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Objective To generate global and regional estimates for the prevalence and incidence of herpes simplex virus (HSV) type 1 and type 2
infection for 2016.

Methods To obtain data, we undertook a systematic review to identify studies up to August 2018. Adjustments were made to account for
HSV test sensitivity and specificity. For each World Health Organization (WHO) region, we applied a constant incidence model to pooled
prevalence by age and sex to estimate the prevalence and incidence of HSV types 1 and 2 infections. For HSV type 1, we apportioned
infection by anatomical site using pooled estimates of the proportions that were oral and genital.

Findings In 2016, an estimated 491.5 million people (95% uncertainty interval, Ul: 430.4 million-610.6 million) were living with HSV type 2
infection, equivalent to 13.2% of the world's population aged 15-49 years. An estimated 3752.0 million people (95% Ul: 3555.5 million-3854.6
million) had HSV type 1 infection at any site, equivalent to a global prevalence of 66.6% in 0-49-year-olds. Differing patterns were observed
by age, sex and geographical region, with HSV type 2 prevalence being highest among women and in the WHO African Region.
Conclusion An estimated half a billion people had genital infection with HSV type 2 or type 1, and several billion had oral HSV type 1
infection. Millions of people may also be at higher risk of acquiring human immunodeficiency virus (HIV), particularly women in the WHO
African Region who have the highest HSV type 2 prevalence and exposure to HIV.
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Introduction

Herpes simplex virus (HSV) infections are widespread among
humans globally."* The infection is lifelong and characterized
by periodic reactivations at the infection site. HSV type 1 is
primarily transmitted by oral-to-oral contact and commonly
causes orolabial herpes (cold sores).” Type 1 virus also causes
rarer conditions, such as keratitis and other ocular sequalae,
and encephalitis.* HSV type 1 genital infection from oral-to-
genital contact is becoming increasingly common, although
reactivations are less frequent than for HSV type 2.>-'° HSV
type 2 is almost entirely sexually transmitted, causing genital
herpes."" Genital HSV infection may be unrecognized or
result in painful genital ulcer disease in a proportion of those
infected. Neonates can acquire HSV infection from genitally
infected mothers during birth and from oral contact with
caregivers postnatally.'”” Neonatal infection, although rare,
has a high fatality and disability rate in surviving infants."
Evidence also suggests that HSV type 2 infection increases
the risk of acquiring human immunodeficiency virus (HIV)."”
Symptomatic and asymptomatic viral shedding are common
for both HSV type 1 and type 2.'*" Thus, infected individuals
can be asymptomatic yet infectious, allowing these viruses to
be transmitted unknowingly, a factor which contributes to the
large global prevalence of HSV infection.

The World Health Organization (WHO) has produced
global and regional estimates of HSV type 2 infection preva-
lence and incidence (derived from prevalence) among indi-
viduals 15-49 years or age twice before: for the years 2005
and 2012.>' The first estimates of HSV type 1 infection at any

site in those aged 0-49 years of age, and of genital HSV type 1
infection in those aged 15-49 years of age, were done for 2012.!
The Global Burden of Disease (GBD) study has also produced
estimates for HSV type 2 infection (again deriving incidence
from estimated prevalence, similar to the WHO estimates),
most recently for 2017."” However, these estimates are not
directly comparable to the WHO estimates as they extend to
age 99 years of age, are not adjusted for assay performance
and use different regional groupings than the WHO estimates.
Furthermore, the GBD study does not produce any estimates
for HSV type 1 infection, an increasingly important cause of
genital infection.

Estimates of HSV infection across geographical regions,
age, sex, HSV type and infection site (oral versus genital) are
needed for advocacy and resource planning. In 2016, the World
Health Assembly adopted the Global Health Sector Strategy on
Sexually Transmitted Infections, 2016-2021," which aims to
end sexually transmitted infections as a public health concern
by 2030. The strategy sets out reduction targets, which in turn
depend on reliable baseline estimates for each sexually trans-
mitted infection. Quantifying HSV infection and disease is also
necessary to guide the development of new products, such as
vaccines.'””' Infection estimates can be used as a starting point
for estimating the burden of HSV-related disease when direct
incidence data are lacking, by applying the risks of particular
outcomes to the number of people infected, as has been done
for neonatal herpes.” In this systematic review we made global
and regional estimates of HSV type 2 and genital HSV type 1
infection for the year 2016, incorporating newly available
data, and estimates specifically for oral HSV type 1 infection.
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Methods

We used similar methods as for our
previous estimates.”>'® We conducted
a systematic literature search followed
by pooling of extracted data using
meta-analysis. First, we searched the
online databases MEDLINE® and Em-
base® to identify relevant studies with
publication dates between August 2013
(to ensure overlap with the literature
searches informing the 2012 estimates)
and August 2018. We included studies
of the prevalence and incidence of HSV
type 1 and type 2 infection, as mea-
sured by the detection of type-specific
immunoglobulin G antibodies, in any
language. We applied broad inclusion
and exclusion criteria to the studies to
extract the data and then applied addi-
tional criteria to the extracted data for
calculating the estimates. We excluded
high-risk populations and based the
calculations on prevalence data from
general populations only. Incidence data
were used solely for comparison and
validation purposes. Further details of
the search strategy, data extraction and
synthesis, and definitions of general
populations are in the data repository.”

We then pooled the newly extracted
data with data from our previous esti-
mates, using studies from year 2004 or
later. Thus, there was a large overlap in
the studies included between the cur-
rent and previous set of estimates. We
pooled prevalence values by sex where
possible and 5-year age groups for each
WHO region (African, Americas, East-
ern Mediterranean, Europe, South-East
Asia and Western Pacific) and separately
for HSV type 1 and type 2. The force of
the infection was then calibrated to each
set of pooled prevalence values over age,
assuming a constant force of infection
with age. Before pooling, we adjusted
the prevalence values for the sensitiv-
ity and specificity of the tests used to
detect HSV in different studies (data
repository).” Smoothed prevalence and
derived incidence (that is, from the cali-
brated force of infection) were applied to
population data for 2016 to obtain the
most up-to-date estimates of the number
of people with prevalent (existing) and
incident (newly-acquired over one year)
HSV type 1 and 2 infection by WHO
region. Estimates for oral HSV type 1
infection were done for individuals
0-49 years of age, and estimates for HSV
type 2 and genital HSV type 1 infection
were done for individuals 15-49 years of
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age. We also did a speculative analysis to
estimate the number of older individuals
infected by applying the prevalence in
those 45-49 years of age to population
numbers for those 50-99 years of age.
Further details of the calculation of
prevalence, incidence and uncertainty
bounds are in the data repository.”

