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Background. We tested whether genital herpes simplex virus (HSV) shedding is an appropriate surrogate outcome for the clin-
ical outcome of genital herpes lesions in studies of HSV-2 antiviral interventions.

Methods. We analyzed prospective data from natural history studies and clinical trials of antiviral agents for HSV-2 in which 
HSV-2–seropositive participants provided self-collected anogenital swab specimens daily over ≥25 days for HSV DNA quantitation 
by polymerase chain reaction (PCR). Genital recurrences were self-reported.

Results. Among 674 participants, genital HSV shedding was detected on 17% of days, and genital lesions were reported on 10% 
of days. Within the same session, HSV shedding rates were strongly correlated with lesion rates (ρ = 0.61, P < .0001). The relative 
reduction in the recurrence rate was 72% (P = .041) for recipients of the antiviral agent pritelivir as compared to recipients of placebo, 
but it decreased to 21% (P = .75) after adjustment for HSV shedding rate. When evaluating valacyclovir and acyclovir, adjustment for 
the HSV shedding rate also led to a reduced association of these antivirals with the recurrence rate. Overall, 40%–82% of the antiviral 
effect on recurrences was explained by its effect on HSV shedding.

Conclusion. HSV genital shedding measured by PCR analysis in swab specimens self-collected daily is an appropriate surrogate 
outcome for genital herpes lesions because it is in the causal pathway to recurrences.
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Herpes simplex virus type 2 (HSV-2) is estimated to infect 417 mil-
lion people globally, and 19.2 million new infections occur annu-
ally [1]. While most people with HSV-2 infection do not report 
genital symptoms attributed to the infection, up to 25% experience 
recurrent genital ulcerations [2, 3]. Despite a lack of recognized 
symptoms in most infected persons, HSV-2 is the most common 
cause of genital ulcers worldwide [4]. Currently available therapies 
that shorten the lesion duration and decrease viral shedding have 
been on the market for >20 years [5], although novel therapeutic 
agents, as well as therapeutic vaccines, are in development [6].

Studies that led to the approval of established drugs used clini-
cal end points, such as duration of recurrences or recurrence fre-
quency, both for early assessment of efficacy and in pivotal phase 
3 studies [7–10]. However, the use of genital herpes lesions as an 
end point in designing proof-of-concept studies and dose-ranging 

studies in early development of anti-HSV therapeutic agents is 
challenging because genital herpes lesions are highly variable in 
frequency and duration [11]. Furthermore, the average frequency 
of recurrences is low, with most symptomatic persons having a 
median number of 4 recurrences per year [3]. While evaluation 
of a clinically meaningful end point such as lesions or recurrence 
rate is currently required prior to approval of new HSV inter-
ventions (ie, vaccines and antivirals), the use of HSV detection 
at mucosal sites, or viral shedding, could be instead used as the 
surrogate outcome, particularly for early phase evaluations.

A surrogate outcome is a biological or early end point used to 
substitute for a clinical or late-occurring end point. The surrogate 
is intended to predict clinical benefit from a therapeutic inter-
vention [12, 13]. Several frameworks have been used to describe 
the validation of a surrogate [14–19]. The strict, statistical defi-
nition of a surrogate requires that the effect of an intervention 
on the desired outcome be fully explained through the surro-
gate [20]. However, others have examined continuous rather 
than absolute measures and sought to determine the degree of 
surrogacy afforded by particular measures, including partial sur-
rogates and estimation of the proportion of the treatment effect 
explained by the surrogate [21, 22]. The International Conference 
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of Harmonization Guidelines on Statistical Principles for Clinical 
Trials has provided a list of characteristics of an effective surro-
gate, which include (1) biological plausibility, (2) a strong correla-
tion with the clinically meaningful end point, and (3) explanation 
of the effect of the intervention on the clinical outcome largely 
through its impact on the surrogate [17, 23–26].

