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Abstract

Herpes Simplex Virus: Rapidly Cleared Reactivatiqmisodes, Treatment with Topical

Resiquimod, and Incidence and Clinical Manageméntewvly Diagnosed Symptomatic Disease

Karen E. Mark

Chair of the Supervisory Committee:
Professor Anna Wald

Departments of Medicine, Epidemiology, and Labanatdedicine

Objectives. We sought to 1) characterize the frequency amdtiun of herpes simplex virus
(HSV) oral and anogenital reactivation in both ilmooompetent and HIV-infected adults, 2)
determine whether topical resiquimod 0.01% getlldike receptor 7 and 8 agonist, has post-
treatment efficacy in reducing time to first anog@rherpes recurrence, and 3) determine the
incidence and clinical management of newly diagdasenptomatic genital herpes in western
Washington.

Methods: 1) Twenty-five HSV-2 seropositive and 18 HSV-1ggmsitive healthy adults
collected anogenital and oral swabs, respectialg,20 HSV-2 seropositive, HIV seropositive

adults, including 9 (45%) who were also HSV-1 sesiive, collected both anogenital and oral



swabs, 4 times a day for 60 days. Samples welgyaor HSV if we detecteé 150 copies of
HSV DNA/mL of specimen. 2) Three phase Ill randoagizdouble-blind, vehicle-controlled
trials of topical resiquimod 0.01% gel to reduceganital herpes recurrences were conducted in
healthy adults witkr4 recurrences within the prior year. 3) Survetkalata collected in King
and Pierce Counties, Washington ware used to iggrgrsons> 18 years of age with newly
diagnosed symptomatic genital herpes; patientgtagidclinicians were interviewed.

Results: 1) Among immunocompetent and HIV-infected paptits respectively, 24% and
29% of anogenital and 21% and 35% of oral reagtimatlasted< 6 hours, while 49% and 53%
of anogenital and 39% and 59% of oral reactivatiasted< 12 hours. The median maximum
level of HSV DNA detected in an episode increasét episode duration for both oral and
anogenital episodes in both immunocompetent andihifié€ted participants. 2) Median time
to first recurrence was similar for resiquimod amethicle treated participants in all three trials,
while median time to healing of initial treated we®nce was longer for resiquimod. In two of
the three trials, moderate to severe erythema mosiod/ulceration at the application site were
more common in resiquimod recipients. 3) Incideoiceewly diagnosed symptomatic genital
herpes decreased with age and was almost 3 tigkerin women than men and in Blacks than
Whites. Patients reported condom use was discussé&io of clinical encounters, suppressive
therapy in 69%, and suppressive therapy to decteasemission in 39%; 30% reported taking
suppressive therapy. Both discussion of suppresberapy and discussion of suppressive
therapy for transmission prevention were assocmiddsuppressive therapy use (p<0.001 for
both), as was a lesion culture or PCR positiveHBNV-2 as opposed to HSV-1 (p=0.016).
Conclusions: 1) Rapidly cleared episodes of oral and anoged& shedding occur in both

immunocompetent and HIV-infected hosts, stronglygasting that the peripheral mucosal



immune system plays a critical role in clearing H®¥ctivations and illuminating how frequent
anogenital mucosal immune activation caused by RSduld contribute to increased risk of
HIV acquisition and transmission. 2) No post-treatinefficacy of resiquimod 0.01% gel was
observed, while increased application site reastaomd initial recurrence healing time are
consistent with resiquimod-induced cytokine effe@®$ Although clinicians usually discuss
condoms and suppressive therapy with patients deeghwith genital herpes, only a minority
discuss suppressive therapy to prevent transmissidronly 30% of patients take suppressive
therapy, suggesting that suppressive therapy may hederutilized tool for HSV-2

transmission prevention.
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Chapter 1: Rapidly Cleared Episodes of Herpes EBxnirus Reactivation in

Immunocompetent Adults
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ABSTRACT

Background: Herpes simplex virus (HSV) remains latent inveeroot ganglia of infected
persons and is thought to reactivate several tymady. Recenin situ data show the

localization of HSV specific CD8+ T cells at theraal epidermal junction next to peripheral
sensory nerve endings, suggesting that viral nestadn may occur more frequently than
previously appreciated.

Methods: Twenty-five HSV-2 seropositive and 18 HSV-1 se&sifive healthy adults collected
anogenital and oral swabs, respectively, 4 timgayafor 60 days. Swabs were assayed for HSV
using a quantitative PCR assay.

Results: Twenty-four percent of anogenital and 21% of oealctivations lasted 6 hours, and
49% of anogenital and 39% of oral reactivationsgelds 12 hours. Lesions were reported in only
3 (7%) of 44 anogenital and 1 (8%) of 13 oral reations lasting< 12 hours. The median copy
number of HSV DNA per mL at initial and last detentin an anogenital reactivation was*20
and 18- respectively, and £d and 16°in an oral reactivation, respectively.

Conclusions: This high frequency of short subclinical HSV reaation in immunocompetent
hosts strongly suggests the peripheral mucosal memsystem plays a critical role in clearing

HSYV reactivations.



INTRODUCTION

Seventeen percent of the United States adult pbpals seropositive for herpes simplex
virus type 2 (HSV-2) and 58% for HSV-1, indicaticigronic infection with the viruses that
cause genital and oral herpes [1]. HSV acquirechfsexual exposure infects and remains latent
in the sacral ganglia [2], and HSV acquired nondsdly usually infects and remains latent in the
trigeminal ganglia. Intermittent reactivations daneither clinical, causing typical herpetic
genital or oral lesions, or subclinical, causingnagtomatic viral shedding [3]. Studies in the
last decade have highlighted the importance oflgubal reactivation in the transmission of
genital herpes to sexual partners and newborr [#Yith daily genital mucosa sampling, HSV-
2 shedding as detected by PCR is observed on 12-e28%ys; ~60% of episodes are subclinical
[6-8]. With daily oral mucosal sampling, HSV-1 sheddisglatected by PCR is observed on 5-
9% of days [9, 10]. Recent studies have raised itapbquestions about the mechanism and
frequency of HSV reactivation in humans. Mathenadtioodeling of daily genital shedding
patterns in a cohort of women with genital herpeggested that shedding episodes of several
days duration may be caused by multiple short appihg rather than single ganglionic HSV
reactivations [11, 12]. In addition, recent immbistologic studies have shown the persistence
of HSV-2 specific T cells in genital skin contiguoto sensory neuronal nerve endings,
suggesting that peripheral mucosal immune respanagdelp rapidly clear ganglionic HSV
reactivations [13]. The above studies suggesttheatrequency of mucosal HSV reactivation
may be underestimated and the typical reactivatioation overestimated. We designed a study
to determine if frequent short subclinical burdtsnoicosal HSV reactivations occur, and, if so,

to determine their frequency, duration, and pattern



METHODS
Study Participants and Procedures

During the years 2004-2007, HSV-2 seropositiveigpents were asked to collect
anogenital and HSV-1 seropositive participants swadbs for HSV DNA PCR 4 times a day at
home for 60 days. All participants were HIV negathealthy men and women aged8 years.
Participants were recruited by word of mouth andegitsing and were enrolled if they met the
above serologic criteria and could comply with ithtensive study protocol. Three participants
who were both HSV-1 and HSV-2 seropositive collddieth anogenital and oral swabs.
Participants took no antiviral medication for thedy duration and collected swabs upon
awakening, in the mid-morning, afternoon, and bedtias close as possible to every 6 hours,
and recorded the exact swab time and any symptoessit in a diary. Anogenital swabs were
performed by rubbing a Dacron swab across the ceidéthe penile and perianal areas (in that
order) for men and across the posterior cervicglhal, vulvar, and perianal areas (in that order)
for women. Oral swabs were performed by rubbiizaaron swab across the buccal mucosa
and tongue. A separate swab was collected fronemiyns. These sampling and collection
methods were identical to those used in our prevgtudies of daily sampling, except that
sampling frequency was increased [6, 7, 10]. &alkcted swabs are as reliable a measure of
detecting HSV reactivations as clinician-collecssehbs [3]. Participants were seen in the clinic
every 2 weeks for collection of samples and diamjaw. These studies were approved by the
University of Washington Institutional Review Boadd all participants gave written informed

consent.

Laboratory Methods
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HSV serologic testing was performed by Western [dldf. Swabs were placed into vials
containing 1 mL of PCR transport media and refagga until laboratory processing. HSV
DNA was detected using a quantitative PCR assayeapessed as HSV DNA copies per ml of
transport media [15, 16]. The initial PCR assagsuype common primers to the HSV
glycoprotein B gene. Positive samples were sulm@tyuanalyzed using type specific primers
to examine whether DNA detected was HSV-1, HSVrhath [15, 17].An internal control was
included in the PCR reaction to ensure negativepgsswere not due to inhibition. Samples
were considered positive if we detected@ copies of HSV DNA/20 ul of specimenl(0 copies

of HSV DNA/mL of transport media) [16]. Laboratgpgrsonnel were blinded to clinical data.

Statistical Analysis

HSV anogenital shedding was considered to ocaeithier an anogenital or lesion sample
at a given time was positive, and oral sheddiratifer an oral or lesion sample at a given time
was positive for HSV. If both were positive, thghrer copy number of the 2 samples was used
in further analyses. Shedding rates were calalilasenumber of swabs with HSV DNA detected
divided by total number of swabs collected. A shed episode of known duration was defined
as a series of positive swabs immediately precadddollowed by at least 2 negative swabs
[18]. Since not all time periods had swabs avélatome subjects shed HSV for an unknown
time period. These are referred to as sheddirgpdps of uncertain duration since they may
have been longer than observed. Any shedding @pigd known or uncertain duration) could
include 1 missing or 1 negative swab within thesegde.

To compute episode duration, we estimated starstopltimes for shedding. Where

sampling was consistent, start times were estimagdtle chronological midpoint between last
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negative and first positive swab, and stop timethasnidpoint between last positive and first
negative swab. For shedding episodes of uncedta@tion, we assumed missing swabs 2 time
points before and 2 time points after the posisiwab(s) were negative, and we estimated start
and stop times as above. We compared duratiomnaadan copy number of HSV DNA
detected between episodes of known and uncertagthHd¢o assess potential bias in our
interpolation method.

To compare percent of time shedding if only tih&t fmorning versus all 4 daily swabs
were collected, we calculated total hours of shaglth each group as above. We then divided
this by total hours of follow-up, defined as timmerh first to last study swab collected. To
calculate a reactivation rate per 30 days, we @ulall episodes (certain and uncertain length) in
the numerator and used follow-up time as definexvaln the denominator. Generalized
estimating equation models were used to test §mifstant associations between episode length
or mean HSV copy number at onset of shedding amet dhctors. Median values are reported
because they are more robust to outliers. Thedkiln rank-sum test was used to compare
median shedding rates and numbers of sheddingdgsisd certain duration between men and

women.
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RESULTS

Twenty-five genital and 18 oral swabbing particifzafTable 1) collected samples for a
median of 61 (range 5-73) days, with 38 (88%) piints collecting samples for at least 30
days, 34 (79%) for at least 50 days, and 32 (74%ff least 60 days. Twenty-one (84%) genital

and 15 (83%) oral swabbing participants had at lelas sample in which HSV was detected.

Genital Samples

Genital samples were collected for 1287 days &t 4ime periods. HSV DNA was
detected on 246 (19%) days and 640 (14%) time geritiSV typing was available for 572 of
these 640 samples. An additional 63 samples vesenaed to be HSV-2 because the participant
was HSV-2 seropositive only, and the copy numbéhénremaining 5 (0.8%) samples was too
low for typing. HSV-2 alone was found in 598 (9&Ysamples, both HSV-1 and HSV-2 in 25
(3.9%) samples, and HSV-1 alone in 12 (1.9%) sasnple

Genital samples were collected at all 4 time peyiod 962 (75%) days and at 3 of the 4
time periods on 232 (18%) days, thus 93% of dagsdtdeast 3 daily genital samples collected.
We initially analyzed data from the 962 days in ethall 4 daily samples were collected.
Overall, HSV DNA was detected on 197 (20%) of 9624 including 94 (9.8%) in which HSV
DNA was detected during all 4 time periods and&8%), 25 (2.6%), and 22 (2.3%) in which
HSV DNA was detected during 1, 2, and 3 of thewketperiods, respectively. The detection of
HSV DNA was not influenced by time of collectiongBre 1A).

We identified 109 separate episodes of genital I9B&dding in 21 participants.
Complete four times daily sampling allowed calaglatof genital shedding duration for 72

(66%) episodes. The median duration of a geni&V lHeactivation with complete sampling was
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13 hours (range 4 hours—17 days) (Table 2) andstimated value for the 37 episodes with less
frequent sampling was 11 hours (range 2 hours—$€){p=0.9). Of the 72 genital shedding
episodes of known duration, 35 (49%) lastet? hours (Figure 1B). The median maximum
copy number of HSV DNA detected during an episoaedased with episode duration (Figure
2A). Seven (28%) participants had at least 1 gésltedding episode which laste® hours

and 14 (56%) had at least 1 which lastetB hours. Of the 72 genital shedding episodes of
known duration, 61 were HSV-2 episodes (mediantthrd 4 hours, range 4 hours—17 days), 6
were HSV-1 episodes (median duration 6 hours, r@rdehours), 2 included shedding of both
HSV-1 and HSV-2, and 3 were untypeable. The ppeit with the 17 day HSV-2 shedding
episode was recently diagnosed with genital hef@édsough both HSV-1 and HSV-2
seropositive) and had the highest shedding rat (@8genital swabs collected had HSV
detected) in the study. The 17 day shedding episodsisted of 7 days of pruritic prodrome
followed by 5 days of vulvar lesions and 5 daysagymptomatic shedding. In addition to this 17
day episode, she had 3 asymptomatic HSV-2 shedghisgpdes lasting 42 hours, 48 hours, and 8

days, and one 7 hour asymptomatic genital HSV-tidihg episode (Figure 3).

Oral Samples

Oral samples were collected for 1045 days and 3@% periods. HSV DNA was
detected on 98 (9%) days and 254 (7%) time periétisV-1 alone was found in 253 (99.6%)
samples and HSV-2 alone in 1 (0.4%) sample.

Oral samples were collected at all 4 time periau$91 (66%) days and at 3 of the 4
time periods on 218 (21%) days, thus 87% of dagsdtdeast 3 daily oral samples collected.

