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ABSTRACT

Background: Herpes simplex virus type 2 (HSV-2) infection is a prevalent sexually transmitted infection
worldwide. This systematic review was conducted to characterize HSV-2 epidemiology in Asia, including
the World Health Organization regions of Southeast Asia and the Western Pacific.
Methods: Cochrane and PRISMA guidelines were followed to systematically review and report findings.
Pooled mean seroprevalence and proportions of HSV-2 isolated in genital ulcer disease (GUD) and in gen-
ital herpes were calculated using random-effects meta-analyses. Meta-regressions were also conducted.
Quality assessment was performed.
Findings: HSV-2 measures extracted from 173 publications included 15 seroconversion rates, 11 seroin-
cidence rates, 272 overall seroprevalence measures (678 stratified), 14 proportions of HSV-2 isolation
in GUD (15 stratified), and 27 proportions of HSV-2 isolation in genital herpes (36 stratified). Pooled
mean seroprevalence was 12.1% (95% confidence interval (CI): 11.0-13.2%) among general populations,
23.6% (95% CI: 20.9-26.3%) among men who have sex with men and transgender people, 46.0% (95% CI:
39.2-52.9%) among HIV-positive individuals and individuals in HIV-discordant couples, and 62.2% (95%
CI: 58.9-65.6%) among female sex workers. Among general populations, pooled mean seroprevalence in-
creased gradually from 4.7% (95% CI: 3.3-6.3%) in <20-year-old individuals to 26.6% (95% CI: 19.2-34.7%)
in >60-year-old individuals. Compared to women and across all populations, men had 0.60-fold (95% CI:
54.0-67.0) lower seroprevalence, that is women had 70% higher seroprevalence. Seroprevalence declined
by 0.98-fold (95% CI: 0.97-0.99) per year, that is a 2% decline per year in the last three decades. Pooled
mean proportions of HSV-2 isolation in GUD and in genital herpes were 48.2% (95% CI: 34.9-61.6%) and
75.9% (95% CI: 68.3-82.8%), respectively.
Interpretation: Over 1 in 10 individuals is infected with HSV-2, but seroprevalence is declining. HSV-2
accounts for half of GUD cases and three-quarters of genital herpes cases. These findings support the
need for an HSV-2 vaccine and universal access to sexual and reproductive health services.
Funding: This work was supported by the Qatar National Research Fund [NPRP 9-040-3-008] and by pilot
funding from the Biomedical Research Program at Weill Cornell Medicine in Qatar.
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This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

* Reprints or correspondence: Professor Laith ]. Abu-Raddad, Infectious Disease Epidemiology Group, World Health Organization Collaborating Centre for Disease Epidemi-
ology Analytics on HIV/AIDS, Sexually Transmitted Infections, and Viral Hepatitis, Weill Cornell Medicine - Qatar, Qatar Foundation - Education City, P.O. Box 24144, Doha,

Qatar. Telephone: +(974) 4492-8321. Fax: +(974) 4492-8333.
E-mail address: 1ja2002@qatar-med.cornell.edu (L.J. Abu-Raddad).
T These authors contributed equally to the work.

https://doi.org/10.1016/j.lanwpc.2021.100176
2666-6065/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.1016/j.lanwpc.2021.100176
http://www.ScienceDirect.com
http://www.elsevier.com/locate/lanwpc
http://creativecommons.org/licenses/by/4.0/
mailto:lja2002@qatar-med.cornell.edu
https://doi.org/10.1016/j.lanwpc.2021.100176
http://creativecommons.org/licenses/by/4.0/

S. AlMukdad, M. Harfouche, A. Wettstein et al.

Research in context

Evidence prior to this study

Herpes simplex virus type 2 (HSV-2) infection is a com-
mon sexually transmitted infection globally and causes a
range of mild to severe disease outcomes. Despite decades
of research on this infection, its global epidemiology re-
mains insufficiently characterized. A PubMed search using
a broad search strategy ("Herpes Simplex"[MeSH] AND "Re-
view" [Publication Type]) identified no systematic review as-
sessing HSV-2 epidemiology in Asia.

Added value of this study

Applying state-of-the-art methodologies, this study as-
sessed HSV-2 epidemiology in Asia. We searched interna-
tional electronic databases and found a large body of rele-
vant epidemiological evidence that enabled detailed analy-
ses and meta-analytics. We identified epidemiological asso-
ciations and infection patterns of relevance in Asia and be-
yond. Robust and current estimates for HSV-2 seroincidence,
seroprevalence, and proportions of HSV-2 isolation in genital
ulcer disease (GUD) and in genital herpes were determined.
Over 10% of Asians are infected, but seroprevalence is declin-
ing by 2% per year. Level of sexual risk behaviour, age, ge-
ography, and average national income explain much of the
patterns of infection. HSV-2 infection was confirmed as the
causal agent for 75% of genital herpes cases and 50% of GUD
cases.

Implications of available evidence

In context of no public health programs targeted to pre-
vent and control HSV-2 transmission, this infection was
widespread, with serious disease outcomes. The scale of the
disease burden requires prevention and control interven-
tions that ensure universal access to sexual and reproduc-
tive healthcare services. With the infection’s adverse con-
sequences on reproductive, sexual, and psychosocial health,
there is an urgent need to accelerate development of both
prophylactic and therapeutic HSV-2 vaccines. Findings of the
present study support the public health value and economic
argument for HSV-2 vaccines as the fundamental solution to
this global epidemic.

Introduction

Herpes simplex virus type 2 (HSV-2) infection is a prevalent
sexually transmitted infection (STI) worldwide.!> Although it is
usually asymptomatic,>= its chronic nature, with persistent reac-
tivations and subclinical shedding, increases its transmission po-
tential, resulting in higher prevalence than other STIs in both the
general and higher-risk populations.6-1°

HSV-2 infection manifests in the form of painful, itchy, and of-
ten recurrent ulcers in the genital tracts.>~>-! It can also be trans-
mitted vertically from mother to child, causing neonatal herpes,
a disease condition associated with high morbidity and mortal-
ity.'>:13 HSV-2 infection has been linked to a nearly 3-fold increase
in HIV acquisition and transmission,'#"16 indicating an epidemio-
logical synergy between the two infections.'”-'° Due to the high
burden of disease caused by HSV-2, the World Health Organization
(WHO) and global partners are leading efforts to develop an HSV-2
vaccine as an urgent priority.20-%!