In this article, we evaluate the usefulness of HSV shedding as 
a surrogate outcome for genital herpes recurrences, the clinical 
outcomes of interest for use in early phase studies, by examin-
ing the following: the association of shedding with clinical out-
comes, the consistency of HSV shedding, and whether shedding 
is in the causal pathway to lesions and recurrences.

METHODS

Study Population and Procedures

Data for these analyses were drawn from 3 cohorts in which par-
ticipants obtained swab specimens of genital secretions daily. 
Cohort 1 includes healthy adults followed prospectively for eval-
uation of the natural history of genital herpes at the University of 
Washington Virology Research Clinic (Seattle, WA) from 1990 to 
2014. We included participants who were HSV-2 seropositive (with 
or without HSV-1 antibody), were human immunodeficiency 
virus (HIV) seronegative, had HSV-2 for >1 year, did not use anti-
virals for at least 7 days prior to study entry, and provided anogen-
ital swab specimens and recorded symptoms in a diary daily for at 
least 25 days. For studies with >1 swab specimen collected during 
a day, only the first morning swab specimen was retained. A subset 
of participants who had >1 genital swabbing session <2 years apart 
was used to assess the consistency of shedding over time. Because 
the duration of the swabbing period may influence the correlation 
between shedding periods and because follow-up varied greatly 
in this cohort, swabbing and diary reporting during only the first 
30 days were retained from each session [27].

Cohort 2 included participants in a proof-of-concept, random-
ized, parallel-group, double-blind trial of pritelivir, a helicase-pri-
mase inhibitor, in healthy persons with HSV-2 infection [28]. 
Eligible adults were randomly assigned to one of 5 groups: oral 
pritelivir (5 mg, 25 mg, or 75 mg daily or 400 mg weekly) or placebo 
administered for 28 days. For this study, we compared the placebo 
group to participants receiving 75 mg daily, the most effective dose.

Cohort 3 included participants in a randomized, dou-
ble-blinded, placebo-controlled, 3-period, crossover study 
of the effect of acyclovir and valacyclovir on genital HSV-2 
shedding and lesions [29]. Participants received oral acyclovir 
400  mg twice a day, valacyclovir 500  mg twice a day, or pla-
cebo twice a day, in random order. Each treatment arm lasted 
7 weeks, with a 1-week washout period between arms [29]. All 
available data were used from cohorts 2 and 3.

The University of Washington Human Subjects Review 
Committee approved all study protocols, and all participants 
provided written informed consents.

Demographic and clinical data were collected on standard-
ized forms. Participants were counseled on the clinical signs 
and symptoms of genital herpes and kept a diary of genital 
lesions. Participants were taught genital self-examination 
techniques to detect lesions and to obtain genital swab spec-
imens for HSV detection, as described elsewhere [30, 31]. If 
a lesion was present, participants collected a separate lesion 
swab specimen. Swabs were placed in polymerase chain reac-
tion (PCR) transport medium and refrigerated until the sub-
sequent clinic visit.

Laboratory Methods

Blood samples were tested for HSV-1 and HSV-2 antibod-
ies, using the University of Washington Western blot [32]. 
Swab samples were evaluated for HSV DNA by a validated, 
quantitative, real-time, fluorescence-based PCR assay [33]. 
Samples with ≥150 copies/mL of HSV DNA were considered 
positive [34].

Definitions and Statistical Methods

Shedding was defined by the detection of HSV from the genital 
area. The shedding rate was calculated as the number of days on 
which HSV was detected by PCR in specimens from the genital 
site divided by the total number of days with PCR results. An 
episode of shedding was defined as 1 or more consecutive days 
on which HSV was detected, beginning and ending with 2 days 
on which HSV PCR results were negative. The lesion rate was 
defined as the number of days on which lesions were detected 
in the anogenital area divided by the number of days on which 
diary entries were recorded. Recurrence was defined as a gen-
ital lesion episode (ie, 1 or more consecutive days on which an 
HSV genital lesion was noted by the study participant or study 
clinician), and the recurrence rate was defined as the number 
of recurrences divided by the number of days on which diary 
entries were recorded. Associations between shedding rates 
and lesion rates were determined using Pearson correlation 
coefficients.