We initially analyzed data from the 691 days inethall 4 daily samples were collected.
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Overall, HSV DNA was detected on 80 (12%) of thé3& days. The detection of HSV DNA on
oral mucosa was also not influenced by collectioret(Figure 1A).

We identified 43 separate episodes of oral HSV gimggl of which 33 were of known
duration. Thirty-two of these 33 episodes had HSdetected. The median duration of an oral
HSV reactivation episode in which four times dagmpling was obtained was 24 hours (range
4 hours—12 days) (Table 2). Oral shedding episotiesl2 hours duration occurred in 13 (39%)
of 33 episodes (Figure 1C). Six (43%) participdrad at least 1 oral episode which lastes]
hours and 10 (71%) had at least 1 which lasté8 hours. As with genital herpes, the median
maximum copy number of HSV-1 DNA detected duringeai-labial episode increased with

episode duration (Figure 2B). The single oral HE¥pisode lasted 7 hours.

Associations Between Shedding and Symptoms

Representative patterns of reactivation are showtigure 3. Shorter genital shedding
episodes were less likely to be symptomatic thagéo ones. Only 3 (7%) genital shedding
episodes lasting 24 hours were associated with reported genitadries compared with 8
(29%) genital episodes lasting > 24 hours (p=0.0Zinilarly, only 5 (11%) genital episodes
lasting< 24 hours were associated with reported genitapsyms, compared with 9 (32%)
genital episodes lasting > 24 hours (p=0.027). mledian copy number (range) of HSV DNA
detected was higher from swabs taken directly fiegions than from swabs obtained at the
same time from sampling the entire anogenital gre®’ (10° — 13 versus 16% (10 — 10°3),
respectively]. Men tended to have more genitatiding episodes lasting < 12 hours than

women [median (range) 1.5 (0-7) versus 0 (0-2),.@800 Only 2 oral reactivations, both in the
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same person, were accompanied by lesions, botsiclabial lesions. An additional two oral

reactivations in another person were associateédavél tingling, but no definable ulcerations.

HSV Reactivation Rates as Measured by Four Timaly Bampling

The median number of HSV reactivations of knowration among those who shed
during the 60 day sampling period was 3 (range Lg#4dital and 3 (range 1-4) oral
reactivations per person. The median genital H&¢tivation rate was 1.5 reactivations per 30
days (range 0-10.7), or 18 reactivations annuatignpared with 0.5 per 30 days and 6
reactivations annually if calculated from once yaiorning sampling. Similarly, the median
oral HSV reactivation rate was 1.4 reactivations3fedays (range 0-3.0), or 16.2 reactivations
annually, compared with 0.9 per 30 days and 10mialty, if calculated from once daily
morning sampling. These rates are three timesehifgin HSV-2 and 1.5 times higher for HSV-1

compared with studies using once daily sampling.
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DISCUSSION

Our study demonstrates several new concepts alf®Mtikfection. HSV reactivation
has both a more frequent onset and rapid cleataaoepreviously appreciated. Using 4 times
daily sampling we showed that approximately halH&V mucosal reactivations last 12 hours or
less, and that these short reactivation episodekegely asymptomatic, characterized by rapid
emergence of 810" copies of HSV DNA in the skin or mucosa, and acganied by rapid
viral clearance by the host. Prolonged genitatidhey was associated with higher initial viral
copy number and greater likelihood of symptomslasmns. Median genital HSV reactivation
frequency was 18 episodes annually, 81% of gemtadosal HSV reactivations were
subclinical, and half lasted < 12 hours. Only 18Rgenital shedding episodes were associated
with symptoms and 15% with overt genital lesiofigstrating the importance of subclinical
HSV reactivation in the biology of HSV reactivatioBimilarly, reported oral ulcerations
accompanied only 2 of 33 oral HSV reactivation&mdwn duration.

Our data raise several issues pertinent to HSMiv@ion pathogenesis. Most samples
were collected from a large surface area and plated. mL of viral transport solution.
Although this method of collection is consistentl aaproducible, HSV reactivations are
exquisitely anatomically localized [13] and, henite in vivo number of HSV virions released
from subclinical ulcerations is undoubtedly markehigher then the 810" copies we
detected. This hypothesis is supported by the higihal copy number found from swabs of
identifiable lesions than samples collected astrae time from the entire anogenital are& {10
versus 16? copies per mL). Rapid HSV clearance within 6—&8rs of shedding appearance
illustrates prompt and effective immunocompetersthiefense mechanisms. Prior work has

shown that HSV-2 clearance from genital lesioresssociated with HSV-2 specific cytotoxic T
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cell activity in the CD8+ fraction of T lymphocytgsd-21]. HSV-specific CD8+ T cells have
also been found in ganglia, suggesting that som&aaccurs in ganglia [22-26]. However,
when control at the ganglia fails and virus trawgdsanterograde transport to genital mucosa, the
fact that mucosal replication is effectively eliratad within hours of appearance suggests that
host T cells must either move extremely rapidlyh® mucosal site of replication or remain in
the genital mucosa between recurrences to rapaiiyral and eliminate HSV mucosal
replication when virus first appears from periph@erves. Recent immunohistologic studies
suggest that HSV-2 specific CD8+ T cells can persigenital skin for extended time periods
and are associated with localized clearance oflsudel HSV-2 reactivation [13]. The rapid
host elimination of HSV-2 suggests that much HS&6atrol rests within the peripheral mucosal
immune system.

Our study also helps explain the large body of dafdicating HSV infections as an
important factor in HIV acquisition. The rapid régation, release, and resolution of relatively
high copy numbers of HSV DNA in genital mucosa rhalp explain the high rate of sexual
transmission of HSV-2 and the increased risk tHaYF2 confers in HIV acquisition [27-29].
Frequent, short, subclinical genital mucosal reations place large numbers of activated CD4+
T lymphocytes at risk for HIV infection at the getimucosa [20]. If subclinical ulcerations are
also present during these reactivations, thenwwyd provide portals of entry for HIV, further
enhancing the risk due to increased numbers of CDYmmphocytes at the mucosa. Our
findings also put into perspective the use of afitstherapy for mucosal HSV infection.
Although effective in relieving the discomfort afdividual episodes [30-32], such an approach
treats only a small fraction of reactivations. IRauppressive antiviral therapy can reduce

genital HSV-2 shedding as detected by once daityp$ag by 70-85% of days, but reduces
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HSV-2 sexual transmission by only 48% [33]. Thisparity between antiviral effects on
shedding and transmission may suggest that onbeatdivirals do not eliminate short
reactivations.

Participants included in these studies were pera@tisversed in the signs and symptoms
of genital and oral herpes. Hence, the ratio btBnical to clinical ulcerations among HSV-2
infected persons in the general population is dubbaven higher than the 85% ratio found in
our study, as recognition of lesions is likely lowé&requent sampling is both difficult for
participants and results in a large number of samfar the laboratory. We collected and
analyzed over 8300 separate HSV PCR samples fropadi€ipants. The genital shedding rate
we found among our 25 HSV-2 infected participastsamparable to historical shedding rates
among our previously studied HSV-2-infected paseamong 352 participants (145 men and
207 women) in previous genital HSV-2 shedding ssd?740 of 11,838 days (23.1%) were
PCR positive by once daily sampling, with a med&b7 days per person sampled. Thus data
from the present study are likely representativershunocompetent persons with oral and
genital HSV infections in the studied age rangggniBcant individual variability in HSV
shedding frequency is seen and age, gender, imstates, host genetics, and number and
density of recurrences in dorsal root ganglia appeaffect the severity of HSV reactivation
[10, 34-37]. Whether rapidly cleared episodes atasal HSV are seen in immunosuppressed
patients remains to be determined. The high coetbrate of HSV-1 and HSV-2 reactivation
we observed among immunocompetent persons, if gubadly demonstrated among HIV-
infected persons, could provide an explanatiorhfiw HSV increases HIV plasma viral load

[38, 39], as most HIV-infected persons worldwided&SV-1 and HSV-2 infections.
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In summary, our data indicate the frequency ane paenucosal HSV reactivation and
clearance is much faster than previously appratiaténe most common form of HSV
reactivation is an asymptomatic reactivation aggedi with rapid onset and clearance of virus
within 12 hours, illustrating a dynamic interactibetween virus and host in the peripheral skin
and mucosa. These short subclinical reactivatehs explain the observations that most HSV-
2 transmission events occur during subclinicaltreatons and that clinical disease
manifestations predict neither mother to child sexual transmission. The frequency of these
reactivations also provide a possible explanatwrhbw incident and prevalent HSV-2 infection

increase both the risk of HIV acquisition and th¥ Kiral load in co-infected persons.
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Table 1. Demographic and clinical characterispicstudy participants.

Baseline characteristic Genital Oral
swabbing swabbing
group group
n=25 n=18
Mean age (range) in years 44 (24-66) 43 (28-]
Sex, n (%)
Male 10 (40) 12 (67)
Female 15 (60) 6 (33)
Race/ethnicity, n (%)
African American 3(12) 0
Asian 0 3(17)
Native American 1(4) 0
White 21 (84) 12 (67)
Multiracial 0 3 (17)
History of genital herpes, n (%) 19 (76) 8 (44)
Mean (range) no. of genital recurrences in pasbfths 2.3 (0-6) 1.4 (1-3)
History of oral herpes, n (%) 5 (20) 14 (78)
Mean (range) no. of oral recurrences in past 6 hnt 0 0.75 (0-1)
HSV serostatus, n (%)
HSV-1 and HSV-2 seropositive 13 (52) 7 (39)
HSV-1 seropositive only 0 11 (61)
HSV-2 seropositive only 12 (48) 0

75)

43 participants participated in both studies

POf persons with a history of genital herpe§Of persons with a history of oral herpes
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Table 2. Duration of HSV reactivation as defingddttimes daily sampling, for 72 genital and

33 oral shedding episodes of known duration.

Genital swabbing group  Oral swabbing group

n=25

n=18

Median duration of HSV reactivation

No. episodes 12 hours

No. episodes 6 hours
Median copy no. per mL at episode
onset
Median copy no. per mL of last
positive sample in an episode
Median copy no. per mL at episode
onset for episodes > 12 hours ¥sl2
hours
Median copy no. per mL at episode

onset among women versus men

13 hours
(range 4 hours—-17 days)
35 (49%)
17 (24%)

10°°(range 16-10'%)

10°°(range 1610

10*4 versus 16 (p<0.001)

10*°versus 167 (p<0.0001)

24 hours
(range 4 hours—12 days
13 (39%)
7 (21%)

10*'(range 16°-10Y

10°* (range 16°-107°

16°versus 16 (p = 0.14)

16°versus 16 (p = 0.95)

43 participants participated in both studies
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Figure 1. Herpes simplex virus (A) shedding rate by time period (genital shedding
in black and oral shedding in grey) and (B) genital and (C) oral shedding episode

duration, of 72 genital and 33 oral episodes of kno  wn duration.
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Figure 2. Herpes simplex virus median log copy number by dur ation of (A)
genital and (B) oral shedding episode, of 72 genita | and 33 oral episodes of

known duration.
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Figure 3. Representative herpes simplex virus shed  ding patterns of 3
participants. Negative values indicate missing samp les. Subject Ais a 27 year
old woman, HSV-1 and HSV-2 seropositive, with genit  al herpes diagnosed just
prior to study entry. All pictured genital reactiv ations are HSV-2 except for the 7
hour shedding episode on day 16, which had HSV-1is olated. Subject B is a 50
year old man, HSV-1 and HSV-2 seropositive, with ge  nital herpes diagnosed 25
years prior to study entry. All pictured genital r eactivation episodes are HSV-2
except 1 swab collected at 1 time period on day 41 had both HSV-1 and HSV-2
isolated. Subject C is a 35 year old man, HSV-1 se ropositive, with oral herpes

diagnosed 5 years prior to study entry.
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Chapter 2: Rapidly Cleared Episodes of Oral andgenital Herpes Simplex Virus Shedding

in HIV-infected Adults

This is a non-final version of an article publishedinal form in theJournal of Acquired

Immunodeficiency Syndromes (http://journals.lww.com/jaids).

Complete journal citation of final published aréicl
Mark KE, Wald A, Magaret AS, Selke S, Kuntz S, Hgan-L, Corey L. Rapidly cleared
episodes of oral and anogenital herpes simplexwahedding in HIV-infected adult3AIDS

2010;54(5):482-8.
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ABSTRACT

Objective: To determine whether rapidly cleared episoddsegbes simplex virus (HSV)
reactivation occur in HIV-infected adults.

Methods. Twenty HSV-2 seropositive, HIV seropositive adulhcluding 9 (45%) who were
also HSV-1 seropositive, collected oral and anagéswabs for HSV DNA PCR 4 times a day
for 60 days. Samples were positive for HSV if vetedted> 150 copies of HSV DNA/mL of
specimen.

Results: Median HSV shedding episode duration was 7.5g@ah-253) hours for oral and 11
(range 4-328) hours for anogenital reactivatiohirty-five percent of oral and 29% of
anogenital reactivations lastedb hours, and 59% of oral and 53% of anogenitaitreations
lasted< 12 hours. Seven of 9 participants who shed ogaity 10 of 15 who shed anogenitally
had> 1 reactivation lasting 6 hours. The median maximum level of HSV DNA d&tdan an
episode increased with episode duration for bodthamnd anogenital episodes. Concurrent oral
and anogenital shedding occurred more frequendly gxpected: Oral HSV shedding was
detected on 17% of time points with anogenital, 1#%tof time points without anogenital,
shedding (p < 0.001).