STI control has long languished on health policy agendas. To ad-
dress this situation, the WHO formulated the “Global Health Sec-
tor Strategy on STIs” 2 adopted in 2016 by the 69t World Health
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Assembly to guide the health-sector response to achieve the Sus-
tainable Development Goals (SDGs).2> The strategy aims to elim-
inate STIs as a public health issue by 2030 through scale-up or
incorporation of new prevention, control, and treatment interven-
tions,?2 as well as securing universal access to sexual and repro-
ductive healthcare services.??23 The first strategic direction of the
strategy is “to understand the STI epidemic as a basis for advocacy,
political commitment, national planning, resource mobilization and
allocation, implementation, and program improvement."%2

In light of this strategy, this study comprehensively character-
ized HSV-2 epidemiology in Asia, including the WHO regions of
Southeast Asia and the Western Pacific, through a systematic re-
view of literature published during the last three decades. HSV-
2 antibody prevalence (seroprevalence), HSV-2 seroincidence, pro-
portion of HSV-2 isolation in genital ulcer disease (GUD), and pro-
portion of HSV-2 isolation in genital herpes were investigated.
Meta-analyses were conducted to estimate pooled means for HSV-
2 seroprevalence, proportion of HSV-2 isolated in GUD, and pro-
portion of HSV-2 isolated in genital herpes across various popu-
lations and subpopulations. Additionally, meta-regression analyses
were performed to assess temporal trends in infection and to iden-
tify associations with higher seroprevalence.

Methods

Methodology of this study was adapted from our published sys-
tematic reviews characterizing epidemiology of HSV-2 in Africa?*
and epidemiology of HSV-1 in Asia?®; therefore, no study protocol
was registered in PROSPERO.

Data sources and search strategy

The systematic literature review was guided by the Cochrane
Collaboration Handbook.?® The reporting of findings followed
the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines?’ (Table S1).

The systematic literature search was performed using PubMed
and Embase databases, until June 22, 2020, to identify relevant
articles. MeSH/Emtree terms, keywords, and broad search criteria
were used with no year or language restrictions to expand the
search scope and to ensure inclusivity (Table S2). The Asian re-
gion as designated in this study, included 26 countries and was
based on WHO’s combined definitions for the two Asian regions
of Southeast Asia and the Western Pacific.2® The 26 countries
and their subregional classifications are listed in Box S1. Papua
New Guinea was included as subregion of its own because of the
uniqueness of this nation and for epidemiological relevance.

Study selection and eligibility criteria

Two reviewers [BO (note dedication) and MH]| independently
screened retrieved articles. Search findings were imported into
Endnote (Thomson Reuters, USA), where duplicate records were
detected and deleted. Titles and abstracts of the remaining articles
were screened for potential relevance, followed by full-text evalu-
ation. Bibliographic screening of relevant articles and reviews was
also conducted. Experts were consulted for additional data in the
form of national public health reports.

In order to be eligible for inclusion in the study, publications
had to report primary data in at least 10 subjects for any of the
following four outcomes: (1) HSV-2 seroincidence, whether defined
as the occurrence of infections per person-time or as a cumulative
risk over a specific duration, (2) HSV-2 seroprevalence defined as
the proportion of individuals tested that were seropositive, (3) the
proportion of GUD cases in which HSV-2 was isolated as the cause
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of GUD, and (4) the proportion of genital herpes cases in which
HSV-2 was isolated as the cause of the genital herpes.

Case reports, series, commentaries, reviews, and qualitative
studies were excluded. In this study, “publication” refers to a docu-
ment reporting any outcome measure, while a “study” refers to de-
tails of a specific outcome measure. Duplicate or overlapping stud-
ies were included only once.

Data extraction and synthesis

Three reviewers (SM, AW, and MH) independently extracted and
double-extracted data from included articles. Extracted variables
are presented in Box S2.

Overall outcomes and their stratified measures were extracted
based on a pre-set stratification hierarchy. Stratification for seroin-
cidence and seroprevalence measures prioritized population type
(defined in Box S3) followed by sex and age. Population type was
determined based on the overall population type (Box S3), not fac-
toring subpopulation overlaps of risk factors/behaviours. Stratifica-
tion for the proportion of HSV-2 isolated in GUD or genital herpes
prioritized genital herpes episode status (primary versus recurrent
episodes) followed by sex and age, but there were too few studies
with such stratifications to warrant further analysis. Outcome mea-
sures (seroincidence, seroprevalence, proportion of HSV-2 isolation
in GUD, and proportion of HSV-2 isolation in genital herpes), if any,
among subjects <15 years of age were only reported and were not
included in analyses.

Quality assessment

Due to recognized limitations related to sensitivity and speci-
ficity of HSV-2 diagnostic assays,2?-30 a preliminary quality assess-
ment was performed with the support of a leading expert in HSV-
2 serological assays, Professor Rhoda Ashley-Morrow (University of
Washington). Only studies that utilized valid and reliable assays
were included. Precision of included studies and risk of bias (ROB)
in included studies were assessed independently by three authors
(SM, AW, and MH) following the Cochrane approach.? Study preci-
sion was categorized as low versus high based on the overall sam-
ple size of the study (<200 versus >200), which was judged an
acceptable level of precision for the level of seroprevalence ob-
served in this study.?':32 Two quality domains were used to spec-
ify low versus high ROB: sampling method (probability-based ver-
sus non-probability-based) and response rate (>80% versus <80% or
unclear). If a study was based on preexisting medical records, the
response rate was deemed unclear.

Meta-analyses

The DerSimonian-Laird random-effects model®> was used for
the meta-analysis. With the pooling of proportions, the Freeman-
Tukey double arcsine transformation was applied in this analysis,
using the command sm="PFT" in R,>* after ensuring applicability
of this transformation.>> Pooled mean estimates for HSV-2 sero-
prevalence and pooled proportion of HSV-2 isolation in GUD and
in genital herpes were calculated, by population and subpopula-
tion, as long as each stratum had >3 measures.