For cohorts 2 and 3, Poisson regression with a robust error 
variance was used to determine the relative risk of devel-
oping lesions during treatment, compared with that during 
placebo receipt, with adjustment only for the predetermined 
stratification variables sex and study site. We used both 
lesion frequency and recurrence rate as outcomes in separate 
models. Next, we compared those findings to a similar model 
in which we included shedding rate as an additional predic-
tor of lesion rate and recurrence rate. The extent to which 
treatment continues to affect the outcome in the adjusted 
model demonstrates the extent to which its influence is inde-
pendent of shedding. The difference in the predictive ability 
of treatment between these 2 models was used to compute 
the proportion of the treatment effect (PTE) explained by 
shedding.
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The PTE of antivirals on the genital lesion rate and recur-
rence rate explained by genital HSV shedding was estimated 
using the following rationale proposed by Freedman et  al [21]: 

PTE T TA

T

=
−β β
β

, where βT is the estimated unadjusted treatment 

effect or the coefficient of treatment in the model prior to includ-
ing shedding as a predictor variable. βTA is the estimated treatment 
effect or coefficient of treatment after adjustment for the surro-
gate outcome, which in this case is HSV shedding. Of note, the 
coefficients (βs) used in computing PTE are derived from log-lin-
ear models of outcome rates, whereas the relative risks have been 
exponentiated (eβ) using the model coefficients (βs), so the PTE 
does not correspond exactly to a reduction in relative risk.

Poisson regression was also used to assess the impact of 
reported recurrences in the previous year on subsequently 
observed shedding rates. Statistical analyses were performed 
with SAS, version 9.2 (SAS Institute, Cary, NC).

RESULTS

Cohort 1: Characteristics of Natural History Study Participants

Six hundred and seventy-four persons contributed 764 sessions 
for this analysis (Table 1). The median age was 39 years (range, 

19–76 years); 413 (61%) were women. Most participants (78%) 
were white. Three hundred and sixty-two persons (54%) were 
HSV-2 seropositive only, whereas 312 (46%) were both HSV-1 
and HSV-2 seropositive (Table 1). Among 674 participants with 
a history of primary infection, the median time since acquisi-
tion at the first session was 10  years (range, 1–44  years). The 
median number of reported recurrences in the year preceding 
enrollment was 3 (range, 0–28 recurrences). Overall, 19 962 
swab specimens were included in the analysis. The subset of 90 
participants with 2 swabbing sessions within 2 years had base-
line characteristics similar to those of the entire cohort (Table 1).

Association Between Recurrences, Lesion Rates, and Genital HSV 

Shedding

In the natural history cohort, HSV was detected on 17% of days 
(3306 of 19 962 swabs) and in 69% of the participants. Within 
the same swabbing session, HSV shedding rates were strongly 
correlated with lesion rates (ρ  =  0.61, P  <  .0001; Figure  1). 
Participants who reported no recurrences in the preceding year 
had a shedding rate of 13%, whereas participants who reported 
having 12 recurrences in the preceding year had a shedding rate 
of 26%. For each additional reported recurrence, the predicted 

Table 1. Demographic and Clinical Characteristics of Study Participants

Characteristic

Cohort 1:
Natural History

(n = 674)

Multiple Sessions
<2 y Apart

(n = 90)

Cohort 2:
Pritelivir

Triala Participants (n = 59)

Cohort 3: ACV/VAL
Trial Participants

(n = 69)

Age, y 39 (19–76) 45 (21–66) 42 (20–67) 32 (21–67)

 Male sex 261 (39) 38 (42) 18 (31) 27 (39)

Race

 White 527 (78) 72 (80) 41 (69) 66 (96)

 Other 112 (17) 18 (20) 18 (31) 3 (4)

 Not provided 35 (5) 0 (0) 0 (0) 0 (0)

