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ABSTRACT

Introduction Herpes simplex virus (HSV) infection can
cause painful, recurrent genital ulcer disease (GUD), which
can have a substantial impact on sexual and reproductive
health. HSV-related GUD is most often due to HSV type 2
(HSV-2), but may also be due to genital HSV type 1 (HSV-1),
which has less frequent recurrent episodes than HSV-2.
The global burden of GUD has never been quantified. Here
we present the first global and regional estimates of GUD
due to HSV-1 and HSV-2 among women and men aged
15-49years old.

Methods We developed a natural history model reflecting
the clinical course of GUD following HSV-2 and genital
HSV-1 infection, informed by a literature search for data
on model parameters. We considered both diagnosed and
undiagnosed symptomatic infection. This model was then
applied to existing infection estimates and population sizes
for 2016. A sensitivity analysis was carried out varying the
assumptions made.

Results We estimated that 187 million people aged
15-49 years had at least one episode of HSV-related GUD
globally in 2016: 5.0% of the world’s population. Of these,
178 million (95% of those with HSV-related GUD) had HSV-
2 compared with 9 million (5%) with HSV-1. GUD burden
was highest in Africa, and approximately double in women
compared with men. Altogether there were an estimated
8billion person-days spent with HSV-related GUD globally
in 2016, with 99% of days due to HSV-2. Taking into
account parameter uncertainty, the percentage with at
least one episode of HSV-related GUD ranged from 3.2%
t0 7.9% (120-296 million). However, the estimates were
sensitive to the model assumptions.

Conclusion Our study represents a first attempt to
quantify the global burden of HSV-related GUD, which is
large. New interventions such as HSV vaccines, antivirals
or microbicides have the potential to improve the quality of
life of millions of people worldwide.

INTRODUCTION

Genital herpes is a lifelong sexually trans-
mitted infection caused by herpes simplex
virus type 2 (HSV-2) and type 1 (HSV-1) and

Key questions

What is already known?

» Herpes simplex virus (HSV) type 2 infections are
abundant globally and can cause painful, recurrent
genital ulcer disease (GUD), the natural history of
which has been well documented.

» Genital HSV type 1 infection also causes GUD, but
recurrences tend to be much less frequent.

» The population burden of GUD, given global esti-
mates of HSV infection and the known natural his-
tory of GUD, has never been quantified.

What are the new findings?

» Using a natural history model applied to infection
estimates and population sizes, we estimated that
187 million people (5.0% of the world’s population)
aged 15-49 years had at least one episode of HSV-
related GUD globally in 2016, with an estimated
8billion person-days spent with HSV-related GUD in
this year.

» GUD burden was highest in Africa, approximately
double in women compared with men, and almost
entirely due to HSV type 2.

What do the new findings imply?

» The global burden of HSV-related GUD is large and
affects all regions of the world, although dispropor-
tionately affects certain populations.

» Interventions targeted against HSV, such as new
vaccines, antivirals or microbicides, have the poten-
tial to improve the quality of life of millions of people
worldwide.

is characterised by recurrent, self-limited
outbreaks of painful genital lesions in a
proportion of those infected." We estimated
that in 2016, 491 million people aged 15-49
years had HSV-2 infection, which is almost
all sexually transmitted.> HSV-1, although
predominately an oral infection, is increasing
as a cause of genital herpes in some
settings.”” We estimated that 192million
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people had genital HSV-1 infection in 2016.% Symptoms
of genital HSV infection include vesicles, ulcers, fissures
or other painful lesions on or near the genital skin and
mucosa, collectively termed genital ulcer disease (GUD).
Although many people acquire genital HSV infection
without symptoms, in those who do have GUD, the first
episode typically lasts the longest (up to 2-3 weeks in the
absence of antiviral therapy) and may be more severe and
associated with systemic symptoms.” First-episode GUD
is clinically indistinguishable whether caused by HSV-2
or HSV-1 infection.’ However, those with HSV-2-related
GUD often have subsequent periodic recurrences of
GUD over many years, while HSV-1-related GUD seems
to recur much less frequently.” GUD recurrences tend to
be shorter and less severe than the first episode.’”

Symptomatic HSV infection is associated with psycho-
social effects, including low mood, feelings of shame and
stigma, fears around transmission, and effects on personal
relationships.® There is potential for transmission to
sexual partners, and to the neonate during birth, regard-
less of symptoms, as viral shedding occurs both asymp-
tomatically and symptomatically.”"" Neonatal infection
is rare but can be extremely serious, as it carries a high
risk of neonatal death or permanent disability."* Current
epidemiological evidence suggests that HSV-2 infection
also increases susceptibility to HIV infection,"” '* and may
increase HIV infectiousness in people living with HIV
(PLHIV)." ® 1 Since GUD is associated with increased
quantities of viral shedding, as well as breaches to the
protective integrity of the genital skin and mucosa, these
transmission risks and cofactor effects may be heightened
in the presence of GUD."”

The global burden of HSV-related GUD is not well
understood due to a lack of dependable, systematic
surveillance or prevalence studies in most settings. Case
reporting may not be reliable because many symptomatic
individuals do not seek care and remain undiagnosed,'®
and GUD may not be recognised as herpetic by clini-
cians, since although HSV is the most common cause of
GUD globally GUD can have other causes."*® A more
complete understanding of the morbidity associated with
HSV infection, and in particular GUD, would help eluci-
date the full potential public health value of HSV inter-
ventions.?”” Here we present the first global and regional
estimates of GUD due to HSV-1 and HSV-2 among women
and men aged 15-49years old using a natural history
model reflecting the clinical course of GUD following
HSV-2 and genital HSV-1 infection with existing HSV-2
and genital HSV-1 infection estimates for 2016.”

METHODS

We aimed to estimate GUD due to HSV-2 or genital HSV-1
infection. Two different measures of GUD burden most
relevant for public health were derived separately for HSV-2
and genital HSV-1 infection: (1) the percentage and the
number of people aged 15—49 years with any GUD in a given
year; and (2) the total number of person-days with GUD
among individuals aged 15-49years old in a given year. The

1. Genitally HSV-infected

2. First episode of GUD 3. No firstepisode of GUD

| : 1 |

4. GUD recurrence(s) in 1st| 5. No GUD recurrence(s) in 6. No further symptoms
year 1styear assumed

— —— L

7. GUD recurrence(s) after
1year

8. No GUD recurrence(s) 9. No further symptoms
after 1 year assumed

| in studies of unrecognised infection
More likely to be in clinic-based stut |

Figure 1 Flow chart showing the different possible GUD
states relevant to the GUD estimates. Please refer to table 1
for definitions of terms, and online supplementary table

A1 for information on how these states map to the natural
history parameters used in the GUD burden estimates. Note
that this is a simplified representation for the purposes of the
estimation process. GUD, genital ulcer disease; HSV, herpes
simplex virus.

10. No further symptoms

clinical course of infection varies between individuals (eg,
not all individuals genitally infected with HSV experience a
first GUD episode; and in those who do, not all have subse-
quent recurrences) and between HSV-1 and HSV-2 (HSV-2
recurrences are more frequent than HSV-1 recurrences).
A flow chart showing the different possible states/clinical
courses for GUD relevant to the GUD estimates is shown
in figure 1. The GUD burden measures therefore required
considering and summing the percentage and time spent
in each relevant possible GUD state. GUD burden estimates
were generated using natural history parameter estimates
for genital HSV-1 and HSV-2 infection (obtained from a
literature search) with published HSV-2 and genital HSV-1
infection estimates” and population sizes for 2016.%®

To align with our previous WHO estimates of the annual
incidence and prevalence of HSV-2 and genital HSV-1 infec-
tion,” we defined an individual as having ‘recently-acquired’
infection if up to lyear since HSV infection acquisition, and
as having an ‘established infection’ if more than lyear since
HSV acquisition. We defined a first episode of GUD as the
first noted GUD symptoms, regardless of whether those
symptoms occur before or after HSV seroconversion (ie,
development of new HSV type-specific antibodies on infec-
tion). A first episode is generally thought to occur within the
first year since HSV infection acquisition, and for the purpose
of these estimates we assumed that the first episode always
occurs within the first year. An occurrence of GUD symptoms
subsequent to the first episode was termed a recurrence. For
a full list of the definitions used, please refer to table 1.

Natural history model

GUD due to HSV-2 infection

Any GUD in a given year

The percentage of people with at least one episode
of GUD due to HSV-2 in a given year at age a (as a

2
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Table 1 Definitions used

Term Definition used

Genital ulcer disease (GUD)

Genital lesions, ulcers or vesicles due to either herpes simplex virus (HSV) type 2

or genital HSV type 1.

Recently acquired infection
Established infection

First episode
Recurrence

Up to 1year since infection was acquired.

More than 1 year since infection was acquired.
First noted GUD symptoms.

GUD symptoms subsequent to the first episode.

percentage of the total population) can be expressed by

the following:

[1(@) * Pawa] + [F (a) * Prcr,...

where:

I(a)is the percentage of the population with recently
acquired HSV-2 infection (among all individuals, not just
those with HSV-2 infection).