Conclusions: Rapidly cleared episodes of oral and anogeni& ldhedding occur in HIV-
infected persons, supporting the hypothesis tlegjuient anogenital mucosal immune activation
caused by HSV-2 is present in HIV co-infected pess@otentially contributing to HIV

infectiousness.
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INTRODUCTION

Chronic HSV ulcers were one of the first describehifestations of AIDS,and HIV-
infected persons have higher clinical anogenital/H&urrence rateshigher anogenital HSV-2
shedding rate$, and higher oral HSV shedding ratéisan HIV uninfected persons. Higher
rates of both HSV shedding and HSV clinical recuces among HIV-infected persons
compared with HIV uninfected persons are presurodmbtcaused by decreased host ability to
control HSV replication. However, there is consadde variability in HSV-2 reactivation rates
in HIV-infected, as in HIV-uninfected, persons, examong those with similar CD4 T cell
counts. In general, severe persistent HSV-2 dauiitar disease has been associated with CD4
T cell counts <50 cells/mit Recent data in immunocompetent adults have shioatrboth oral
and anogenital HSV reactivations occur more fretjyemd are cleared more rapidly than
previously appreciated, with 21% of oral and 24%mdgenital reactivations lastisgs hours
and 39% of oral and 49% of anogenital reactivatiastings 12 hours, Because the frequency
and duration of short HSV reactivations in HIV-iaofied persons might differ from
immunocompetent adults, and because their preseigte affect investigational HSV treatment
strategies in HIV-1 co-infected persons designedeirease HIV-1 transmissibmye performed
an observational pilot study to examine the fregyenf short episodes of oral and anogenital

HSV reactivation among HIV-infected persons.
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METHODS
Study participants and procedures

HSV-2 seropositive, HIV-1 seropositive participaatged> 18 years were recruited in
2006-2007 from a pool of prior research study pigrdints known to be able to comply with an
intensive study protocol and asked to collect aral anogenital swab specimens for HSV DNA
PCR at home 4 times per day for 60 days. Swalirapas were collected at ~6 hour intervals:
upon awakening, in the midmorning, in the afterncord at bedtime. Participants recorded in a
diary exact swabbing times and any symptoms preaadtwere instructed not to take any
herpes antiviral medication during the study. Aevipusly described,> " 2anogenital swabs
were obtained by rubbing a polyester fiber-tippedls across first the penile and then the
perianal skin for men, or first across the poster&rvical/vaginal, then vulvar, then perianal
areas for women. Oral swabs were performed byinghine swab across the buccal mucosa
and tongue. Separate swabs were collected frono@hypr anogenital lesions noted by the
participant. Participants were seen in the clevery 3 weeks for collection of samples and
diary review. Blood was drawn for both CD4 T alunt and serum HIV-1 RNA level within
one month of starting the swabbing study, and etntiviral use was obtained by history at the
time of study initiation. Highly active antiretrioal therapy (HAART) use was defined as
receipt of at least 3 drugs in 2 of the followiragegories: protease inhibitor, nucleoside
analogue, or non-nucleoside analogue, at the tirsudy initiation. This study was approved
by the University of Washington institutional rewidoard, and all participants gave written

informed consent.

Laboratory methods
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HIV-1 seropositivity was confirmed by standard yne-linked immunoassay and
Western blot. HSV serologic testing was perforgdVestern blof. Absolute CD4 T cell
counts were determined by flow cytometry. HIV-1RNvels were measured using real-time
RT PCR technology (detection level, 30 HIV-1 RNAas per mL). Oral, anogenital, and
lesion swabs were placed into separate vials aantall mL of PCR transport medium and
stored at -20°C until laboratory processing. HSNAwas detected using a quantitative real-
time PCR assay and expressed as copies per manspiort medium? ** As previously
described, the initial PCR assay uses type-commameps to the HSV glycoprotein B gene,
with positive samples subsequently analyzed usipg-specific primers to determine whether
DNA detected was that of HSV-1, HSV-2, or bdth? An internal control was included in the
PCR reaction to ensure that HSV-negative findingsawmot due to inhibition. Samples were
considered positive for HSV if we detecte® copies of HSV DNA per 2(L of specimen (i.e.,
> 150 copies of HSV DNA per mL of transport media)Laboratory personnel were blinded to

clinical data.

Statistical analysis

Analyses were done using SAS (SAS Institute IraryCNorth Carolina). We used
identical definitions of HSV shedding, sheddingratnd shedding episode as in our previous
work examining shedding in immunocompetent adulBriefly, HSV shedding was considered
to have occurred if an oral or anogenital sampléercorresponding lesion sample was positive
for HSV at a given time. If both the oral or anogal sample and the corresponding lesion
sample were positive for HSV, the sample with tighér HSV DNA copy number was used in

further analyses. Shedding rates were definediasbar of swab specimens with HSV DNA
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detected divided by number of swab specimens d¢etlecNumber of days with samples
collected was defined as total days from firstast Iday of specimen collection for both oral and
anogenital samples, minus any days during whickamaples were collected; expected number
of days per participant was at least 60. On eaghndth any genital (or oral) sampling done, 4
genital (or oral) swabs were expected. A sheddpigode of known duration was defined as
one or a series of HSV-positive swab specimenswkat collected immediately before and after
at least 2 HSV-negative swab specimens. Epis@dttshe was estimated as the chronological
midpoint between the last HSV-negative and firsWvH®sitive swab specimen, and episode
stop time as the midpoint between the last HSVipasand first HSV-negative swab specimen.

Since not all time points had swab specimens adailsome subjects shed HSV for an
unknown period. These are referred to as shedgprspdes of uncertain duration, because the
episodes may have been longer than observed.h&se episodes we assumed missing swab
specimens 2 time points before and 2 time poirs #ie positive swab specimen(s) were HSV
negative and estimated start and stop times asab®wy shedding episode (of known or
uncertain duration) could include 1 missing or IMH&gative swab specimen within the
episode.

Generalized estimating equations were used tordate whether there was a difference
in average episode duration between episodes ofikiand uncertain duration, whether there
was an association between average per-episodenmaxHSV DNA copy number and episode
duration, and whether concurrent oral and anodeshtdding occurs more frequently than
would be expected by chance alone. Wilcoxon ramk tests were used to test for differences in
median CD4 count and HIV viral load among persaket and not taking HAART and to

examine person-level differences in shedding ratesnumber of reactivations by anatomic site.
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Fisher's exact test was used to test for assonmtietween episode length and anogenital
symptoms and lesions. Generalized estimating eqsatvere also used to examine associations
between measures of HIV disease severity (CD4 ¢élUntviral load, and HAART use) and
duration of or maximum HSV copy number in sheddpgodes. CD4 count was dichotomized
at 200 cells/mrhand HIV viral load at 10,000 copies/mL based domstudies indicating this
degree of immunosuppression and HIV viral replmativere associated with longer HSV

shedding duratiof.
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RESULTS
Study population

Twenty participants collected oral and anogen#éahgles for a median of 62 (range 32-
79) days, with 20 (100%) participants collectinghgées for at least 30 days, 18 (90%) for at
least 50 days, and 15 (75%) for at least 60 d&gsticipants, who included 19 men and 1
woman, had a median CD4 count of 426 (range 291€88/mnt, and a median HIV-1 RNA
level of 2280 (range <30 — 150,000) copies/mL (€dhl Five (25%) had undetectable HIV-1
RNA levels, 12 (60%) were taking antiretroviral téugy [for a median of 4.4 years (range 1.1 —
9.9 years) prior to study entry], and 12 (60%) thet1993 CDC AIDS surveillance case
definition!® Of the 12 receiving antiretroviral therapy, 7 ¥&8were taking a non-nucleoside
reverse transcriptase inhibitor (NNRTI)-based regqind nevirapine and 3 efavirenz), 4 (33%) a
protease-inhibitor-based regimen (1 ritonovir-beddbpinavir, 1 ritonovir-boosted nelfinavir, 1
ritonavir-boosted atazanavir, and 1 unboosted fpsanavir), and 1 (8%) a triple nucleoside
reverse transcriptor inhibitor (NRTI)-based regimdihree participants had a CD4 count <200
cells/mn? at study entry. Median CD4 counts among persakiag and not taking HAART
were similar (473 versus 423 copies/mL, p = 0.4ft)rbedian HIV viral load among persons
taking HAART was lower than among persons not @gkAART (239 versus 32,700
copies/mL, p = 0.01). Seven of 8 (88%) particisardt on HAART and 1 of 11 (9%)
participants on HAART with viral load data had awliral load above 10,000 copies/mL (p =
0.001), while 1 of 8 (13%) participants not on HARRNd 2 of 11 (18%) participants on

HAART with CD4 data had CD4 < 200 cells/riip = 0.74).

Frequency of mucosal HSV shedding
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Oral samples were collected for 1201 days (95% @#&ixpected 1269 days) and 4559
time points (95% of the expected 4804 time poirasyl anogenital samples for 1199 days (94%
of the expected 1269 days) and 4544 time point%(8bthe expected 4796 time points). Both
oral and anogenital samples were collected at @thd points on 87% of days and at 3 of 4 time
points on 7% of days, thus 94% of days had at [@astily oral and anogenital samples
collected. HSV DNA was detected from oral sample$8 (5%) days and 120 (3%) time points
and from anogenital samples on 199 (16%) days 86dH%) time points (p = 0.002,
indicating more frequent anogenital than oral sivegidsee Table 2). Nine (45%) participants
had at least one oral sample in which HSV was tiedesnd 15 (75%) at least one anogenital
sample in which HSV was detected.

HSV typing was available for 109 (91%) of 120 waimples and 533 (99.6%) of 535
anogenital samples; the copy number in the remgisemples was too low for typing. HSV-1
alone was found in 46 oral samples (42% of all samhples and 46% of oral samples from
HSV-1/HSV-2 seropositive participants) and 4 amoigé samples (1% of all anogenital samples
and 5% of anogenital samples from HSV-1/HSV-2 sesdjve participants), both HSV-1 and
HSV-2 in 11 oral samples (10% of all oral sampled %1% of oral samples from HSV-1/HSV-2
seropositive participants) and 33 anogenital sam{@&o of all anogenital samples and 20% of
anogenital samples from HSV-1/HSV-2 seropositiveipaants), and HSV-2 alone in 52 oral
samples (48% of all oral samples and 43% of omalpdas from HSV-1/HSV-2 seropositive
participants) and 496 anogenital samples (93%l @raigenital samples and 75% of anogenital

samples from HSV-1/HSV-2 seropositive participaiiigble 2).

Number and duration of shedding episodes
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We identified 36 separate episodes of oral HSV dimgdin 9 participants and 82
episodes of anogenital HSV shedding in 15 partrdga Complete 4 times daily sampling
allowed calculation of oral shedding duration f8r(81%) episodes and anogenital shedding
duration for 66 (80%) episodes. The median dunatican oral HSV reactivation with complete
sampling was 8 hours (range 4 hours — 11 daysparahogenital reactivation with complete
sampling, 11 hours (range 4 hours—14 days) (Tabl€&2the 29 oral episodes of known
duration, 10 (34%) lasted 6 hours, 17 (58%) lastetd12 hours and 19 (66%) lasted.8 hours
(Figure 1A). No oral shedding episodes of knowratlan consisted of sole HSV-1 shedding;
17 (59%) were HSV-2 oral shedding episodes (mediisation 12 [range 5-36] hours), 6 (21%)
included both HSV-1 and HSV-2 shedding (median tilome34 [range 6-253] hours), and 6
(21%) could not be typed (median duration 6 [rasd hours). Of the 66 anogenital shedding
episodes of known duration, 19 (29%) lastel hours, 35 (53%) lasted12 hours and 43 (65%)
lasted< 18 hours. Sixty-three (95%) contained HSV-2 o@lypoth HSV-1 and HSV-2, and 1
could not be typed (Figure 1B). The median maxinoamy number of HSV DNA detected
during both oral and anogenital episodes increasétdepisode duration (for episodes lasting
24 hours and > 24 hours4versus 16’ copies orally, p = 0.009, and *tversus 16°copies
anogenitally, p < 0.001, see Figure 1, panels C@ndSeven (35%) participants had at least 1
oral shedding episode which laste® hours, 10 (50%) at least 1 anogenital episofidours, 9
(45%) at least 1 oral episod€l2 hours, and 11 (55%) at least 1 anogenital dptsd.2 hours.
Of 3 people with CD4 < 200 cells/nirone had 1 oral episode and 4 anogenital epidadisg
< 6 hours and 2 had at least 1 oral and at leasb@emital episode lasting12 hours.

The median number of HSV reactivations of knowration among those who shed

during the 60 day sampling period was 3 (range b+&)and 4 (range 1-18) anogenital
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reactivations per person. Excluding the 11 paréicts who were not observed to shed orally,

the median oral HSV reactivation rate was 1.4 (eahg—9.5) reactivations per 30 days or 16

reactivations annually. Excluding the 5 particigzawho did not shed anogenitally, the median
anogenital HSV reactivation rate was 2.1 (range-®() reactivations per 30 days or 26

reactivations annually (p = 0.17 for comparisontsen oral and anogenital reactivation rates).

Associations Between Shedding and Symptoms

No oral HSV reactivation was accompanied by symgtomesions. Three (5%) of 63
anogenital episodes of known duration with sympgord lesion information were associated
with lesions and 5 (8%) with symptoms. Shortergamital shedding episodes were less likely
to be symptomatic than longer ones. None of 4ganital shedding episodes lasting@4 hours
had lesions, compared with 3 of 21 (14%) anogerpeodes > 24 hours (p = 0.029). Similarly,
only 1 of 45 (2%) anogenital episodes lasting4 hours was associated with symptoms,

compared with 4 of 21 (19%) anogenital episoded hdurs (p = 0.032).

Concurrent Oral and Anogenital Shedding

Swab samples were collected concurrently from boéhand anogenital sites at 4499
time points, with HSV detected on both oral andgamital swabs concurrently at 89 time points.
Concurrent shedding occurred in 4 participantsddimg data from 2 of these 4 are shown in
Figure 2) and occurred more frequently than wo@akpected by chance alone: oral HSV
shedding was detected on 17% (89/532) of time paulten HSV was detected anogenitally but
on only 1% (30/3967) of time points when anogerstedding was not occurring (p < 0.001).

Of the 89 time points with concurrent shedding, nfos= 37, 42%) involved HSV-2 at both
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sites, 24 (27%) involved oral HSV-1 with both HS\&id HSV-2 detected anogenitally, 14
(16%) involved oral HSV-1 and anogenital HSV-2764) involved both HSV-1 and HSV-2
orally and anogenital HSV-2, 6 (7%) involved oratypeable virus and anogenital HSV-2, 1
(1%) involved both HSV-1 and HSV-2 at both sites] 4 (1%) involved oral HSV-2 and both

HSV-1 and HSV-2 anogenitally.

