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Abstract
Background—Herpes simplex virus (HSV) remains latent in nerve root ganglia of infected persons
and is thought to reactivate several times yearly. Recent in situ data show the localization of HSV-
specific CD8+ T cells at the dermal epidermal junction next to peripheral sensory nerve endings,
suggesting that viral reactivation may occur more frequently than previously appreciated.

Methods—Twenty-five HSV-2–seropositive and 18 HSV-1–seropositive healthy adults collected
anogenital and oral swabs, respectively, 4 times per day for 60 days. Swabs were assayed for HSV,
using a quantitative polymerase chain reaction assay.

Results—Twenty-four percent of anogenital reactivations and 21% of oral reactivations lasted ≤6
h, and 49% of anogenital reactivations and 39% of oral reactivations lasted ≤12 h. Lesions were
reported in only 3 (7%) of 44 anogenital reactivations and 1 (8%) of 13 oral reactivations lasting ≤12
h. The median HSV DNA levels at initial and last detection were 103.5 and 103.3 copies/mL,
respectively, during anogenital reactivation and 103.7 and 103.0 copies/mL, respectively, during oral
reactivation.

Conclusions—This high frequency of short subclinical HSV reactivation in immunocompetent
hosts strongly suggests that the peripheral mucosal immune system plays a critical role in clearing
HSV reactivations.

Seventeen percent of the US adult population is seropositive for herpes simplex virus type 2
(HSV-2) and 58% are seropositive for HSV-1, indicating chronic infection with the viruses
that cause genital and oral herpes [1]. HSV acquired from sexual exposure infects and remains
latent in the sacral ganglia [2], and HSV acquired nonsexually usually infects and remains
latent in the trigeminal ganglia. Intermittent reactivations can be clinical, causing typical
herpetic genital or oral lesions, or subclinical, causing asymptomatic viral shedding [3]. Studies
in the past decade have highlighted the importance of subclinical reactivation in the
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transmission of genital herpes to sexual partners and newborns [4,5]. With daily genital mucosa
sampling, HSV-2 shedding as detected by polymerase chain reaction (PCR) is observed on
12%–25% of days; ~60% of episodes are subclinical [6–8]. With daily oral mucosal sampling,
HSV-1 shedding as detected by PCR is observed on 5%–9% of days [9,10]. Recent studies
have raised important questions about the mechanism and frequency of HSV reactivation in
humans. Mathematical modeling of daily genital shedding patterns in a cohort of women with
genital herpes suggested that shedding episodes of several days duration may be caused by
multiple short overlapping HSV reactivations rather than by single ganglionic HSV
reactivations [11,12]. In addition, recent immunohistologic studies have shown the persistence
of HSV-2–specific T cells in genital skin contiguous to sensory neuronal nerve endings,
suggesting that peripheral mucosal immune responses may help rapidly clear ganglionic HSV
reactivations [13]. The studies described above suggest that the frequency of mucosal HSV
reactivation may be underestimated and that the typical reactivation duration may be
overestimated. We designed a study to determine whether frequent short subclinical bursts of
mucosal HSV reactivations occur, and, if so, to determine their frequency, duration, and
pattern.

SUBJECTS, MATERIALS, AND METHODS
Study participants and procedures

During 2004–2007, HSV-2–seropositive participants were asked to collect anogenital swab
specimens and HSV-1–seropositive participants were asked to collect oral swab specimens for
HSV DNA PCR 4 times/ day at home for 60 days. All participants were HIV-negative healthy
men and women aged ≥18 years. Participants were recruited by word of mouth and advertising
and were enrolled if they met the serologic criteria described above and could comply with the
intensive study protocol. Three participants who were both HSV-1 and HSV-2 seropositive
collected both anogenital and oral swab specimens. Participants took no antiviral medication
for the study duration and collected swab specimens at ~6-h intervals upon awakening, in the
midmorning, in the afternoon, and at bedtime and recorded in a diary the exact swabbing time
and any symptoms present. Anogenital swabs were obtained by rubbing a polyester fiber–
tipped swab across the surface of the penile and perianal areas (in that order) for men or across
the posterior cervical/vaginal, vulvar, and perianal areas (in that order) for women. Oral swabs
were performed by rubbing a polyester fiber–tipped swab across the buccal mucosa and tongue.
A separate swab was collected from any lesions present. These sampling and collection
methods were identical to those used in our previous studies of daily sampling, except that
sampling frequency was increased [6,7,10]. The reliability of self-collected swab specimens
as a measure of detecting HSV reactivations is similar to that of clinician-collected swabs
[3]. Participants were seen in the clinic every 2 weeks for collection of samples and diary
review. These studies were approved by the University of Washington institutional review
board, and all participants gave written informed consent.