Pigis the percentage of individuals with recently
acquired infection (t<lyear since infection) who have a
first episode of GUD.

F (a)is the percentage of the population with estab-
lished HSV-2 infection (among all individuals, not just
those with HSV-2 infection).

P, is the percentage of individuals with established
infection (t>lyear since infection) who have one or
more GUD recurrences in a year after the first year of
infection.

As shown in online supplementary table Al, estimates
for I (a) and F (a) were taken from the 2016 WHO esti-
mates for HSV-2 infection prevalence and incidence, and
P from studies that followed people for new HSV infec-
tion as measured by seroconversion, and then evaluated
those people for symptoms. For P...__,, estimates were
informed by two types of studies:

» Clinic-based studies that recruited individuals with a
diagnosed first episode due to HSV-2 and measured
the percentage of individuals with at least one recur-
rence during follow-up.

» Studies that recruited individuals who were HSV-2
seropositive but without a history of recognised
genital herpes and observed how many experienced
documented GUD during follow-up.

Thus, to incorporate these two types of data, we
expanded the equation to evaluate the proportion with
a recurrence among diagnosed individuals, § = 1, and
undiagnosed individuals, § = 0:

[1(a) * Py + {F(a) * ([Pyy * P,
|:P0:0 * chm,r>],9:0i| )]

+

wrs1,0=1

where:

Py_iis the percentage of individuals with HSV-2 infec-
tion who are diagnosed.

P,_ois the percentage of individuals with HSV-2 infec-
tion who are undiagnosed (equal to 1 — Py_,).

To get Po-i, we used the estimate of the proportion
of HSV-2 infections that are diagnosed from the largest

and most recent national population-based survey for
the USA (the country where the majority of the natural
history studies were conducted), which is the National
Health and Nutrition Examination Survey 2007-2010"®
(online supplementary table Al). Although the propor-
tion of infected individuals who are diagnosed will vary
widely between countries, this estimate is used here solely
to determine the proportion of individuals to which
clinic-based parameter data apply versus the proportion
to which parameter data from studies of individuals with
unrecognised infection apply.

Number of person-days with HSV GUD
The mean number of days with GUD due to HSV-2 in a
given year at age a can be expressed by the following:

I(a) * Ppry * T/zmT§11| + [I(d) * ([Poor TrmurTSlyB:l]'*'

x=9
[P9:0 * 7‘*"“"1—31,9:0]):| + [; 1(a—x) * ([P‘H * T’"“'1<7—§10,9:1]+
x=a—15

[P‘H’ * T’”"’kq—glo,ezo])} + { > Ila—x)x ([P":l * Tm"’7—>10,9:1]+

x=10

[Pezo * T’”’"‘r>10,9=0])

where:

Th-<iis the number of GUD days per person with
recently acquired infection (t<1) experiencing a first
episode.

Trcur, .,is the number of GUD days per person with

recently acquired infection (1<1) due to all recurrences
in the first year (averaged over all those with recently
acquired infection, including those without recurrences),
among diagnosed individuals, # = 1, and undiagnosed
individuals, 0 = 0.
Trecur, . o1 the number of GUD days per person 1<t<10
years following infection due to all recurrences in a
year (averaged over all those with established infection,
including those without recurrences), among diagnosed
individuals, = 1, and undiagnosed individuals, 6 = 0.

Treeur.. 118 the number of GUD days per person 1>10
years following infection due to all recurrences in a
year (averaged over all those with established infection,
including those without recurrences), among diagnosed
individuals, 8 = 1, and undiagnosed individuals, § = 0.

Natural history parameters for those with diagnosed
infection were obtained from clinic-based studies, while
natural history parameters for those with undiagnosed
infection were obtained from studies of individuals with
unrecognised infection (online supplementary table Al).
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GUD due to HSV-1 infection

Genital HSV-1 estimates were derived in a similar
fashion to those done for HSV-2, except that recur-
rences were limited to the first 5 years since infection
because there is a low recurrence rate during the first
5 years of infection and no data available for the past
5 years. In addition, there were no identified studies of
recurrences in those with unrecognised infection, and
the percentage with genital HSV-1 infection who are
diagnosed is unknown: only P, can be estimated. The
equations are as follows:

-4
1)+ 1]+ [E 100 2) PP

x=1

I(a) * })ﬁm * ’I}ZMTS]] + |:I(a) * })jirsl * IpcurTS]Iﬂrxl] +

x=4
> I(a - x) * Bl % T"’W'a—>1|ﬁ,-n

x=1

where:

Precur, .y 1S the percentage of individuals with estab-

lished infection (t>1year since infection) and who had a
first episode who have one or more GUD recurrences in
a year after the first year of infection.
Toecur, <y the number of GUD days per person with
recently acquired infection (t<1) due to all recurrences
in the first year among those who had a first episode
(including those without recurrences).

Toecur, .1 1S the number of GUD days per person 1>1
years following infection due to all recurrences in a year
among those who had a first episode (including those
without recurrences).

For more details on how all the equations were derived,
see online supplementary appendix.

GUD estimates were derived separately by HSV type,
WHO region (Americas, Africa, Eastern Mediterra-
nean, Europe, South-East Asia and Western Pacific), age
and sex, and summed to generate global estimates. We
assumed the total HSV-related GUD burden was equal to
the sum of the burden for each of HSV-1 and HSV-2.

Literature search and pooling

Natural history parameters were informed by a PubMed
literature search of English-language titles reporting on
longitudinal studies (date of search: 06 November 2017).
Data were extracted from studies which met specific inclu-
sion criteria to ensure data were comparable. Natural
history data obtained from the literature search were then
standardised as follows: data on episode duration (Tj..__,
and D,....,) reported as medians were converted to means,
and data on recurrence frequency (N..,) were annual-
ised if necessary, and medians converted to means. Data
for each parameter (separately for individuals with diag-
nosed vs undiagnosed infection, where applicable) were
then pooled in Stata V.13.1 using meta-analysis assuming
a random-effects model. All relevant data were pooled
for each parameter in question: we did not perform sepa-
rate pooling by sex or geographical location for example,

nor explore the effect of covariates on pooled estimates,
due to limited available data. Log study estimates and the
SE of each log estimate were used for pooling, and the
resultant pooled estimates converted back to the natural
scale. All natural history data were in the absence of antivi-
rals, with the exception of a few studies where antiviral use
was unknown. A further two studies used in the pooling
reported episodic therapy,”* but neither of these provided
data on the duration of a first episode or recurrence.

Our GUD estimates follow the Guidelines for Accu-
rate and Transparent Health Estimates Reporting
(GATHER).””" A completed GATHER checklist is given
in the online supplementary appendix. Full details of
the literature search and pooling are given in the online
supplementary appendix. For a full list of the parameter
values and 95% CI used in the uncertainty analysis, see
online supplementary table A1.” 7O18 3284

Sensitivity analysis

We identified three areas of uncertainty which might
particularly influence the GUD estimates. First is uncertainty
around how long people continue to experience HSV-2
recurrences, since recurrence rates for the past 10 years
were only informed by two studies (online supplementary
table Al). Second is uncertainty around the percentage of
the HSV-2-infected population to which recurrence rates
as measured in clinic-based studies versus studies of unrec-
ognised infection apply. Clinic rates may be biased towards
those with more severe disease, and studies of unrecognised
infection miss those who have already been diagnosed
with HSV-related GUD, which may vary by setting. Third is
uncertainty around the percentage of the HSV-2 infected
population that truly has HSV-related symptoms, as even
in prospective studies of seroconversion with assessment of
symptoms, identification of GUD is dependent on how thor-
oughly and frequently study participants are counselled,
followed up and assessed. In a clinical trial of both women
and men with the largest sample size in terms of number
of HSV-2 seroconversions, and which rigorously searched
for and evaluated those with possible HSV-related symp-
toms, 35.5% had documented first-episode GUD at any time
around or following seroconversion.”® A sensitivity analysis
was carried out for the HSV-2 GUD burden estimates, (1)
limiting recurrences to the first 10 years since acquisition
of HSV-2 infection, (2) applying recurrence natural history
parameters from studies of those with unrecognised infec-
tion to all those with HSV-2 infection, (3) applying recur-
rence natural history parameters obtained from clinic
studies to the maximum percentage with GUD symptoms in
the first year as measured in a rigorous clinical trial®® (recur-
rence natural history parameters from studies of those
with unrecognised infection not used), and (4) applying
recurrence natural history parameters obtained from clinic
studies to the percentage with GUD symptoms in the first
year as measured in all studies (Ps.), and recurrence natural
history parameters from studies of those with unrecognised
infection to all remaining infected individuals.

