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Abstract

Purpose Genital Herpes Simplex Virus-2 (HSV-2) epidemic is highly active worldwide and can be associated with severe
morbidity and mortality. This study aimed to estimate the prevalence and incidence of HSV-2 infection among a vulnerable
population of active heroin injectors in Hai Phong, Vietnam, and identify associated risk factors.

Method Associations between HSV-2 infection and socio-demographic characteristics and sexual behaviors were explored
in a univariable analysis of seroprevalence. Risk factors were defined using a multivariable Poisson regression accounting
for time of follow-up.

Results HSV-2 seroprevalence at baseline was 20.8% [95%CI: 17.8-22.2] for the 1281 men people who inject drugs
(PWID), and 67.4% [95%CI: 60.1-74.1] for the 184 women PWID. For HSV-2 incidence, we accumulated a follow-up time
of 1156.0 and 85.9 years for men and women, respectively. Standardised incidence rate was 4 [95%CI: 2.2—7.5] and 17.5
[95%CT: 5.7-53.8] infections per 100 person-years for men and women, respectively. Factors independently associated with
HSV-2 seroconversion were HIV and injecting drug use for 5-10 years for men, and declared an uncontrolled HIV viral load
and the use of street methadone.

Conclusion High HSV-2 prevalence and incidence among PWID in Hai Phong point out the burden of sexually transmis-
sible infections in this population. Together these results advocate for a reinforcement of HSV-2 care and prevention in this
population and identify PWID as future beneficiaries of upcoming therapeutic/prophylactic vaccines.

Keywords HSV-2 - Prevalence - Incidence - Injecting drug users - Vulnerable population

Morgana D’Ottavi and Ilenia Scialabba contributed equally and co-
first authors to this work.

Nicolas Nagot and Jean-Pierre Molés contributed equally and co-
senior authors to this work.

P4 Nicolas Nagot 4 CESP UMRI018, Paris Saclay University, French Red Cross,
n-nagot@chu-montpellier.fr Pierre Nicole center, Paris 75005, France

P4 Jean-Pierre Molés 5 Supporting Community Development Initiatives, Viet Nam,
jean-pierre.moles@inserm.fr Hanoi 11513, Vietnam

6 . . .
! Pathogenesis and Control of Chronic and Emerging \S(Zl;](:o]l\](g ?égggl %usb:c Health, New York University, New

Infections, University of Montpellier, INSERM, EFS,
Montpellier 34394, France 7 Pathogenesis and Control of Chronic and Emerging
Infections, University of Montpellier, INSERM, EFS, CHU

Faculty of Public Health, Hai Phong University of Medicine Montpellier, Montpellier 34394, France

and Pharmacy, Hai Phong, Viet Nam 04212, USA
Pathogenesis and Control of Chronic and Emerging
Infections, University of Montpellier, INSERM, EFS, CHU
Nimes, Montpellier 34394, France

Infectious & Tropical Diseases Department, Viet Tiep
Hospital, Viet Nam, Hai Phong 04708, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10096-025-05079-8&domain=pdf&date_stamp=2025-2-20

1120 European Journal of Clinical Microbiology & Infectious Diseases (2025) 44:1119-1127

Introduction

Herpes simplex virus 2 (HSV-2) infection carries a large
burden of morbidity worldwide, with variation according to
population groups and their sexual behaviours. According
to the WHO, an estimated 491.5 million people, or 13.2% of
the world’s population aged 15-49 were HSV-2 seropositive
in 2016 [1]. HSV-2 is the known cause of genital herpes,
but a wide range of complications have also been associated
with and attributed to HSV-2 infection, ranging from geni-
tal ulcer disease [2], meningitis [3], neurological morbidi-
ties [4], cervical cancer [5], and other sexually transmitted
infections (STIs), most notably HIV [2, 6, 7, §, 9, 10, 11].