Cochran’s Q statistic was used to assess the presence of hetero-
geneity in effect size. 12 was used to measure the magnitude of
between-study heterogeneity due to true differences in effect size
instead of chance.?3:36 Prediction interval, defined as the 95% inter-
val of the distribution of true HSV-2 seroprevalence around the es-
timated mean, was used to describe the distribution of true effect
sizes for each type of outcome.?3-36 Meta-analyses were conducted
in R, version 3.4.1 using the meta package.
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Meta-regressions

Using log-transformed seroprevalence measures, univariable
and multivariable random-effects meta-regression analyses were
conducted to investigate factors associated with increased HSV-2
seroprevalence and to explain inter-study heterogeneity. These fac-
tors were set a priori (Box S4).

All variables in the univariable analysis with a p-value<0.1 were
included in multivariable models. A p-value<0.05 in the multivari-
able analysis indicated strong evidence for an association. Meta-
regressions were conducted in Stata/SE version 13 37 using the
metareg package.’8

Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the article. The
corresponding author had full access to all the data in the study
and had the final responsibility for the decision to submit for pub-
lication.

Results
Search results and scope of evidence

A total of 11,065 articles (PubMed: 2,214 and Embase: 8,851)
were retrieved and screened to identify eligible publications
(Figure 1). One public health report was additionally provided by
the Bill & Melinda Gates Foundation’s Avahan project in India.
Eight additional publications were identified through bibliographic
screening of relevant articles.

Overall, 173 publications met the inclusion criteria. Extracted
HSV-2 measures included 15 seroconversion rates, 11 seroincidence
rates, 272 overall (that is based on the total sample of the study
rather than specific stratum) seroprevalence measures (678 strat-
ified measures), 14 overall proportions of HSV-2 isolation in GUD
(15 stratified proportions), and 27 overall proportions of HSV-2 iso-
lation in genital herpes (36 stratified proportions).

Seroincidence overview

Seroconversion and seroincidence rates are reported in Table
S3. Studies were mainly longitudinal cohorts (number of measures
(n)=14; 93.3%) with a follow-up duration ranging from 6 months
to 5.6 years. Among all population types, HSV-2 seroconversion
rate and seroincidence rate ranged between 1.6-24.8% and 0.9-21.9
per 100 person-years, respectively, with the highest measures re-
ported in a study of female sex workers (FSWs) in China.

Seroprevalence overview and pooled mean estimates for HSV-2
seroprevalence

The majority of studies reporting seroprevalence measures
(n=272) were published after 2005 (n=200; 73.5%) (Tables S4-S7).
Most used convenience sampling (n=178; 65.4%). Stratified sero-
prevalence measures are summarized in Table 1, including ranges
and medians by population type.

Pooled means of HSV-2 seroprevalence across populations and
subpopulations are shown in Tables 1 and 2. Pooled mean HSV-
2 seroprevalence was lowest at 12.1% (95% confidence interval
(CI):11.0-13.2%) among general populations, followed by 20.2% (95%
Cl: 17.4-23.1%) among intermediate-risk populations, 41.6% (95% CI:
36.0-47.3%) among STI clinic attendees and symptomatic popula-
tions, 46.0% (95% Cl: 39.2-52.9%) among HIV-positive individuals
and individuals in HIV-discordant couples, and 47.9% (95% Cl: 44.2-
51.6%) among higher-risk populations. Pooled mean seroprevalence



Table 1
Pooled mean estimates for HSV-2 seroprevalence in Asia.
Pooled mean
Outcome HSV-2

Population type measures Samples HSV-2 seroprevalence (%) seroprevalence Heterogeneity measures

Mean (%) (95% Prediction
Total n Total N Range Median CI) Q? (p-value) 120 (%) (95% CI) interval® (%)

General 295 104,188 0.0-83.3 10.2 121 7,265.2 96.0 0.5-33.6

populations (11.0-13.2) (p<0.001) (95.7-96.2)

Women 169 71,983 0.0-71.0 11.7 133 4,568.9 96.3 1.1-34.6
(11.9-14.8) (p<0.001) (96.0-96.6)

Men 112 27,303 0.0-42.1 7.4 8.8 (7.4-10.3) 1,568.9 92.9 0.0-26.8

(p<0.001) (92.0-93.8)

Mixed sexes 14 4,902 0.0-83.3 19.5 25.0 522.3 97.5 1.5-62.6
(17.4-33.5) (p<0.001) (96.8-98.1)

Intermediate- 86 23,946 2.0-80.4 21.0 20.2 2,178.6 96.1 2.1-49.2

risk (17.4-23.1) (p<0.001) (95.6-96.5)

populations

Women 10 4,376 8.2 -72.7 18.9 24.8 748.6 98.8 0.0-82.7
(12.2-40.0) (p<0.001) (98.5-99.1)

Men 76 19,570 2.0-80.4 21.0 19.6 1,394.9 94.6 3.0-44.9
(17.0-22.4) (p<0.001) (93.8-95.3)

Higher-risk 209 73,139 3.4-100.0 50.0 479 19,834.7 99.0 5.5-92.3

populations (44.2-51.6) (p<0.001) (98.9-99.0)

FSWs 128 35,281 5.0-100.0 63.0 62.2 4,976.0 97.4 25.6-92.4
(58.9-65.6) (p<0.001) (97.2-97.7)

MSM, MSWs, 79 37,554 3.4-78.7 22.5 23.6 2,664.9 97.1 5.3-49.2

and (20.9-26.3) (p<0.001) (96.7-97.4)

transgender

people

Mixed sexes 24 304 78.2-92.9 85.5 85.8 - - -
(69.1-96.9)

STI clinic 46 6,610 10.0-89.1 33.2 41.6 798.8 94.4 9.8-77.8

attendees and (36.0-47.3) (p<0.001) (93.2-95.3)

symptomatic

populations

Women 22 2,078 14.8-89.1 49.7 47.7 426.5 95.1 6.2-91.2
(37.5-57.9) (p<0.001) (93.6-96.2)