Effect of immune status on HSV shedding

In our population, CD4 count, HIV viral load, anadttizetroviral use did not affect the
duration of HSV shedding episodes (the proportibepisodes< 6 hours versus > 6 hours, Table
3). However, univariate analyses showed bothetnbviral use and a plasma HIV RNA
<10,000 copies/mL to be associated with a lowerayee per-episode maximum HSV copy
number. In multivariate regression including bBiiv viral load and antiretroviral use, HIV
viral load> 10,000 copies/mL was found to be associated with% increase in mean per-
episode maximum log HSV copy number{BISV copies/mL among those with HIV viral
load < 10,000 copies/mL compared witi-1BISV copies/mL among those with HIV viral load
> 10,000 copies/mL, 95% CI 33% to 59% increase0p0€1), while the association between

maximum HSV copy number and antiretroviral use m@a$onger significant.
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DISCUSSION

Our study indicates that oral and anogenital HSAfd HSV-2 reactivation are even
more common in HIV-infected persons than previoaglgreciated. In particular, subclinical
oral shedding of HSV-1 and HSV-2 is quite comm&fost mucosal HSV reactivations in HIV-
infected persons are short and subclinical, witheglian anogential HSV reactivation duration of
11 hours. Twenty-nine percent of anogenital HSAttwations last 6 hours and over half
(53%) last 12 hours.

We also found that concurrent oral and anogeni&V ldhedding, often of the same viral
type but sometimes of different viral type, occdrreore frequently than would be predicted by
chance, supporting the findings of Kim ef alt is of interest that simultaneous reactivatia@m
oral and anogenital mucosa, often with differertitgpes, happens more frequently than would
be predicted to occur, suggesting common systemaouaosal host factors influencing
shedding. Interestingly, oral HSV-2 shedding was@mmon as oral HSV-1 shedding; among
HSV-1/HSV-2 seropositive participants, 46% of aaimples showed HSV-1 alone and 43%
showed HSV-2 alone. We do not know whether oraV$2$hedding during episodes of oral-
genital contact with a HSV-2 negative partner @adlto partner acquisition of genital HSV-2
infection, but this is certainly biologically plabe.

These data on HSV reactivation duration in HIV-atézl persons are similar to what we
found in immunocompetent hosts, who had a mediageamtal HSV reactivation duration of 13
hours, with 24% of reactivations lastigg hours and 49% lasting12 hours. We studied an
HIV-infected population that was only moderatelyniomosuppressed (median CD4 count 426
cells/mn?) and our results may have been different if we éaalled only HIV-infected persons

with more marked immunosuppression (CD4 < 200 fefis, for example), but our finding of
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some short anogenital HSV reactivations even infewrstudy participants with CD4 < 200
cells/mn? suggests that even quite immunosuppressed HI\¢tedepersons can continue to
have short, rapidly cleared HSV reactivations. phraportion of HSV shedding episodes which
were< 6 hours did not differ by CD4 count, plasma HIV RMNr HAART use, suggesting that
level of immunosuppression does not markedly at®Y episode length, although small
numbers of participants limit our power to find Haldifferences.

All but one of our participants were men, limitiagr ability to draw definitive
conclusions about short HSV reactivations in HI¥éated women. However, we have
previously shown a greater number of short (<12 hepisodes in immunocompetent men than
immunocompetent women and a lower median HSV 1oad at genital shedding episode onset
in immunocompetent men than immunocompetent worh@if copies/mL versus 10
copies/mL, p < 0.000D).Genital HSV shedding rates among immunocompetenten have
been shown in some studies to be ~40% higher tmam@immunocompetent mén-*

Together these data suggest that immunocompeteanewmay shed genital HSV more
frequently and in longer episodes than immunocoergehen; whether the same is true of HIV-
infected women is unknown. Our participants wése gelatively old (median age 45 years),
suggesting many likely acquired HSV-2 many years afyhether HSV shedding episode
duration differs among HIV infected individuals titnore recently acquired HSV-2 requires
further study.

Our findings have important implications regardinggractions between HIV-1 and
HSV-2 and potential investigational HIV-1 prevemtimethods which would focus on HSV-2
treatment. Observational data show that HSV-2néeetion may increase HIV-1 transmission,

possibly by HSV stimulating transcription of lateitv-1.*° In HIV negative, HSV-2
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seropositive persons, HSV-2 specific CD4+ and CD&ells and plasmacytoid and myeloid
dendritic cells, including cells expressing they@e lectin receptor DC-SIGN, persist at the
dermal epidermal junction for months after lesiealing, even with daily antiviral therap§.*®
The frequent short bursts of HSV reactivation drelhigh annual anogenital reactivation rate
(median of 26 anogenital reactivations annuallg} the demonstrated here in HIV infected
persons likely also lead to persistent anogenitadasal immune activation, potentially
contributing to HIV infectiousness. We know thayeovir 400 mg orally twice daily, the dose
used to assess whether HSV suppressive therapiiMHSV-2 co-infected persons could help
prevent HIV-1 transmissiof?,does not completely suppress HSV reactivati6hMore potent
therapies, or an effective HSV vaccine, are ne¢dedsess whether complete suppression of
HSV reactivation in HIV-1/HSV-2 co-infected persons prevention of HSV-2 infection, could
help prevent HIV-1 transmission.

Our findings also suggest that treatment of HIW+HIV-1/HSV-2 coinfected persons
might help prevent HSV-2 transmission. Plasma RINVA > 10,000 copies/mL and lack of
HAART use were associated with higher maximum H8@ycnumbers during shedding
episodes. These higher copy numbers likely leapt¢ater HSV-2 infectiousness.

In summary, we found that frequent short episadesal and anogenital HSV
reactivation occur in HIV-infected persons, eveostwith relatively advanced
immunosuppression, and that the median oral angeani@al HSV reactivation duration in HIV-
infected hosts is surprisingly similar to that itM-lininfected hosts. Further study of the
pathogenesis of HSV-induced chronic mucosal imnagtiwation and its effect on HIV-1

transmission is warranted.
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Table 1. Demographic and clinical characterisbicstudy participants.

Baseline characteristic n=20
Median age (range) in years 45 (36 — 58)
Men, n (%) 19 (95)
Race/ethnicity, n (%)

White 13 (65)

Black 5 (25)

Other 2 (10)
Symptomatic anogenital herpes, n (%) 14 (70)
Symptomatic oral herpes, n (%) 6 (30)
HSV serostatus, n (%)

HSV-1 and HSV-2 seropositive 9 (45)

HSV-2 seropositive only 11 (55)
HIV positive, n (%) 20 (100)
Antiretroviral use during study, n (%) 12 (60)

Median (range) CD4 couhtells/mn?
Median (range) HIV RNA copies/mL

426 (29 — 1066)
2280 (<30 — 150,000)

%0ne subject did not have CD4 or HIV RNA data withimonth of study initiation.
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Table 2. Proportion of days, time points, andipgrants with HSV detected in at least 1
sample, and HSV typing. Duration of HSV reactigatas defined by 4 times daily sampling is

shown for 29 oral and 66 anogenital shedding episa@d known duration.

Oral Anogenital

Days sample(s) collected, n 1201 1199
Days HSV detected, n (%) 58 (5%) 199 (16%)
Time points samples collected, n 4559 4544
Time points HSV detected, n (%) 120 (3%) 535 (12%)
Participants with HSV detected at any time poinf%a) 9 (45%) 15 (75%)
HSV type*

HSV-1, n (%) 46 (42%) 4 (1%)

HSV-2, n (%) 52 (48%) 496 (93%)

HSV-1 and HSV-2, n (%) 11 (10%) 33 (6%)
HSV reactivation duration

Median episode duration 8 hours 11 hours

Range episode duration 4 hours — 11 days 4shelid days

No. (%) episodes 6 hours 10 (34%) 19 (29%)

No. (%) episodes 12 hours 17 (58%) 35 (53%)

Median (range) maximum copy number per episode  “?@@**— 10% 10**(10°*'- 10*%)

*Type-specific data available for 109 (91%) of @@l samples and 533 (99%) of 535

anogenital samples.
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Table 3. Effect of immunological, viral, and trent status on oral and anogenital HSV shedding.

Measure of

systemic immune

Oral episodes

Anogenital episodes

Proportion of

episodes< 6 hours

Maximum HSV copy number

per episode

Proportion of

episodes< 6 hours

Maximum HSV copy

number per episode

4

function n (%) p Median (range) p n (%) p Median (range) ¢
CD4 < 200 1/7 (14%) T (10°%10°% 4/12 (33%) 19" (1074-10%9)

CD4> 200 9/22 (41%) 0.39| IB(10%%-10"9 0.89 14/53 (27%) 0.64 | 16°(10°°-10°Y 0.72
HIV VL < 10,000 | 4/10 (40%) 1P (107°-10™Y 14/46 (30%) 10°¢ (107%-10°9)

HIV VL >10,000 | 6/13 (32%) 0.67| 181071079 0.35 5/20 (25%) 0.60| 1°(10*%-10"% 0.005
HAART 4/10 (40%) 16°(107°-10"Y 13/45 (29%) 10°°(10°%-10%%)

No HAART 6/19 (32%) 0.67| 1O(10°%10°9 0.35 6/21 (29%) 0.97| 1°(10*%-10"%  0.009
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Figure 1. Herpes simplex virus (HSV) shedding episode dunadiod viral copy number, of 29
oral and 66 anogenital shedding episodes of knawatidn. (A) Oral and (B) anogenital

episode duration and (C) oral and (D) anogenitdV ld8py number by episode duration.

Figure 2. Concurrent oral and anogenital herpes simplex wheslding in two HSV-1/HSV-2
seropositive participants. Participant 1, a 37 ydé man diagnosed with genital herpes 17
years earlier, had been off antiretrovirals for ~@nths prior to study entry and had a CD4 of
160 cells/mm and an HIV viral load of 148,000 copies/mL. Rap@nt 2, a 49 year old man
diagnosed with asymptomatic HSV-2 infection at ielagears earlier but subsequently noted to
have typical genital, perianal, and perineal resmnees of which he was previously unaware, was
on antiretrovirals with a CD4 of 706 cells/mand an undetectable HIV viral load. The asterix
in Figure 2B shows the one day that genital symptand lesions were present; all other

shedding was asymptomatic.
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Figure 1.
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Figure 2A.
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Figure 2B.
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Chapter 3: Three Phase Ill Randomized ControliealS of Topical Resiquimod 0.01% Gel to

Reduce Anogenital Herpes Recurrences

ABSTRACT

Background: Resiquimod, a toll-like receptor 7 and 8 agorsstnulates production of
cytokines that promote an antigen-specific T hetgpe 1 acquired immune response. Animal
and phase Il human trials showed post-treatmertiaelf in reducing recurrent herpes lesion
days and/or time to first recurrence.

Methods: Three phase Ill randomized, double-blind, vehedatrolled trials of topical
resiquimod to reduce anogenital herpes recurrenees conducted in healthy adults with
recurrences within the prior year. Participantsligd resiquimod 0.01% or vehicle gel 2 times
per week for 3 weeks to each recurrence for 12 hsontrials 1 and 2 had 2:1
resiquimod:vehicle randomization. Trial 3 had 1:8andomization for resiquimod plus
valacyclovir 500 mg orally twice daily for 5 dayRESI/VAL), resiquimod plus oral placebo
(RESI/PLA), and vehicle plus oral placebo (VEH/PLA)

Results: Median time to first recurrence was similar fesiqguimod and vehicle [Trial 1: 60 and
56 days, p=0.7; Trial 2: 54 and 48 days, p=0.4®@I: 51 (RESI/VAL), 55 (RESI/PLA), and
44 (VEH/PLA) days, p=NS]. Median time to healingratial treated recurrence was longer for
resiquimod [Trial 1: 18 versus 10 days, p<0.001alm2: 19 versus 13 days, p=0.16; Trial 3: 14
(RESI/VAL), 16 (RESI/PLA), and 8 (VEH/PLA) days, §001]. In Trials 1 and 2, moderate to
severe erythema and erosion/ulceration at the Ggin site were more common in resiquimod

recipients.
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Conclusions: No post-treatment efficacy of resiquimod 0.01%vgas observed. Increased
application site reactions and initial recurrenealing time are consistent with resiquimod-

induced cytokine effects.
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INTRODUCTION

Approximately 3 percent of the United States (U8)lapopulation has been diagnosed
with anogenital herpes [1]. Although anogenitiges recurrences can be treated with episodic
antiviral use, and reduced with daily suppressitgvaal use, no currently available treatment
impacts the natural history of the disease by redusubsequent recurrences once nucleoside
analogue therapy is stopped.

Resiquimod (R-848), an imidazoquinolinamine, israrestigational toll-like receptor 7
and 8 agonist which stimulates an innate immunearese with production of cytokines that lead
to a subsequent antigen-specific T helper typegliieed immune response [2-5]. Application of
topical resiquimod to anogenital herpes lesiorg/othesized to act as an endogenous
therapeutic HSV vaccine, with resiquimod acting lén adjuvant in the presence of endogenous
antigen (HSV). The induced immunity could potelhtidelay or reduce future HSV
recurrences. Resiqguimod has been shown in an Amodel [6] and phase 2 human trials [7, 8]
to have some efficacy in reducing anogenital herpesrrences. We report the results of three
Phase lll randomized controlled trials of topiaaiguimod to reduce anogenital herpes

recurrences.
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METHODS

Participants applied resiquimod 0.01% or vehiclle2gemes per week for 3 weeks to
each recurrence of anogenital herpes for 12 morith3$rial 1, conducted in 38 European
centers, and Trial 2, conducted in 19 US center$) fstom 2000-2002, participants were
randomized 2:1 to resiquimod versus vehicle. §alT, conducted in 18 US and 7 Canadian
centers from 2001-2002, participants were randodnizé:1 to 1) resiquimod 2 times per week
for 3 weeks and valacyclovir 500 mg caplet orallipBor 5 days, 2) resiquimod 2 times per
week for 3 weeks plus oral placebo BID for 5 days3) vehicle 2 times per week for 3 weeks
and oral placebo BID for 5 days. Each trial wagraped by each trial center’'s Independent
Ethics Committee, and all participants gave writtdormed consent.