Laboratory methods
HSV serologic testing was performed by Western blot [14]. Swabs were placed into vials
containing 1 mL of PCR transport medium and refrigerated until laboratory processing. HSV
DNA was detected using a quantitative PCR assay, and the HSV DNA level was expressed as
copies per milliliter of transport medium [15,16]. The initial PCR assay uses type-common
primers to the HSV gene encoding glycoprotein B. Positive samples were subsequently
analyzed using type-specific primers to examine whether the DNA detected was that of HSV-1,
HSV-2, or both [15,17]. An internal control was included in the PCR reaction to ensure that
HSV-negative findings were not due to inhibition. Samples were considered positive for HSV
if we detected ≥3 copies of HSV DNA per 20 µL of specimen (i.e.,≥150 copies of HSV DNA
per mL of transport media) [16]. Laboratory personnel were blinded to clinical data.
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Statistical analysis
HSV anogenital shedding was considered to have occurred if an anogenital or lesion sample
at a given time was positive for HSV, and oral shedding was considered to have occurred if an
oral or lesion sample at a given time was positive for HSV. If both samples were positive for
HSV, the sample with the higher HSV DNA copy number was used in further analyses.
Shedding rates were calculated as the number of swab specimens with HSV DNA detected
divided by the total number of swab specimens collected. A shedding episode of known
duration was defined as a series of HSV-positive swab specimens that were collected
immediately before and after at least 2 HSV-negative swab specimens [18]. Since not all
periods had swab specimens available, some subjects shed HSV for an unknown period. These
are referred to as shedding episodes of uncertain duration, because the episodes may have been
longer than observed. Any shedding episode (of known or uncertain duration) could include 1
missing or 1 HSV-negative swab specimen within the episode.

To compute episode duration, we estimated start and stop times for shedding. At times when
sampling was consistent, start times were estimated as the chronological midpoint between the
last HSV-negative and first HSV-positive swab specimen, and stop times were estimated as
the midpoint between last HSV-positive and first HSV-negative swab specimen. For shedding
episodes of uncertain duration, we assumed missing swab specimens at 2 time points before
and 2 time points after the positive swab specimen(s) were HSV negative, and we estimated
start and stop times as described above. We compared duration and median HSV DNA level
detected between episodes of known and uncertain length to assess potential bias in our
interpolation method.

To compare the calculated percentage of time shedding that would have been obtained if only
the first morning swab specimen had been collected instead of all 4 daily swab specimens, we
calculated the total hours of shedding in each group as above, first using results for only the
first morning swab specimen and then using results for all 4 daily swab specimens. We then
divided this value by the total hours of follow-up, defined as the interval between collection
of the first and final swab specimens. To calculate a reactivation rate per 30 days, we counted
all episodes (certain and uncertain length) in the numerator and used follow-up time as defined
above in the denominator. Generalized estimating equation models were used to test for
significant associations between episode duration or mean HSV DNA level at onset of shedding
and other factors. Median values are reported because they are more robustly resistant to the
effect of outliers. The Wilcoxon rank-sum test was used to compare median shedding rates and
numbers of shedding episodes of certain duration between men and women.

RESULTS
Twenty-five participants who performed genital swabbing and 18 who performed oral
swabbing collected samples for a median of 61 days (range, 5–73 days), with 38 participants
(88%) collecting samples for ≥30 days, 34 (79%) for ≥50 days, and 32 (74%) for ≥60 days
(table 1). Twenty-one participants (84%) in the genital swabbing group and 15 (83%) in the
oral swabbing group had ≥1 sample in which HSV was detected.