Men 19 4,110 10.0-75.9 313 32.2 173.9 89.7 10.9-58.2
(26.5-38.2) (p<0.001) (85.3-92.7)

Mixed sexes 5 422 14.0-85.7 55.2 54.1 102.0 96.1 0.0-100
(27.8-79.3) (p<0.001) (93.2-97.7)

HIV-positive 29 5,476 13.3-80.0 47.2 46.0 611.3 95.4 13.3-80.7

individuals and (39.2-52.9) (p<0.001) (94.3-96.3)

individuals in

HIV-discordant

couples

Women 7 889 46.4-80.0 63.6 66.2 82.0 (p<0.001) 92.7 16.9-99.7
(51.1-79.8) (87.4-95.7)

Men 14 1,394 23.3-69.2 47.9 47.6 153.9 91.6 10.4-86.4
(37.1-58.2) (p<0.001) (87.6-94.3)

Mixed sexes 8 3,193 13.3-53.9 31.1 29.6 117.8 94.1 8.2-57.3
(22.6-37.0) (p<0.001) (90.5-96.3)

(continued on next page)
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Table 1 (continued)

Population type Outcome Samples HSV-2 seroprevalence (%) Pooled mean Heterogeneity measures
measures HSV-2
seroprevalence
Total n Total N Range Median Mean (%) (95% Q°* (p-value) 120 (%) (95% CI) Prediction
Cl) interval® (%)
Other 13 2,799 5.4-61.9 34.8 30.3 327.2 96.3 2.3-70.9
populations® (21.2-40.2) (p<0.001) (95.0-97.3)
Women 6 776 15.2- 61.9 45.1 43.0 58.8 (p<0.001) 91.5 5.3-86.4
(30.0-56.5) (84.3-95.4)
Men 6 2,008 5.4- 36.4 16.6 19.0 (9.7-30.5) 172.2 97.1 0.0-65.3
(p<0.001) (95.5-98.1)
Mixed sexes 1d 15 - - 40.0 - - -
(16.3-66.2)

Abbreviations: CI = Confidence interval, FSWs = Female sex workers, HIV = Human immunodeficiency virus, HSV-2 = Herpes simplex virus type 2, MSM = Men who have sex
with men, MSWs = Male sex workers, STI = Sexually transmitted infection.

2 Q: The Cochran’s Q statistic is a measure assessing the existence of heterogeneity in pooled outcome measures, here HSV-2 seroprevalence.

b [2: A measure that assesses the magnitude of between-study variation that is due to actual differences in HSV-2 seroprevalence across studies rather than chance.

¢ Prediction interval: A measure that estimates the distribution (95% interval) of true HSV-2 seroprevalence around the estimated mean.

d No meta-analysis was done due to the small number of studies (n<3).

¢ Other populations include populations with an undetermined risk of acquiring HSV-2 infection such as patients with cervical cancer.
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Table 2

Pooled mean estimates for HSV-2 seroprevalence in the general populations in Asia.

Pooled mean
Population Outcome HSV-2
classification measures Sample size HSV-2 seroprevalence (%) seroprevalence Heterogeneity measures
Mean (%) (95% Prediction
Total n Total N Range Median Cl) Q? (p-value) 120 (%) (95% CI) interval® (%)
Countries
China 61 41,061 1.1-54.9 8.5 9.3 (7.8-10.9) 1,455.4 95.9 1.1-23.7
(p<0.001) (95.2-96.4)
India 90 40,432 0.0-30.0 9.3 9.7 (8.6-10.9) 1,034.8 91.4 2.3-21.0
(p<0.001) (90.0-92.6)
Japan 36 2,313 0.0-43.8 6.1 5.9 (3.9-8.2) 120.6 71.0 0.0-20.0
(p<0.001) (59.4-79.3)
Papua New 14 2,482 6.2-71.0 30.5 30.1 162.1 92.0 6.2-61.7
Guinea (22.8-37.8) (p<0.001) (88.3-94.5)
South Korea 24 4,765 1.7-45.5 19.4 20.3 507.2 95.5 1.0-53.7
(14.9-26.1) (p<0.001) (94.2-96.4)
Sri Lanka 14 3,052 3.6-26.6 11.8 13.5 (9.8-17.7) 134.7 90.3 1.9-33.0
(p<0.001) (85.6-93.5)
Taiwan 24 747 0.0-42.1 13.8 12.0 (7.3-17.5) 90.7 (p<0.001) 74.6 0.0-41.4
(62.2-83.0)
Vietnam 13 3,514 6.5-51.5 11.1 194 3929 96.9 0.0-58.3
(12.1-27.9) (p<0.001) (95.9-97.7)
Other 19 5,822 3.6-83.3 11.8 20.9 556.2 96.8 0.4-57.6
countries (14.5-28.2) (p<0.001) (95.9-97.5)
Subregions
East Asia 145 48,886 0.0-54.9 8.6 10.5 (9.0-12.1) 3,531.8 95.9 0.0-32.8
(p<0.001) (95.5-96.3)
South Asia 106 45,827 0.0-30.0 9.8 10.2 (9.2-11.3) 1,236.2 91.5 2.5-21.9
(p<0.001) (90.3-92.6)
Southeast Asia 30 6,993 5.8-83.3 123 21.2 878.8 96.7 0.5-58.1
(15.8-27.1) (p<0.001) (96.0-97.3)
Papua New 14 2,482 6.2-71.0 30.5 30.1 162.1 92.0 6.2-61.7
Guinea (22.8-37.8) (p<0.001) (88.3-94.5)
Age group
<20 years 15 3,729 0.0-9.6 5.4 4.7 (3.3-6.3) 37.2 (p<0.001) 62.4 1.0-10.3
(34.3-78.5)
20-29 years 48 13,118 0.0-27.5 6.4 6.5 (4.8-8.3) 616.3 92.4 0.0-21.4
(p<0.001) (90.7-93.7)
30-39 years 45 10,859 0.0-30.9 10.4 9.3 (7.4-11.5) 504.4 91.3 0.5-25.7
(p<0.001) (89.2-93.0)
40-49 years 35 8,551 0.0-34.5 9.6 10.5 (7.6-13.8) 626.6 94.6 0.0-33.6
(p<0.001) (93.3-95.6)
50-59 years 13 1,173 8.5-38.4 15.4 16.2 78.4 (p<0.001) 84.7 0.9-42.7
(10.7-22.5) (75.4-90.5)
>60 years 13 870 10.1-51.5 25.8 26.6 73.6 (p<0.001) 83.7 4.0-58.7
(19.2-34.7) (73.5-90.0)
Mixed 126 65,888 0.0-83.3 12.8 15.7 4,800.4 97.4 1.4-40.0
(13.9-17.7) (p<0.001) (97.2-97.6)
Year of data
collection
category
<2000 94 14,929 0.0-51.5 10.5 123 1,358.2 93.2 0.0-37.9
(10.1-14.6) (p<0.001) (92.2-94.0)
2001-2010 152 51,051 0.0-58.5 11.0 12.0 2,532.3 94.0 1.5-29.6
(10.7-13.3) (p<0.001) (93.4-94.6)
>2010 49 38,208 0.0-83.3 6.9 11.9 (9.3-14.6) 2,475.7 98.1 0.3-34.8
(p<0.001) (97.8-98.3)