Participants in all 3 trials were healthy, 18-6%ngeof age, HIV-negative, and had a
history of frequently recurrent anogenital herpEsr inclusion in any of the 3 trials, participants
had to have had4 genital herpes recurrences per year in the @astor, if on suppressive oral
nucleoside therapy, prior to starting suppressieedpy, and at least one recurrence in the 3
months prior to screening, and were willing to aefrfrom using topical or oral antivirals during
the eligibility period and to use them only as diegl by the investigator during the treatment
period. Exclusion criteria included ever havingdisesiquimod (R-848) or imiquimod,
pregnancy or breastfeeding, receipt of HSV vacuittiein the past 2 years, treatment of
anogenital warts within 4 weeks prior to enrollmenexpected during the trial period, allergy to
study gel excipient, hemoglobin9.4 g/dL, granulocyte count1.5 x 10 cells/L, platelet count
< 100,000 platelets per microliter, any serum chémiglue of Grade 2 (moderate) or higher as
defined in the protocol, or, in the 4 weeks priothe screening visit, any use of an

investigational or cytotoxic drug; interferon thgyeor inducer; immunomodulator; systemic
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antiviral drug other than acyclovir, valacyclowr, famciclovir; or systemic or high-dose inhaled
corticosteroid.

After the screening visit, participants entere®ankek eligibility period during which
they had to have a qualifying recurrence to comtinwithin 36 hours after development of the
gualifying recurrence, participants presented &ottlal center, were randomized, and received
blinded study drug. Participants treated eachrrenae with the same regimen during the 12
month trial.

Randomization was in blocks of 6 and stratifiedsby and trial center. To ensure proper
randomization by trial center, subjects presentity a qualifying recurrence were given a
unique subject identification number in consecutivenerical sequence within that trial center,
and study drug kits were issued in sequence. Study (resiquimod or vehicle gel), supplied in
single-use sachets containing 225 mg of gel, wpBeaptopically to lesions just before bedtime
and washed off after 8 to 10 hours. During theahireatment cycle, participants returned to the
trial center on days 3, 8, 15, and 22. On dayl#2 received study drug for use during the next
recurrence. For subsequent recurrences, partisigaif-initiated treatment within 24 hours of
lesion recurrence (prodrome-only and erythema-eubnts were not treated) and returned to the
trial center within 72 hours after onset for claiconfirmation. For the first recurrence aftez th
initial treated recurrence, participants were seedays 1, 8, 15, and 22. For all other
subsequent recurrences participants were seenyohalad 1-3 days after their last application
of study drug. Additional scheduled visits weravateks 12, 24, 36, and 52, unless these visits
overlapped with a treatment cycle. Recurrencegwassessed independently by participant
diary and by the investigator during each clinisitvi Compliance with study drug was measured

by participant diary and return of used and unwsdady drug sachets. Safety was measured by
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evaluation of adverse events, anogenital site sssa#s (local skin signs and local symptoms),
and clinical laboratory tests. Anogenital siteeassnents occurred at each clinic visit during the
initial and first subsequent treatment cycleshatday 1 and 1-3 days post last dose visits for
other subsequent recurrences, and at the lasvigial During anogenital site assessments,
investigators recorded the most severe signs fdr eategory: erythema, edema, vesicles,
erosion/ulceration, and scabbing (investigatorss= signs). Participants were asked, without
prompting for specific terms, if they had anogdrsite signs since their last clinic visit (subject

reported signs). Size and number of lesions welleated as part of lesion assessments.

Laboratory methods

HSV serology was done at the University of Waslondty Western blot [9]. HSV PCR
was done at Pasteur, Cerba, France (Trial 1), édi€h’s Hospital Medical Center, Cincinnati,
Ohio, USA (Trial 2), and at Viridae Clinical Scieas; Vancouver, British Columbia, Canada

(Trial 3). HSV PCR swabs were collected at the Hajysit for all recurrences.

Statistical analysis

A clinical recurrence was defined as a period g&daith lesions preceded and followed
by at least 1 day without lesions. For Trials @l 2nthe primary endpoint was time to first
subject-reported recurrence; for Trial 3, it wasual recurrence rate. Secondary endpoints,
depending on trial, included time to first recugenannual recurrence rate, percent of subjects
who had no subsequent recurrences after the guglifgcurrence, total number of days the
subject had a lesion present (lesion days), anel itmerval between the first and second

recurrence. Recurrences were measured 3 waysbjecsreported recurrences based on dates
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of lesion onset and resolution, 2) investigatorfecored recurrences, and 3) PCR-confirmed
recurrences. Kaplan-Meier analysis was used tutzk median time to first recurrence,
defined as time from qualifying recurrence healiiage to start date of the next recurrence, with
the log-rank test used to assess difference betgmeaips. If randomization recurrence healing
date was missing, we used randomization recurrstacedate. Persons were censored on their
last visit date. A Cox proportional hazards matedtified by site was used to test the treatment
effect. Covariates considered included sex, g46 yersus >40 years), race (White vs non-
White), baseline HSV-1 serostatus, and numberaifrrences in the past year§ versus >8).
Annualized recurrence rate was calculated by cogrhe total number of clinical
recurrences occurring after the randomization reciwe and dividing by observation time,
defined as time in years from randomization reqweeclear date (or randomization recurrence
start date if clear date was unavailable) to l&st date. Recurrence length was defined as the
number of days during which lesions were presennhduwa clinical recurrence. Recurrences of
uncertain duration were those which did not haekear date. To calculate a minimum
recurrence length for these recurrences, we sutestithe last date during that recurrence when
the participant was seen for the clear date. Pesom lesion rates were calculated as the number
of days with lesions divided by the number of dafsbservation, defined as the number of days
from the start of the initial randomization recunce to the last day of observation. The
Wilcoxon rank sum test (Trials 1 and 2) and thedkal-Wallis test (Trial 3) were used to
compare, by treatment arm, the median annualizegaureported recurrence rate, median
recurrence length, and median lesion rate. Fish&xact test was used to compare, by treatment
arm, the percent of participants without subsequenirrences. The Prentice, Williams, and

Peterson (PWP) Gap Time model[14] adjusted fotrmeat, sex, age, race, number of
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recurrences in the past yeaB(versus >8 recurrences/year), and baseline Hfeb&tus was
used to model the time interval between the fingt second subsequent subject-reported
recurrences. In this model, the analysis of tloeiseé subsequent recurrence was necessarily
restricted to subjects who had a first subsequesnirrence.

Power calculations were obtained using a simuladic®000 trials. For each subject, the
gamma distribution was chosen to represent the puofirays to each subsequent recurrence.
The vehicle group was assumed to have a gammédistn with a shape parameter of 2 and a
scale parameter of 42, corresponding to a mediaa tid first recurrence of 70 days and
approximately 4 recurrences after the initial teelatecurrence during the 1 year trial period. The
resiquimod treatment group was assumed to havagegtarameter of 2 and a scale parameter
of 63, corresponding to a median time to first resoce of 105 days and approximately 2.6
recurrences after the initial treated recurrent&as assumed that 40% of subjects would
discontinue prior to completing the treatment p&rend these subjects were assigned a value of
18 recurrences. For trials 1 and 2, 20% of subjeetre assumed to have dropped out prior to
experiencing a recurrence. For trials 1 and 2,r&8@juimod and 80 vehicle subjects provided
96% power to detect a 50% difference in the medianber of days to first subsequent
recurrence and 92% power to detect a 50% differante@al number of recurrences. For trial 3,
105 subjects per treatment arm provided 81% powvdetect a 50% difference in total number
of recurrences. A two-sided alpha of 0.05 was disedach power calculation. Unless otherwise
stated, all analyses were intention-to-treat, idiclg all randomized subjects who were
dispensed study drug.

Safety was measured by evaluations of adverse £Jenal skin signs and symptoms,

time to recurrence healing, and size of lesionscal skin signs (erythema, edema, vesicles,
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scabbing, and erosion/ulceration, as assessechbypubstigator and participant) and local
symptoms (pain, numbness/tingling, burning, andistitching, as assessed only by the
participant) were summarized by maximum severityrduthe initial treatment cycle. The
Kruskal-Wallis test was used to compare maximunesgyscores across treatment groups. The
Wilcoxon rank sum test was used to compare the anedtal investigator-confirmed lesion size
during the initial treatment cycle between treattrggnups. Time to healing of the qualifying
recurrence was summarized using Kaplan-Meier salvihethods. The Kruskal-Wallis test was
also used to compare across all 3 trials by treattigy@up both trial and treatment completion
rates and the proportion of participants who disomed treatment due to adverse events or local

skin symptoms or signs.
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RESULTS

The numbers of people who were assessed for diigibandomized, completed
treatment, and completed trial are shown by tmal mndomization arm in Figure 1. Among
those randomized, trial completion rates were 7028, and 70% in Trials 1, 2, and 3
respectively, including 67%, 68%, and 69% who catga both trial and treatment and 3%, 3%,
and 2% who completed trial but discontinued treatnaering the trial, respectively (Fig. 1).
Across trials, 307/451 (68%) resiquimod, 198/2@8%7 vehicle, and 73/103 (71%) RESI/VAL
recipients completed the trial (p=0.14). In atlidls, the median percent of expected doses
applied was 100% in all treatment groups. Acrassst the percentage of persons that applied
all 6 doses during the initial treatment cycle B88s94% in the resiquimod, 89-93% in the
vehicle, and 89% in the RESI/VAL arm.

Within each of the 3 trials, resiquimod, vehicleddRESI/VAL participants were similar
in baseline characteristics (Table 1). Consistetit previously published data [10, 11], male
circumcision rates in the European trial (Trialgre lower than in the North American trials
(Trials 2 and 3). Observation time (from startedat randomization recurrence to the later of
healing date of first recurrence or last visit) wasilar in all arms of all trials, with an overall
median of 367 days (range 1-473 days, IQR 262-2¥8)d

Across all 3 trials, 818 participants had 3,779ichl recurrences of anogenital herpes.
Participants had a median of 3 recurrences (rar2f8) per person. Recurrence duration was
known for all but 174 (4.6%) recurrences, and wagedian of 11 (range 1-75) days. The
median minimum duration for the 174 recurrencesrnaiertain duration was 17 days (range 1-31
days), and the median duration for all 3,779 resnges (using the minimum duration if the total

duration was unknown) was 11 (range 1-75) daysallC#,779 recurrences, 1,952 (52%) were
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HSV positive, 867 (23%) were HSV negative, and @&0) did not have a swab collected for
virologic evaluation. PCR positive recurrences hddnger median duration than both PCR
negative recurrences and recurrences from whidd@R swab was collected (13, 11, and 8 days

respectively, p<0.001).

Time to first recurrence and between the first secbnd subsequent recurrences

Time to first subject-reported recurrence afterittigal randomization recurrence was
similar in all trial arms in all 3 trials (Tabledghd Figure 2a, 2b, and 2c). The Cox proportional
hazards model for time to first subject-reportetlireence, both the crude unadjusted model and
after adjusting for sex, age, race, number of recwwes in the past year, and baseline HSV-1
serostatus, also showed no statistically signifiteatment difference with respect to time to
first subject-reported recurrence in any of thed&d (data not shown). Results were similar
when investigator-confirmed or virologically-confied recurrences were used as the endpoint.
No treatment differences were detected for the titexval between the first and second

subsequent recurrences in any of the three trials.

Annualized recurrence rate, lesion rate, and reagg duration

The median annualized recurrence rate was alsd¢asimiall trial arms in all 3 trials
(Table 2). The percent of trial subjects with aourrence after the initial randomization
recurrence was similar between the randomized grougll 3 trials (Trial 1: resiquimod 16%
versus vehicle 14%, p=0.40; Trial 2: resiquimod M@8fsus vehicle 11%, p=0.33; Trial 3: 15%
RESI/PLA, 16% VEH/PLA, 17% RESI/VAL, p=0.98). Theedian lesion rate (percent of days

with lesions) was higher in the resiquimod thanuwékicle group in Trial 1 (20% versus 14%,
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p<0.001), higher in the RESI/VAL and RESI/PLA graupan in the VEH/PLA group in Trial 3
(22%, 21%, and 16% respectively, p=0.007), andlamm the resiquimod and vehicle groups in
Trial 2 (20% versus 19%, p=0.24). The median nenge duration was longer in the
resiquimod than vehicle groups in both Trials 1 ar{dable 2), and longest in the RESI/PLA
group, second longest in the RESI/VAL group, anait&st in the VEH/PLA group in Trial 3

(13, 10, and 9 days respectively, p<0.001).

Pooled, subgroup, and sensitivity analyses

Analysis of pooled data from the resiquimod ankicle arms of Trials 1, 2, and 3 also
showed no difference in median days to first remuce between the resiquimod and vehicle
arms (44 versus 34 days respectively, p = 0.3%indJthe pooled data, we conducted subgroup
analyses to examine median days to first recurrbgdeeatment arm among all men,
circumcised men, uncircumcised men, and all womErere was no statistically significant
difference in time to first recurrence by treatmamh among any of these subpopulations,
although there was a trend towards longer tim@&sbrecurrence among men receiving
resiquimod versus vehicle (55 versus 48 days réispgc p = 0.08), which was limited to
circumcised men (64 versus 44 days respectivelyQd.0) with no difference seen among
uncircumcised men (48 versus 52 days respectipehy(.45).

Across all 3 trials, 78 persons (9.5%) were obseéfor <60 days. Because theoretically
these participants randomized to resiquimod may Inad time to experience the cytokine-
mediated inflammation and delayed healing of tmeloanization recurrence without having had
enough time under observation to experience thenpiat benefits of resiquimod in delaying

subsequent recurrences, we conducted a post-hsitiggnanalysis excluding these 78 persons
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and then re-examined lesion rate and median reaer@uration by trial and randomization
group, and number and percent of trial participants no subsequent recurrences after the
initial randomization recurrence. The resultslésion rate for Trials 1 and 3 were similar to the
intent to treat analysis but in Trial 2 the diffiece in lesion rate between arms was no longer
statistically significant (median lesion rate 19%«esiquimod group and 17% in vehicle group, p
=0.17). The results for recurrence duration weeatical to the intent to treat analysis. In all
three trials, a similar percentage of trial pap@sits had no subsequent recurrences after the
initial randomization recurrence (Trial 1: 8.6%icgsmod versus 8.9% placebo, p = 1.0; Trial 2:
8.3% resiquimod versus 2.9% placebo, p = 0.24] Bri8.7% RESI/VAL, 6.1% RESI/PLA,

9.6% VEH/PLA, p = 0.68).