To estimate the proportion of in-
dividuals infected at different sites, we
first pooled values from longitudinal
studies of the proportions of adults
with oral (pooled estimate: 36.4%)
and genital (pooled estimate: 72.4%)
symptoms among all adults with HSV
type 1 seroconversion, which was ac-
companied by symptoms (either or both
sites).”?® In other words, we estimated
the proportions of new HSV type 1
infections that were oral versus genital
for individuals where the site of infec-
tion could be determined on the basis
of symptoms. Pooling was done using
the metan command in Stata, version
16 (StataCorp, College Station, United
States of America) and assuming a
random effects model. We then applied
these proportions to HSV type 1 inci-
dence only in those 15-49 years of age
to estimate the numbers with oral and
genital HSV type 1 infection separately.
This method was slightly different to the
method of estimating genital HSV type 1
infection for 2012, in which values from
two studies of symptomatic HSV type 1
seroconversions were used to generate
two separate sets of estimates in adults.'
HSV type 1 infection in those younger
than 15 years was assumed to be all oral.
In a separate sensitivity analysis, we
limited those able to be infected with
genital HSV type 1 to the proportion
of individuals by age who engaged in
oral sex in the last 12 months (data for
females and males combined) according
to the National Health and Nutrition
Evaluation Survey 2015-2016, the larg-
est, national population-based survey
in the USA.* We calculated the total
percentage of people with genital infec-
tion due to either HSV type 1 by sum-
ming the prevalence of each infection,
and then adjusting for the percentage of
people assumed to be genitally infected
with both viral types.

Results
Literature search

We identified a total of 4262 publications
in the updated literature search (Fig. 1).
After removal of duplicates, we screened
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3511 records on the basis of title and
abstract, and excluded a further 3111 re-
cords, which did not meet the criteria for
relevance. We obtained full texts for the
remaining 400 records along with an ad-
ditional 13 publications identified from
reference lists.**"*' Of these 413 publica-
tions, 182 contained relevant data and
were subsequently included in the data
extraction: 48 HSV type 1 prevalence
studies, 136 HSV type 2 prevalence
studies, 1 HSV type 1 incidence study
and 20 HSV type 2 incidence studies
(some studies contributed data in more
than one category). However, not all of
these studies met our criteria for inclu-
sion in the estimates, while some studies
identified in previous reviews were still
sufficiently recent (after 2004).

Pooling data from all the studies
meeting our criteria we made the esti-
mates using 474 HSV type 2 prevalence
data points (262 from newly identified
studies) and 223 HSV type 1 prevalence
data points (128 from newly identified
studies). The number of data points by
age and sex, the countries contributing
data and the inclusion criteria applied is
available in the data repository.”

In comparison with the 2012 esti-
mates, the number of available preva-
lence data points for 2016 improved for
both HSV types 1 and 2. However, this
increase did not generally follow from
an increase in the number of countries
represented, as the number of contribut-
ing countries mostly declined between
the 2012 and 2016 estimates. The decline
was particularly apparent for the WHO
Region of the Americas, where HSV
type 1 estimates for males were based
solely on data from individuals in the
USA. The prevalence and incidence
data from studies newly extracted for
this review’'** are shown in the data
repository.”

Prevalence of infection

Our estimates for 2016 found that a
total of 491.5 million (95% UI: 430.4
million-610.6 million) individuals
15-49 years of age worldwide were liv-
ing with HSV type 2 infection (Table 1
and Fig. 2). More women (313.5 million)
than men (178.0 million) were infected.
The number of people infected was
highest in the WHO African Region
(102.9 million females and 59.3 mil-
lion males), followed by the Western
Pacific, South-East Asia and Americas
Regions. The estimated prevalence of
HSV type 2 in the global population

Bull World Health Organ 2020;98:31 5—329' doi: http://dx.doi.org/10.2471/BLT.19.237149
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Fig. 1. Flowchart on the selection of studies for estimating infection prevalence and incidence of herpes simplex virus, 2016

4262 records identified through database searches:
« 1645 from MEDLINE®;
« 2617 from Embase®

_—

751 duplicate records removed

\

3511 records screened after duplicates removed

- case report;
« review article;
—"

400 full-text articles examined for eligibility

3111 records excluded on title and abstract because:

« study participants were selected on the basis of having a medical condition or
sexually-transmitted infection (not HIV);

v - study participants were selected on the basis of having HSV infection or disease;

« definition of infection was not type-specific antibody;

- serodiscordant couple study

13 articles identified
from reference lists

>

\

182 full-text articles with data extracted:
« 48 HSV type 1 prevalence studies;

« 136 HSV type 2 prevalence studies;

« 1HSV type Tincidence study;

« 20 HSV type 2 incidence studies

- duplicate publication;
- insufficient data;

231 full-text articles excluded because:

- study participants were selected on the basis of having a medical condition or
sexually-transmitted infection (not HIV);

« study participants were selected on the basis of having HSV infection or disease;

- data were already extracted in previous reviews;

- definition of infection was not type-specific antibody;
« serodiscordant couple study

HIV: human immunodeficiency virus; HSV: herpes simplex virus.

of 3735.6 million people 15-49 years
of age was 13.2% (95% UI: 11.5-16.3)
and was highest among the population
of the African Region, followed by the
Region of the Americas, and among
women. The number infected increased
with age, largely mirroring increases in
the prevalence with age, although differ-
ences in population sizes also affected
the observed numbers. The regional
pooled prevalence values and model fits
for HSV type 2 infection is available in
the data repository.”