4
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Uncertainty bounds

We derived 95% uncertainty intervals (UI) of the percentage
and the number of people aged 15-49 years with any GUD
and the total number of person-days with GUD among those
aged 15—49years old using a Monte Carlo sampling method
to sample all natural history parameters in online supple-
mentary table Al 1000 times in Excel. Pooled log estimates
and the SE of the pooled log estimate obtained from the
meta-analysis were used for sampling and a normal distri-
bution was assumed. Uncertainty in the HSV-1 and HSV-2
infection estimates was also incorporated by concurrently
sampling the log force of infection using the log fitted force
of infection and the SE of the log fitted force of infection by
sex and WHO region, again assuming a normal distribution.
For full details, please see the corresponding paper.” The
95% UI was based on the 2.5 and 97.5 percentiles from the
set of 1000 generated GUD burden estimates.

Patient and public involvement
Patients and the public were not involved in this study.

RESULTS

Number and percentage of people with any GUD

We estimated that 187 million people aged 15—49 years had
at least one episode of HSV-related GUD globally in 2016,
equivalent to 5.0% of the world’s population (figure 2). Of
these, 178 million (95% of those with HSV-related GUD)

A Eu;ope

Eastern
Mediterranean Western Pacific

Americas South-East 25
23 Asia
18
[ |
2 5 8 10 12 15 18 20
B
Europe
6
Eastern
Mediterranean  \yestern Pacific
Americas South-East 13
12 Africa Asia

22 14

Global Total Female Global Total Male Global Total All

Prevalence (%) 6.4 3.6 5.0

Number (millions) 117 69 187

Figure 2 Estimated number of people (in millions) aged 15—
49 years with any GUD due to HSV in 2016, among women
(A) and men (B). Percentage of people with any GUD due

to HSV in 2016 shown by the colour gradient. GUD, genital
ulcer disease; HSV, herpes simplex virus.

had at least one episode of GUD due to HSV-2 in 2016
(4.8%) vs 9million (5%) due to genital HSV-1 (0.2%)
(table 2). The burden of GUD (any HSV type) was highest
in Africa (59million), followed by the Western Pacific
(39 million), the Americas (35 million) and South-East Asia
(32million); the burden of GUD due to HSV-1, however,
was highest in the Americas (4million).

The burden of GUD due to HSV-2 infection was approx-
imately double in women compared with men due to
higher HSV-2 prevalence in women (table 2). The burden
of GUD due to HSV-1 infection was more evenly distrib-
uted between the sexes. The burden of GUD increased
with age for HSV-2, reflecting increased prevalence with
age. The burden of GUD due to genital HSV-1, however,
was highest among those aged 20-24 years and declined
thereafter, due to the assumption that recurrences were
limited to the first byears since infection.

Person-days with GUD

We estimated that there were 8300 million person-days
spent with GUD globally in 2016 (assuming an absence
of treatment), the vast majority of which were due to
HSV-2 (table 3). Genital HSV-1 infection contributed
relatively few person-days of GUD (100 million person-
days), due to the fact that the recurrence rate was low
for genital HSV-1 infection and limited to the first 5years
since infection (table 3 and online supplementary table
Al). We estimated that the total number of first episodes
in 2016 was approximately twice as high for HSV-2
compared with genital HSV-1 (5.0 million vs 2.4 million,
respectively), whereas the number of recurrences
was markedly higher for HSV-2 than genital HSV-1
(959 million vs 4.3million) (online supplementary table
A2).

We estimated that individuals with HSV-2 infection
experienced on average 16 days with GUD in 2016 (ie,
averaged over all those with HSV-2 infection whether
asymptomatic or symptomatic). HSV-2 infected individ-
uals with GUD in 2016 (ie, those with symptoms), mean-
while, experienced on average 46 days with GUD. For
genital HSV-1 infection, 0.8 days were spent with GUD
during 2016 on average among all infected individuals,
while infected individuals with GUD in 2016 experienced
on average 10 days with GUD.

Sensitivity analysis

The GUD burden estimates are sensitive to the assump-
tions made. If HSV-2 recurrences are limited to the first 10
years since infection, the percentage with any GUD due
to HSV-2 would be lowest at 2.1% (79 million) (online
supplementary table A3). If we assume that studies of
those individuals with unrecognised infection represent
everyone with HSV-2 infection in terms of recurrence
rates and duration, then an estimate of 143 million
(3.8%) would experience GUD. A similar percentage
(4.1%) would experience GUD if we apply rates from
clinic populations to the estimated maximum percentage
with symptoms in the first year. However, if we apply rates
from clinic populations to the average percentage with
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Table 2 Continued

Age (years)

All ages

30-34 35-39 40-44 45-49

25-29

20-24

15-19

Sex

WHO region

117.5

18.6 19.2 20.4 21.3

16.8

13.0

8.2

Female

Global

6.4%
69.4

9.5%

12.7

8.7%

12.3

7.9%

11.5

6.9%

11.0

5.7%
9.8

4.6%
7.6

2.9%
4.7

Male

3.6%
186.9

5.6%
33.9

51%

32.7

4.6%
30.7

3.9%
29.6

3.2%

26.6

2.5%
20.6

1.6%

12.8

Both

5.0%

7.5%

6.9%

6.2%

5.4%

4.4%

3.5%

2.2%

GUD, genital ulcer disease; HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus type 2.

symptoms in the first year, and rates from studies of those
with unrecognised infection to everyone else, an estimate
of 5.4% (201 million) would experience GUD.

Uncertainty bounds

Taking into account uncertainty in HSV infection rates
and GUD natural history, the 95% UI for the percentage
of people aged 15-49 years with at least one episode
of HSVrelated GUD globally in 2016 was 3.0%—7.7%
for HSV-2, equivalent to between 112 and 289 million
affected people, and 0.1%-0.4% for HSV-1, equivalent
to 5-16million people (table 4). The 95% UI for the
person-days spent with GUD globally in 2016 was 5500-14
000 million person-days for HSV-2 and 60-500 million
person-days for HSV-1. Altogether, 120-296million
people were estimated to have had at least one episode
of HSV-related GUD globally in 2016 due to either HSV
type, or between 3.2% and 7.9% of the population, equiv-
alent to 5600-14 300 million person-days of disease.

DISCUSSION

We estimated that, in 2016, 187 million people aged 15—49
years experienced HSV-related GUD, which was equiva-
lent to 5.0% of the world’s population. Altogether GUD
was associated with an estimated 8300 million person-
days with disease globally. Taking into account param-
eter uncertainty, the percentage with at least one episode
of HSV-related GUD ranged from 3.2% to 7.9% (120-
296 million). Established (prevalent) HSV-2 infection
caused the majority of GUD compared with both genital
HSV-1 infection and recently acquired (incident) HSV-2
infection, meaning GUD trends predominately reflected
HSV-2 prevalence. This reflects the natural history of
genital HSV infection, with HSV-2 frequently recurring
even years after infection, while recurrences of genital
HSV-1 infection are much less frequent. We estimated
that 178 million people aged 15-49 years experienced
GUD due to HSV-2 in 2016. This estimate varied between
143 and 201 million when assumptions around the recur-
rence rate and duration were varied, and could be as
low as 79million if recurrences stopped after 10 years.
Altogether in 2016 there were an estimated 5.0 million
first episodes due to HSV-2, 2.4 million first episodes due
to genital HSV-1, 959million HSV-2 recurrences and
4.3million genital HSV-1 recurrences. Consistent with
HSV-2 epidemiology, GUD burden was highest in Africa,
was higher in women versus men, and increased with
age. HSV-2 infection has been shown to increase suscep-
tibility to HIV,"* and this risk may be even higher in the
presence of GUD.'” Therefore, the high GUD burden in
Africa and in women is particularly concerning as young
women in this region are at high risk of acquiring HIV.*’

Strengths and limitations

This study represents the first attempt to estimate the
burden of GUD due to HSV globally. Our study has several
strengths. We used the most recent available WHO esti-
mates of HSV-2 and genital HSV-1 incidence and prev-
alence and the best available data on natural history
parameters from a detailed review of the literature. By
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Table 3 Continued

Age (years)

15-19

45-49 All ages

40-44

25-29 30-34 35-39

20-24

Sex

WHO region
Global

42

14
13
27

Female
Male
Both

50
92

10
19

11

15

HSV-1 and HSV-2

Global

5293
3016

989
576

1565

945
554
1499

883
513
1395

844
480
1324

741
412
1153

544
297
841

347

Female
Male
Both

184
531

8309

GUD, genital ulcer disease; HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus type 2.

reflecting the complex natural history of genital herpes
recurrences and incorporating differences between
HSV-1 and HSV-2 infection and by time since infection,
we generated a useful paradigm for conceptualising the
burden of HSV-related GUD. We were able to generate
estimates and demonstrate patterns in GUD burden by
HSV type, age, sex and WHO region. Importantly, we
also considered the contribution of unrecognised infec-
tion to disease burden. By highlighting the number of
first episodes and recurrences, our estimates can inform
the extent to which clinical care is used currently, and
the potential for future HSV-2 interventions to impact
on the clinical course of infection. There is a lack of
dependable, systematic surveillance of GUD or preva-
lence studies in most settings, and case reporting may not
be reliable. Therefore these estimates are a first step in
understanding the total burden of GUD, rather than just
the limited number of cases seen in clinical care.