Duration of initial treated recurrence

Median days to healing of randomization recurremae 6-8 days longer in the
resiquimod than vehicle-treated groups in all 8l¢rialthough this reached statistical
significance only in Trials 1 and 3 (Table 2 andufe 2d, 2e, and 2f). There was no statistically
significant difference in days to healing of théial recurrence between the RESI/VAL and
RESI/PLA groups in Trial 3 (14 versus 16 days, B8], although both were longer than in the

VEH/PLA group (8 days, p<0.001 for comparison watith RESI/VAL and RESI/PLA).

Adverse effects
Overall, topical application of resiquimod to anoial herpes lesions was generally well
tolerated. There were no deaths, and all seridusrae events (6 in Trial 1, 9 in Trial 2, and 8 in

Trial 3) were considered by the investigator tgbabably not related to resiquimod. No

71



clinically meaningful differences between treatmgrmtups in the number of subjects reporting
systemic adverse events, and no increases in a&deeents compared with the vehicle group,
were observed that might be associated with systerposure to resiquimod.

The percent of participants with moderate or sewerestigator-assessed local signs
during the initial treatment cycle was higher ie tlesiquimod than vehicle group for erythema
and erosion/ulceration in Trials 1 and 2 but nealT3 (Table 3), and for scabbing in Trial 2
only. No differences were seen for edema or vesjcior were differences seen in subject
assessments of local skin sign severity or thegm¢raf subjects who graded local symptoms as
moderate or severe during the initial treatmentecyd he median investigator-confirmed total
lesion size during the initial treatment cycle wasater at days 3, 8, and 15 for resiquimod as
compared with vehicle (Trials 1 and 2 only). Comibg results from all 3 trials, resiquimod
recipients were most likely to discontinue drudldeed by RESI/VAL recipients and then
vehicle recipients [161/451 (36%), 30/103 (29%) &0/264 (27%), respectively; p=0.03].
Overall, 5 resiquimod, 1 vehicle, and 2 RESI/VALltpapants discontinued drug due to adverse
events (p=0.35), and 11 resiquimod, 2 vehicle, BRESI/VAL participant discontinued drug

due to local skin reaction (p=0.55).
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DISCUSSION

These three randomized controlled trials of resiopd 0.01% gel applied topically to
lesions of recurrent anogenital herpes two timesyaek for 3 weeks for each recurrence over
12 months did not show any post-treatment effic#agsiquimod as measured by time to first
recurrence, annualized recurrence rate, or legitm rAlthough systemically well tolerated, use
of topical resiquimod resulted in increased apfilicasite reactions which were only partially
ameliorated by valacyclovir, and also increase@timhealing. These findings are consistent
with pro-inflammatory effects of resiquimod-inducegtokines.

In a guinea pig model of anogenital herpes, sulbaaas resiquimod reduced recurrent
lesion days both during treatment and after treatrdiscontinuation [6]. Three human, phase 2,
randomized, double-blind, vehicle-controlled triafsesiquimod have been published [7, 8, 12].
In the first, resiquimod recipients applied resmgad gel 0.05% once or twice weekly or 0.01%
twice or thrice weekly topically to anogenital hesdesions. Those assigned to resiquimod had
a longer median time to first recurrence than tressegned to vehicle (169 versus 57 days;
p=0.006), with the group receiving 0.01% thrice khgdaving the longest median time to first
recurrence (>195 days) [7]. In the second triaftipipants with anogenital herpes applied
resiquimod 0.01% or vehicle gel topically to herfesons 2 times weekly for 3 weeks and then
collected daily anogenital swabs for 60 days fovHfgtection. Recurrences during the
subsequent 7 months were treated with study galinB the final treatment-free 60 days,
participants again collected daily swabs to asslkeedding. The median lesion and shedding
rates were statistically significantly lower fosiguimod compared with vehicle recipients
during the initial and final sampling periods, aediquimod recipients tended to have a longer

time to first recurrence than vehicle recipiente@man 41 versus 28 days, p=0.25) [8]. These
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data from smaller trials suggested that resiquimodifies the natural history of established
HSV infection. In the third trial, participantstiwianogenital herpes applied resiquimod 0.01%
or vehicle gel topically to herpes lesions 2 timekly for 3 weeks within 24 hours of
recurrence onset and had daily lesion assessmahtsaanpling for HSV DNA PCR for 21 days
or until investigator-determined healing. No diffece was observed between arms in median
time to healing, maximum severity scores for inigador- or participant-assessed local skin
signs/symptoms, or time to cessation of viral sieglfiL2].

Why were the Phase Il results different from tlublshed results of 3 phase Il trials of
topical resiquimod [7, 8, 12]? Differences betwésantrials in dosing methodology, timing,
proportion of recurrences which were HSV positivePCR, or severity of disease in
participants could be partially or completely resgible for the different findings. In the phase
Il efficacy trials, participants reported to thekrcenter within 24 hours of the qualifying
recurrence and received investigator-measured ammofistudy drug dispensed from a tube in
the center during the day, whereas in the Phagsedl$ participants reported to the trial center
within 36 hours of the qualifying recurrence anglaga study drug later that evening at home
from a single-use sachet. The increased delaydagtwpithelial viral replication and drug
application could have adversely affected drugaffy in the Phase lll trials, especially if it
resulted in less time with both resiquimod and H8%¥sent together on the anogenital mucosa.
The Phase lll trials also had a lower day 1 viralabgyield than the Phase Il trials (74% in Trial
1, 48% in Trial 2, and 69% in the RESI/VAL and 7#4he RESI/PLA groups in Trial 3,
compared with 85% by culture in the Spruance PHdsal) despite a more sensitive method of
detecting HSV, although the Phase lll trial PCRstegere performed in different labs for each

trial hampering direct comparison. However, theklof efficacy seen in the Phase Il trials
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even when restricted to virologically-confirmedueences suggests that lower virologic yield
in the Phase Il compared to Phase Il trials israsponsible for the different outcomes.
Reported adherence, measured by participant dratyeturn of used and unused study drug
sachets, was quite good in the Phase Il trial) wB9% of all trial participants in all 3 trials in
all randomized groups applying all 6 topical dodesng the initial treatment cycle. Thus
inadequate adherence is unlikely to account fdt td@fficacy, although it is possible that self-
application of the study drug in the Phase lllisriaad an adverse effect on efficacy if
participants did not effectively apply an adequateunt of drug directly to the herpes lesions.
It is also possible that the relatively high droprate in the Phase lll trials masked a small
effect, or that the favorable results in the 2 [BHagrials with efficacy assessments were due to
chance alone.

The results are also consistent with resiquimodngaa small effect on HSV-2
reactivation after being applied directly to anaggdmucosa with HSV-2 present. Because
HSV shedding occurs more frequently than cliniealativation of anogenital herpes [13],
shedding may be a more sensitive (and objective)sare of the pharmacologic efficacy of
resiquimod at reducing future recurrences. Addél@tudies would need to be conducted to
optimize this antiviral effect and translate itardlinical benefit. Thus further investigation of
immunomodulation, perhaps with better TLR 7 an@)@nasts or other agents, as a treatment

strategy for anogenital herpes is warranted.
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Table 1. Summary of trials and demographic charatics of participants.

Trial 1 Trial 2 Trial 3
Location Europe United States United States anc@an
Randomization 2:1 RESI:VEH 2:1 RESI:VEH 1:1:1 RESI/VAL: RESI/PLA:
VEH/PLA
Total number 255 246 317
of participants
Randomization| RESI VEH RESI VEH RESI/VAL | RESI/PLA| VEH/PLA
group (n=170)| (n=85) | (n=171) | (n=65) (n=110) (n=104) (n=103)
Age in years, 40 41 38 37 37 36 38
median (range)| (19-65) | (21-64) | (18-64) | (19-64) (19-67) (19-62) (20-62)
Men, n (%) 82 (48)| 38 (45 66 (39 28 (37) 36 (33) 36 (35) 34 (33)
Race, n (%)
White 160 (94) 76 (89) | 142 (83) 66 (88 99 (90) 94 (90 92 (89)
Black 5 (3) 7 (8) 27 (16) 9 (12) 10 (9) 9 (9) (D
Native 1(1) 1(1) 0 0 0 0 1(1)
American
Asian/Pacific| 4 (2) 1(1) 2 (1) 0 1(1) 1(1) 1(1)
Islander
Circumcised, n| 13 (16) 7 (18) 54 (82) 26 (93 28 (78) 29 (81) 24)(
(% of men)
Annual 7(3-24)| 8(4-30)] 6(3-36) 7 (4-36) 8 (4-40) 6.528) | 8 (4-24)
anogenital
herpes
recurrences,
median (range)
HSV-1 104 (61)| 49 (58) | 78 (46)| 49 (65) 52 (50) 72 (65 53 (51)
seropositive, n
(%)
HSV-2 156 (92)| 78 (92) | 157 (92) 72 (96 98 (95) 105 (95) 101 (97)
seropositive, n
(%)
Positive HSV | 126 (74)| 62 (73) | 78 (46)| 41 (55) 71 (69) 85 (77 75 (72)
PCR swab,
qualifying
recurrence, n
(%)
Positive HSV | 150 (88)| 76 (89) | 127 (74) 58 (77 94 (90) 98 (89 88 (85)
PCR swab, any
time during
trial, n (%)

Abbreviations: RESI: resiquimod

VEH: vehicle
VAL: valacyclovir
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PLA: oral placebo
HSV: herpes simplex virus
PCR: polymerase chain reaction
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Table 2. Efficacy of resiquimod compared to vehid 3 randomized clinical trials (intent-to-treat

analysis).

Trial 1

Trial 2

Trial 3

Outcome

RES

VEH

value

RESI

VEH

value

RESI/
VAL

RESI/
PLA

VEH/
PLA

value

Median
days to
first
recurrence

a7

41

0.13

44

33

0.44

35

39

34

0.8

Median
annualized
recurrence
rate

3.1

3.2

0.77

3.7

4.1

0.11

4.2

0.9

)0

Median
lesion rate
(%)

20

14

<0.001

20

19

0.24

22

21

16

0.007

Median
recurrence
duration

(days)

<0.001

13

<0.001

10

13

<0.001

Median
days to
healing of
initial
recurrence

18

10

<0.001

19

13

0.16

14

16

<0.001

Abbreviations: RESI: resiquimod
VEH: vehicle
VAL: valacyclovir
PLA: oral placebo
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Table 3. Adverse events: Investigator-assessed $&m signs at site of drug application during
initial treatment cycle.

Trial 1 Trial 2 Trial 3
Moderate to severe¢ RESI | VEH p RESI | VEH p RESI/ | RESI/ | VEH/ p
local skin sign value value | VAL PLA PLA | value
Erythema 57% | 41% 0.017 | 47% | 32%]| 0.006 | 38% 42% 30% NS
Scabbing 14%| 8% 0.044 | 16% | 21% NS 15% 23% 16% NS
Erosion/ulceration 47%| 34% 0.007 | 28% | 20%]| 0.003 | 31% 32% 25% NS

Abbreviations:

RESI: resiquimod
VEH: vehicle
VAL: valacyclovir
PLA: oral placebo

81



Figure 1. Participant flow diagram for 3 randondiz®ntrolled trials.
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Figure 2. Days to first herpes recurrence in Triéh), Trial 2 (b), and Trial 3 (c), and days to
resolution of randomization recurrence in Trial}, (Trial 2 (e), and Trial 3 (f).
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Chapter 4: Incidence and Clinical Management oklfd®iagnosed Symptomatic Genital

Herpes in Western Washington, 2008-2009

ABSTRACT

Background: Incidence and clinical management of newly diagilosymptomatic genital
herpes is ill-defined.

Methods: We used surveillance data collected in King aield@ Counties, Washington, to
identify persong 18 years of age with newly diagnosed symptomadiatgl herpes, and
interviewed patients and their clinicians regardiegtment. Patients were eligible if they had
newly diagnosed symptomatic genital herpes, spokgigh, and their provider agreed.

Results: We interviewed clinicians regarding 496 (79%Ha¥ reported eligible cases, and 240
(38%) case patients. Among all reported casesnéian age was 27 (range 18-93) years; 75%
were female, 66% White, 15% Black, and 94% hetenase Incidence decreased with age and
was almost 3 times higher in women than men arglaoks than Whites. Among 472 cases with
a lesion culture and/or PCR result reported, 608ated HSV-2 (of which 37% were
seronegative for HSV-2), 35% HSV-1 (of which 55%r&eeronegative for HSV-1), and 1%
both. Patients reported condom use was discussé&sbhb of clinical encounters, suppressive
therapy in 69%, and suppressive therapy to decteasemission in 39%; 30% reported taking
suppressive therapy. Only 26% of patients colyeegponded that condoms are ~50% effective
in preventing herpes transmission, and only 16%dtppressive therapy is ~50% effective in
preventing transmission, with most (55%) unsurthefeffect of suppressive therapy on

transmission. Both discussion of suppressive gheaad discussion of suppressive therapy for
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transmission prevention were associated with sigspre therapy use (p<0.001 for both), as was
HSV type 2 as opposed to type 1 (p=0.016).

Conclusions: Although clinicians usually discuss condoms amgpsessive therapy with

patients diagnosed with genital herpes, only a nitydiscuss suppressive therapy to prevent
transmission and only 30% of patients take suppresiserapy. Most patients could not

estimate the effectiveness of condoms or suppresiserapy in preventing transmission.
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INTRODUCTION

Genital herpes is the most prevalent STD in theddinbtates [1] with at least 50 million
Americans infected with HSV-2 and many others itddavith HSV-1 in the genital area [2].
Although an increasing proportion of diagnosed symatic first episode genital herpes is
caused by HSV-1 [3-8], most recurrent genital heipeaused by HSV-2 as HSV-1 is less
likely to recur symptomatically in the genital aj@a10]. Unlike most states, in Washington
State an initial episode of symptomatic genitaplesris a reportable disease. Only two other
states (Arizona and Nebraska) require name-bagedtireg of adults with genital herpes. No
population-based descriptions of persons newlyriagd with genital herpes have been
published, thus the current incidence and commutégdard-of-care in clinical management of
newly diagnosed symptomatic genital herpes isdfireed. Moreover, it is unknown to what
extent community clinicians discuss preventivetstyges with patients newly diagnosed with
genital herpes. Understanding clinician practiedsted to genital herpes diagnosis, clinical
care, and prevention is an important step in angain effective public health program to control
genital herpes. We sought to describe the dembgraparacteristics and sexual history of a
population-based sample of persons newly diagnagidgenital herpes in western Washington,
and to examine patient, partner, and clinician ati@ristics associated with suppressive antiviral

therapy use.
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METHODS

Using public health case reports, we prospectiidgdntified persons newly diagnosed
with symptomatic genital herpesl8 years of age who were able to understand agaksp
English and were reported to Public Health—Se&ttking County with a diagnosis date
between September 1, 2008 and August 31, 2009tbetBierce County Health Department
with a diagnosis date between December 1, 200&agdst 31, 2009, and who resided in each
respective Washington State county. Persons whartistakenly reported recurrent genital
herpes, or those with asymptomatic HSV infecticagdbsed by serologic assay, were excluded.
The clinician reporting each case was contacteilephone and asked to complete a short
supplemental questionnaire, administered overdaleplhone or faxed, with additional details
regarding diagnosis and treatment of the reporésé.c The clinician was also asked to give
permission for public health officials to contdag tpatient for a telephone interview. Because
some clinicians gave blanket permission for pubéalth officials to contact any of their
reported cases, a few patient interviews did ngelaan accompanying clinician questionnaire
regarding the interviewed patient.