(continued on next page)
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Table 2 (continued)

Population Outcome Sample size HSV-2 seroprevalence (%) Pooled mean Heterogeneity measures
classification measures HSV-2
seroprevalence
Total n Total N Range Median Mean (%) (95% Q° (p-value) 12> (%) (95% CI) Prediction
Cl) interval® (%)
Year of
publication
category
<2005 83 12,855 0.0-44.9 10.4 11.9 (9.7-14.3) 1,130.4 92.7 0.0-37.1
(p<0.001) (91.6-93.7)
2006-2015 178 55,863 0.0-71.0 114 13.1 3,484.3 94.9 1.2-33.6
(11.7-144) (p<0.001) (94.4-95.4)
>2015 34 35,470 0.0-83.3 4.9 7.9 (5.9-10.3) 1,503.8 97.8 0.1-24.5
(p<0.001) (97.4-98.1)
All studies 295 104,188 0.0-83.3 10.2 121 7,265.2 96.0 0.5-33.6
(11.0-13.2) (p<0.001) (95.7-96.2)

Abbreviations: CI = Confidence interval, HSV-2 = Herpes simplex virus type 2.

a
b

¢ Prediction interval: A measure that estimates the distribution (95% interval) of true HSV-2 seroprevalence around the estimated mean.

Q: The Cochran’s Q statistic is a measure assessing the existence of heterogeneity in pooled outcome measures, here HSV-2 seroprevalence.
I2: A measure that assesses the magnitude of between-study variation that is due to actual differences in HSV-2 seroprevalence across studies rather than chance.

Other countries includes countries with <10 seroprevalence measures: Bangladesh, Indonesia, Philippines, and Thailand.
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—
g 11,065 citations identified through international database searching (PubMed=2,214 and
= Embase=8,851)
=
= 1,464 duplicates removed
D
=
— ‘ 9,601 unique citations identified and titles/abstracts screened
E" 8,764 citations removed after title/abstract screening
|
g
@ | 846 unique publications retrieved for full text screening
/| Additional publications 682 publications excluded for the following
include: reasons:
*1 public health report *Full-text did not include data on relevant indicators
(from the Avahan project (n=569)
2 || of India) was identified ] «Studies not taking place in Asia (n=14)
:E +8 publications were 'AbstraFt gnd full-text ‘coul('i not Pe retri@ved (nf4)
Eo|| identified through *Potential issues were identified in the diagnostic
= screening bibliographies of methgd (n=38)
publications and reviews *Duplicate data (n=57)
173 publications met inclusion criteria
—sg ]
Measures included in the systematic review and meta-analyses/meta-regressions:
* 15 HSV-2 seroconversion rates
2" 11 HSV-2 seroincidence rates
2 || 272 overall HSV-2 seroprevalence measures that yielded 678 stratified seroprevalence
E measures
= || » 14 overall proportion measures of HSV-2 isolation in clinically diagnosed genital ulcer
disease that yielded 15 stratified proportions
* 27 overall proportion measures of HSV-2 isolation in clinically diagnosed genital herpes that
yielded 36 stratified proportions

Abbreviation: HSV-2 = Herpes simplex virus type 2.

Figure 1. Flow chart of article selection for systematic review of HSV-2 infection in Asia, per PRISMA guidelines.?’
Abbreviation: HSV-2 = Herpes simplex virus type 2.

was 62.2% (95% Cl: 58.9-65.6%) in FSWs, but only 23.6% (95% CI:
20.9-26.3%) among men who have sex with men (MSM), male
sex workers (MSWs), and transgender people. Across all popula-
tions, women had higher pooled mean seroprevalence than men
(Table 1).

Among general populations, pooled mean seroprevalence var-
ied by subpopulation (Table 2). Pooled mean seroprevalence in-
creased steadily with age from 4.7% (95% CI: 3.3-6.3%) in individu-
als <20 years old (n=15), followed by 6.5% (95% CI: 4.8-8.3%) in
those 20-29 years old (n=48), 9.3% (95% Cl: 7.4-11.5%) in those
30-39 years old (n=45), 10.5% (95% CI: 7.6-13.8%) in those 40-49
years old (n=35), 16.2% (95% CI: 10.7-22.5%) in those 50-59 years
old (n=13), and 26.6% (95% CI: 19.2-34.7%) in those >60 years old
(n=13).

All meta-analyses showed evidence of heterogeneity (p-
value<0.001) with wide prediction intervals and I2>50% indicating
that most variation is true variation in seroprevalence rather than
sampling variation (chance) (Tables 1 and 2). Forest plots of differ-
ent meta-analyses are presented in Figure S1.