Our estimates have some limitations. First, we did not
consider the effect of coinfection with HIV on GUD
in our estimates. Our literature review identified some
GUD natural history data for PLHIV, from which there
was some indication that recurrence frequency and dura-
tion can be higher in those who are HIV-positive.” %
By notincorporating the effect of HIV infection on GUD,
it is likely that we have underestimated GUD burden in
settings with high HIV prevalence. However, to allow the
natural history of GUD to vary by HIV status, we would
have had to estimate the degree of coinfection, factoring
in the epidemiological association between the two infec-
tions due to shared risk factors and biological effects of
each infection on the other,13 9192 and considered the
effect of CD4 count and antiretroviral therapy status on
GUD.” This would have added in complexity and thus
uncertainty, and ultimately we erred on the side of under-
estimating rather than overestimating GUD burden. Our
natural history parameters do not account for antiviral
use, which may have already led us to overestimate the
number of person-days with GUD. Episodic therapy,
which is widely used in many countries, has some effect
on symptom duration but no effect on the likelihood
of subsequent recurrences.”® Daily suppressive therapy,
meanwhile, is effective at reducing symptoms and recur-
rence rate, although it is not available in most countries.”
Another consideration is that our estimates were done at
the WHO regional level: HIV prevalence average for the
entire WHO Africa region was 3.9% among 15-49 years
in 2018,” but in South Africa for example this figure
was 20.4%.” The HIV-HSV-2 interaction is critically
important and this issue should be studied in depth in
future, dedicated analyses.

Second, the GUD estimates build on published WHO
estimates of HSV-1 and HSV-2 infection, meaning the
issues and assumptions affecting the infection estimates,
including data availability, generalisability and quality,
are carried forward to the GUD estimates.” Furthermore,
HSV-1 infection estimates were not produced separately by
sex for all regions, meaning GUD estimates for HSV-1 may

10
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With any GUD (n) (in

GUD person-days (in

WHO region Sex With any GUD (in %) millions) millions)
Americas Female 5.2-13.7 12.5-33.0 614-1627
Male 2.3-7.2 5.6-17.4 265-835

Female 1.0-6.7
Male 0.2-5.5

1.7-11.2
0.3-9.9

82-541
15-471

Eastern Mediterranean

South-East Asia

Female 1.3-8.5
Male 0.8-8.0

6.6-42.5
4.2-42.4

320-1989
193-2055

Global Female 3.8-9.8 68.9-180.2 3442-8841
Male 2.0-5.9 38.8-112.9 1941-5610
Both 3.0-7.7 111.7-288.6 5507-13 990
Americas Female 0.5-1.2 1.2-3.0 13-89
Male 0.5-1.2 1.2-2.9 13-84

Eastern Mediterranean Female 0.1-1.1

Male 0.1-11

0.1-1.6 1-36
0.1-1.8 1-38

Female 0.0-0.1
Male 0.0-0.1

South-East Asia

0.0-0.4 0-6
0.0-0.4 0-7

Global Female 0.1-0.4
Male 0.2-0.5
Both 0.1-0.4

Global Female 4.0-10.1
Male 2.3-6.2
Both 3.2-7.9

2.4-7.5 26-216
2.9-8.9 32-242
5.3-15.8 58-455
73.7-184.7 3496-8897
43.7-118.0 1995-5673
120.0-295.6 5577-14 324

GUD, genital ulcer disease; HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus type 2.

not fully capture differences by sex. However, the infection
estimates were informed by systematic reviews to August
2018 and represent the best attempt to quantify HSV-2 and
genital HSV-1 prevalence and incidence globally by age
and sex. In some countries, such as the USA, an
miological transition’
of oral HSV-1 infection during childhood have declined,
and rates of genital HSV-1 infection have increased, due

to decreased immunity to HSV-1 on entering adulthood
possibly combined with increasing rates of oral sex.” % In
the most recent prospective evaluation of GUD among
women with new HSV infection, in North America, 62%
of HSV GUD first episodes were caused by HSV-1.* Our
estimate for the Americas was similar, with 55% of first
episodes due to HSV-1. Such trends may be occurring else-
where in the world.”” Although the potential for genital
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HSV-1 infection postchildhood is uncertain, our analyses
suggest that genital HSV-1 only makes a small contribution
to all GUD globally, given the vastly greater number of
HSV-2 recurrences.

Similarly, a third limitation concerns the availability,
quality and representativeness of natural history data.
Studies differed on a number of characteristics, including
population group (women or men or both, or men who
have sex with men), study location, method of identifying
lesions (eg, clinician vs self-report) and length of follow-up.
Pooling data from these disparate studies may have intro-
duced bias in our pooled parameter estimates; however, if
we excluded more studies, we would have further reduced
the availability of data, particularly for settings outside of the
USA. The vast majority of the data on first GUD episodes
and recurrences, which informed our natural history
parameters, came from studies in the USA, which may not
reflect the natural history of HSV infection elsewhere. To
help mitigate some of these issues, we applied specific inclu-
sion and exclusion criteria for data extraction, pooled data
from similar populations as far as possible (ie, those with
diagnosed vs unrecognised infection), and standardised
data prior to pooling (ie, converting medians to means,
and calculating annualised recurrence frequencies).

In addition, the natural history data did not always
align perfectly with the possible states for GUD. Our esti-
mate that 4.8% of the world’s population had at least one
episode of HSV-2-related GUD globally in 2016 is equiva-
lent to 36% of those with prevalent HSV-2 infection. We
would expect this figure not to exceed the percentage
with a first episode (since by our definition, only those
with a first episode can experience subsequent recur-
rences). Our pooled estimate of the percentage with a first
episode is somewhat below this figure (21.0%). However,
not all of the studies contributing data to this estimate
were rigorously designed to ensure all those with GUD
were identified: one study relied on self-reported symp-
toms, for example,”” while another only considered the 6
months prior to seroconversion.” Indeed, a rigorous clin-
ical trial of GUD associated with seroconversion found
that 36% had symptoms.”® In addition, natural history
studies may enrol people with more severe infection,
leading to overestimates of the number and duration
of recurrences. In our base case estimates, we used the
method that we felt most closely aligned available data
with the possible clinical courses for GUD. Our sensitivity
analysis showed that the estimates were sensitive to the
relative percentages that recurrence rates from clinic-
based studies and studies of unrecognised infection are
applied to. Therefore, new studies of the natural history
among all those with HSV-2 infection would be useful.

Fourth, we assumed that both the percentage who
experience one or more recurrences in a given year after
the first year and the duration of a recurrence are inde-
pendent of time since infection (generating one pooled
recurrence duration estimate using data with any time
since infection), although we did allow the recurrence
rate to vary over time. The one available study which

examined recurrence frequency and duration over a
wide range of time since infection found no change in
recurrence frequency but a small decline in recurrence
duration, leading to an overall decline in the percentage
of days with GUD.®* Our pooled parameter estimate
for the mean number of days with recurrent GUD due
to HSV-2 was actually slightly increased for longer time
since infection (although 95% CI had a large overlap),
perhaps because of the disparate studies combined,
or perhaps because we did not account for decreasing
recurrence duration over time. Therefore we may have
overestimated GUD burden, as our sensitivity analysis
showed that the burden would be lower if recurrences
stopped after more than 10 years since acquisition of
HSV-2 infection. However, we also did not consider GUD
burden in those aged 50 years or over, potentially leading
to an underestimation of burden overall rather than an
overestimation. We estimated that individuals with HSV-2
infection experience on average 16 days with GUD annu-
ally. Recurrence data from a study excluded from the
pooling because it was among all those who are HSV-2
seropositive (including those who were asymptomatic)
found a median number of annual recurrences of 2.1,98
which when applied to estimates of the mean recurrence
duration for those who are HSV-2 seropositive (data
also unused), which ranged from 7 to 10days,” """ gives
an estimate of 15-21 days with GUD annually, which is
similar to our estimate of 16 days.