If permission was obtained, the patient was coathbly telephone and, using a
standardized questionnaire, information was eticitbout demographic characteristics, past
history of genital herpes and any subsequent hempigseaks, and treatment, including
treatment of the initial outbreak and any recuresnihus far. Participants were also asked what
treatment options (episodic therapy, suppressieeagy, or no therapy) were discussed with
them by the diagnosing clinician and any clinicisnbsequently seen. In addition, participants
were asked about the number and type of sex pariméine 1 month prior to the beginning of

lesions and about condom use and subsequent diselokinfection to these partners. Because
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this was a public health surveillance project,itnsbnal review board approval was not required

nor obtained, but all patients gave verbal inforroedsent prior to the interview.

Statistical analysis

The annual incidence of newly diagnosed symptangnital herpes among King
County residents 18 years of age was calculated by dividing the lmemof newly diagnosed
and reported symptomatic case$8 years of age over the 12 month period by thel]l?009
United States census population estimate for persd® years of age for King County, with a
similar method used for Pierce County except thatt months of cases was annualized by
multiplying the Pierce County case counts by 188Htain 12 month estimates for Pierce
County case counts [11]. For incidence calculatitims two cases with missing county of
residence were distributed between the two coubt@ised on the relative frequency of King
versus Pierce County cases. Similar methods we toscalculate incidence by age group, sex,
and race/ethnicity, with missing race/ethnicity ungx based on the distribution of cases of
known race/ethnicity by county. The Wilcoxon ragikn test was used to test whether duration
of symptoms prior to herpes diagnosis differed leetwthose with documented new versus old
HSV infection. Pearson chi-square tests were uséekt the significance of patient, partner, and
clinician characteristics associated with suppuesantiviral therapy use, with a p value < 0.05
considered significant. All statistical analysesrg&vdone using Intercooled Stata 9.1 (College

Station, TX).
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RESULTS

Seven hundred one case&8 years of age were reported to Public Health-ttee®
King County with a diagnosis date between Septerhp2008 and August 31, 2009 or to the
Pierce County Health Department with a diagnosie datween December 1, 2008 and August
31, 2009. Of these 701 cases, 34 had been préyviagnosed with symptomatic genital
herpes and 40 were diagnosed by serology in trenabsof symptoms. Of the remaining 627
symptomatic newly diagnosed and reported cask years of age, 496 (79%) cases had
completed clinician questionnaires and 240 (38%gsdad completed patient interviews,
including 215 cases with both a completed clinigaestionnaire and patient interview, 281
with a completed clinician questionnaire only, &&dwith a patient interview only. Of the 281
cases with a completed clinician questionnaireramngatient interview, reasons for the lack of
patient interview included unable to contact thegoa (n = 173), patient refused (n = 53),
clinician refused (n = 40), patient did not spealglish (n = 14), and unknown (n = 1).
Demographic characteristics of cases with compleliectian questionnaires and those with
completed patient interviews were similar to afioged cases (Table 1). The median age of all
reported cases was 27 years (range 18-93 yeafgll l©ported cases, 75% were women and

949% were heterosexual.

Incidence of genital herpes

The annual incidence rate of newly diagnosed, sgmatic genital herpes among adults
was 30.1 cases per 100,000 in King County and &8s per 100,000 in Pierce County (Table
1). In both counties, incidence decreased withaagkewas 7 times higher in 18-24 year olds and

4 times higher in 25-29 year olds than in persdhgears of age or older. Incidence was almost
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3 times higher in women than men, almost 3 timghdti in Blacks than Whites, and in

Asian/Pacific Islanders half that of Whites.

Diagnosis and treatment of initial episode of garierpes

Among 496 cases with completed clinician questicesa475 (96%) patients had herpes
lesions present at the time of clinical evaluation.a median of 4 days (Table 2). Of those with
lesions, most (n = 414, 87%) had genital lesiodg4%) had perirectal lesions, lesion location
was unknown for 33 (7%), and the remainder haatesin less common places (buttocks or
sacrum, n = 7; suprapubic, n = 2; cervix only, b;and posterior thigh, n = 1). Those without
lesions had other symptoms consistent with herpels as dysuria, hemorrhoidal symptoms,
vaginal pruritis, or vulvar pain.

Thirty-six (7%) patients were diagnosed by physeoam only, 473 (95%) patients had a
viral culture obtained, 17 (3%) had an HSV PCR wietd, and 160 (32%) had an HSV serology
obtained. Among 472 cases with a viral culture/@andSV PCR result reported, 166 (35%)
cases had HSV-1 isolated, 282 (60%) cases HSM:&® both HSV-1 and HSV-2, and 10
(2%) untyped HSV.

To determine what proportion of persons with nedibgnosed symptomatic genital
herpes had a new HSV infection as opposed to tesffraptomatic episode of reactivation after
an asymptomatic initial infection, we examined skiset of cases with both serology and viral
culture or PCR results available. Of 49 cases witype-specific serologic result and a culture
or PCR result positive for HSV-1 only, HSV serologgs negative for 26 (53%) and positive for
HSV-2 only for 2 (4%) indicating recent HSV-1 infem for 57%. The remaining 21 (43%)

patients with a culture or PCR result positiveHt8V-1 only also had serologic evidence of
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HSV-1 infection. Of 77 cases with a type-specigcadogic result and a culture or PCR positive
for HSV-2, HSV serology was negative for 20 (269l positive for HSV-1 only for 9 (12%)
indicating recent HSV-2 infection in 38%. The remag 48 (62%) patients with a culture or
PCR positive for HSV-2 also had serologic evideoicelSV-2 infection. Thus overall, 57
(45%) of 126 evaluable infections were new HSV ahfins, with the remainder being first
symptomatic episodes of older infections. The mediuration of symptoms prior to herpes
diagnosis was similar in those with new and ol@atibns (4 versus 5 days respectively, p =
0.15).

Of 485 case patients for whom information was adé on acute antiviral treatment of
the initial episode, clinicians reported treatir®b488%) with the antivirals shown in Table 2.
Written information on genital herpes was provitde®4% of patients. Only 29% of patients

had a follow up appointment scheduled, with an itk 8% referred elsewhere for follow up.

Education on transmission prevention and suppresberapy

Among 240 case patients who completed the intervid80 (75%) reported that the
clinician discussed condom use, 154 (64%) that thene counseled to notify recent and 126
(53%) to tell future sex partners about their dzggs. One hundred fifty-three (64%) reported
that the clinician discussed suppressive theraply them, 93 (39%) specifically as a way to
reduce transmission of genital herpes. Ninetyel{B9%) case patients reported that the
clinician offered to prescribe suppressive therapy 72 (30%) reported taking suppressive
therapy. Of 237 case patients who answered thgtiQne“How effective do you think condoms
are in transmission prevention?” only 61 (26%) eotly replied that condoms were about 50%

effective in preventing transmission of genitalges, while 102 (43%) incorrectly thought
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condoms were close to 100% effective, 31 (13%)ghbaondoms were less than 50% effective,
and 43 (18%) didn’t know. The majority of caseiguatis [130 (55%) of 235 who responded)]
didn’t know how effective suppressive therapy istfansmission prevention, while 54 (23%)
thought incorrectly that it was close to 100% etitex; 37 (16%) correctly identified that it is

about 50% effective, and 14 (6%) incorrectly statet it is less than 50% effective.

Factors associated with taking suppressive therapy

Among 212 patients with both a completed clinicaaa case interview and a response to
the suppressive therapy question, taking suppresiserapy was more common among those
with a lesion culture or PCR positive for HSV-21hdSV-1 (36% versus 20%, p = 0.016),
among those diagnosed by someone other than timiany care provider as opposed to their
primary care provider (35% versus 20%, p = 0.028) among those whose clinician discussed
suppressive therapy with them (40% versus 11%0®8&1) and whose clinician discussed
suppressive therapy specifically as a way to pregeimg other people herpes (45% versus
18%, p < 0.001) (Table 3). Patient demographicsranent number of sexual partners were not
associated with suppressive therapy use, nor vieeg olinician demographic or practice setting

characteristics.

Sexual history and partner notification

Among 231 interviewed patients who responded tstjes about recent vaginal, anal,
and oral sex partners, 192 (83%) reported onlypamner (the likely source partner) in the one
month prior to first developing symptoms of genhialpes. Seventeen (7%) patients reported 2

partners over the same time period, and 6 (3%Q%3 @nd 3 (1%) patients reported 3, 4, and 5
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sex partners over the same time period, respegtiviegn (4%) patients reported no partners in
the one month prior to developing symptoms; oféh@shad serologically documented old
infection and 8 had no serologic results. Nine agwsitive lesion culture or PCR result
showing HSV-2, and one HSV-1.

The 240 interviewed index patients reported a tot&l71 partners in the one month prior
to HSV diagnosis; detailed information was avaialolr 254 partners. Index patients reported
that 53 (21%) partners had a prior herpes diagnosishom 50 were told by the index patient
about the index patient’s new herpes diagnosisadditional 162 (64%) partners without a
known prior herpes diagnosis were notified by tiaek patient of the index patient’s diagnosis,

35 (14%) partners were not notified, and partnéifination was unknown for 4 (2%).
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DISCUSSION

We provide the first truly population-based deswoip of adults newly diagnosed with
symptomatic genital herpes, including incidenceglegic and serologic characteristics, and
current community-based clinical practices arourgabsis, clinical management, and
discussion of transmission prevention strateg@sr findings confirm and extend those of many
prior studies and provide additional informatiompfel towards developing a public health
approach to genital herpes prevention.

In the HERPEVAC phase 3 herpes vaccine study fon&roconducted at 50 sites in the
United States and Canada [12], 18-30 year old Imealbmen seronegative for HSV-1 and
HSV-2 who received the control hepatitis A vacdiHavrix) had a rate of symptomatic genital
herpes caused by HSV-1 of 0.5 per 100 person-yeatdy HSV-2 of 0.4 per 100 person-years,
for a total rate of symptomatic genital herpes.&ffler 100 person-years [13]. Fifty-seven
percent of symptomatic genital cases were attribtddHSV-1 and 43% to HSV-2 [13]. By
comparison, among the general population of 18628 pld women in the two western
Washington counties in our study, we found an ahimgadence rate of newly diagnosed
symptomatic genital herpes of 140.4 cases per 00Qa6pulation (approximately 0.14 per 100
person-years), with approximately one-third attrédolto HSV-1 and two-thirds to HSV-2. Our
incidence rate approximately 6 times lower tham tband in the HERPEVAC trial and our
higher proportion of genital HSV-2 cases might be tb a number of factors, including 1) the
HERPEVAC trial enrolled only HSV seronegative womehereas 57.1% of the general female
United States population aged 20-29 years is ssitypofor HSV-1 and 15.6% for HSV-2 [14]
and therefore no longer at risk for acquisitiortrese viruses; 2) the HERPEVAC population

may have been at higher risk than the general ptipalof healthy young women because they
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choose to enroll in a herpes vaccine study; 3) soemdy diagnosed symptomatic genital herpes
cases who presented for care may not have beerigdo the Seattle & King County and
Pierce County health departments; and 4) westershifigton may have a lower incidence of
newly diagnosed symptomatic genital herpes thamesieof the United States population, in part
due to demographic differences (western Washinig&sna lower percentage of Blacks and a
higher percentage of Asian/Pacific Islanders tiengeneral United States population).

Similar to our study, the HERPEVAC study found ght@r incidence of symptomatic
genital HSV-2 infections among Blacks than Whitdsited States population-based HSV-2
seroprevalence data also show an HSV-2 seropreeaitimes higher among non-Hispanic
Blacks than among non-Hispanic Whites, similar H5%eroprevalence among Whites and
Mexican Americans, and 2 times higher among worhan tnen [14]. Very little published data
on HSV or genital herpes incidence or seropreva@meong United States Asian/Pacific
Islanders exist, although a prenatal clinic-bas&¥/+2 seroprevalence study in London showed
an HSV-2 seropositivity rate among Britons of Astiscent was half that of White Britons
[15], and HSV-2 seropositivity rates have been deed to be lower in Asian than African or
Central or South American countries [16].

Among reported newly diagnosed symptomatic gehegbes cases in western
Washington, we found that one-third were causeH®Y-1 and two-thirds by HSV-2. The
proportion of newly diagnosed genital herpes casebutable to HSV-1 varies from 14%-78%
among studies [8, 17]. Also similar to other sasdi13, 18-21], we found that many first
symptomatic episodes of genital herpes represeatadivation disease rather than primary

infection, with only 57% of persons in our studytlwa first symptomatic episode of genital
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HSV-1 infection being HSV-1 seronegative and or8%a3of persons with a first symptomatic
episode of genital HSV-2 infection being HSV-2 sexgative.