In 2016 the WHO guidelines for the treatment of Geni-
tal Herpes Simplex Virus highlighted 3 key populations
for HSV-2 treatment and prevention: female sex workers
(FSW), men who have sex with men (MSM), and trans-
gender persons [12]. In 2022, the WHO expanded their
guidelines and included people who inject drugs (PWID)
and people in prisons and other closed settings to their key
populations [13].

PWID are part of key populations for STIs because
injecting drug use is an established risk factor leading to
riskier sexual behaviours [10]. The epidemiology of HSV-2
has been studied among PWID of high-income countries
such as in New York [14], but unlike other key populations,
there is little to no published literature regarding the preva-
lence or incidence of HSV-2 transmission among PWID in
Southeast Asia, nor any characterization of the risk within
this population. This gap needs to be filled as the Southeast
Asian region has the largest concentration of drug users in
the world [15]. Moreover, the efforts to prevent infectious
diseases targeting PWID are currently focused quasi exclu-
sively on harm reduction for injection-related risks [10],
with the exception of self-declared FSW. It is important
to describe the epidemiology of HSV-2 within the PWID
population, especially considering the potential contribu-
tion of HSV-2 infection to HIV acquisition in this popu-
lation, in which HIV infection is highly concentrated and
implicates consequential financial and health burdens at the
global scale [16, 17]. In addition, therapeutic and/or prophy-
lactic vaccines are in the strategic plans of several institu-
tions including NIH or WHO [18, 19], it is thus important to
determine the extent to which this population should benefit
from / be prioritised for these preventive interventions.

The DRug use and Infections in ViEtnam (DRIVE) proj-
ect showed that a mass screening by peers from community
based organizations (CBOs) combined with prevention and
care for HIV could contribute to ending the HIV epidemic
among PWID in Hai Phong, the third largest city in Vietnam
[20, 21]. The study recruited participants by 4 consecutive
respondent driven sampling surveys (RDSS) which allowed

@ Springer

to enrol 70% of the estimated currently active PWID popu-
lation, approximately 5000 persons. We took advantage
of this study to estimate the prevalence and incidence of
HSV-2 and to identify and describe PWID at higher risk for
HSV-2 seroconversion, such that they might receive extra
prevention activities in future screening programs in Hai
Phong, Vietnam.

Materials and methods
Study population and design

The DRIVE project consisted in 5 RDSS: the first in 2014
(DRIVE-IN) which enrolled 603 PWID [22, 23], 2016
(RDSS1,n=1383),2017 (RDSS2, n=1451), 2018 (RDSS3,
n=1445) and 2019 (RDSS4, n=1268). The DRIVE study
recruitment methods have previously been described in
detail [24, 25]. Briefly, each RDSS started with 20 seeds
previously selected by community workers. The seeds char-
acteristics encompassed diversity regarding age, gender
and HIV status. Equilibria were reached after 2 to 3 waves
(median number of wave=9) and homophilies were low for
all major variables [20, 25]. Eligibility criteria for partici-
pation in any RDSS were being aged 18 and over, recent
injection drug use (heroin or methamphetamine positive uri-
nalysis and inspection for recent injection marks), living in
Hai Phong, and ability to provide informed consent. In this
observational sub-study, we included all DRIVE RDSS1
participants, for whom blood samples were stored at -80 °C.
To account for the small number of women PWID, addi-
tional women who were enrolled in the DRIVE-IN RDSS,
RDSS2, or RDSS3 were added and their baseline was the
RDSS of the first HSV-2 serology. Transgender persons
(n=3) were classified as men for the purpose of the analy-
ses. PWID could be recaptured as multiple participations
across surveys and could be ascertained using fingerprint-
ing. Additionally, all HIV positive participants from the first
3 RDSS (n=740), and a sample of HIV negative participants
(enrolled consecutively until completion of the sample size,
n=_890) were invited to participate in a cohort study with
follow-up every 6 months, up to M36.