Sexual preference

 Heterosexual 442 (66) 50 (56) Unknown Unknown

 MSM or WSW 118 (18) 23 (25) Unknown Unknown

 Not provided 114 (17) 17 (19) Unknown Unknown

HSV antibody status

 HSV-2 only 362 (54) 37 (41) 35 (59) 39 (57)

 HSV-1 and 2 312 (46) 53 (59) 24 (41) 30 (43)

Time since acquisition

 <1 year 0 (0) 0 (0) 0 (0) 29 (42)

 ≥1 year 507 (75) 70 (78) 56 (95) 39 (57)

 Unknown 167 (25) 20 (22) 3 (5) 1 (1)

No. of years since acquisitionb 10 (1–44) 12 (1–35) 15 (1–40) 2 (0–21)

No. of annual recurrences 3 (0–28) 5 (0–12) Unknown 6 (0–36)

No. of swabbing daysc 30 (25–30) 30 (25–30) 28 (8–29) 56 (39–63)

No. of PCR-positive swabs/no. of swab specimens (%)c 3306/19 962 (16.6) 453/2627 (17.2) 138/833 (16.6) 1315/3272 (40.2)

No. of days with lesions/ no. of days with diary entries (%)c 1985/19 962 (9.9) 359/2627 (13.7) 75/836 (9.0) 758/3430 (22.1)

Data are no. (%) of participants or median value (range), unless otherwise indicated.

Abbreviations: ACV, acyclovir; HSV, herpes simplex virus; MSM, men who have sex with men; PCR, polymerase chain reaction; VAL, valacyclovir; WSW, women who have sex with women.
aWe included 2 study arms: placebo and 75 mg daily.
bData were missing for some participants. 
cDuring first session or while receiving placebo.
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shedding rate increased by 6% on a relative (not absolute) scale 
(95% confidence interval [CI], 4%–8%; P < .0001).

Consistency of Genital HSV Shedding

To assess the consistency of HSV shedding within persons over 
time, we analyzed results for 90 persons who had multiple ses-
sions within 2 years [11]. We limited the interval between the 
sessions to 2 years because shedding may decline with longer 
follow-up [11]. These sessions were a median of 6 months apart 
(range, 1  month–2  years). In these 90 pairs of sessions, the 
HSV shedding rate was consistent within individuals (ρ = 0.39, 
P < .0001; Figure 2A).

Genital Lesions

Overall, genital lesions were reported in 42% of participants and 
on 10% of days. For the same 90 persons who contributed mul-
tiple swabbing and diary sessions, we compared lesions rates 
between the 2 sessions. There was a strong correlation between 
the rate of genital lesions at an earlier and later session (ρ = 0.54; 
P < .0001; Figure 2B). Viral shedding at an earlier session was 
also strongly correlated with the lesion rate at a subsequent ses-
sion (ρ = 0.41, P < .0001).

Cohort 2: Effect of Pritelivir on HSV Shedding and on Clinical Outcomes

Thirty participants receiving placebo shed HSV on 16.6% 
of days (138 of 833), and 29 participants receiving the most 
effective dose of pritelivir (75 mg daily) shed HSV on 2.1% of 
days (16 of 766). The recurrence rate was 5.4 cases per per-
son-year in the placebo group and 1.4 cases per person-year 
in the pritelivir group (Figure 3A) [28]. After adjustment for 
sex and study site, the risk ratio for HSV recurrence while 

receiving pritelivir versus placebo was 0.28 (95% CI, .08–.95; 
P  =  .041; Table  2). When the HSV shedding rate, the candi-
date surrogate outcome, was added to the model, the risk ratio 
for recurrence increased to 0.79 and was no longer statistically 
significant (95% CI, .19–3.32; P = .75; Table 2). Comparison of 
the effect of pritelivir on the recurrence rate between these 2 
models yielded a PTE of 0.82: 82% of the effect of pritelivir on 
the recurrence frequency was explained by its effect on HSV 
shedding. Figure 3B demonstrates that the annualized recur-
rence rates are similar by treatment arm for persons within the 
same shedding rate category.