An estimated 3583.5 million (95%
UI: 3322.2 million-3715.8 million) of
the 5632.6 million global population
0-49 years of age were infected orally
with HSV type 1, a prevalence of 63.6%
(95% UTI: 59.0-66.0; Table 2). The num-
ber of people with oral HSV-1 was larg-
estin the WHO South-East Asia Region,
followed by the Western Pacific Region.
Genital HSV type 1 infection affected
an estimated 192.0 million (95% UI:
123.0 million-294.0 million) individuals
15-49 years of age worldwide (Table 3),
equivalent to a prevalence of 5.2% (95%
UL 3.3-8.0). The number of people with
genital HSV type 1 was highest in the
Region of the Americas, followed by the
European Region. There was a general
trend of increasing numbers of people
infected with both oral and genital HSV
type 1 infection by age, mirroring the

increasing prevalence of both infections
in our model.

When considering HSV type 1
infection at any site, we estimated
3752.0 million people (95% UI: 3555.5
million-3854.6 million) of the world’s
population 0-49 years of age were
infected, a prevalence of 66.6% (95%
UL 63.1-68.4; data repository).” The
regional pooled prevalence values and
model fits are available in the data
repository.” Note that the number of
people with oral and genital HSV type 1
infections do not sum exactly to the
number with HSV type 1 infection at
any site, as we assumed a small propor-
tion of people can be infected at both
sites simultaneously. The estimates were
highly sensitive to our assumption that
anyone aged 15 years of age and older
who does not have an existing infec-
tion can acquire genital HSV type 1.
If only those individuals who engaged
in oral sex in the last year are at risk of
acquiring genital HSV type 1 infection,
then we estimate 122.3 million (3.3%) of
those 15-49 years of age had prevalent
genital HSV type 1 infections in 2016
(data repository).”

Taken together, an estimated
596.0 million-655.7 million people,
16.0-17.6% of the world’s population
15-49 years of age, had genital HSV
type 1 or HSV type 2 or both, based on
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122.3 million-192.0 million genital HSV
type 1 infections.

Applying the prevalence in those
aged 45-49 years of age to population
numbers for those aged 50-99 years of
age, we estimated that globally, a total of
1290.1 million and 344.5 million people
aged 50-99 years were infected with
HSV type 1 (any site) and HSV type 2,
respectively, bringing the totals to 4850.1
million and 836.0 million, respectively
(data repository).”

The global prevalence of HSV type 2
for 2016 (13.2%; 95% UI: 11.5-16.3) was
estimated to be somewhat higher than
that estimated for 2012 (11.3%; 95%
UlI: 7.4-18.4),” although the 95% UI
overlapped. Applying equal population
numbers by age, sex, WHO region and
estimate year, the observed increase in
global HSV type 2 prevalence between
2012 and 2016 remained but was some-
what diminished (13.7% versus 15.2%).
This pattern was seen across all regions
and especially for females, except for the
Eastern Mediterranean Region, where a
decrease was observed.

Incidence of infection

We estimated that 23.9 million (95%
UL 21.0 million-29.5 million) people
15-49 years of age became infected
with HSV type 2 in 2016, an incidence
of 0.6% (95% UI: 0.6-0.8; Table 4). Of
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Global and regional estimates of the prevalence of herpes simplex virus type 2 infections by age and sex, 2016

Table 1.
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95% UI°

lence, %) by age group

ion preva
35-39 years

(populati

llions

30-34 years

in mi

No. of infected people

WHO region by sex

Total
4915(13.2)

45-49 years

40-44 years

20-24 years 25-29 years

15-19 years

4304-610.6 (11.5-16.3)

49.6 (8.5) 68.6 (11.4) 789 (14.3) 83.3(16.8) 89.6 (18.8) 93.7 (20.8)

27.8 (4.8)

Total

Female
Africa

85.0-120.0 (36.3-51.2)

102.9 (43.9)
57.7 (24.0)

119 (67.3)
12.0 (40.8)

14.1 (64.2)
113 (36.3)

16.3 (60.0)
103 (31.4)

17.8 (54.2)
9.1(26.1)

23(838)

17.5 (46.5)
7.3(20.5)

15.3(35.9)
5.1(14.4)
13 (4.6)
1.5(5.7)
44 (5.6)
47(7.8)

322(114)

10.1(21.7)
26(7.8)
0.7 (2.5)
0.7 3.0)
23(3.0)
20(4.2)

184 (6.6)

46.4-71.6 (19.3-29.7)

Americas

5.7-29.4 (3.4-17.6)

10.4-45.2 (5.0-21.7)
20.2-105.2 (4.0-20.9)

128 (7.6)
22.2(10.7)

22(14.8)
484 (9.6)

22(129
4.8 (15.6)
9.3(15.5)
14.9 (21.0)
56.5(24.1)

23(10.9)
40(13.2)

1.9 (6.8)
25(83)
63(82)

Eastern Mediterranean

Europe

(17.9)
9.5(17.8)
183 (24.0)
59.2 (26.4)

54

34(10.8)
7.8(10.7)
10.0 (14.7)
50.3 (18.5)

(13.1)
109 (17.9)
52.7 (21.6)

8.7

South-East Asia

43.8-106.3 (9.2-22.3)

69.5 (14.6)
3135 (17.1)

7(11.3)

44.1 (15.0)

Western Pacific

Total

265.7-389.1 (14.5-21.3)

Male

44.1-77.1 (18.9-33.0)
18.2-42.0 (7.5-17.3)

59.3(254)
28.0(11.6)

8.1 (48.5)
5.9(20.8)
09 (5.5)

(43.4)
55(18.2)
0.9 (4.7)
24(7.9)

9.3

10.1 (37.9)

103 (31.8)

(25.1)
35(9.7)
0.7 (24)

94

76(17.8)
25(6.7)
05 (1.6)
08(2.8)
36(4.2)
25(3.7)
17.3(5.8)

46(9.8)

Africa

(15.5)
09 (4.0
2.0(6.6)

5.0

44(12.6)
09(3.2)

1.2 (3.6)
0.2(0.9)
03(1.5)

Americas

1.1-239(0.6-13.2)
51-23.1(24-11.0)
12.2-117.6 (2.3-22.1)

5.1(2.8)
11.1(53)
385(7.2)
36.0(7.1)

Eastern Mediterranean

Europe

1.7 (5.4)
6.2 (8.1)
51(7.2)

286(10.2)

75(13.7)

(11.8)
7.8(10.5)
33.1(13.8)

73

6.9 (10.0)
56(8.8)
306 (12.2)

50(6.2)
45(5.5)
244 (7.9)

19(2.2)
1.1(2.0)
94 (3.1)

Ul: uncertainty interval; WHO: World Health Organization.