Data collection

At each visit (either RDSS or cohort follow-up), a structured
interview was administered by a trained interviewer to col-
lect declarative information related to socio-demographic
characteristics, drug injection practices, mental health, drug
and sexual behaviours.
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Blood collection and HSV-2 serology

AtRDSS and follow-up visits, blood samples were collected
in EDTA tubes, and plasma aliquots analysed for HIV/
HCYV serology, HIV viral load in PWID living with HIV,
or stored for future analyses. Blood aliquots from baseline
or the second visit were thawed only once for HSV-2 sero-
logical analysis. In case of multiple recaptures, the blood
sample from the latest visit was tested. HSV-2 serology was
determined using the HSV type 2 IgG ELISA kit (Kalon
biological Ltd, Guildford, UK) following the manufactur-
ers’ recommendations. The kit classified the serology into
negative, undetermined, or positive. We used a conservative
criterion for positivity i.e. all samples identified as positive
and those identified as undetermined at inclusion but which
turn positive at a following visit. As per manufacturer’s rec-
ommendation, a second positive test identifies a primary
infection in progress at the time of the first test.

Statistical analysis

Baseline characteristics were presented as frequencies and
percentages for categorical variables, and as medians and
interquartile ranges (IQR) for continuous variables. Char-
acteristics were stratified by gender, as well as by baseline
HSV-2 serology. Differences in baseline characteristics
according to HSV-2 serology were tested using Pearson’s
Chi-squared test, or Fischer’s Exact test if conditions were
not met, and Wilcoxon’s rank sum test for continuous vari-
ables. For ordinal variables, a chi-square statistic for linear
trend was also calculated.

Global HSV-2 seroprevalence was calculated using
only participants that were tested for HSV-2 at the time of
RDSS1, and adjusted for the sampling design [26]. All sub-
sequent analyses were stratified by gender. Seroprevalence
measures were presented with their 95% Pearson exact con-
fidence intervals (CI).

Incidence data was calculated among HSV-2 seronega-
tive PWID at baseline who had at least one other visit, either
during cohort follow up or at a subsequent RDSS. Time to
infection was defined as mid-time between baseline and an
incident HSV-2 positive serological test. A direct standard-
ization by age group was applied to incidence rate calcula-
tions, using the initial RDSS1 age structure as the reference
population, and to account for differences in participants
that returned versus those that were HSV-2 seronegative at
baseline but were not tested again (compared characteristics
available in Supplementary Table S2). Standardised inci-
dence rates were presented per 100 person-years (PY), with
their 95% Poisson CI.

We identified factors associated with HSV-2 seroconver-
sion, according to the baseline characteristics of participants,

using multivariable Poisson regression accounting for time
of follow-up. Parameter selection was based on results
obtained in a first univariable analysis step (Supplementary
Table S3) and a second backwards stepwise selection, both
using p<0.20 as a threshold. Final models were created
based on the parameter selection and optimization of the
Akaike information criterion (AIC). All multivariable mod-
els were age-adjusted. This was done as an exploratory anal-
ysis and models are highly fitted to the specific data herein.

The threshold for statistical significance was set at
p<0.05. All statistical analyses were carried out using Stata
16.1 (Stata Corp, College Station, Texas).

Results

Of the 1383 PWID included in the first RDSS, we obtained
blood samples for 1364 participants, 83 of whom were
women. An additional 101 women were included from a
previous RDSS done as formative research, the second and
third RDSS (Fig. 1).

The median age of participants was 39 [33—45] years
for men and 35 [30-40] years and women (Supplementary
Table S1). Among men, all had been injecting heroin for at
least 1 year, and a quarter (24.6%) declared over 15 years
of injection. During the last month, the median frequency of
injections was 2 [IQR: 2-3] per day. Among women, 40%
had been injecting heroin for less than 5 years while 12.8%
had been injecting for over 15 years. The median frequency
of injection for women was 3 times per day [IQR: 2-3] over
the last month. Furthermore, 11.9% and 14.3% of men and
women, respectively, reported being treated with metha-
done provided by the national methadone maintenance
treatment program (Supplementary Table S1). Roughly one-
third of included men (29.8%) and women (31.0%) were
HIV seropositive.