The lesion rate in the pritelivir clinical trial was 9.0% (75 
of 836  days) in the placebo group and 1.2% (9 of 775  days) 
in the pritelivir group (Figure  4A) [28]. After adjustment for 
sex and study site, the relative risk for lesions during priteli-
vir as compared to placebo administration was 0.13 (95% CI, 
.02–.70; P = .018) [28]. When the shedding rate was addition-
ally included as a predictor of the lesion rate, the risk ratio for 
pritelivir increased to 0.58 (95% CI, .18–1.91; P = .37; Table 2). 
Comparison of the treatment effect between these 2 models 
yielded an estimated PTE of 0.74: 74% of the effect of pritelivir 
on the genital lesion frequency was due to its effect on HSV 
shedding. Figure 4B demonstrates the role of shedding within 
the pathway toward lesions, with lesion rates appearing similar 
for each treatment arm within the same shedding rate category. 
Additionally, in this adjusted model, for each 10% increase in 
the shedding rate, the lesion rate doubled (RR,  2.1; 95% CI, 
1.6–2.6; P < .0001).

Cohort 3: Effect of Acyclovir and Valacyclovir on HSV Shedding and on 

Clinical Outcomes

Next, we extended these observations to the crossover study of 
acyclovir and valacyclovir [29]. Sixty-nine participants shed on 
40.2% of days (1316 of 3272) while receiving placebo, on 8.0% 
of days (256 of 3189)  while receiving acyclovir, and on 7.2% 
(233 of 3254)  of days while receiving valacyclovir [29]. This 
cohort had a relatively higher shedding frequency relative to 
other cohorts because eligibility criteria required either recent 
HSV-2 acquisition or at least 6 recurrences in the previous 
year, whereas the pritelivir study participants could have fewer 
annual recurrences. The recurrence rate was 10.8 cases per 
person-year during placebo receipt, 1.9 cases per person-year 
during acyclovir treatment, and 2.1 cases per person-year 
during valacyclovir treatment. After adjustment for sex and 
study site, the relative risk for recurrence with acyclovir as 
compared to placebo was 0.17 (95% CI, .09–.32; P  <  .0001) 
[29]. When the HSV shedding rate was additionally included 
as a predictor of the recurrence rate, the risk ratio for acyclovir 
increased to 0.35 (95% CI, .18–.71; P = .0041). When we com-
pared the adjusted and unadjusted models, the estimated PTE 
was 0.41 (ie, 41% of the reduction in recurrence frequency was 
due to the effect of acyclovir on HSV shedding). Additionally, 
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for each 10% increase in viral shedding rate, the recurrence 
rate increased by 21% (relative risk, 1.21; 95% CI, 1.13–1.29; 
P < .0001).

Furthermore, the lesion rate was 22.1% (758 of 3430  days) 
while receiving placebo and 3.1% (102 of 3290  days) while 
receiving acyclovir. The relative risk for the lesion rate increased 
from 0.16 (95% CI, .09–.27; P < .0001) to 0.54 (95% CI, .30–.98; 
P  =  .042) after adjustment for shedding rate. Comparison of 
model coefficients revealed that 67% of the overall effect in the 
lesion rate reduction was due to acyclovir’s effect on HSV shed-
ding. The lesion rate also increased by 39% (relative risk, 1.39; 
95% CI, 1.23–1.58; P < .0001) for each 10% increase in shedding 
rate. Similarly, evaluation of valacyclovir versus placebo showed 
that 53% and 40% of the drug’s effect on the lesion rate and 
recurrence rate, respectively, were due to valacyclovir’s effect on 
HSV shedding (Table 2).