Genital samples
Genital samples were collected on 1287 days and at 4706 time points. HSV DNA was detected
on 246 days (19%) and at 640 time points (14%). HSV typing results were available for samples
collected at 572 of these 640 time points. An additional 63 samples were assumed to contain
HSV-2 because the participant was HSV-2 seropositive only, and the copy number in the
remaining 5 samples (0.8%) was too low for typing. HSV-2 alone was found in 598 samples
(93.4%), both HSV-1 and HSV-2 in 25 (3.9%), and HSV-1 alone in 12 (1.9%).
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Genital samples were collected at all 4 time points on 962 days (75%) and at 3 of 4 time points
on 232 days (18%); thus, ≥3 genital samples were collected on 1194 days (93%). We initially
analyzed data from the 962 days on which all 4 samples were collected. Overall, HSV DNA
was detected on 197 (20%) of 962 days, including 94 days (9.8%) on which HSV DNA was
detected during all 4 time points and 56 days (5.8%), 25 days (2.6%), and 22 days (2.3%) on
which HSV DNA was detected at 1, 2, and 3 time points, respectively. The detection of HSV
DNA was not influenced by the time of collection (figure 1A).

We identified 109 separate episodes of genital HSV shedding in 21 participants. For 72
episodes (66%), the duration of genital shedding was known with certainty because sampling
was performed on all 4 time points/day. The median duration of genital HSV reactivation
among episodes for which the duration of shedding was known was 13 h (range, 4 h to 17 days)
(table 2), and the estimated duration of reactivation among 37 episodes for which the duration
of shedding was uncertain was 11 h (range, 2 h to 10 days) (P = .9). Of the 72 genital shedding
episodes of known duration, 35 (49%) lasted ≤12 h (figure 1B). The median maximum HSV
DNA level detected during an episode increased with episode duration (figure 2A). Seven
participants (28%) had ≥1 genital shedding episode that lasted ≤6 h, and 14 (56%) had ≥1 that
lasted ≤18 h. Of the 72 genital shedding episodes of known duration, 61 were HSV-2 episodes
(median duration, 14 h [range, 4 h to 17 days]), 6 were HSV-1 episodes (median duration, 6 h
[range, 5–7 h]), 2 included shedding of both HSV-1 and HSV-2, and 3 were untypeable. The
participant with the 17-day HSV-2 shedding episode had recently received a diagnosis of
genital herpes (although the participant was seropositive for both HSV-1 and HSV-2) and had
the highest shedding rate in the study (48% of genital swab specimens collected had HSV
detected). The 17-day shedding episode consisted of 7 days of intermittent pruritic prodrome
followed by 5 days of vulvar lesions and 5 days of asymptomatic shedding. In addition to this
17-day episode, she had 3 asymptomatic HSV-2 shedding episodes lasting 42 h, 48 h, and 8
days, and one 7-h asymptomatic genital HSV-1 shedding episode (figure 3).

Oral samples
Oral samples were collected on 1045 days and at 3651 time points. HSV DNA was detected
on 98 (9%) days and at 254 (7%) time points. HSV-1 alone was found in 253 samples (99.6%)
and HSV-2 alone in 1 sample (0.4%).

Oral samples were collected at all 4 time points on 691 days (66%) and at 3 of 4 time points
on 218 days (21%); thus, ≥3 daily oral samples collected were collected on 909 days (87%).
We initially analyzed data from 691 days on which samples at all 4 time points were collected.
Overall, HSV DNA was detected on 80 (12%) of these 691 days. The detection of HSV DNA
on oral mucosa was also not influenced by collection time (figure 1A).