HSV-2 Seroprevalence at baseline

Among the 1364 PWID, the sampling design adjusted
HSV-2 seroprevalence was 23.6% [95%CI: 20.5-26.4].
Global HSV-2 seroprevalence increased significantly with
age (p<0.001) (Fig. 2). When stratified by gender, adjusted
HSV-2 seroprevalence was 20.8% [n=1281; 95%CI: 17.8—
23.8] for men and 69.4% [n=83; 95%CI: 37.5-91.0] for
women. Among all women enrolled in this work (N=184),
the HSV-2 seroprevalence was 67.4% [95%CI: 60.1-74.1].
Of note, equilibrium for HSV-2 seropositivity was reached
at the third wave.
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RDSS1; n=1383

1281 Men 184 Women
tested for HSV-2 tested for HSV-2

255 HSV-2 | [Chsviotest | |  124Hsv2
| positive Men . l L positive Women

Additional women from:
DRIVE-IN (n=39),
RDSS2 (n=30),
RDSS3 (n=32)

1026 HSV-2 60 HSV-2
negative Men negative Women

486 Men 43 Women

recaptured at a recaptured at a
cohort visit or cohort visit or
another RDSS another RDSS

HSV-2 test
[ 48 seroconversions ] [ 14 seroconversions ]

Fig. 1 Participant flowchart. Abbreviations: RDSS, Respondent driven sample survey; HSV-2, Herpes simplex virus 2; DRIVE, DRug use and
Infections in ViEtnam

HSV-2 Seroprevalence (%), by gender and by age group

Men,RDS1 only B Women, allRDS B Combined, ROS1 only 100,0
734 72,2
64,4
50,0 373
I Iss,z
27,9
I 29,2
22,0 25,2 l
Y
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|
<25 26t03% 361045 461055 ¥33

Fig.2 HSV-2 seroprevalence at baseline, by gender and by age group. trend<0.0001. Women: p-value for linear trend=0.0739 (p=0.1497
Abbreviations: RDSS, Respondent driven sample survey; HSV-2, with 46-55 & 55+ category combined). Combined: n=3 missing val-
Herpes simplex virus 2. Men: n=3 missing values; p-value for linear ues; p-value for linear trend <0.0001
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Baseline characteristics by HSV-2 serology and
gender

HSV-2 seropositive men tended to be less educated than
seronegative men (Table 1). HIV prevalence, HCV co-
infection, and drug use patterns were similar among HSV-2
seronegative and seropositive men (data not shown).

Seropositive women had higher income than seronega-
tive women with 31.5% versus 15.0%, respectively (p-value
for linear trend=0.033). HSV-2 seropositive women were
equally HIV positive (27.4%) compared to HSV-2 seroneg-
ative women (38.3%; p=0.133) (Table 1).

Seropositive and seronegative PWID declared similar
number of partners, use of condoms, and rates of sex in
exchange for money, as a client or as a sex worker but also
the same proportion of seropositive and seronegative PWID
declared never having sexual intercourse in their lifetime
(Table 1).