DISCUSSION

Our study showed that genital HSV shedding serves as a surro-
gate outcome for clinical outcomes in studies of antiviral inter-
ventions for genital herpes, predicting up to 82% of the effect of 
the drug on clinical outcome. Several advantages to using HSV 
shedding as an outcome rather than recurrences are apparent. 
First, HSV shedding occurs more commonly than HSV genital 
lesions. While >65% of our study population had HSV-2 DNA 
detected in their genital swab samples, only about 40% of par-
ticipants noted genital lesions. This finding is consistent with 
previous natural history studies that have shown that genital 
HSV-2 shedding occurs frequently among persons with HSV-2 
seropositivity, even in the absence of genital lesions [2, 3, 27]. 
As such, studies that use shedding as an outcome require rel-
atively fewer participants to achieve similar power and there-
fore provide potential efficiency in terms of recruitment time 
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and staffing costs (although PCR assays for HSV DNA detec-
tion incur additional laboratory costs). Second, we showed 
that HSV shedding rates were consistent within persons over 
time. We conclude that HSV shedding is a consistent measure 
of HSV disease severity, which appears to describe something 
fundamental about that individual’s infection, akin to the con-
cept of set point, which has been well defined for other chronic 

viral infections, such as HIV, HCV, and HBV [35, 36]. Third, 
the association of shedding frequency with lesion frequency 
and the ability of the shedding rate to predict the future fre-
quency of the lesion rate lends further credibility to the bio-
logical connection and the usefulness of shedding to predict a 
clinical outcome.

As a final step in assessing shedding as an appropriate surro-
gate outcome, our study also showed that a drug’s effect on gen-
ital lesions and recurrences occurs largely through its effect on 
shedding rates. Previous studies from our research group showed 
that genital HSV shedding and lesion rates are reduced by acy-
clovir [29] and in a dose-dependent manner by oral pritelivir 
[28]. In this study, using lesion and recurrence rates as outcomes, 
we achieved values of 40%–82% for the PTE explained through 
shedding; these large values further confirm HSV shedding is 
a precursor in the causal pathway to genital lesions. Therefore, 
we feel confident that future interventions targeting reduction 
in shedding rates would also reduce recurrence and lesion rates. 
The moderate consistency over varied study designs, classes of 
drug (nucleoside analogues and helicase-primase inhibitors), 
and ways of describing the clinical outcome (genital lesion fre-
quency or recurrence frequency) further support our findings.

Unlike surrogates that serve as biomarkers for disease activ-
ity or treatment response, genital HSV shedding is also an 
important indicator for the potential to transmit the infection 
to sex partners. In HIV infection, several studies have shown 
an excellent correlation between plasma or genital HIV RNA 
and the probability of transmission of HIV to sex partners 
[37–39]. The strength of this association has led to the adoption 
of viral load measurement for evaluation of community-level 
provision of antiretroviral therapy and has become a goal in 
wider implementation of treatment [40]. While viral shedding 
is required for HSV-2 transmission to either partner or neonate, 
the relationship between the viral shedding during a given sex-
ual encounter and the risk of transmission is unlikely to ever 
be empirically verified and can only be modeled [41]. Of note, 

L
es

io
n 

ra
te

0

10

20

30

40

50

60

70
A B

Placebo 75 mg Pritelivir

L
es

io
n 

ra
te

0

10

20

30

40

50

60

70

0 1-20 ≥21
HSV detection rate, %

Placebo
75 mg Pritelivir

Figure 4. A, Effect of pritelivir on lesion rate. Each dot represents the lesion rate for an individual on that arm of study. B, Effect of pritelivir on the lesion rate for each cat-
egory of HSV shedding. Since no persons shed herpes simplex virus (HSV) on ≥21% of days while receiving pritelivir, there are no open black circles at the right of the figure.