South-East Asia
Western Pacific

Total

15.8-79.7 (3.1-15.7)
140.6-270.1 (74-14.2)

(12.1)

34.5(15.2)

94

178.0(9.3)

2 95% Ul of the total no. of infected people in millions (95% Ul of percentage prevalence).
Notes: Numbers are the year 2016 estimated number of people living with herpes simplex virus type 2 infection. Prevalences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum exactly

to the totals due to rounding. Regions are World Health Organization definitions.

Charlotte James et al.

these, 14.7 million (95% UI: 12.4 mil-
lion-18.1 million) were women and
9.2 million (95% UI: 7.4 million-13.6
million) were men. The number was
highest in the WHO African Region,
and there was an overall trend of de-
creasing incidence with age, as preva-
lence increased. However, the pattern
was less marked for those settings where
prevalence increased steadily with age
(data repository).”

An estimated 120.4 million (95%
UI: 114.3 million-130.1 million) people
0-49 years of age acquired HSV type 1
infection at any site, an incidence of
2.1% (95% UI: 2.0-2.3; Table 5). The
number was highest in the African
Region, and decreased with age, most
notably in regions where prevalence
saturated at younger ages (data reposito-
ry).” The available empirical incidence
data suggested that the force of infection
may vary with age (data repository),”
but the data were too limited to draw
further conclusions.

Discussion

Our estimates updated to 2016 found
around 491 million people living with
HSV type 2 infection, 3583.5 million
with oral HSV type 1 infection and 122
million -192 million with genital HSV
type 1 infection, in those up to 49 years
of age. An estimated 596 million-656
million people were genitally infected
with either HSV type 1 or 2, meaning
that HSV has a substantial effect on the
sexual and reproductive health of mil-
lions of people worldwide. HSV type 2
infection disproportionately affected
women and the WHO African Region. It
is concerning that around half of women
aged 25-34 years of age in the African
Region were infected with HSV type 2,
as young women in this region are also
at particularly high risk of acquiring
HIV123

These estimates for 2016 were in-
formed by extensive literature reviews,
with 474 and 223 prevalence data points
for HSV type 2 and type 1, respectively,
contributing to the estimates. For this
update, we also made separate estimates
for the numbers of people with oral HSV
type 1 infection. Our estimates provide
a global picture of the overall numbers
of HSV infections and can be built upon
to better understand the global burden
of HSV-associated disease.

The estimates have some limita-
tions, however. First, our pooled esti-
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mates rely on the accuracy of the data,
which inform them and assume that the
contributing studies are representative
of their respective regions. Despite an
increased number of studies contrib-
uting data compared with previous
estimates, the number of contributing
countries was lower in 2016. To help
mitigate these issues, we used broad lit-
erature search terms and did not restrict
the search by language. We adjusted the
reported prevalence for assay sensitivity
and specificity, since lack of adjustment
tends to inflate HSV prevalence, and we
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generated estimate bounds to reflect the
uncertainty in prevalence reported by
publications. We also assumed a con-
stant force of infection by age. However,
we applied the force of infection only to
those who were susceptible, allowing the
number of infected people to decrease
with age, and the fitting process also
allowed the prevalence to saturate be-
low 100% where suggested by the data.
Nonetheless, future modelling analyses
would be useful to explore how the lim-
ited available empirical incidence data
could further inform estimates of in-

fection. In the meantime, our estimates
provide a snapshot of prevalence and the
limitations of incidence estimates have
less impact, as incidence only needs to
be projected ahead by a single year.
Second, our estimates for genital
HSV type 1 infection are particularly
uncertain, as reflected in the wide uncer-
tainty intervals. HSV type 1 prevalence
data are lacking among children for all
regions and across all ages for the WHO
African and South-East Asia Regions.
Accurate fitting to prevalence is impor-
tant for predicting the potential for ac-

Fig. 2. Map of regional estimates of the number and prevalence of herpes simplex virus type 2 infections in females and males, 2016

Females

Prevalence %
W 41-50
B 21-40
O 11-20
1 0-10
@ﬂ
N
T 0 875 1750  3500km
T S S—— -
African Region of Eastern European South-East Western Pacific
Region the Americas | Mediterranean Region | Region Asia Region | Region
Female
Prevalence |43.9% 24.0% 7.6% 10.7% 9.6% 14.6%
Number 102.9 million | 57.7 million | 12.8 million 22.2 million |48.4 million |65.5 million
Male
Prevalence |254% 11.6% 2.8% 5.3% 72% 7.1%
Number 59.3 million | 28.0 million | 5.1 million 11.1 million |38.5 million | 36.0 million

Notes: Numbers are the year 2016 estimates of the number of people living aged 15-49 years of age with herpes simplex virus type 2 infection. Prevalences
are the percentage of infected people in the age- sex- and region-specific population. Regions are World Health Organization definitions. Global estimates are

presented in Table 1.

Bull World Health Organ 2020;98:315-329| doi: http://dx.doi.org/10.2471/BLT.19.237149

319



Charlotte James et al.

Herpes simplex virus infection prevalence and incidence

Research

wins skeme Jou op siaquuny “uoiendod dypads-uoibal pue -xas -abe ayy ul ajdoad pa1dajul Jo abeusdiad ayi ale Sadus|eAdld “uoidajul | 3dA1 snuia xajduils sadiay [e1o yim bul

‘SUOHUY3P UoeziueblO Y3|eaH PHOA 218 suoibiay Buipunol 03 anp s[e103 a3 01 A1oexe

9|doad Jo Jaqunu PaleWwIsd 9107 Jeak AU 24 SISGUINN SIION

“(92usjeraid abejuadiad JO | 9656) SUOI||IW Ul 9|doad pa1dajul JO 'OU [e101 31 JO | %S6 «
“uoneziuebiQ YijeaH pUOA OHAM {[eAISIUL AuleLISDUN 1IN

(L'€9-T'SS) 9 LESL—L VbS] @19 0291 (729 LTSI (S29)ST9L /9689l (5£9)S68L (SL9)¥/0C (#£9) L't0c (€49 9'10C (059) 8207 (149 ¥/8l  (0L0) LT [e10]

o/~ ms 0'88-0'10¢ 099975y (S10595  (S1A8€S  (SLAVIY  (S1)€eS  (S1HS00  WLLHSer (109t (969 €Ly (€79 LLs 849 1L 2UDed WIS