Standardised incidence rate for HSV-2
seroconversion

Overall, of the 1086 HSV-2 seronegative PWID at baseline,
about half of the men were recaptured at a cohort follow-up

Table 1 Adjusted socio-demographic characteristics and declared sexual behaviours at baseline, by gender and by HSV-2 serology (in % or med

[IQR])
Characteristics Men (RDS1; n=1281) Women (all; n=184)

HSV-2 neg. HSV-2 pos. p-value HSV-2 neg. HSV-2 pos. p-value

(n=1026) (n=255) (n=60) (n=124)
Age 37 [32-44] 43 [37-48] <0.001*°  32[28-38.5] 35[3141] 0.035°
Education level 0.079%+ 0.24071
None 2.5 4.7 8.3 14.5
Primary or middle 67.1 69.3 78.3 75.0
High school or + 30.4 26.0 13.3 10.5
Marital Status 0.410% 0.115
Single 36.7 32.7 25.0 16.9
Married/cohabitating 36.3 37.0 41.7 33.9
Divorced, or widowed 27.0 30.3 333 492
Is a registered resident of the city 89.8 91.7 0.364" 76.7 62.9 0.062
Has health insurance 25.0 27.6 0.402# 233 21.8 0.812
Monthly income 0.285%% 0.033°7
0to <3 MVND 20.2 26.4 18.3 12.9
3to <6 M VND 458 39.8 41.7 339
6to <9 M VND 21.2 20.9 25.0 21.8
>9M VND 12.8 13.0 15.0 31.5
Sex for money as a source of income 0.9 1.2 0.715"*  31.7 37.9 0.408
Having sexual intercourse ever 55.2 51.8 0.330* 83.3 79.0 0.491
Number of partners 1 0.216%* 0.116
None 52.8 54.0 40.7 44.4
11010 473 45.6 44.1 29.9
More than 10 0.0 0.4 15.3 25.6
Uses condoms during last sexual encounter* 40.9 33.1 0.099" 30.6 31.9 0.879°
Engaged in at-risk sex behaviour *¥'f 66.7 723 0220 898 95.6 0.277%*
Has paid for sex 11 25.7 21.4 0.301 2.0 0.0 0.338*
and has engaged in at-risk behaviour with sex worker(s)®  24.1 10.7 0.140% 0.0 N.A. N.A.
Has received money in exchange for sex ™ ¢ 32 2.3 0.780* 44.0 54.1 0.246
and has engaged in at-risk behaviour with client(s) 38.9 0.0 0.521* 22.7 18.9 0.755*
HIV seropositive 29.2° 3249 0.317 38.3 27.4 0.133
And has viral load > 1000 cp/mL 23.7% 222° 0.788 47.6° 3107 0.233
HCYV seropositive 70.0 ° 73.1° 0.332 65.0 65.3 0.966

Adjustment accounted for RDSS weights. Abbreviations: RDSS, Respondent Driven Sampling Survey; HSV-2, Herpes simplex virus 2; VND,
Viet Nam Dong; HIV, Human immunodeficiency virus; cp/mL, copies per millilitres; HCV, Hepatitis C virus. Tp-value for linear trend, * using
Fischer’s Exact test, 11 in the past 3 months; I composite variable if answered “yes” to has ever smoked meth or has ever injected meth, and
declares smoking or injecting at least once in past month or MET was present in urine. * Frequencies based on those who responded “yes” to
having had sexual intercourse at least once in their lifetime. YAt-risk behaviour defined as either not having used condoms during last sexual
encounter, reporting never or occasionally using condoms; PAt-risk behaviour defined as either not having used condoms during last sexual
encounter, reporting never, occasionally, or almost always using condoms. * 3 missing values, * 6 missing values, ® 4 missing values, ® 2 missing
values, ® 41 missing values, P 1 missing value, * 7 missing values, ® 9 missing values, * 8 missing values, * 5 missing values
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Table 2 Risk factors for HSV-2 seroconversion for men PWID for
whom a second HSV-2 test was performed (N=485)

Characteristic at baseline Crude IRR alRR p-value
[95%CI] [95%CI]

HIV status

Positive 1.9[1.1-3.4] 22 0.010
[1.2-4.0]

Having been injecting

heroine

<5 years Ref. Ref.