Table 2. Calculation of the Treatment Effect Explained by Shedding

Treatment, Outcome, Model βa
RRb for Treatment 

(95% CI) P PTEc

Pritelivir

 Lesion

  Treatment only -2.05 0.13 (.02–.70) .018

  Treatment and shedding rate -0.54 0.58 (.18–1.91) .37 74%

 Recurrence

  Treatment only -1.28 0.28 (.08–.95) .041

  Treatment and shedding rate -0.23 0.79 (.19–3.32) .75 82%

Acyclovir

 Lesion

  Treatment only -1.85 0.16 (.09–.27) <.0001

  Treatment and shedding rate -0.62 0.54 (.30–.98) .042 67%

 Recurrence

  Treatment only -1.76 0.17 (.09–.32) <.0001

  Treatment and shedding rate -1.03 0.35 (.18–.71) .0041 41%

Valacyclovir

 Lesion

  Treatment only -1.86 0.16 (.09–.27) <.0001

  Treatment and shedding rate -0.87 0.42 (.21–.86) .018 53%

 Recurrence

  Treatment only -1.64 0.19 (.13–.30) <.0001

  Treatment and shedding rate -0.98 0.37 (.23–.61) .0001 40%

The calculation involved comparing a model where treatment is the only predictor to an 
adjusted model that also includes the shedding rate. Results of trials including pritelivir, 
acyclovir, or plus valacyclovir are shown.

Abbreviation: CI, confidence interval.
aCoefficient for treatment from model.
bThe relative risk (RR) is computed as eβ.
cThe proportion of the treatment effect (PTE) is computed as the percentage reduction in 
β when the shedding rate is added.
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neither history of genital herpes nor frequency of recurrences 
predicts HSV-2 transmission; therefore, these clinical manifes-
tations of genital herpes do not qualify as surrogate outcomes 
for transmission potential [42, 43].

Our study may be limited because recurrence and lesion rates 
were based on self-reports from participants. Given that lesions 
can be difficult to detect, their frequency may be underesti-
mated. Thus, the correlation of shedding rates with both lesion 
rates and recurrence rates may be underestimated. Prior work 
evaluating outcome mismeasurement has shown that poor sen-
sitivity (as well as poor specificity) often leads to conservative 
bias in measures of association [44, 45]. Both shedding and 
clinical outcomes were measured over a 30-day period, and 
longer observations may lead to greater precision and stronger 
associations. Therefore, the PTE explained by shedding might 
increase modestly under longer sampling schemes. Last, dif-
ferences between cohort 2 and cohort 3 may account for the 
lower estimated PTE observed for acyclovir and valacylcovir as 
compared to pritelivir. Cohort 3 included participants who had 
recent primary genital HSV-2 infection [29].

Despite the potential benefit of a more efficient study design 
when determining the most effective target dose, regulatory 
bodies have accepted few surrogate outcomes in infectious 
diseases as a basis for approving new therapies. For example, 
CD4+ T-cell count and HIV viremia have been accepted as sur-
rogate outcomes for AIDS in HIV/AIDS therapeutics [16]. The 
use of sputum culture conversion as a surrogate outcome led 
to approval of bedaquiline, a novel agent for multidrug-resis-
tant tuberculosis [46, 47]. More recently, Natori et al reported 
that the CMV load is an appropriate surrogate end point for 
CMV trials among solid organ transplant recipients [48]. The 
low acceptance of surrogate outcomes as a basis for approving 
therapeutic interventions stems from growing concerns that 
surrogates may not be causally related to the clinical end point 
and may not capture all the causal pathways to disease, which 
could lead to unexpected adverse outcomes [13, 24, 49].

To have research value, the HSV shedding rate need not be 
a perfect surrogate for lesion or recurrence rate, as new candi-
date treatments initially evaluated with the shedding rate as an 
outcome may be further evaluated for clinical outcomes, such 
as the recurrence rate prior to licensure. We note that there 
was residual association between treatment and clinical out-
come for acyclovir and valacyclovir, indicating that shedding 
does not explain 100% of the effect of treatment on lesions or 
recurrence. We have shown, however, that shedding can serve 
as a useful and reliable outcome for early phase studies. In sum-
mary, the HSV shedding rate provides an appropriate and clin-
ically informative surrogate outcome for assessing genital HSV 
recurrence frequency and response to antiviral interventions 
and would be useful to optimize HSV intervention trials and 
drug development.
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