Our study showed that diagnostic testing and treatramong reported cases appeared to
be appropriate, and that most clinicians discussadoms (75%), suppressive therapy (69%),
and notification of recent (64%) and future (53%y partners with the patient. However, a
sizeable minority did not. Only a minority of petts (37%) were offered routine follow up care
and only 30% took suppressive therapy. Suppresisarapy was more often taken by patients
with newly diagnosed genital HSV-2 than HSV-1 infex (36% versus 20%, p = 0.016),
consistent with both the increased likelihood ahgyomatic recurrence of genital HSV-2
compared with genital HSV-1 [10] and the documemiidacy of suppressive antiviral therapy
at preventing genital HSV-2 transmission [22]. Heer, patient knowledge of transmission
prevention modalities was incomplete, as only 26%abients correctly responded that condoms
are approximately 50% effective in preventing herfransmission, and only 16% that
suppressive therapy is approximately 50% effeatiyereventing transmission, with most (55%)
unsure of the effect of suppressive therapy orstrassion. Most patients (83%) reported
notifying prior partners about their new genitatges diagnosis. Several partially protective
strategies exist of the prevention of HSV-2 trarssioin among sexually active persons,
including antiviral therapy of the source partri22]] condom use [23-25], disclosure of HSV-2
serostatus to sex partners [26], and limiting tkegdiency of sexual encounters or the number of
partners. However, these strategies can only ée efectively if patients are made aware of
them.

Strengths of this study include both its populaft@sed sample and that information was

obtained from both the treating clinician and tleavly diagnosed patient. Limitations include

96



cases from only one geographic region (western Wgtin) and thus findings may not be
generalizable to the entire United States populatioother regions, and the uncertainty
regarding how representative reported cases ak dbhgnosed cases. Although our response
rate for the case interviews was sub-optimal, oafysis of baseline demographic characteristics
suggests that interviewed cases were representdtalereported cases.

Our findings suggest that although many cliniciaresproviding excellent care for newly
diagnosed genital herpes, significant gaps in car&in, including low utilization of suppressive
therapy and limited discussions related to pamgification and disclosure of HSV status to
future partners. Further research is needed tudifgleeconomical ways to improve the care and
education of persons diagnosed with genital heqp@slic health departments may be able to

assist by promoting higher standards of genitgbé®care in their communities.

97



REFERENCES

1.

Patrick DM, Money D. Debate: the argument fdrodd every STD clinic patient be
considered for type-specific serological screefnargHSV? Herpe2002 Jul;9(2):32-4.
Corey L, Handsfield HH. Genital herpes and pubégalth: addressing a global problem.
JAMA 2000 February 9, 2000;283(6):791-4.

Lafferty WE, Downey L, Celum C, Wald A. Herpesiplex virus type 1 as a cause of
genital herpes: impact on surveillance and prewant] Infect Di2000
Apr;181(4):1454-7.

Lowhagen GB, Tunback P, Andersson K, Bergstro@ohannisson G. First episodes of
genital herpes in a Swedish STD population: a safdpidemiology and transmission
by the use of herpes simplex virus (HSV) typing apdcific serology. Sex Transm
Infect 2000 Jun;76(3):179-82.

Nilsen A, Myrmel H. Changing trends in genitakpes simplex virus infection in
Bergen, Norway. Acta Obstet Gynecol Sca080 Aug;79(8):693-6.

Tran T, Druce JD, Catton MC, Kelly H, Birch @hanging epidemiology of genital
herpes simplex virus infection in Melbourne, Aubtrabetween 1980 and 2003. Sex
Transm Infec004 Aug;80(4):277-9.

Ribes JA, Steele AD, Seabolt JP, Baker DJ. Sa-gtudy of the incidence of herpes in
genital and nongenital cultures in a central Kekyunedical center patient population. J
Clin Microbiol 2001 Sep;39(9):3321-5.

Roberts CM, Pfister JR, Spear SJ. Increasinggstimn of herpes simplex virus type 1 as
a cause of genital herpes infection in collegeesttsl Sex Transm D03

Oct;30(10):797-800.

98



10.

11.

12.

13.

14.

15.

16.

17.

Engelberg R, Carrell D, Krantz E, Corey L, WAldNatural history of genital herpes
simplex virus type 1 infection. Sex Transm R33 Feb;30(2):174-7.

Lafferty WE, Coombs RW, Benedetti J, CritchldwCorey L. Recurrences after oral and
genital herpes simplex virus infection. Influendesite of infection and viral type. N

Engl J Med1987 Jun 4;316(23):1444-9.

Intercensal Estimates of the Resident PopuldityoAge, Sex, Race, and Hispanic Origin
for Counties in Wasington State: April 1, 2000 tbyJL, 2010. U.S. Census Bureau,
Population DivisionRelease Date: October 2012.

Belshe RB, Leone PA, Bernstein DI, et al. Eifig results of a trial of a herpes simplex
vaccine. N Engl J Med Jan 5;366(1):34-43.

Bernstein DI, Bellamy AR, Hook EW, 3rd, etBpidemiology, clinical presentation, and
antibody response to primary infection with herpisplex virus type 1 and type 2 in
young women. Clin Infect Dis Feb;56(3):344-51.

Xu F, Sternberg MR, Kottiri BJ, et al. Trendshierpes simplex virus type 1 and type 2
seroprevalence in the United States. JARDA6 August 23, 2006;296(8):964-73.

Ades AE, Peckham CS, Dale GE, Best JM, Jear8sBrevalence of antibodies to
herpes simplex virus types 1 and 2 in pregnhant woraed estimated rates of infection. J
Epidemiol Community Healthh989 Mar;43(1):53-60.

Weiss H. Epidemiology of herpes simplex vigset2 infection in the developing world.
Herpes2004 Apr;11 Suppl 1:24A-35A.

Bruisten SM, Cairo |, Fennema H, et al. Diagmpgenital ulcer disease in a clinic for
sexually transmitted diseases in Amsterdam, Thaddkinds. J Clin Microbia2001

Feb;39(2):601-5.

99



18.

19.

20.

21.

22.

23.

24,

25.

Wald A, Zeh J, Selke S, et al. Reactivatiogeafital herpes simplex virus type 2
infection in asymptomatic seropositive persons.nglE Med2000 Mar 23;342(12):844-
50.

Langenberg AGM, Corey L, Ashley RL, Leong WRa8s SE, The Chiron HSV
Vaccine Study Group. A prospective study of neveatibns with herpes simplex virus
type 1 and type 2. N Engl J M&899 November 4, 1999;341(19):1432-8.

Bernstein DI, Lovett MA, Bryson YJ. Serologitadysis of first-episode nonprimary
genital herpes simplex virus infection. Presenciypé 2 antibody in acute serum
samples. Am J Meiti984 Dec;77(6):1055-60.

Diamond C, Selke S, Ashley R, Benedetti J, ¢areClinical course of patients with
serologic evidence of recurrent genital herpesgor@sg with signs and symptoms of first
episode disease. Sex Transm 889 Apr;26(4):221-5.

Corey L, Wald A, Patel R, et al. Once-dailyagsiclovir to reduce the risk of
transmission of genital herpes. N Engl J N28@4 January 1, 2004;350(1):11-20.

Wald A, Langenberg AG, Link K, et al. Effect@indoms on reducing the transmission
of herpes simplex virus type 2 from men to womé&MA 2001 Jun 27;285(24):3100-6.
Gottlieb SL, Douglas JM, Jr., Foster M, etiatidence of herpes simplex virus type 2
infection in 5 sexually transmitted disease (STIDics and the effect of HIV/STD risk-
reduction counseling. J Infect L2804 Sep 15;190(6):1059-67.

Wald A, Langenberg AG, Krantz E, et al. Thatiehship between condom use and

herpes simplex virus acquisition. Ann Intern M85 Nov 15;143(10):707-13.

100



26. Wald A, Krantz E, Selke S, Lairson E, Morrow RZeh J. Knowledge of partners'
genital herpes protects against herpes simplexs wWqe 2 acquisition. J Infect D206

July 1, 2006;194(1):42-52.

101



Table 1. Demographic characteristics of patient8 years of age reported with newly diagnosed
symptomatic genital herpes, King and Pierce Coantiestern Washington, 9/1/08 — 8/31/09.

Annual Cases with Cases with
incidence completed completed
All reported per clinician case
cases 100,000 | Incidence| interviews interviews
(n=627) | population| rate ratio (n =496) (n = 240)
Demographic characteristi n (%) n (%0) n (%)
Age
18-19 years 68 (11 106.6 6.75 51 (10) 29 (12)
20-24 years 191  (30) 1145 7.25 147 (30) 68 ) (28
25-29 years 127  (20) 62.5 3.96 102 (21) 51 (21)
30+ years 241 (38 15.8 ref 196 (40) 92 (38)
Sex
Female 471 (75 48.1 2.86 378 (76) 189 (79)
Male 156 (25) 16.8 ref 118 (24) 51 (21)
Race/ethnicity
White 362 (66) 30.5 ref 305 (6 165  (69)
Black 82 (15) 85.4 2.80 61 (1 32 (23)
Hispanic 39 @) 32.9 1.08 33 ( 17 (7
Asian/Pacific Islander 36 (7 16.7 0.55 29 (p) 13 (5)
Other/multiracial 28 (5) 45.7 1.50 23 9) 11 )5
Sexual orientatioh
Heterosexual 501 (94) § 8§ 412 (93) 230 (97)
MSM/MSB 14 3 8§ § 13 3 3 (1)
WSW/WSB 20 4) 8§ § 18 (4) 4 (2
County of residence
King 451 (72 30.1 ref 388 (v9) 184 (77)
Pierce 174 (28 39.0 1.30 106 (21) 56 (2B)

"Missing for 80 (13%) all reported cases, 45 (9%)esavith completed clinician interviews, and
2 (1%) cases with completed case interviews.
"Missing for 92 (15%) all reported cases, 53 (11#ses with completed clinician interviews,
and 3 (1%) cases with completed case interviews.
*Missing for 2 all reported cases and 2 cases vaithpteted clinician interviews.
SUnable to calculate due to lack of denominator data
MSM/MSB: Men who have sex with men/men who havewgx both men and women.
WSW/WSB: Women who have sex with women/women wheelsex with both women and

men.
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Table 2. Diagnosis and acute treatment of nevdgribsed symptomatic genital
herpes, King and Pierce Counties, western Washin@d/08 — 8/31/09.

Cases with completed
clinician interviews
(n =496)
Diagnosis and treatment n (%)
Herpes lesions present at time of clinical evatugli 475 (96)
Diagnostic method
Physical exam only 36 (7)
Lesion culture obtained 473 (95)
Lesion PCR obtained 17 3)
Serology obtained 160 (32)
Lesion culture/PCR result
HSV-1 166 (35)
HSV-2 282 (60)
Both HSV-1 and HSV-2 6 (2)
Positive, not type-specific 10 (2)
Negative 8 (2)
Treatment of current episode
Acyclovir 297 (61)
Valacyclovir 117 (24)
Famciclovir 11 (2)
Other (antibacterial, antifungal, or analgesic) 9 (2)
None 51 (11)
Written information given to patieﬁt 263 (64)
Follow-up appointment schedufed
Yes 135 (29)
No 298 (63)
No, but referred elsewhere for follow-up 37 ) (8

"Among 472 cases with a lesion culture and/or PGRIreeported.
"Missing for 11 cases.

*Missing/unknown for 82 cases.

SMissing/unknown for 26 cases.

PCR: polymerase chain reaction

HSV-1: herpes simplex virus type 1

HSV-2: herpes simplex virus type 2
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Table 3. Univariate predictors of taking suppressherapy among 212 participants with
completed clinician and case interviews and resptmsuppressive therapy question, King and

Pierce Counties, western Washington, 9/1/08 — 81/

Took
suppressive
Total therapy
p
n (%) n (%) value
Patient characteristics
Age 0.18
18-19 years 26 (12) 7 (27)
20-24 years 60 (28) 21 (35)
25-29 years 44 (21) 17 (39)
>30 years 82 (39) 18 (22)
Sex 0.25
Male 44 (21) 10 (23)
Female 168 (79) 53 (32)
Race/ethnicity 0.38
White 147  (70) 46 (32)
Black 27 (13) 10 (37)
Hispanic 14 (7 2 (24)
Asian 13 (6) 2 (15)
Multiracial/other 10 (5) 2 (20)
Highest level of education completed 0.9
Less than high school 13 (6) 4 (31)
High school graduate 48 (23) 14 (29)
Some college 90 (42) 26 (29)
Four year college graduate or higher 61 (29) 19 (31)
Marital status 0.67
Single 115 (54) 36 (31)
Living with a partner 39 (18) 13 (33)
Married 37 (a7) 8 (22)
Separated/divorced/widowed 21 (20) 6 (29)
County of residence 0.97
King 172 (81) 51 (30)
Pierce 40 (29) 12 (30)
Number of sex partners in the one month priorrst fesion$ 0.33
Zero or one partner 182 (88) 53 (29)
More than one partner 26 (13) 10 (38)
Clinician characteristics
Clinician typé 0.39
Nurse practitioner 98 (50) 33 (34)
Physician 77 (39) 20 (26)




Physician's assistant 20 (10) 4 (20)

Other _ 2 (2) 0 (0)

Clinician sex 0.25
Male 47 (22) 11 (23)

Female 162 (78) 52 (32)

Years since completion of trainiﬁg 0.12
0-10 years 85 (48) 31 (36)

11-20 years 43 (24) 15 (35)
21+ years 50 (28) 10 (20)

Practice setting in which herpes diagnosed 0.33
Primary care clinic 70 (33) 15 (21)
STD/family planning clinic 86 (41) 27 (31)

Urgent care/emergency room 17 (8) 7 41
Obstetrics and gynecology office/clinic 24 (11) 9 (38)
Other 13 (6) 5 (38)

Primary care provider diagnosed patient? 0.(

Yes 75 (35) 15 (20)
No 137 (65) 48 (35)

HSV type by lesion culture or PCR 0.016
Type 1 76 (39) 15 (20)

Type 2 120 (61) 43 (36)

Patient report of suppressive therapy discussion

Clinician discussed suppressive therapy when pdiish diagnosed with herps <0.001
Yes 139 (67) 55 (40)

No 70 (33) 8 (12)

Clinician discussed suppressive therapy to pregigitig other people herp#s <0.001
Yes 86 (44) 39 (45)

No 111 (56) 20 (18)

D22

"Missing for 1 case.

"Missing for 4 cases.

*Missing for 15 cases.

SMissing for 3 cases.

"Missing or unknown for 34 cases.
~Missing for 2 cases.

“ Missing for 16 cases.

"Missing or unknown for 4 cases.
**Missing or unsure for 16 cases.
STD: sexually transmitted disease
HSV: herpes simplex virus

PCR: polymerase chain reaction
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