5to <10 years 1.7[0.9-34] 24 0.014
[1.2-4.8]

Multivariable model is also adjusted for age and income. Abbre-
viations: HSV-2, Herpes simplex virus 2; PWID, People who inject
drugs; HIV, Human immunodeficiency virus

visit or another RDSS (486/1026), and more than two thirds
of the women (43/60). Recaptured men and women differed
from those that did not return and did not have a second
serologic sample taken (Supplementary Table S2). The
recaptured men were older, had been injecting heroin for
more years and had more health insurance coverage. Fewer
were HIV positive, but among those that were HIV posi-
tive, those that were recaptured were more likely to have
a detectable HIV viral load. Recaptured women were also
older and had higher health insurance coverage. Over-
all, we accumulated a follow-up time of 1156.0 and 85.9
years, and 48 and 14 seroconversions for men and women,
respectively. The raw incidence rate was of 5 new cases per
100PY [95%CI: 3.8—6.4] for both men and women com-
bined, of 4.2/100PY [95%CI: 3.1-5.5] among men and of
16.3/100PY [95%CI: 8.9—27.3] among women. To account
for the younger age of loss-to-follow up and highly hetero-
geneous rate of acquisition across age groups, standardised
incidence rates were calculated; the overall incidence rate
was of 5/100PY [95%CI: 1.4-8.7], of 4/100PY [95%CI:
2.3-7.5] among men and of 17.5/100PY [95%CI: 5.7-53.8]
among women.

There was no newly acquired HIV-infection during
follow-up.

PWID at high risk of HSV-2 seroconversion

Multivariable analysis of HSV-2 seroconversion showed
that PWID men who were HIV positive at baseline had a 2.2
higher incidence rate [95%CI: 1.2-4.0] than those who were
HIV negative, independently of age, income, and injection
duration (Table 2). PWID men that had been injecting for
5-10 years were also 2.4 times more at risk of seroconver-
sion (Table 2).

For women, multivariable analysis put forth reporting
sex for money at baseline as a risk factor for of HSV-2 sero-
conversion, increasing incident HSV-2 risk almost 4-fold,
independently of age and income (Table 3). Furthermore, a
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Table 3 Risk factors for HSV-2 seroconversion for women PWID for
whom a second HSV-2 test was performed (n=37 in the final model,
6 missing values for street methadone, of which 1 also has HIV VL
missing)

Characteristic at baseline Crude IRR [95%CI] p-value
IRR
[95%CI]

Reported sex for money 2.4 3.8[1.0-14.9] 0.057
[0.8-7.0]

HIV status

HIV negative, or HIV positive ~ Ref. Ref.

with viral load < 1000 cp/mL

HIV positive with viral 3.9 9.2 [2.0-43.0] 0.005

load> 1000 cp/mL [1.3-11.6]

Street methadone 0.14 0.041

[0.02-0.92]
Multivariable model is adjusted for age and income. Abbreviations:
HSV-2, Herpes simplex virus 2; PWID, People who inject drugs;
HIV, Human immunodeficiency virus; cp/mL, copies per millilitres

positive HIV status with an uncontrolled viral load (exceed-
ing 1000 cp/mL) was also found to be a major risk factor
of HSV-2 seroconversion (IRR 9.2, [95%CI: 2.0-43.0],
p=0.005), independently of age, income, and reported sex
for money (Table 3). Meanwhile the use of street methadone,
reduced the risk of incident HSV-2 (IRR 0.14, [95%CTI:
0.02-0.92], p=0.041) (Table 3). In a sensitivity analysis,
we added the variable “no sexual activity ever” in the mul-
tivariable models for both men and women (Supplementary
Table S4). This change did not alter the outputs of the final
models, neither in terms of parameter selection nor in the
direction or effect size of observed associations, except for
HIV viral load in the model for women, which is no longer
significantly associated with seroconversion (Supplemen-
tary Table S4).