Associations between HSV-2 seroprevalence and population and study
characteristics

Results of univariable and multivariable meta-regression anal-
yses are in Table 3. Multivariable analyses were conducted to in-
vestigative associations with higher seroprevalence and sources of
heterogeneity. Due to collinearity between temporal variables, two
multivariable models were conducted, one including year of data

collection as a categorical variable and one including it as a linear
term.

The first model, including “year of data collection” as a categor-
ical variable, explained 65.16% of seroprevalence variation (Table 3).
Compared to general populations, HSV-2 seroprevalence was high-
est in HIV-positive individuals and individuals in HIV-discordant
couples with an adjusted risk ratio (ARR) of 3.57 (95% ClI: 2.82-
4.52), followed by higher-risk populations, STI clinic attendees and
symptomatic populations, and intermediate-risk populations.

Compared to individuals <20 years of age, seroprevalence in-
creased steadily with age and was highest among individuals >60
years of age. Men had a lower seroprevalence than women with
an ARR of 0.59 (95% CI: 0.53-0.65), indicating that seroprevalence
among women was nearly 70% (inverse of ARR) higher than that
among men. Seroprevalence was lowest in East Asia, followed by
Southeast Asia, South Asia, and was highest in Papua New Guinea.
Seroprevalence increased with national income.

Studies with larger sample sizes reported lower seroprevalence
and studies using non-probability sampling reported higher sero-
prevalence. Seroprevalence did not vary by the assay type or re-
ported response rate.

Data collected between 2001-2010 and after 2010 had lower
seroprevalence than those collected before 2000 with an ARR of
0.82 (95% CI: 0.72-0.93) and 0.65 (95% CI: 0.55-0.77), respectively.

The second model, including year of data collection as a lin-
ear term, explained 64.96% of seroprevalence variation and yielded
results similar to those of the first model. Seroprevalence de-
clined over time with an ARR of 0.98 (95% CI: 0.97-0.99) per year
(Table 3), that is a 2% decline per year in the last three decades.



Table 3

Univariable and multivariable meta-regression analyses for HSV-2 seroprevalence in Asia.

Outcome
measures Sample size Univariable analysis Multivariable analysis
Total n Total N RR (95%Cl) p-value LR test p-value Adjusted R? (%) Model 1° Model 2°
ARR (95% CI) p-value ARR (95% CI) p-value
Population Population type General populations 295 104,188 1.00 - <0.001 40.30 1.00 - 1.00 -
characteristics
Intermediate-risk 86 23,946 1.58 (1.32-1.85) <0.001 1.81 (1.51-2.18)  <0.001 1.84 (1.54-2.20)  <0.001
populations
Higher-risk populations 209 73,139 3.40 (2.99-3.87) <0.001 3.54 (3.10-4.03)  <0.001 3.53 (3.10-4.03)  <0.001
STI clinic attendees and 46 6,610 3.19 (2.54-3.99) <0.001 2.37 (1.95-2.89)  <0.001 2.33 (1.91-2.84)  <0.001
symptomatic populations
HIV-positive individuals 29 5,476 3.63 (2.77-4.75) <0.001 3.57 (2.82-4.52)  <0.001 3.57 (2.82-4.51)  <0.001
and individuals in
HIV-discordant couples
Other populations® 13 2,799 2.34 (1.56-3.49) <0.001 2.06 (1.48-2.85)  <0.001 2.11 (1.52-2.93)  <0.001
Age group <20 years 21 4,257 1.00 - <0.001 16.01 1.00 - 1.00 -
20-29 years 63 16,222 1.10 (0.69-1.73) 0.695 1.20 (0.87-1.67)  0.265 1.17 (0.84-1.62) 0.338
30-39 years 57 12,163 1.32 (0.83-2.10) 0.236 1.64 (1.18-2.28)  0.003 1.58 (1.13-2.19)  0.006
40-49 years 40 9,111 1.45 (0.89-2.36) 0.131 1.91 (1.35-2.70)  <0.001 1.80 (1.27-2.55)  0.001
50-59 years 14 1,620 1.76 (0.96-3.24) 0.067 2.73 (1.76-4.25)  <0.001 2.69 (1.73-4.19)  <0.001
>60 years 14 1,326 2.77 (1.52-5.04) 0.001 3.99 (2.60-6.15)  <0.001 4.03 (2.62-6.21)  <0.001
Mixed 469 171,459 2.93 (1.95-4.40) <0.001 1.77 (1.32-2.38)  <0.001 1.67 (1.24-2.24)  0.001
Sex Women 342 115,383 1.00 - <0.001 8.24 1.00 - 1.00 -
Men 306 91,939 0.61 (0.53-0.70) <0.001 0.59 (0.53-0.65)  <0.001 0.58 (0.53-0.64)  <0.001
Mixed sexes 30 8,836 1.14 (0.82-1.58) 0.437 1.23 (0.98-1.54)  0.077 1.21 (0.96-1.52)  0.100
Subregions East Asia 268 100,501 1.00 - <0.001 3.10 1.00 - 1.00 -
South Asia 309 96,357 1.42 (1.22-1.65) <0.001 2.38 (1.78-3.18)  <0.001 2.42 (1.81-3.23)  <0.001
Southeast Asia 83 16,554 1.45 (1.16-1.82) 0.001 1.57 (1.28-1.92)  <0.001 1.54 (1.25-1.90)  <0.001
Papua New Guinea 18 2,746 1.82 (1.18-2.81) 0.006 4,75 (3.21-7.03)  <0.001 4,55 (3.08-6.72)  <0.001
National income LMIC 369 106,572 1.00 - 0.004 1.32 1.00 - 1.00
UMIC 185 97,549 0.76 (0.65-0.90) 0.001 1.66 (1.28-2.17)  <0.001 1.66 (1.28-2.17)  <0.001
HIC 124 12,037 0.87 (0.71-1.06) 0.167 249 (1.86-3.34)  <0.001 2.35(1.75-3.16)  <0.001
Study methodology Assay type Western Blot 44 4,884 1.00 - 0.200 0.23 - - - -
characteristics
ELISA 634 211,274 0.82 (0.61-1.11) 0.200 - - - -
Sample size! <200 185 9,414 1.00 - <0.001 14.57 1.00 - 1.00 -
>200 493 206,744 0.48 (0.41-0.56) <0.001 0.76 (0.67-0.87)  <0.001 0.77 (0.68-0.89)  <0.001
Sampling method Probability based 298 100,245 1.00 - 0.032 0.60 1.00 - 1.00 -
Non-probability based 380 115,913 1.17 (1.01-1.35) 0.032 1.20 (1.06-1.35)  0.003 1.20 (1.06-1.35)  0.003
Response rate >80% 129 53,942 1.00 - <0.001 8.83 1.00 - 1.00 -
<80% 165 28,416 2.19 (1.79-2.69) <0.001 0.92 (0.78-1.08)  0.311 0.98 (0.83-1.16)  0.871
Unclear 384 133,800 1.50 (1.25-1.79) <0.001 0.88 (0.77-1.01)  0.076 0.90 (0.78-1.03)  0.148
Temporal variables Year of data <2000 153 25,288 1.00 - 0.003 1.57 1.00 - - -
collection category
2001-2010 415 121,894 1.17 (0.98-1.39) 0.089 0.82 (0.72-0.93)  0.003 - -
>2010 110 68,976 0.84 (0.67-1.06) 0.141 0.65 (0.55-0.77)  <0.001 - -
Year of data 678 216,158  0.99 0.345 0345 0.18 - - 0.98 <0.001
collection (0.98-1.01) (0.97-0.99)