(6'€9-1'65) ¥'815-€6Ly @9 ev0s QL9 L8 (9L9STy (995 (9/90€S (949595 (979 £65 (529979 (£99)1'€9 (6190795  (S£8)9S BISY 1523-4IN0S

(1'9y—0'SE) L¥E1-T 201 oy L'ZLL (L€9) 651 (FT9)o9l  (809)LSL (68Y)8SL (99K 0SL OV szl on¥ol (€ ¥e (0T L 62) m adoing

ueaURLRNPIN

(8°08-L'L¥) €£EC-90CL (§€9) 998l  (L64)TEL (96/) 8SL (€64) 061 (88/) L'te (082) 8°€C 99/ €€t (EvHTer (899) 81T (96¥)9LL (6'07) 89 uJolsey

(C¥E-560) ¥0TL-8€0L 6le)eeil WSk oel Eer) vel (Cen) €l (€or) €l (€8€) €l (£se) el ©O€9vel 0L L6 (cL1)66 (19 L1 sedlswy

(0'16-1'08) L ¥0—6'9S€ (9/8) 063¢  (€£6) S9L (€16) L'LC (€6)¥v9r  (€16)0CE  (€L6)€Le  (€L6) €€y (CL6)S0S  (696) §8G  (L'€6) 19 (679) 0'6€ eI}y

dle

(C69-8'65) 966815 L¥91 (199) S9L8L  (L¥4) 699l  ®€N¥ELL (e L6LL  (SEL) L66L  (9€L) 8 (8C4)950C (CTL) o (€69) 5107 (009) 078l (6'47) 688 [e10L

(908-8'15) 6'£15-LTEE Bv/) ¥ 08y  (918)6C9 (9°18) 6'85 (918)£05  (918)895 (G189 Lq@ F18) €ls (608 ¥er (L8607  (C£9)9°S€E (0s8) €61 JY1Ded UIo1SSAN

(0%9-€'65) §'S87— 67 (€9 suy (979 99¢ 91901y (929657 (929 £0S 929 ¢ m (929 7sSs  (5£9) m LS (L9 SLS (619 FLS (§L9) & mm eIsy 1se3-yinos

(6€L~V¥Y) 80LC-99CL (909) I (0ey)0ee (L) cee (€L cee (902) S (969) & (089) & (959) 6 (189 ecl  (L'an v (@A) adoing

ueaURLAPIN

(£08-6'07) 60C¢—0CLL (€€9)gesl  (L6L)8LL 96/)0FL (€en)vLl  (884)90c (080Cte  ©9)61C  (€¥A)8LlT (899900 (96) L9l (6°00) 9 ulolsey

Qor-rse) oorL-8LeL (86)80¢€L (619 ¥GL (509) 8GL (6'87) €91 ((WAZWACD) (67¥) 79l (€er) sl (€69 vl (G cll (I'L)69 (CrARNS Seslswy

(1'16=9°08) 6:007—81SE (8/8) 798¢ (£/6) €LL (€16) 51T (€26) £L9C (€16) €T (€L6) VL€ (€L6)0er  (CL6)86y  (696) VLS  (£€6)6C9 (6179 6'L¢ SRl

dlewd4

(099-0'65) 8GLLE-CTTEE (9°€9) §°€85€  (£04)98LE (904 6GEE (04 08FE (S04 C68E (S04 €€ty (004) L1207 (£69)0v0F (L'£9) €v0Ov (S89) v'lLE (VL0 O'L8L |elol
sieaf sieaf s1eaf s1eaf sieaf sieaf sieaf sieaf sieaf s1eaf

leyoL 6v—S¥ r-ov 6€-S€ 43113 67-SC yz-0t 6L-SL rL-oL 6—S -0 R

<IN %S6 dnoab abe £q (95 ‘@>udjendsd uonejndod) suoijjiw ui 3jdoad pajrajui Jo ‘oN £q uoiba1 oM

91,07 ‘xs pue abe £q uordajui | 9dA3 snaia xajduus sadiay [eso jo aduajerald ayp o sajewnysa [euoihbal pue jeqojn ‘7 d(qe|

Bull World Health Organ 2020;98:31 5—329' doi: http://dx.doi.org/10.2471/BLT.19.237149

320



Charlotte James et al.

= N P NN
S 0 O X 1 N L 0 ~N N O Wn N O
[ T
===} o I 1 I o I <
o o S2dZS2d SRI2S S
o < o ~ oo O o AN oo ™~
A o | =N O [ QO ! o™ T oo
! - A N Py L N S S L
=) S 1 oo — © S g — ] SOy
™ vV ™ — o o <t V oo oM s
= ~NBHH = =~ AT~ -
~ — o o — Y © — —~wn oo Y o m
— || & Sceeedy Sy
2l NN ®oLn N NN NS
2o S WO ¥ — o SO NN — < o
(o)) ™M — N (@)Y m — ™M (@)}
= = = = = =
v |~ ~N 9O = A = = =i 88 = ==
s | — o0 & O Y Y TN < oy O™
gl oz dh ecdode o
o | Y = — O A O = = M 1 N Q Q
n Vv Vv
<
v —~ —~ — —~ ~ =
s |l ~ NN A~ = —~ 0 N ™M~ = =
@ o | \© — 1 N n Y m — < o Y O O
a>\7\ O N — — O N D~ O ™N — AN O — O
&= eddececedl edcedfece
S ¥|lm Zovooa~N— =2 N~Om®uN
2| 4|8 S © AN Y O — N SN oo oo
=) — o
© S| T v v
(5
- ~
) @
7
l\t =
> 7
b 2
" Sl . TSR - B
= Q| 82 — N Y09 — — o Y oA
H S 2 Scdoccogde SaoadS=
@ SIS~ 2 Y oy M Q - S = = o o=
g\ ;"?Sr; SN AT o — o S ™S MmN O o w
> gn Vv \%
)
o
s o
£ |2
J v
[7) s
S (=} w —_ —_ o~
£ = &8l —~ 0 =5 &~ = = e T
— = 9= — B N ¥ M9 — N oo Yoo
E| v S —— — S o un S — — — O — 9O
P T |2 esecececedy Scecececye
2 [ E|m|© 29 = Ao ® 2 A & N
2 o | 1| SO ™M O — SV MY oSO
2 o = =
3 RS \ \Y
= [
> o
> -
K S nhih < IO
2 | Z|e|l8@ ST TT — ool
£ | 8| S S =23 a = e =2lc =<
om— = o |~ = = == = - = - =
“w |E| 2 L2 yonmmn~NY 2o oMo o
k-1 OQR o N AN Mmoo — ™ SY N O o m
R v v
= ~N
~
S
=
7
e w [ —_~ Y~ Y~/ —_~ Y~ Y~~~ —
o = = =
‘s s | = — Y. O N ¥ O — in oY oo
@ |2 cobceecd@ eerceeev
2 < | E R R 2 = N Y Mmoo
© o vV v
= ~N
v
)
o
v
-
=
N wv
(-] S
° s | = N S N P NP
(<2 — Y 0 ¥ AN O — = g @ g W oy
S D Sdodescs Soooseg
g cle 2 oxxw=—T9O 2 0w~ AoN®
= I_'I..m T © 0 o om s © © o o ol
F4 - Vv Vv
v
f_u
=
S
=)
¢
= s 5
s (5] (]
(-] > [ =
= | 2 e =
= > 9] oy 9] o v
S a2 = 5= = 5 =
ke = bl < C bl < Q
=) () 4+~ (O () 4+~ (O
B V’E %0_ V’E %D_
y [l © ©
° | Sgo S 8L 258Ls
— — O = T =
o =] B ESTCL2oErs2l83LoELT
X o= =S £V =2 02 8 € 0 s 2 0
© o @ ©c 35 O S} Sy ©c 35 O o
= = Frs<fSoa=2PLCL==x<8aoara=L