We identified 43 separate episodes of oral HSV shedding, of which 33 were of known duration.
Thirty-two of these 33 episodes had HSV-1 detected. The median duration of an oral HSV
reactivation episode during which samples at all 4 time points were collected daily was 24 h
(range, 4 h to 12 days) (table 2). Oral shedding episodes with a duration of ≤12 h occurred in
13 (39%) of 33 episodes (figure 1C). Six participants (43%) had ≥1 oral episode that lasted ≤6
h, and 10 (71%) had ≥1 episode that lasted ≤18 h. As with genital herpes, the median maximum
HSV-1 DNA level detected during an oral-labial shedding episode increased with episode
duration (figure 2B). The single episode of oral HSV-2 shedding lasted 7 h.

Associations between shedding and symptoms
Representative patterns of reactivation are shown in figure 3. Shorter genital shedding episodes
were less likely to be symptomatic than longer ones. Only 3 genital shedding episodes (7%)
lasting ≤24 h were associated with reported genital lesions, compared with 8 genital episodes
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(29%) lasting >24 h (P = .028). Similarly, only 5 genital episodes (11%) lasting ≤24 h were
associated with reported genital symptoms, compared with 9 genital episodes (32%) lasting
>24 h (P = .027). The median HSV DNA level was higher for swab specimens taken directly
from lesions (105.9 copies/mL [range, 100–108.1 copies/mL]) than for swab specimens obtained
at the same time from sampling the entire anogenital area (104.2 copies/mL [range, 100–
107.3 copies/mL]). The median number of genital shedding episodes lasting <12 h was greater
among men (1.5 episodes [range, 0–7 episodes)] than among women (0 episodes [range, 0–2
episodes]; P = .06). Only 2 oral reactivations, both in the same person, were accompanied by
lesions; both reactivations involved classic labial lesions. Two additional oral reactivations in
another person were associated with oral tingling but had no definable ulcerations.

HSV reactivation rates as measured by 4 times daily sampling
The median number of HSV reactivations of known duration per person among subjects who
shed during the 60-day sampling period was 3 genital reactivations (range, 1–14 reactivations)
and 3 oral reactivations (range, 1–4 reactivations). The median genital HSV reactivation rate
was 1.5 reactivations per 30 days (range, 0–10.7 reactivations per 30 days), or 18 reactivations
annually, compared with 0.5 reactivations per 30 days and 6 reactivations annually if calculated
from once daily morning sampling. Similarly, the median oral HSV reactivation rate was 1.4
reactivations per 30 days (range, 0–3.0 reactivations per 30 days), or 16.2 reactivations
annually, compared with 0.9 reactivations per 30 days and 10.8 reactivations annually, if
calculated from once daily morning sampling. These rates are 3 times higher for HSV-2 and
1.5 times higher for HSV-1, compared with studies using once daily sampling.

DISCUSSION
Our study demonstrates several new concepts about HSV infection. HSV reactivation has both
a more frequent onset and more rapid clearance than previously appreciated. Collection of
samples 4 times daily revealed that approximately half of HSV mucosal reactivations last ≤12
h and that these short reactivation episodes are largely asymptomatic, characterized by rapid
emergence of 103–104 copies/mL of HSV DNA in the skin or mucosa, and accompanied by
rapid viral clearance by the host. Prolonged genital shedding was associated with a higher
initial viral level and a greater likelihood of symptoms and lesions. Median genital HSV
reactivation frequency was 18 episodes annually, 81% of genital mucosal HSV reactivations
were subclinical, and half lasted <12 h. Only 19% of genital shedding episodes were associated
with symptoms and 15% with overt genital lesions, illustrating the importance of subclinical
HSV reactivation in the biology of HSV reactivation. Similarly, reported oral ulcerations
accompanied only 2 of 33 oral HSV reactivations of known duration.