Abbreviations: ARR = Adjusted risk ratio, CI = Confidence interval, ELISA = Enzyme-linked immunosorbent type-specific assay, HIC = High-income country, HIV = Human immunodeficiency virus, HSV-2 = Herpes simplex
virus type 2, LMIC = Lower-middle-income country, LR = Likelihood ratio, RR = Risk ratio, STI = Sexually transmitted infection, UMIC = Upper-middle-income country.
2 Variance explained by multivariable model 1 (adjusted R?) = 65.16%.
b Variance explained by multivariable model 2 (adjusted R?) = 64.96%.
¢ Other populations include populations with an undetermined risk of acquiring HSV-2 infection such as patients with cervical cancer.
d sample size denotes the sample size of each study population at the baseline found in the original publication, based on the original reported study design (case control, cross sectional, cohort, or randomized controlled

trial).
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Table 4
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Pooled mean proportions of HSV-2 virus in clinically diagnosed cases of genital ulcer disease and genital herpes in Asia.

Proportion of

Pooled
proportion of

Outcome HSV-2 isolation HSV-2 isolation
Population type = measures Samples (%) (%) Heterogeneity measures
Prediction
Mean (95% Q? 20 (%) (95% Interval®
Total n Total N Range Median (@) (p-value) CI) (%)

Patients with 15 1,673 4.6-100 44.4 48.2 373.7 96.3 3.2-95.2

GUD (34.9-61.6) (p<0.001) (95.0-97.2)

Women 3 159 36.4-100 71.8 73.2 38.74 94.8 0.0-100.0
(36.2-98.0) (p<0.001) (88.3-97.7)

Men 5 772 4.6-100 26.7 341 90.8 95.6 0.0-98.6
(15.8-55.1) (p<0.001) (92.2-97.5)

Mixed sexes 7 742 19.2-77.4 48.5 47.6 204.9 97.1 0.0-100.0
(25.8-69.9) (p<0.001) (95.6-98.1)

Patients with 36 2,060 27.8-100 73.1 75.9 465.4 92.5 28.1-100.0

genital herpes (68.3-82.8) (p<0.001) (90.6-94.0)

Women 14 458 27.8-100 69.1 69.2 122.7 89.4 13.3-100.0
(54.7-82.1) (p<0.001) (84.0-93.0)

Men 5 300 33.3-100 89.8 84.4 59.3 93.3 5.2-100.0
(63.3-97.9) (p<0.001) (87.2-96.4)

Mixed sexes 17 1,302 47.3-100 75.0 78.0 2171 92.6 33.4-100.0
(68.4-86.3) (p<0.001) (89.7-94.7)

Abbreviations: CI = Confidence interval, GUD = Genital ulcer disease, HSV-2 = Herpes simplex virus type 2.
2 Q: The Cochran’s Q statistic is a measure assessing the existence of heterogeneity in pooled outcome measures, here proportions of HSV-2 virus isolation in

GUD and in genital herpes.

b [2: A measure assessing the magnitude of between-study variation that is due to true differences in proportions of HSV-2 virus isolation across studies rather

than sampling variation.

¢ Prediction interval: A measure quantifying the distribution (95% interval) of true proportions of HSV-2 virus isolation around the estimated pooled mean.

Sensitivity analyses were conducted including “year of publica-
tion” in lieu of “year of data collection”, both as a categorical vari-
able and as a linear term. The two analyses yielded similar results
(Table S8).

HSV-2 isolation in GUD and in genital herpes

Identified proportions of HSV-2 isolation in GUD and in genital
herpes are listed in Table S9 and summarized in Table 4. Large pro-
portion of studies reporting GUD (n=14) and genital herpes (n=27)
outcome measures were published before 2005 (n=6, 42.9%; and
n=20, 74.1%; respectively) (Table S9). In GUD cases (n=15), the
proportion of HSV-2 isolation ranged from 4.6-100.0%, with a me-
dian of 44.4% and a pooled mean proportion of 48.2% (95% CI:
34.9-61.6%) (Table 4). Among women (n=3), the proportion ranged
from 36.4-100%, with a median of 71.8% and a pooled mean of
73.2% (95% CI: 36.2-98.0%). Among men (n=>5), it ranged from 4.6-
100%, with a median of 26.7% and a pooled mean of 34.1% (95% ClI:
15.8-55.1%).

In genital herpes cases (n=36), the proportion of HSV-2 isola-
tion ranged from 27.8-100.0%, with a median of 73.1% and a pooled
mean proportion of 75.9% (95% Cl: 68.3-82.8%) (Table 4). Among
women (n=14), the proportion ranged from 27.8-100%, with a me-
dian of 69.1% and a pooled mean of 69.2% (95% Cl. 54.7-82.1%).
Among men (n=5), it ranged from 33.3-100%, with a median of
89.8% and a pooled mean of 84.4% (95% Cl: 63.3-97.9%).