Bull World Health Organ 2020;98:315-329| doi: http://dx.doi.org/10.2471/BLT.19.237149

? 959% Ul of the total no. of infected people in millions (95% Ul of percentage prevalence).

® Numbers are <50000 > 10000.

¢ Numbers are < 10000.
Notes: Numbers are the year 2016 estimated number of people living with genital herpes simplex virus type 1 infection. Prevalences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum

exactly to the totals due to rounding. Regions are World Health Organization definitions.

Ul: uncertainty interval; WHO: World Health Organization.
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quiring genital infection when a person
commences sexual activity. Our model
fits suggested that in some regions, few
HSV type 1 infections are acquired in
adulthood, resulting in low estimates of
genital HSV type 1 infection. However,
since there were limited data to inform
the model fits, the numbers could be
higher than estimated. Conversely, we
applied a relatively high value to the
proportion of incident HSV type 1 infec-
tions that are genital during adulthood.
Although we pooled this value across
contributing studies, the incidence of
genital HSV type 1 was based on data
from only four longitudinal studies, all
from the USA and in sexually active
populations that may not be represen-
tative of other regions. In addition, the
value was calculated by assuming that
oral and genital HSV type 1 infections
are equally likely to be symptomatic.
The proportion of infections that were
genital may vary across regions due to
variations in the practice of oral sex,
the main route of transmission of HSV
type 1 genital herpes, as well as varia-
tions in the background prevalence of
HSV type 1 infection.” Thus, there is
also potential for overestimation of the
contribution of genital infections to all
HSV type 1 infections. Our sensitivity
analysis showed how genital HSV type 1
infection estimates might change if few-
er people were able to acquire infection.

Third, our infection estimates do
not translate into direct estimates of
symptoms or disease. Of the more than
half a billion people estimated to be gen-
itally infected with either HSV type 1 or
type 2 for example, many infections will
be asymptomatic (or at least, not rec-
ognized as genital herpes), particularly
those due to genital HSV type 1. Even
in the absence of symptoms, infected
people can transmit HSV to sex partners
or neonates and may have a higher risk
of acquiring HIV, as documented for
HSV type 2.7

Fourth, time trends between esti-
mates from different years should be
interpreted cautiously. The estimated
global prevalence of HSV type 2 for 2016
was somewhat higher than for 2012, al-
though not significantly so. In addition,
we used population data for a single year
to make our estimates, but there was a
large overlap in the available data be-
tween estimate years. At the same time,
there were changes in the countries and
types of populations contributing data
between 2012 and 2016. Furthermore,
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by age and sex, 2016
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95% UPP

dence, %) by age

35-39 years

ion inci

(populati

ions

30-34 years

No. of infected people

WHO region by sex

Total
23.9(0.6)

45-49 years

40-44 years

25-29 years

20-24 years

15-19 years

21.0-29.5(0.6-0.8)

24(0.5) 2.1(0.5)

3.9(0.6) 3.2(0.6) 2.7(0.5)

44(0.8)

52(09)

Total

Female
Africa

41-49(1.7-2.1)
22-33(09-14)
0.3-1.5(0.2-0.9)
0.5-2.0(0.2-1.0)

4.6 (2.0)
2.7(1.1)

0.7 (04)

0.1(0.5)
03(0.9)
0.1(04)
0.1(0.5)
0.2(0.5)
0.5 (0.6)
1.3(0.6)

0.2(0.7)

0.3(1.0)
0.3(1.0)
0.1(04)
0.2(0.5)
03(0.5)
04 (0.6)
1.6 (0.6)

05(1.4)

07 (1.9
04(1.2)

1(25)
05(1.3)

1.8 (34)
05(1.4)
0.1(0.4)
0.1(0.5)
05(0.5)
04(0.7)
34(1.2)

09)
0.1(04)
0.1(0.5)
0.3(0.5)
04 (0.6)
14 (0.6)

03

(1.1)
0.1(04)
0.2(0.5)
04 (0.5)
0.5(0.7)
19(07)

04

Americas

0.4)

02(0.5)
04(0.5)
05(0.7)
24(0.8)

0.1

0.4)
0.1(0.5)
04(0.5)
05(0.7)
2.7 (1.0)

0.1

Eastern Mediterranean

Europe

1.0(0.5)
25(0.5)
3.1(0.7)
14.7 (0.8)

1.1-5.2 (0.2-1.0)
2.0-4.6 (0.4-1.0)
124-18.1(0.7-1.0)