Finally, we did not consider the modifying effect of
previous HSV-1 infection on GUD due to HSV-2. Prior
studies have shown that existing HSV-1 infection has
no effect on subsequent HSV-2 acquisition,'” but that
those with pre-existing HSV-1 infection are more likely
to have asymptomatic HSV-2 acquisition compared with
those who are HSV-1 seronegative.” The recurrence rate
is similar among symptomatic people with and without
HSV-1 infection.” ®* For the purposes of this exercise,
we assumed an absence of interactions between HSV-1
and HSV-2, which may have led to a slight overestimation
of GUD among those with coinfection. Given that the
number of people affected by GUD due to genital HSV-1
is small relative to HSV-2, we also assumed that total GUD
burden is simply the sum of GUD burden for HSV-2 and
GUD burden for genital HSV-1. We further assumed that
among HSV-2 seropositive persons, all GUD was related
to HSV-2 infection. Some studies of HSV-2 recurrence
rate may have inadvertently captured some GUD due
to genital HSV-1. However, given that studies specific
to HSV-1 found low genital HSV-1 recurrence rates,
and HSV-1 infection only rarely follows HSV-2,” this was
unlikely to have been a significant limitation. We further
assumed no contribution to GUD from non-HSV aetiol-
ogies in those with genital HSV infection. The inclusion
of non-HSV-attributable GUD could potentially have
led to an overestimation of GUD due to HSV, but this
is unlikely to have been a major issue given the types of
studies contributing data, many of which were rigorous
clinical trials.
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CONCLUSIONS
Up to 187million people aged 15-49 years may experience
HSV-related GUD annually, with women disproportion-
ately affected, and the highest burden of GUD in Africa.
This large burden is a public health concern in itself, but
especially so since HIV and GUD are similarly distributed
across populations, maximising the biological potential for
GUD to increase both susceptibility to, and transmissibility
of, HIV,!3 1516

Our estimates do not provide insight into the severity of
symptoms beyond frequency and duration of recurrences.
GUD can have a substantial impact on the lives of those
it affects, not only in terms of physical pain and discom-
fort, but also psychosocially.8 1% At the same time, many
people with HSV GUD do not recognise they have herpes
and never seek care for their symptoms. Better data are
needed on how the GUD burden estimated here translates
into overall impact on quality of life in terms of quality-
adjusted or disability-adjusted life years.'”* In the mean
time, the substantial burden of GUD can be ameliorated
by antivirals, which are not widely used worldwide for HSV-
related GUD. Accessibility to antivirals, along with accu-
rate diagnostics, therefore needs to be increased in order
to improve the lives of the millions of people with GUD
globally.” Our estimates also show that new interventions
such as prophylactic or therapeutic HSV vaccines, new
antivirals that can suppress the virus, or microbicides may
have a large public health potential to reduce GUD both by
reducing the frequency of symptoms in the millions of indi-
viduals who already have GUD and also perhaps by having
a meaningful impact on the transmission of infection and
subsequent GUD.

Author affiliations

1Populaltion Health Sciences, Bristol Medical School, University of Bristol, Bristol, UK
2Department of Medicine, University of Washington, Seattle, Washington, USA
%Virology Research Clinic, Seattle, Washington, USA

“Vaccine and Infectious Diseases Division, Fred Hutchinson Cancer Research
Center, Seattle, Washington, USA

SBristol Veterinary School, University of Bristol, Bristol, UK

®Department of Infectious Disease Epidemiology, Imperial College London, London,
UK

"Department of Reproductive Health and Research, World Health Organization,
Geneve, Switzerland

Acknowledgements KJL, NW, CJa, KMET and PV thank the National Institute for
Health Research (NIHR) Health Protection Research Unit (HPRU) in Evaluation of
Interventions at the University of Bristol, in partnership with Public Health England
(PHE), for research support.

Contributors KJL did the literature review and data extraction, generated the
estimates, and produced the drafts of the manuscript. SLG oversaw the study,
advised on the broader concepts and relevance of different measures of burden,
and helped redraft the manuscript. CJo checked the data extraction, gave input on
the natural history parameters and advised on the broader concepts. NW provided
detailed statistical advice. CJa produced the map figure and provided code for the
uncertainty analysis. PV and KMET provided supervision to KJL. M-CB gave input
on the broader concepts and methods. All authors contributed to the direction of
the work, provided technical expertise and gave detailed edits on the drafts.

Funding This work was funded by the UNDP/UNFPA/UNICEF/WHO/World Bank
Special Programme of Research, Development and Research Training in Human
Reproduction. WHO commissioned the study, advised as required, helped with
redrafts and approved manuscript submission. SLG received support from the US
National Institute of Allergy and Infectious Diseases, part of the National Institutes

of Health (U01 AI108543). KJL had full access to all data in the study and had
final responsibility for the decision to submit for publication. The authors alone
are responsible for the views expressed in this article, and they do not necessarily
represent the views, decisions or policies of the institutions with which they are
affiliated, WHO, NHS, NIHR, Department of Health and Social Care, or Public Health
England.

Map disclaimer The depiction of boundaries on the map(s) in this article do not
imply the expression of any opinion whatsoever on the part of BMJ (or any member
of its group) concerning the legal status of any country, territory, jurisdiction or area
or of its authorities. The map(s) are provided without any warranty of any kind, either
express or implied.

Competing interests KJL reports grants from WHO during the conduct of the
study and outside the submitted work. CJo reports grants from Sanofi Pasteur,

the US National Institutes of Health, and the US Centers for Disease Control and
Prevention, consultancy fees from Novavax, and royalties from UpToDate, outside
the submitted work. In addition, CJo has a patent 'Epitopes cross-reactive between
HSV-1, HSV-2 and VZV" issued. NW reports grants from the National Institute for
Health Research during the conduct of the study and grants from Pfizer outside the
submitted work. M-CB reports grants and other from WHO outside the submitted
work. SLG reports grants from the National Institute of Allergy and Infectious
Diseases during the conduct of the study.

Patient consent for publication Not required.

Ethics approval This study used collated data from published studies and
sources and did not collect any new data; therefore, ethics approval and consent to
participate were not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The pooled parameter data generated during this
study are included in this published article and its supplementary information files.
The individual study data which were used to generate these pooled parameter
data are available from the corresponding author on reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Katharine Jane Looker http://orcid.org/0000-0002-3375-0807

REFERENCES

1 Gupta R, Warren T, Wald A. Genital herpes. Lancet
2007;370:2127-37.

2 James C, Harfouche M, Welton NJ, et al. Global and regional
estimates of herpes simplex virus infection prevalence and
incidence in 2016. Bull World Health Organ. In Press 2020.

3 Pefa KC, Adelson ME, Mordechai E, et al. Genital herpes simplex
virus type 1 in women: detection in cervicovaginal specimens
from gynecological practices in the United States. J Clin Microbiol
2010;48:150-3.

4 Tuokko H, Bloigu R, Hukkanen V. Herpes simplex virus type 1
genital herpes in young women: current trend in northern Finland.
Sex Transm Infect 2014;90:160.

5 Durukan D, Fairley CK, Bradshaw CS, et al. Increasing proportion
of herpes simplex virus type 1 among women and men diagnosed
with first-episode anogenital herpes: a retrospective observational
study over 14 years in Melbourne, Australia. Sex Transm Infect
2019;95:307-13.

6 Corey L, Adams HG, Brown ZA, et al. Genital herpes simplex virus
infections: clinical manifestations, course, and complications. Ann
Intern Med 1983;98:958-72.

7 Benedetti J, Corey L, Ashley R. Recurrence rates in genital
herpes after symptomatic first-episode infection. Ann Intern Med
1994;121:847-54.

8 Patel R, Tyring S, Strand A, et al. Impact of suppressive antiviral
therapy on the health related quality of life of patients with recurrent
genital herpes infection. Sex Transm Infect 1999;75:398-402.

9 Brown ZA, Selke S, Zeh J, et al. The acquisition of herpes simplex
virus during pregnancy. N Engl J Med 1997;337:509-16.

10 Mertz GJ, Benedetti J, Ashley R, et al. Risk factors for the sexual
transmission of genital herpes. Ann Intern Med 1992;116:197-202.

Looker KJ, et al. BMJ Global Health 2020;5:6001875. doi:10.1136/bmjgh-2019-001875

13


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-3375-0807
http://dx.doi.org/10.1016/S0140-6736(07)61908-4
http://dx.doi.org/10.1128/JCM.01336-09
http://dx.doi.org/10.1136/sextrans-2013-051453
http://dx.doi.org/10.1136/sextrans-2018-053830
http://dx.doi.org/10.7326/0003-4819-98-6-958
http://dx.doi.org/10.7326/0003-4819-98-6-958
http://dx.doi.org/10.7326/0003-4819-121-11-199412010-00004
http://dx.doi.org/10.1136/sti.75.6.398
http://dx.doi.org/10.1056/NEJM199708213370801
http://dx.doi.org/10.7326/0003-4819-116-3-197

BMJ Global Health 8

11

12

13

14

15

16

Mertz GJ, Schmidt O, Jourden JL, et al. Frequency of acquisition
of first-episode genital infection with herpes simplex virus from
symptomatic and asymptomatic source contacts. Sex Transm Dis
1985;12:33-9.

Pinninti SG, Kimberlin DW. Maternal and neonatal herpes simplex
virus infections. Am J Perinatol 2013;30:113-20.

Van de Perre P, Segondy M, Foulongne V, et al. Herpes simplex
virus and HIV-1: deciphering viral synergy. Lancet Infect Dis
2008;8:490-7.

Looker KJ, Elmes JAR, Gottlieb SL, et al. Effect of HSV-2 infection
on subsequent HIV acquisition: an updated systematic review and
meta-analysis. Lancet Infect Dis 2017;17:1303-16.

Celum C, Wald A, Lingappa JR, et al. Acyclovir and transmission of
HIV-1 from persons infected with HIV-1 and HSV-2. N Engl J Med
2010;362:427-39.