Discussion

This study proposed a comprehensive epidemiological pic-
ture of HSV-2 among a representative population of PWID
from Hai Phong, Vietnam. Our findings showed high HSV-2
seroprevalence (67.4%; 95%CI: 60.1-74.1) among women,
over 3-fold that observed among men (20.8%; 95%CI:
17.8-23.8). The standardised incidence rate was more than
4-fold higher among women than among men which peaked
at 17.5 per 100PY [95%CI: 5.7-53.8]. These rather unique
observations illustrated the burden of HSV-2 infection and
reflected an active epidemic within this population.

Among men, the HSV-2 prevalence described herein
was similar to the 19.4% [95%CI: 12.1-27.9] previously
reported in the general population in Vietnam, and the
23.6% [95%CI: 20.9-26.3] group-specific seroprevalence
for MSM, MSWs, or transgender persons of for all Asian
countries [27]. The seroprevalence reported herein was also
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comparable to the 22% among PWID in Northern Vietnam
reported by Go et al. [28]. The HSV-2 seroprevalence among
women was comparable to the FSW group-specific serop-
revalence of 62.2% [95%CI: 58.9-65.6] for all Asian coun-
tries [27], as well as the 58.3% and 79% from FSW studies
from the Vietnam-China border and Singapore, respectively
[29, 30]. It was, however, much higher than the estimated
seroprevalence of 8.8% in Hanoi and 30.8% in Ho Chi Minh
City (HCMC) among married women aged 15-69 years in
the general population [31]. CBO members reported that a
vast majority of women PWID in Hai Phong were involved
in sex work (personal communication), which our results
corroborate.

Furthermore, we reported an incidence rate in men PWID
of 4 new infections per 100PY, largely above the 0.5% inci-
dent infections for men in a worldwide meta-analysis, and
the 2.6 per 100PY in healthy adult men — the highest inci-
dence rate reported so far in Asia, from an Indian cohort
study [16, 27]. A quarter of the men PWID with an HSV-2
seronegative test declared to “have been engaged in at-risk
behaviour with sex worker”. Given the HSV-2 prevalence
among Vietnamese FSW and PWID FSW [32, 33], this
high incidence likely stems from these exchanges. The 17.5
per 100PY incidence rate for women PWID (1 in 6) was
consistent with the 21.9 reported for FSW in China [34].
Given that STI never come alone [35], the poor knowledge
of these infections and their current underdiagnoses could
also represent a risk factor explaining such high incidence.
However, this aspect was not addressed in the present study.
Improved epidemiological data and reinforced access to
STIs screening and care among PWID may be a key factor
in controlling incident HSV-2 in the general population in
Vietnam.

Given the route of HSV-2 transmission, a declaration bias
was clearly identified as evidenced by the baseline 48% and
21% of HSV-2 seropositive men and women, respectively,
that declared never having had sexual intercourse in their
lifetime. In addition, 15% of men and 21% of women who
seroconverted also declared no sexual activity in their life-
time at the time of the HSV-2 positive test. Nonetheless, in a
sensitivity analysis we used this misdeclaration as a poten-
tial identifier of persons at-risk of seroconversion, arguing
that this type of disability reflects a more general embarrass-
ment leading to risky sexual behaviour. In the multivariable
regressions done in this sensitivity analysis, misdeclaration
by men was not a potential identifier of seroconversion,
whereas it was for women (IRR 16.4 [95%CI: 3.1-89.4],
p=0.001). To our knowledge, such observation has not been
reported so far, and deserves furthered attention to confirm
this link in other contexts.