South-East Asia
Western Pacific

Total

Male

25-41(1.1-17)

33(14)

0.2 (1.0
0.2(0.5)
<0.1°(0.1)

02(1.1)

03(1.2)
0.2 (0.6)
<0.1°(0.2)

04(13)
0.2 (0.6)
<0.1°(0.2)

05(1.4)
0.2 (0.6)
<0.1°(0.2)

0.7 (1.6)
0.2 (0.6)
<0.1°(0.2)

09(1.7)
0.2 (0.6)
<0.1°(0.2)

Africa

0.9-2.1(0.4-0.9)
0.1-1.3(0.0-0.7)
0.2-1.1(0.1-0.5)

0.7-5.9(0.1-1.1)

1.4 (0.6)
03(0.2)
0.5(0.3)
20(04)

0.2 (0.5)
<0.1°(0.2)

Americas

Eastern Mediterranean

Europe

0.1(0.2)
0.2(04)
0.3(0.3)

0.1(0.2)
0.2(04)
0.2(0.3)

0.1(0.3)
0.3(04)
0.2(0.3)

0.1(0.3)
03(04)

0.1(0.3)
0.3(04)
0.3(0.3)

0.1(0.3)
04 (04)
0.2(04)

0.1(0.3)
04 (04)
0.2 (04)

South-East Asia

0.8-3.6(0.2-0.7)
74-13.6 (04-0.7)

1.7 (0.3)
9.2(0.5)

0.2(0.3)

Western Pacific

Total

1.8 (0.6) 1.6 (0.5) 1.5(0.5) 1.3(0.5) 1.1(04) 1.0 (0.4) 0.9(04)

Ul: uncertainty interval; WHO: World Health Organization.

2 95% Ul of the total no. of infected people in millions (95% Ul of percentage incidence).

® Numbers are < 50000 > 10000.
Notes: Numbers are the estimated number of people newly infected with herpes simplex virus type 2 during 2016. Incidences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum

exactly to the totals due to rounding. Regions are World Health Organization definitions.

Charlotte James et al.

both overall prevalence and numbers
of people infected are a function of the
underlying demography of a region, and
there has been a global shift towards an
ageing population. This shift will in-
crease the overall prevalence of infection
even in the absence of a change in the
force of infection, since HSV infection is
lifelong, as shown by our analysis of age-
standardized prevalence. Time trends
can be investigated in future research
through analyses of study-level data.

Lastly, by restricting the analysis to
those younger than 50 years of age, we
have underestimated the total burden
of infection. Older age groups not only
have highest prevalence of infection,
but likely also contribute an important
burden of disease in terms of continu-
ing recurrences.'” We used this cut-off
because individuals 15-49 years of age is
the most important age group in terms
of risk of sexual transmission and sexual
and reproductive health outcomes, and
because data on HSV prevalence in older
people are limited. Using this age range
also allows us to align our data with
other sexually transmitted infection
estimates produced by WHO, which
are done for individuals 15-49 years
of age'” To explore the potential for
underestimation, we extended the age
range and found that globally for 2016,
4850.1 million and 836.0 million people
aged up to 99 years may have HSV type 1
and type 2 infection, respectively. Our
HSV type 2 estimate is similar to the
956 million (95% UI: 847 million-1087
million) estimated by the 2017 GBD
study, which included older ages.” The
GBD study uses a Bayesian model with
HSV type 2 prevalence data identified
by a basic search string supplemented
by data from our more comprehensive
searches.»'® GBD HSV type 2 infec-
tion estimates were not adjusted for
test underperformance, which tends to
overestimate prevalence.? Differences in
regional groupings will also influence
global totals.

Although not all infections lead to
symptoms, our estimate of more than
half a billion people with genital HSV
infection translates into a large burden
of disease worldwide. Current methods
of prevention against HSV infection,
such as the use of condoms, or antiviral
drugs by the infecting partner, are inad-
equate.”” These estimates for 2016 can
inform the development and subsequent
targeting of interventions to maximize
the impact on morbidity and mortality,

Bull World Health Organ 2020;98:315-329| doi: http://dx.doi.org/10.2471/BLT.19.237149
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especially in low- and middle-income
countries. H
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Résumé

Virus Herpes simplex: estimation de la prévalence et de I'incidence des infections dans le monde, 2016

Objectif Estimer la prévalence et l'incidence, au niveau régional et
mondial, des infections au virus Herpes simplex (HSV) de type 1 et de
type 2 en 2016.

Méthodes Pour nous procurer les données nécessaires, nous avons
entrepris une revue systématique afin d'identifier des études publiées
enao(it 2018 au plus tard. Des ajustements ont été effectués pour tenir
compte de la sensibilité et de la spécificité du dépistage HSV. Pour
chaque région définie par I'Organisation mondiale de la Santé (OMS),
nous avons appliqué un modéle d'incidence constante par groupe de
prévalence en fonction de I'age et du sexe. Notre but était d'estimer la
prévalence et l'incidence des infections a HSV de type 1 et 2. Pour le
HSV de type 1,nous avons répartiles infections selon le site anatomique,
en utilisant des estimations groupées de la proportion d'atteintes orales
et génitales.

Résultats En 2016, environ 491,5 millions de personnes (intervalle
d'incertitude de 95%: 430,4 millions—=610,6 millions) vivaient avec

une infection a HSV de type 2, I'équivalent de 13,2 % de la population
mondiale entre 15 et 49 ans. Nous estimons que 3752,0 millions de
personnes (intervalle d'incertitude de 95%: 3555,5 millions—3854,6
millions) souffraient d'une infection a HSV de type 1a un site quelconque,
ce qui représente une prévalence globale de 66,6% chez les 0-49 ans.
Différentes tendances ont été constatées en fonction de I'age, du sexe
et de la zone géographique, le plus fort taux de prévalence de HSV de
type 2 étant observé chez les femmes de la région Afrique de I'OMS.
Conclusion Pres d'un demi-milliard de personnes présentaient une
infection génitale a HSV de type 2 ou type 1, et plusieurs milliards
avaient une infection orale a HSV de type 1. Des millions de personnes
pourraient également étre plus susceptibles de contracter le virus de
l'immunodéficience humaine (VIH), en particulier les femmes de la
région Afrique de I'OMS qui possédent la plus grande prévalence de
HSV de type 2 et sont davantage exposées au VIH.

