that the viral
mRNA and proteins present in the infected cells, in the ab-
sence of viral DNA replication, mediated the appearance and
the maintenance of the lesions. Inhibitors of PCR may some-
times be present in clinical samples, but they are usually elim-
inated by the DNA extraction procedure (20). There was no
evidence of PCR inhibitors in the genital samples analyzed in
the present study.
Another subset of patients had prodromic symptoms coin-

cident with the detection of viral DNA but did not develop skin
lesions. Five of these patients were treated with famciclovir,
suggesting that viral DNA inhibitors used early at the onset of
the prodrome may sometimes abort recurrences of genital
herpes. The same clinical presentation, however, also occurred
in one patient treated with placebo, which suggests that recur-
rences may also be aborted naturally by the host’s immune
system.
Viral DNA replication and the release of infectious virions

may be the main event immediately prior to the appearance of
skin lesions in genital herpes infections. Famciclovir, the oral
form of penciclovir, effectively blocks viral DNA synthesis by
inhibiting the viral DNA polymerase by the triphosphate form
of the drug found in high concentrations in HSV-infected cells
(2, 8, 23). Earnshaw et al. (8) reported the rapid formation and
a long half-life of the active triphosphated form of penciclovir
in HSV-infected cells, thus allowing for a decreased frequency
of administration of the antiviral drug. Famciclovir reduced the
number of patients experiencing skin lesions following the
onset of the prodrome and decreased by more than one-third
the number of patients positive for viral DNA present at the
site of lesion within the first 24 h. Nevertheless, famciclovir
therapy did not prevent the appearance of recurrences in most
patients, since the virus was already replicating in the area of
the lesion at the time that the treatment was started. Admin-
istered at the onset of the prodrome, however, this antiviral
agent appears to inhibit further virus replication, shorten the
evolution of the lesions, and decrease virus shedding.
The complementary use of PCR and virus culture allowed us

to study the natural history of herpetic lesions and associated
HSV shedding during a recurrence of genital herpes. The use
of PCR and then Southern blot hybridization significantly im-
proved the sensitivity of our diagnostic procedures. This in-
creased sensitivity should prove valuable in assessing patients
at risk of recurrences of genital herpes, particularly among
women in the later stages of pregnancy. PCR allows screening
for herpesvirus to be carried out with accuracy (5), thereby
increasing the chances of identifying newborns at risk of infec-
tion. In addition, this procedure may be able to detect viral
DNA before the development of clinical disease. It may also be

able to characterize an abortive recurrence of genital herpes.
With PCR automation and decreased cost, this test may be a
very useful clinical tool in the management of patients with
herpesvirus infections.
The present study suggests that the DNA PCR method is

also more sensitive than virus culture or clinical observations,
such as features of skin lesions or lesion duration, in evaluating
treatment effectiveness. Statistically significant differences
were found by the DNA PCR method between each group
treated with famciclovir and the placebo group, while a signif-
icant treatment effect was observed only in the 250-mg famci-
clovir group (compared with the placebo group) by using virus
culture as the outcome. This has important financial ramifica-
tions for designing clinical trials, since a more precise outcome
measure will necessitate a smaller sample size for a trial.
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