Delany S, Mlaba N, Clayton T, et al. Impact of aciclovir on genital
and plasma HIV-1 RNA in HSV-2/HIV-1 co-infected women:

a randomized placebo-controlled trial in South Africa. AIDS

36

37

38

39

40

herpes simplex virus type 1 and type 2 in young women. Clin Infect
Dis 2013;56:344-51.

Langenberg AG, Corey L, Ashley RL, et al. A prospective study of
new infections with herpes simplex virus type 1 and type 2. Chiron
HSV vaccine Study Group. N Engl J Med 1999;341:1432-8.

Tobian AAR, Serwadda D, Quinn TC, et al. Male circumcision for
the prevention of HSV-2 and HPV infections and syphilis. N Engl J
Med 2009;360:1298-309.

Brown EL, Wald A, Hughes JP, et al. High risk of human
immunodeficiency virus in men who have sex with men with
herpes simplex virus type 2 in the explore study. Am J Epidemiol
2006;164:733-41.

Corey L, Mindel A, Fife KH, et al. Risk of recurrence after treatment
of first-episode genital herpes with intravenous acyclovir. Sex
Transm Dis 1985;12:215-8.

Peacock JE, Kaplowitz LG, Sparling PF, et al. Intravenous acyclovir
therapy of first episodes of genital herpes: a multicenter double-
blind, placebo-controlled trial. Am J Med 1988;85:301-6.

2009;23:461-9. 41 Reeves WC, Corey L, Adams HG, et al. Risk of recurrence after

17 Gray RH, Wawer MJ, Brookmeyer R, et al. Probability of HIV-1 first episodes of genital herpes. Relation to HSV type and antibody
transmission per Coital act in monogamous, heterosexual, HIV-1- response. N Engl J Med 1981;305:315-9.
discordant couples in Rakai, Uganda. Lancet 2001;357:1149-53. 42 Koelle DMet al. Asymptomatic reactivation of herpes simplex virus

18 Fanfair RN, Zaidi A, Taylor LD, et al. Trends in seroprevalence of in women after the first episode of genital herpes. Ann Intern Med
herpes simplex virus type 2 among non-Hispanic blacks and non- 1992;116:433-7.

Hispanic whites aged 14 to 49 Years—United states, 1988 to 2010. 43 Lafferty WE, Coombs RW, Benedetti J, et al. Recurrences after
Sex Transm Dis 2013;40:860-4. oral and genital herpes simplex virus infection. Influence of site of

19 Prabhakar P, Narayanan P, Deshpande GR, et al. Genital ulcer infection and viral type. N Engl J Med 1987;316:1444-9.
disease in India: etiologies and performance of current syndrome 44 Tronstein Eet al. Genital shedding of herpes simplex virus among
guidelines. Sex Transm Dis 2012;39:906-10. symptomatic and asymptomatic persons with HSV-2 infection.

20 Mungati M, Machiha A, Mugurungi O, et al. The etiology of genital JAMA 2011;305:1441-9.
ulcer disease and coinfections with Chlamydia trachomatis and 45 Leone P, Warren T, Hamed K, et al. Famciclovir reduces viral
Neisseria gonorrhoeae in Zimbabwe: results from the Zimbabwe mucosal shedding in HSV-seropositive persons. Sex Transm Dis
STI etiology study. Sex Transm Dis 2018;45:61-8. 2007;34:900-7.

21 Kularatne RS, Muller EE, Maseko DV, et al. Trends in the relative 46 Wald A, Zeh J, Selke S, et al. Genital shedding of herpes simplex
prevalence of genital ulcer disease pathogens and association with virus among men. J Infect Dis 2002;186:S34-9.

HIV infection in Johannesburg, South Africa, 2007-2015. PLoS One 47 Bryson YJ, Dillon M, Lovett M, et al. Treatment of first episodes
2018;13:e0194125. of genital herpes simplex virus infection with oral acyclovir. A

22 O’Farrell N, Morison L, Moodley P, et al. Genital ulcers and randomized double-blind controlled trial in normal subjects. N Engl
concomitant complaints in men attending a sexually transmitted J Med 1983;308:916-21.
infections clinic: implications for sexually transmitted infections 48 Thin RN, Nabarro JM, Parker JD, et al. Topical acyclovir in
management. Sex Transm Dis 2008;35:545-9. the treatment of initial genital herpes. Sex Transm Infect

23 Paz-Bailey G, Rahman M, Chen C, et al. Changes in the etiology 1983;59:116-9.
of sexually transmitted diseases in Botswana between 1993 and 49 Fiddian AP, Kinghorn GR, Goldmeier D, et al. Topical acyclovir
2002: implications for the clinical management of genital ulcer in the treatment of genital herpes: a comparison with systemic
disease. Clin Infect Dis 2005;41:1304-12. therapy. J Antimicrob Chemother 1983;12:67-77.

24 Makasa M, Buve A, Sandoy IF. Etiologic pattern of genital ulcers in 50 Silvestri DL, Corey L, Holmes KK. Ineffectiveness of topical
Lusaka, Zambia: has chancroid been eliminated? Sex Transm Dis idoxuridine in dimethyl sulfoxide for therapy for genital herpes.
2012;39:787-91. JAMA 1982;248:953-9.

25 Brankin AE, Tobian AAR, Laeyendecker O, et al. Aetiology of 51 Nilsen A, Aasen T, Halsos A, et al. Efficacy of oral acyclovir
genital ulcer disease in female partners of male participants in a in the treatment of initial and recurrent genital herpes. Lancet
circumcision trial in Uganda. Int J STD AIDS 2009;20:650-1. 1982;320:571-3.

26 Wilkey JE, Fethers KA, Latif AS, et al. Genital ulcer disease in 52 Mendelson J, Clecner BY, Eiley S. Effect of recombinant interferon
central Australia: predictors of testing and outcomes. Sex Health alpha 2 on clinical course of first episode genital herpes infection
2006;3:119-22. and subsequent recurrences. Sex Transm Infect 1986;62:97-101.

27 Gottlieb SL, Giersing B, Boily M-C, et al. Modelling efforts needed 53 Kinghorn GR, Abeywickreme |, Jeavons M, et al. Efficacy of oral
to advance herpes simplex virus (HSV) vaccine development: key treatment with acyclovir and co-trimoxazole in first episode genital
findings from the world Health organization consultation on HSV herpes. Sex Transm Infect 1986;62:33-7.
vaccine impact modelling. Vaccine 2019;37:7336-45. 54 Corey L, Nahmias AJ, Guinan ME, et al. A trial of topical

28 United Nations DESA/Population Division. World population acyclovir in genital herpes simplex virus infections. N Engl J Med
prospects, 2017. Available: https://population.un.org/wpp/ 1982;306:1313-9.

Download/Standard/Population/ [Accessed 19 Mar 2019]. 55 Mertz GJ, Critchlow CW, Benedetti J, et al. Double-Blind placebo-

29 Handsfield HH, Warren T, Werner M, et al. Suppressive therapy controlled trial of oral acyclovir in first-episode genital herpes
with valacyclovir in early genital herpes: a pilot study of clinical simplex virus infection. JAMA 1984;252:1147-51.
efficacy and herpes-related quality of life. Sex Transm Dis 56 Cheong WK, Thirumoorthy T, Doraisingham S, et al. Clinical and
2007;34:339-43. laboratory study of first episode genital herpes in Singapore. Int J

30 Guidelines for accurate and transparent health estimates reporting. STD AIDS 1990;1:195-8.

Available: http://gather-statement.org/ [Accessed 28 Nov 2019]. 57 Syed TA, Cheema KM, Kahlon BM, et al. Human leukocyte

31 Stevens GA, Alkema L, Black RE, et al. Guidelines for accurate interferon-alpha in cream for the treatment of genital herpes
and transparent health estimates reporting: the gather statement. in Asian males. A placebo-controlled, double-blind study.
Lancet 2016;388:e19-23. Dermatology 1995;191:32-5.

32 Mehta SD, Moses S, Agot K, et al. Medical male circumcision and 58 Syed TA, Lundin S, Cheema KM, et al. Human leukocyte
herpes simplex virus 2 acquisition: posttrial surveillance in Kisumu, interferon-o. in cream for the management of genital herpes in
Kenya. J Infect Dis 2013;208:1869-76. Asian women: a placebo-controlled, double-blind study. J Mol Med

33 Fife KH, Fortenberry JD, Ofner S, et al. Incidence and prevalence of 1995;73:141-4.
herpes simplex virus infections in adolescent women. Sex Transm 59 Corey Let al. Intravenous acyclovir for the treatment of primary
Dis 2006;33:441-4. genital herpes. Ann Intern Med 1983;98:914-21.

34 Bryson Y, Dillon M, Bernstein DI, et al. Risk of acquisition of genital 60 Bryson Y, Dillon M, Lovett M, et al. Treatment of first episode
herpes simplex virus type 2 in sex partners of persons with genital genital HSV with oral acyclovir: long term follow-up of recurrences.
herpes: a prospective couple study. J Infect Dis 1993;167:942-6. A preliminary report. Scand J Infect Dis Suppl 1985;47:70-5.