Our data raise several issues pertinent to the pathogenesis of HSV reactivation. Most samples
were collected from a large surface area and placed into 1 mL of viral transport solution.
Although this method of collection is consistent and reproducible, HSV reactivations are
exquisitely anatomically localized [13]. Hence, the in vivo number of HSV virions released
from subclinical ulcerations is undoubtedly markedly higher then the 103–104 copies/mL we
detected. This hypothesis is supported by the higher viral level found from swab specimens of
identifiable lesions than samples collected at the same time from the entire anogenital area
(105.9 vs. 104.2 copies/mL). Rapid HSV clearance within 6–12 h after shedding appearance
illustrates prompt and effective immunocompetent host defense mechanisms. Prior work has
shown that HSV-2 clearance from genital lesions is associated with HSV-2–specific cytotoxic
T cell activity in the CD8+ fraction of T lymphocytes [19–21]. HSV-specific CD8+ T cells
have also been found in ganglia, suggesting that some control occurs in ganglia [22–26].
However, when control at the ganglia fails and virus travels via anterograde transport to genital
mucosa, the fact that mucosal replication is effectively eliminated within hours after
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appearance suggests that host T cells must either move extremely rapidly to the mucosal site
of replication or remain in the genital mucosa between recurrences to rapidly control and
eliminate HSV mucosal replication when virus first appears from peripheral nerves. Recent
immunohistologic studies suggest that HSV-2–specific CD8+ T cells can persist in genital skin
for extended periods and are associated with localized clearance of subclinical HSV-2
reactivation [13]. The rapid host elimination of HSV-2 suggests that much HSV-2 control rests
within the peripheral mucosal immune system.

Our study also helps explain the large body of data implicating HSV infections as an important
factor in HIV acquisition. The rapid reactivation, release, and resolution of relatively high copy
numbers of HSV DNA in genital mucosa may help explain the high rate of sexual transmission
of HSV-2 and the increased risk that HSV-2 confers in HIV acquisition [27–29]. Frequent,
short, subclinical genital mucosal reactivations place large numbers of activated CD4+ T
lymphocytes at risk for HIV infection at the genital mucosa [20]. If subclinical ulcerations are
also present during these reactivations, then they would provide portals of entry for HIV, further
enhancing the risk owing to increased numbers of CD4+ T lymphocytes at the mucosa. Our
findings also put into perspective the use of episodic therapy for mucosal HSV infection.
Although effective in relieving the discomfort of individual episodes [30–32], such an approach
treats only a small fraction of reactivations. Daily suppressive antiviral therapy can reduce
genital HSV-2 shedding, as detected by once daily sampling, by 70%–85% of days but reduces
HSV-2 sexual transmission by only 48% [33]. This disparity between antiviral effects on
shedding and transmission may suggest that once daily antiviral therapy does not eliminate
short reactivations.

Participants included in these studies were persons well versed in the signs and symptoms of
genital and oral herpes. Hence, the ratio of subclinical to clinical ulcerations among HSV-2–
infected persons in the general population is probably even higher than the 85% ratio found in
our study, as recognition of lesions is likely lower. Frequent sampling is difficult for
participants and results in a large number of samples for the laboratory. We collected and
performed PCR analysis on >8300 separate samples from 43 participants. The genital shedding
rate we found among our 25 HSV-2–infected participants is comparable to historical shedding
rates among our previously studied HSV-2–infected patients; among 352 participants (145 men
and 207 women) in previous genital HSV-2 shedding studies, once-daily samples were PCR
positive on 2740 (23.1%) of 11,838 days, with samples collected on a median of 57 days per
person. Thus, data from the present study are likely representative of immunocompetent
persons with oral and genital HSV infections in the studied age range. Significant individual
variability in HSV shedding frequency is seen, and age, sex, immune status, host genetics, and
number and density of recurrences in dorsal root ganglia appear to affect the severity of HSV
reactivation [10,34–37]. Whether rapidly cleared episodes of mucosal HSV are seen in
immune-suppressed patients remains to be determined. The high combined rate of HSV-1 and
HSV-2 reactivation we observed among immunocompetent persons, if subsequently
demonstrated among HIV-infected persons, could provide an explanation for how HSV
increases plasma HIV level [38,39], as most HIV-infected persons worldwide have HSV-1 and
HSV-2 infections.