Heterogeneity was evident in all meta-analyses (p-value<0.001,
12>50%, and wide prediction intervals). Forest plots are shown in
Figure S2.

Quality assessment

The quality assessment of the 272 seroprevalence studies are
summarized in Table S10. Briefly, 209 studies (76.8%) had high pre-
cision, 74 studies (27.2%) had low ROB in the sampling method do-
main, and 50 studies (18.4%) had low ROB in the response rate do-
main. Only 23 studies (8.4%) had low ROB in both quality domains,
and only 24 studies (8.8%) had high ROB in both quality domains.
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Discussion

This study provided a thorough, systematic investigation of
HSV-2 epidemiology in Asia. HSV-2 seroprevalence was estimated
at 12% of the general population of this region, lower than that
estimated recently in Africa at 37%2* and in Latin America and the
Caribbean (LAC) at 21%.39 Remarkably, seroprevalence has been de-
clining at about 2% per year over the last three decades, just as
recently found in Africa,?* LAC,>® and the United States of Amer-
ica.4%-43 Such similar declines in different regions may suggest that
risky sex has declined since recognition of the HIV epidemic,***’
increased STI awareness,*® greater access to HIV/STI services,22:49
and/or possibly socio-economic changes that affected the struc-
ture of sexual networks leading to lower infection incidence. The
declining HSV-2 seroprevalence is also consistent with observed
declines in different regions, including Asia, in the prevalence of
HIV>0-52 and syphilis,>®> which could not be explained by higher
treatment coverage. It remains to be seen whether these declines
are specific to certain regions or subregions, or whether they are
global, since detailed analyses for all regions are not yet available.

HSV-2 persists as the etiological cause of nearly half (48%) of
GUD cases, similar to Africa at 51%%* and LAC at 41%.2° The dis-
proportional role of HSV-2 infection in this disease outcome may
persist for decades despite its declining seroprevalence, as other
causes, such as syphilis,”> may also be declining concurrently. In-
terestingly, the role of HSV-2 in GUD appeared higher among
women than men (Table 4), probably because of the higher HSV-2
seroprevalence in women and possibly a higher incidence of other
ulcerative STIs among men, perhaps as a consequence of more
risky sexual behaviour among men.

HSV-2 infection (as opposed to HSV-1 infection) proved to be
the etiological cause of 76% of genital herpes cases, lower than in
Africa at 97%%* and in LAC at 91%.3° This finding is consistent with
the finding that HSV-1 infection now plays a growing role in geni-
tal herpes in Asia,2° just as in North America*?->* and Europe,>>-9
but differs from the pattern found in Africa,’® LAC,°' and possibly
the Middle East and North Africa,°2 where sexual transmission of
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HSV-1 infection is still less pervasive. Curiously, HSV-2 seems more
significant in genital herpes among men than women (Table 4), a
finding that may reflect the relative ease of clinically diagnosing
this condition in men compared to women.

Results confirmed key attributes of HSV-2 epidemiology that
appear across Asia, Africa,>* and LAC.3° Seroprevalence varied
immensely by population sexual-risk classification,?*3° and this
heterogeneity explained nearly half the seroprevalence variation
across studies (Table 3). Seroprevalence was very high in popula-
tions such as FSWs, HIV patients, and STI clinic attendees (Table 1).
FSWs had a much higher seroprevalence at 62% than MSM at 23%
(Table 1), and women had nearly 70% higher seroprevalence than
men (Table 3),2439 all affirming women’s higher bio-anatomical
susceptibility to this infection,%3-54 and consistent with what is ob-
served in other regions.2%39 Seroprevalence increased steadily with
age starting from sexual debut and consistent with increasing cu-
mulative risk of exposure over sexual lifespan (Table 3).2439 Sub-
regional variability in seroprevalence exists within each global re-
gion.?*39 In Asia, Papua New Guinea had the highest seropreva-
lence at 30% (Table 2), consistent with higher levels of STIs.5> How-
ever, the role of national income (proxy for the average socio-
economic condition in the country) appears to vary from one
global region to another. Higher national income was associated
with lower seroprevalence in LAC,?° but higher seroprevalence in
Asia (Table 3).

The present study had some limitations. No data were available
for 8 of the 25 countries/territories in this region (Macao, Mon-
golia, North Korea, Nepal, Brunei, Cambodia, Lao, and Myanmar).
Studies varied in methods and quality, and used different diagnos-
tic assays. Many did not use probability-based sampling. There was
evidence that use of non-probability sampling and smaller sam-
ple size (<200) affected the measured seroprevalence, yet no effect
was found for assay type or response rate (Table 3). A large propor-
tion of studies reporting GUD and genital herpes measures were
published before 2005; thus, they may not be representative of the
current contribution of HSV-2 to GUD and genital herpes. Publi-
cation bias was not assessed because of methodological issues in
assessing it for proportion measures.%6 The study did not attempt
to link specific prevention strategies to observed patterns. Despite
these limitations and the existence of heterogeneity, a large vol-
ume of data was available to enable a range of analyses and 65%
of the observed heterogeneity among studies was subsequently ex-
plained through meta-regressions (Table 3). Therefore, these limi-
tations did not pose a barrier to interpretation of the study results
or its findings.

Conclusions

Approximately 1 in 10 individuals is chronically infected with
HSV-2 in Asia, but seroprevalence is declining at 2% per year. De-
spite this decline, it will take at least a generation before there will
be a major change in seroprevalence. HSV-2 infection appears to
be the etiological cause of half of GUD cases and three-quarters of
genital herpes cases. These findings support the need for a funda-
mental intervention such as a vaccine, as well as universal access
to sexual and reproductive health services. There is a need to ex-
pand and broaden HSV-2 research and surveillance in this region
by conducting repeated population-based seroprevalence surveys,
actively monitoring clinical cases of GUD and genital herpes and
their aetiologies, and accelerating ongoing efforts to develop pro-
phylactic and therapeutic HSV-2 vaccines.20-21.67
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