35 Bernstein DI, Bellamy AR, Hook EW, et al. Epidemiology, clinical 61 Franzen-Rohl E, Schepis D, Atterfelt F, et al. Herpes simplex virus
presentation, and antibody response to primary infection with specific T cell response in a cohort with primary genital infection

14 Looker KJ, et al. BMJ Global Health 2020;5:€001875. doi:10.1136/bmjgh-2019-001875


http://dx.doi.org/10.1097/00007435-198501000-00007
http://dx.doi.org/10.1055/s-0032-1332802
http://dx.doi.org/10.1016/S1473-3099(08)70181-6
http://dx.doi.org/10.1016/S1473-3099(17)30405-X
http://dx.doi.org/10.1056/NEJMoa0904849
http://dx.doi.org/10.1097/QAD.0b013e32831db217
http://dx.doi.org/10.1016/S0140-6736(00)04331-2
http://dx.doi.org/10.1097/OLQ.0000000000000043
http://dx.doi.org/10.1097/OLQ.0b013e3182663e22
http://dx.doi.org/10.1097/OLQ.0000000000000694
http://dx.doi.org/10.1371/journal.pone.0194125
http://dx.doi.org/10.1097/OLQ.0b013e31816a4f2e
http://dx.doi.org/10.1086/496979
http://dx.doi.org/10.1097/OLQ.0b013e31826ae97d
http://dx.doi.org/10.1258/ijsa.2009.009067
http://dx.doi.org/10.1071/SH05048
http://dx.doi.org/10.1016/j.vaccine.2017.03.074
https://population.un.org/wpp/Download/Standard/Population/
https://population.un.org/wpp/Download/Standard/Population/
http://dx.doi.org/10.1097/01.olq.0000243620.13718.56
http://gather-statement.org/
http://dx.doi.org/10.1016/S0140-6736(16)30388-9
http://dx.doi.org/10.1093/infdis/jit371
http://dx.doi.org/10.1097/01.olq.0000200496.36600.c8
http://dx.doi.org/10.1097/01.olq.0000200496.36600.c8
http://dx.doi.org/10.1093/infdis/167.4.942
http://dx.doi.org/10.1093/cid/cis891
http://dx.doi.org/10.1093/cid/cis891
http://dx.doi.org/10.1056/NEJM199911043411904
http://dx.doi.org/10.1056/NEJMoa0802556
http://dx.doi.org/10.1056/NEJMoa0802556
http://dx.doi.org/10.1093/aje/kwj270
http://dx.doi.org/10.1097/00007435-198510000-00009
http://dx.doi.org/10.1097/00007435-198510000-00009
http://dx.doi.org/10.1016/0002-9343(88)90578-5
http://dx.doi.org/10.1056/NEJM198108063050604
http://dx.doi.org/10.7326/0003-4819-116-6-433
http://dx.doi.org/10.1056/NEJM198706043162304
http://dx.doi.org/10.1001/jama.2011.420
http://dx.doi.org/10.1097/OLQ.0b013e318063c749
http://dx.doi.org/10.1086/342969
http://dx.doi.org/10.1056/NEJM198304213081602
http://dx.doi.org/10.1056/NEJM198304213081602
http://dx.doi.org/10.1136/sti.59.2.116
http://dx.doi.org/10.1093/jac/12.suppl_B.67
http://dx.doi.org/10.1001/jama.1982.03330080035025
http://dx.doi.org/10.1016/S0140-6736(82)90658-4
http://dx.doi.org/10.1136/sti.62.2.97
http://dx.doi.org/10.1136/sti.62.1.33
http://dx.doi.org/10.1056/NEJM198206033062201
http://dx.doi.org/10.1001/jama.1984.03350090023017
http://dx.doi.org/10.1177/095646249000100309
http://dx.doi.org/10.1177/095646249000100309
http://dx.doi.org/10.1007/BF00198242
http://dx.doi.org/10.7326/0003-4819-98-6-914
http://www.ncbi.nlm.nih.gov/pubmed/3912974

8 BMJ Global Health

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

correlates inversely with frequency of subsequent recurrences. Sex
Transm Infect 2017;93:169-74.

Fife KH, Warren TJ, Justus SE, et al. An international, randomized,
double-blind, placebo-controlled, study of valacyclovir for the
suppression of herpes simplex virus type 2 genital herpes in newly
diagnosed patients. Sex Transm Dis 2008;35:668-73.

Benedetti JK, Zeh J, Corey L. Clinical reactivation of genital herpes
simplex virus infection decreases in frequency over time. Ann Intern
Med 1999;131:14-20.

Phipps W, Saracino M, Magaret A, et al. Persistent genital herpes
simplex virus-2 shedding years following the first clinical episode. J
Infect Dis 2011;203:180-7.

Wald Aet al. Suppression of subclinical shedding of herpes simplex
virus type 2 with acyclovir. Ann Intern Med 1996;124:8-15.

Gupta R, Wald A, Krantz E, et al. Valacyclovir and acyclovir for
suppression of shedding of herpes simplex virus in the genital tract.
J Infect Dis 2004;190:1374-81.

Wald A, Zeh J, Selke S, et al. Reactivation of genital herpes simplex
virus type 2 infection in asymptomatic seropositive persons. N Engl/
J Med 2000;342:844-50.

Wald A, Carrell D, Remington M, et al. Two-Day regimen of
acyclovir for treatment of recurrent genital herpes simplex virus
type 2 infection. Clin Infect Dis 2002;34:944-8.

Douglas JM, Critchlow C, Benedetti J, et al. A double-blind

study of oral acyclovir for suppression of recurrences of genital
herpes simplex virus infection. N Engl J Med 1984;310:1551-6.
Mark KE, Corey L, Meng Tze-Chiang, et al. Topical resiquimod
0.01% gel decreases herpes simplex virus type 2 genital

shedding: a randomized, controlled trial. J Infect Dis
2007;195:1324-31.

de Bruyn G, Vargas-Cortez M, Warren T, et al. A randomized
controlled trial of a replication defective (gH deletion) herpes
simplex virus vaccine for the treatment of recurrent genital

herpes among immunocompetent subjects. Vaccine
2006;24:914-20.

Leone P, Abudalu M, Mitha E, et al. One-Day famciclovir vs.
placebo in patient-initiated episodic treatment of recurrent genital
herpes in immunocompetent black patients. Curr Med Res Opin
2010;26:653-61.

Phiri S, Hoffman IF, Weiss HA, et al. Impact of aciclovir on

ulcer healing, lesional, genital and plasma HIV-1 RNA among
patients with genital ulcer disease in Malawi. Sex Transm Infect
2010;86:345-52.

Straus SE, Wald A, Kost RG, et al. Immunotherapy of recurrent
genital herpes with recombinant herpes simplex virus type 2
glycoproteins D and B: results of a Placebo-Controlled vaccine
trial. J Infect Dis 1997;176:1129-34.

Aoki FY, Tyring S, Diaz-Mitoma F, et al. Single-Day, patient-initiated
famciclovir therapy for recurrent genital herpes: a randomized,
double-blind, placebo-controlled trial. Clin Infect Dis 2006;42:8-13.
Benedetti JK, Zeh J, Selke S, et al. Frequency and reactivation

of nongenital lesions among patients with genital herpes simplex
virus. Am J Med 1995;98:237-42.

Boggess KA, Watts DH, Hobson AC, et al. Herpes simplex virus
type 2 detection by culture and polymerase chain reaction and
relationship to genital symptoms and cervical antibody status
during the third trimester of pregnancy. Am J Obstet Gynecol
1997;176:443-51.

Cohen F, Kemeny ME, Kearney KA, et al. Persistent stress

as a predictor of genital herpes recurrence. Arch Intern Med
1999;159:2430-6.

Bender Ignacio RA, Perti T, Magaret AS, et al. Oral and vaginal
tenofovir for genital herpes simplex virus type 2 shedding in
immunocompetent women: a double-blind, randomized, cross-over
trial. J Infect Dis 2015;212:1949-56.

Bernstein DI, Wald A, Warren T, et al. Therapeutic vaccine for
genital herpes simplex virus-2 infection: findings from a randomized
trial. J Infect Dis 2017;215:856-64.

Wald A, Zeh J, Selke S, et al. Virologic characteristics of subclinical
and symptomatic genital herpes infections. N Engl J Med
1995;333:770-5.

Wald A, Corey L, Timmler B, et al. Helicase-Primase inhibitor
pritelivir for HSV-2 infection. N Engl J Med 2014;370:201-10.

Mertz GJ, Ashley R, Burke RL, et al. Double-Blind, placebo-
controlled trial of a herpes simplex virus type 2 glycoprotein

84

85

86

87

88

89

90

o1

92

93

94

95

96

97

98

99

100

101

102

103

104

vaccine in persons at high risk for genital herpes infection. J Infect
Dis 1990;161:653-60.