In summary, our data indicate that the frequency of mucosal HSV reactivation and the pace of
clearance are much faster than previously appreciated. The most common form of HSV
reactivation is an asymptomatic reactivation associated with rapid onset and clearance of virus
within 12 h, illustrating a dynamic interaction between virus and host in the peripheral skin
and mucosa. These short subclinical reactivations help explain the observations that most
HSV-2 transmission events occur during subclinical reactivations and that clinical disease
manifestations predict neither mother-to-child nor sexual transmission. The frequency of these
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reactivations also provide a possible explanation for how incident and prevalent HSV-2
infections increase both the risk of HIV acquisition and the HIV level in coinfected persons.
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Figure 1.
Rates of herpes simplex virus shedding for 72 genital and 33 oral episodes of known duration.
A, Rates of genital shedding (black) and oral shedding (grey), by sampling time point. B,
Duration of genital shedding episodes. C, Duration of oral shedding episodes.
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Figure 2.
Herpes simplex virus levels for 72 genital and 33 oral episodes of known duration, by durations
of genital (A) and oral (B) shedding episodes.
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Figure 3.
Representative herpes simplex virus (HSV) shedding patterns for 3 participants. Negative
values indicate missing samples. A, Data for a 27-year-old woman, HSV-1 and HSV-2
seropositive, with genital herpes diagnosed just before study entry. All pictured genital
reactivations are HSV-2 except the 7-h reactivation on day 16, during which HSV-1 was
detected. B, Data for a 50-year-old man, HSV-1 and HSV-2 seropositive, with genital herpes
diagnosed 25 years before study entry. All pictured genital reactivation episodes are HSV-2,
except 1 swab specimen collected at 1 time point on day 41, had both HSV-1 and HSV-2
detected. C, Data for a 35-year-old man, HSV-1 seropositive, with oral herpes diagnosed 5
years before study entry.
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Table 1
Demographic and clinical characteristics of study subjects who performed genital and/or oral swabbing for detection
of herpes simplex virus (HSV).

Baseline characteristic Genital swabbing group
(n = 25)

Oral swabbing group
(n = 18)

Age, years 44 (24–66) 43 (28–75)

Sex

  Male 10 (40) 12 (67)

  Female 15 (60) 6 (33)

Race/ethnicity

  African American 3 (12) 0

  Asian 0 3 (17)

  Native American 1 (4) 0

  White 21 (84) 12 (67)

  Multiracial 0 3 (17)

Genital herpes history

  Any 19 (76) 8 (44)

  Recurrences in past 6 months, no.a 2.3 (0–6) 1.4 (1–3)

Oral herpes history

  Any 5 (20) 14 (78)

  Recurrences in past 6 months, no.b 0 0.75 (0–1)

HSV serostatus

  HSV-1 and HSV-2 13 (52) 7 (39)

  HSV-1 only 0 11 (61)

  HSV-2 only 12 (48) 0

NOTE. Data are no. (%) of study subjects or mean value (range). Three subjects participated in both studies

a
Data are for subjects with a history of genital herpes.

b
Data are for subjects with a history of oral herpes.
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Table 2
Characteristics of herpes simplex virus (HSV) shedding episodes.

Characteristic Genital shedding
episodes
(n = 72)

P Oral shedding episodes
(n = 33)

P

HSV reactivation duration

  Overall, median (range) 13 h (4 h to 17 days) 24 h (4 h to 12 days)

  ≤12 h, no. (%), episodes 35 (49) 13 (39)

  ≤6 h, no. (%), episodes 17 (24) 7 (21)

HSV level, median (range), copies/mL

  At episode onset 103.5 (102.2–107.5) 103.7 (102.2–106.1)

  In last positive sample 103.3 (102.2–105.8) 103.0 (102.4–105.6)

HSV level at episode onset, median,
copies/mL

  By episode duration <.001 .14

   >12 h 104.2 103.9

   ≤12 h 103.1 103.1

By sex <.0001 .95

   Women 104.5 103.6

   Men 103.2 103.7

NOTE. Data are for reactivations during which swab samples were obtained at 4 time points daily (shedding episodes of known duration). Twenty-five
subjects collected genital swab specimens and 18 subjects collected oral swab specimens, including 3 subjects who collected both genital and oral swab
specimens.
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