Pesiome

Bupyc npocToro repneca: oLeHKa pacnpocTpaHeHHOCTH

Uenb OueHka rnobanbHbIX U pernoHanbHbIX NMokaszatenem
pPacnpoCTpaHeHHOCTN 1 3a601eBaeMOCTN BUPYCOM NMPOCTOro
repneca (HSV) 1-ro v 2-ro Tunos no coctoaHmio Ha 2016 rof,.
Mertopapb! [1na nonyyeHna AaHHbIX Obln NPOBEAEH CUCTEMATUYECKIIA
0030p ¥ BblABNEHbI COOTBETCTBYIOLME MCCNeAOBaHNA BMNAOTb 4O
asrycta 2018 roga. [laHHble OblN CKOPPEKTUPOBAHbI C yYeTOM
YYBCTBUTENBHOCTN U Ccneundukn TectoB Ha HSV. [ina kaxaoro
M3 PEermoHoB Mo KnaccuouKkaumm BcemmpHoi opraHmuzaumm
3apaBooxpaHenmsa (BO3) aBTopbl MpUMEHMN MOAENb MOCTOAHHOM
3ab0n1eBaemMoCTV B OTHOWEHMM 00LWen pacnpoCTpaHeHHOCTH
o MOMly 1 BO3PACTy ANA OLUEHKM PAaCNPOCTPAHEHHOCTU U
3abonesaemocTvi HSV 1-ro n 2-ro Tunos. [Ans HSV 1-ro Tvna asTopsl
pazgenmny MHGUUMPOBAHHBIX MO aHATOMUUYECKOMY YUacCTKy C
MCNOMb30BaHMEM 000BLLEHHBIX OLIEHOK MPOMOPLMIA OPasbHOroO 1
reH1TanbHOro repneca.

Pesynbratbl [10 cocToAHMIO Ha 2016 rof OLEHOUYHOE KOIMYECTBO
NHOMUMPOBaHHbIX HSV 2-ro Tmna coctasuno 491,5 MaH (95%-1
MHTepBan HeonpeaeneHHocTH, VIH: 430,4-610,6 MNH), 4TO COCTaBNAET

1 3a6oneBaemMoCcT B MMPOBOM MacluTabe, 2016

13,2% oT Mm1poBOV MoNynALMM L B Bo3pacTe 15-49 net.l1prmepHo
3752,0 munnnoHa vyenosek (95%-n NH: 3555,5-3854,6 mnH)
6binn MHOULMPOBaHbBI HSV 1-ro TMna B Kakom-n1Mbo 13 y4acTKoB
OpraHmM3ma, Yto 3KBMBANEHTHO KO3bOUUMEHTY rnobanbHoOw
pacnpoCcTpaHeHHOCTN, paBHOMy 66,6% cpefn HaceneHua B
Bo3pacTe o1 040 49 neT. Habnioganvcb pa3nuuva B pacnpegeneHmnm
3a00neBaeMoCTI MO BO3pacTam, Moy 1 reorpaduueckiM permoHam,
npv 3Tom HSV 2-ro Tvna npeobnafan cpeam XeHuwmuH n 8
AdprkaHckom pervioHe BO3.

BbiBoab! [TprvepHO nonmunanapaa Moaen MMeeT reHUTanbHYo
nHbeKumMo HSV 2-ro vnwm 1-ro Tvna, a opanbHyto nHdekymio HSV 1-ro
TVNA UMEET HECKOSIbKO MUIMAPAOB YenoBek. Munavorbl nogen
Takke MOryT ObITb MofBepKeHbI 6omee BbICOKOMY PUCKY 3aparkeHus
BUPYCOM UMMyHOAedMLMTa YenioeKa (BINY), B UaCTHOCTY >KEHLMHBI
13 AbprkaHckoro pervioHa BO3, cpeam KOTopbIX HaboaaeTcs camvibiin
BbICOKM YPOBEHb PAaCNpPOCTPaHeHHOCTV HSV 2-ro Tmna 1 KoTopble
CUnbHee BCero nofgepratorca pucky BY-nHdexymm.

Resumen

Virus del herpes simple: estimaciones de prevalencia e incidencia de la infeccion a nivel mundial, 2016

Objetivo Calcular las estimaciones mundiales y regionales de la
prevalenciay la incidencia de la infeccién por el virus del herpes simple
(VHS) tipo 1y tipo 2 para 2016.

Métodos Se realizd una revision sistemética para identificar los estudios
hasta agosto de 2018 con el fin de obtener datos. Se hicieron ajustes
para tener en cuenta la sensibilidad y la especificidad de la prueba de
VHS. Se aplicé un modelo de incidencia constante para cada regién
de la Organizacion Mundial de la Salud (OMS) con el fin de agrupar la
prevalencia poredad y sexo para estimar la prevalencia y la incidencia de
las infecciones por VHS de los tipos 1y 2. Para el VHS tipo 1, se repartio
la infeccion por sitio anatémico utilizando estimaciones agrupadas de
los porcentajes que eran orales y genitales.

Resultados En 2016, se estima que 491,5 millones de personas (95 %
deintervalo deincertidumbre, Ul:430,4 millones a610,6 millones) vivian

conlainfeccién por el VHS tipo 2, equivalente al 13,2 % de la poblacion
mundial de 15a49afos. Se estima que 3752,0 millones de personas (95
9% Ul:3555,5 millones a 3854,6 millones) tenian la infeccién por VHS tipo
1 sinimportar el lugar, lo que equivale a una prevalencia mundial del
66,6 % en las personas de 0 a49 afos. Se observaron patrones diferentes
segln laedad, el sexoy la region geogréfica, siendo la mayor prevalencia
del VHS tipo 2 entre las mujeres y en la region de Africa de la OMS.
Conclusién Se estima que 500 millones de personas tienen una
infeccion genital conVHS tipo 2 o tipo 1,y varios miles de millones tienen
unainfeccién oral de VHS tipo 1. Millones de personas también pueden
correr un mayor riesgo de contraer el virus de la inmunodeficiencia
humana (VIH), en particular las mujeres de la Region de Africa de la OMS
que tienen la mayor prevalencia del VHS tipo 2 y la mayor exposicion
al VIH.
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