Engelberg R, Carrell D, Krantz E, et al. Natural history of

genital herpes simplex virus type 1 infection. Sex Transm Dis
2003;30:174-7.

Prevention gap report, UNAIDS, 2018. Available: http://www.
unaids.org/sites/default/files/media_asset/2016-prevention-gap-
report_en.pdf [Accessed 06 Dec 2018].

Fife KH, Mugwanya K, Thomas KK, et al. Transient Increase in
Herpes Simplex Virus Type 2 (HSV-2)-Associated Genital Ulcers
Following Initiation of Antiretroviral Therapy in HIV/HSV-2-
Coinfected Individuals. J Infect Dis 2016;213:1573-8.

Schacker T, Zeh J, Hu Hui-lin, et al. Frequency of symptomatic
and asymptomatic herpes simplex virus type 2 Reactivations
among human immunodeficiency Virus-Infected men. J Infect Dis
1998;178:1616-22.

Low AJ, Nagot N, Weiss HA, et al. Herpes simplex virus type-

2 cervicovaginal shedding among women living with HIV-1

and receiving antiretroviral therapy in Burkina Faso: an 8-year
longitudinal study. J Infect Dis 2016;213:731-7.

Tobian AAR, Grabowski MK, Serwadda D, et al. Reactivation of
herpes simplex virus type 2 after initiation of antiretroviral therapy. J
Infect Dis 2013;208:839-46.

Phipps W, Nakku-Joloba E, Krantz EM, et al. Genital herpes
simplex virus type 2 shedding among adults with and without HIV
infection in Uganda. J Infect Dis 2016;213:439-47.

Bradley J, Floyd S, Piwowar-Manning E, et al. Sexually transmitted
bedfellows: exquisite association between HIV and herpes
simplex virus type 2 in 21 communities in southern Africa in the
HIV prevention trials network 071 (PopART) study. J Infect Dis
2018;218:443-52.

Schiffer JT, Gottlieb SL. Biologic interactions between HSV-2 and
HIV-1 and possible implications for HSV vaccine development.
Vaccine 2019;37:7363-71.

Corbell C, Stergachis A, Ndowa F, et al. Genital ulcer disease
treatment policies and access to acyclovir in eight sub-Saharan
African countries. Sex Transm Dis 2010;37:1-93.

Prevalence of HIV among adults aged 15-49 (%). Available: https://
www.who.int/gho/hiv/epidemic_status/prevalence/en/ [Accessed
17 Sep 2019].

Country: South Africa. Available: https://www.unaids.org/en/
regionscountries/countries/southafrica [Accessed 17 Sep 2019].
Ayoub HH, Chemaitelly H, Abu-Raddad LJ. Characterizing the
transitioning epidemiology of herpes simplex virus type 1 in the
USA: model-based predictions. BMC Med 2019;17:57.

Brijwal M, Rawre J, Dhawan B, et al. Herpes simplex virus type 1
genital ulcer disease at a tertiary care hospital in North India. Clin
Infect Dis 2019;68:1783-4.

Crespi CM, Cumberland WG, Wald A, et al. Longitudinal study of
herpes simplex virus type 2 infection using viral dynamic modelling.
Sex Transm Infect 2007;83:359-64.

Corey L, Langenberg AG, Ashley R, et al. Recombinant
glycoprotein vaccine for the prevention of genital HSV-2 infection:
two randomized controlled trials. Chiron HSV vaccine Study Group.
JAMA 1999;282:331-40.

Krone MR, Tabet SR, Paradise M, et al. Herpes simplex virus
shedding among human immunodeficiency virus -Negative men
who have sex with men: site and frequency of shedding. J Infect
Dis 1998;178:978-82.

Strachan E, Saracino M, Selke S, et al. The effects of daily
distress and personality on genital HSV shedding and lesions in

a randomized, double-blind, placebo-controlled, crossover trial

of acyclovir in HSV-2 seropositive women. Brain Behav Immun
2011;25:1475-81.

Looker KJ, Garnett GP. A systematic review of the epidemiology
and interaction of herpes simplex virus types 1 and 2. Sex Transm
Infect 2005;81:103-7.

Carney O, Ross E, Bunker C, et al. A prospective study of the
psychological impact on patients with a first episode of genital
herpes. Sex Transm Infect 1994;70:40-5.

Kyu HH, Abate D, Abate KH, et al. Global, regional, and national
disability-adjusted life-years (DALYs) for 359 diseases and injuries
and healthy life expectancy (HALE) for 195 countries and territories,
1990-2017: a systematic analysis for the global burden of disease
study 2017. Lancet 2018;392:1859-922.

Looker KJ, et al. BMJ Global Health 2020;5:6001875. doi:10.1136/bmjgh-2019-001875

15


http://dx.doi.org/10.1136/sextrans-2016-052811
http://dx.doi.org/10.1136/sextrans-2016-052811
http://dx.doi.org/10.1097/OLQ.0b013e31816d1f42
http://dx.doi.org/10.7326/0003-4819-131-1-199907060-00004
http://dx.doi.org/10.7326/0003-4819-131-1-199907060-00004
http://dx.doi.org/10.1093/infdis/jiq035
http://dx.doi.org/10.1093/infdis/jiq035
http://dx.doi.org/10.7326/0003-4819-124-1_Part_1-199601010-00002
http://dx.doi.org/10.1086/424519
http://dx.doi.org/10.1056/NEJM200003233421203
http://dx.doi.org/10.1056/NEJM200003233421203
http://dx.doi.org/10.1086/339325
http://dx.doi.org/10.1056/NEJM198406143102402
http://dx.doi.org/10.1086/513276
http://dx.doi.org/10.1016/j.vaccine.2005.08.088
http://dx.doi.org/10.1185/03007990903554471
http://dx.doi.org/10.1136/sti.2009.041814
http://dx.doi.org/10.1086/514103
http://dx.doi.org/10.1086/498521
http://dx.doi.org/10.1016/S0002-9343(99)80369-6
http://dx.doi.org/10.1016/S0002-9378(97)70513-1
http://dx.doi.org/10.1001/archinte.159.20.2430
http://dx.doi.org/10.1093/infdis/jiv317
http://dx.doi.org/10.1093/infdis/jix004
http://dx.doi.org/10.1056/NEJM199509213331205
http://dx.doi.org/10.1056/NEJMoa1301150
http://dx.doi.org/10.1093/infdis/161.4.653
http://dx.doi.org/10.1093/infdis/161.4.653
http://dx.doi.org/10.1097/00007435-200302000-00015
http://www.unaids.org/sites/default/files/media_asset/2016-prevention-gap-report_en.pdf
http://www.unaids.org/sites/default/files/media_asset/2016-prevention-gap-report_en.pdf
http://www.unaids.org/sites/default/files/media_asset/2016-prevention-gap-report_en.pdf
http://dx.doi.org/10.1093/infdis/jiv765
http://dx.doi.org/10.1086/314486
http://dx.doi.org/10.1093/infdis/jiv495
http://dx.doi.org/10.1093/infdis/jit252
http://dx.doi.org/10.1093/infdis/jit252
http://dx.doi.org/10.1093/infdis/jiv451
http://dx.doi.org/10.1093/infdis/jiy178
http://dx.doi.org/10.1016/j.vaccine.2017.09.044
http://dx.doi.org/10.1097/OLQ.0b013e3181e212e5
https://www.who.int/gho/hiv/epidemic_status/prevalence/en/
https://www.who.int/gho/hiv/epidemic_status/prevalence/en/
https://www.unaids.org/en/regionscountries/countries/southafrica
https://www.unaids.org/en/regionscountries/countries/southafrica
http://dx.doi.org/10.1186/s12916-019-1285-x
http://dx.doi.org/10.1093/cid/ciy943
http://dx.doi.org/10.1093/cid/ciy943
http://dx.doi.org/10.1136/sti.2006.022020
http://dx.doi.org/10.1001/jama.282.4.331
http://dx.doi.org/10.1086/515666
http://dx.doi.org/10.1086/515666
http://dx.doi.org/10.1016/j.bbi.2011.06.003
http://dx.doi.org/10.1136/sti.2004.012039
http://dx.doi.org/10.1136/sti.2004.012039
http://dx.doi.org/10.1136/sti.70.1.40
http://dx.doi.org/10.1016/S0140-6736(18)32335-3

	﻿The global and regional burden of genital ulcer disease due to herpes simplex virus: a natural history modelling study﻿
	ABSTRACT
	Introduction﻿﻿
	Methods
	Natural history model
	GUD due to HSV-2 infection
	Any GUD in a given year
	Number of person-days with HSV GUD

	GUD due to HSV-1 infection

	Literature search and pooling
	Sensitivity analysis
	Uncertainty bounds
	Patient and public involvement

	Results
	Number and percentage of people with any GUD
	Person-days with GUD
	Sensitivity analysis
	Uncertainty bounds

	Discussion
	Strengths and limitations

	Conclusions
	References