FSW clients such as PWID involved in transactional and/
or commercial sex, are likely the bridging population for

STIs transmissions in Vietnam, as already reported in others
countries [32]. In-depth interviews among young people in
HCMC and a study on women in Northern Vietnam both
found a general lack of knowledge regarding STIs symp-
toms, causes, and condom use[35]. Furthermore, women
had a notable passiveness when it came to decision making
for condom use[35]. Overall, most FSW sought treatment
at pharmacies when they noticed symptoms of the genital
tract, but care-seeking behaviours within health facilities
and regularity of HSV-2 testing is hampered by elevated
treatment costs, prejudiced and/or stigmatizing attitudes
of service providers and a concern for confidentiality, and
a lack of information concerning testing services [32, 33].
A strong correlation has also been observed between drug
use and condom slippage/breakage, emphasizing the impor-
tance of proper sexual education among PWID [13]. PWID
have demonstrated high-risk perceptions of HIV, but limited
knowledge or concern for other STIs [10]. Although they
have adopted injection practices that greatly reduce the risk
of HIV transmission, such as HIV positive PWID injecting
last during the back loading injection session (CBO com-
munication), they are not aware of combined risks such
as HSV-2 coinfection. Nevertheless, the recent high anti-
retroviral coverage among PWID contributes to an impor-
tant reduction of this risk, and may explain why we did not
observe any HIV seroconversions among initially HSV-2
seronegative PWID. Prevention measures should encom-
pass risks regarding injection practices, as well as at-risk
sexual behaviours.

Our study has a number of limitations. First, this analysis
used data from RDSS. Though this unique type of sampling
allows recruiting large numbers of persons in hidden key
populations in a short period of time, the obtained sample
may be subject to a selection bias. We believe this bias
was limited in our analysis by correcting for the sampling
design in prevalence calculations and by applying a direct
standardization for age for incidence rate calculations. Sec-
ondly, our results reflect an important declarative bias with
regards to the face-to-face questionnaire and sexual behav-
iours. Although precautions were taken to reduce stigma
during the RDS surveys (implemented within CBO offices,
presence of FSW CBO members), this is an indication that
face-to-face questionnaires may not be the ideal method for
accurately collecting this type of sensitive information, or
may not be sufficient as a stand-alone tool for assessing at-
risk behaviours. Thirdly, we analysed the result of the assay
with a strict definition for HSV-2 seropositivity, as indeter-
minate results were considered negative. Our conclusions
should be subsequently considered as conservative. Finally,
our findings are specific to Vietnam and cannot be extrapo-
lated to other settings as such.

@ Springer



1126 European Journal of Clinical Microbiology & Infectious Diseases (2025) 44:1119-1127
C lusi 3. Corey L, Adams HG, Brown ZA, Holmes KK (1983) Genital her-
onciusion pes simplex virus infections: clinical manifestations, course, and
complications. Ann Intern Med 98:958-972. https://doi.org/10.73
Our findings highlight high prevalence and incidence of 26/0003-4819-98-6-958 . o
HSV-2 infection among PWID in Hai Phong, especiall 4. Berger JR, Houff S (.2008). Neurological complications of herpes
Th g Its plead f it % p y simplex virus type 2 infection. Arch Neurol 65:596-600. https://d
among women. These results plead for sensitization on geni- oi.org/10.1001/archneur.65.5.596
tal herpes among PWID, including the recognition of symp- 5. Smith JS, Herrero R, Bosetti C, Mufioz N, Bosch FX, Eluf-Neto
toms and the reinforcement of care seeking behaviours for J et al (2002) Herpes simplex virus-2 as a human papillomavirus
recurrent herpes episodes, and raise concerns on the burden cofactor in the etiology of invasive cervical cancer. J Natl Cancer
foth STIrpTh’ P lati hould not b lected wh Inst 694:1604—1613. https://doi.org/10.1093/jnci/94.21.1604
ol other i §. 1his pOP}l a 10n‘s ou - not be neg ec'e when 6. Kim ID, Chang HS, Hwang KJ (2012) Herpes simplex virus 2
therapeutic/prophylactic vaccines will become available. infection rate and necessity of screening during pregnancy: a
clinical and seroepidemiologic study. Yonsei Med J 53:401-407.
Supplementary Information The online  version  contains https://doi.org/10.3349/ym;j.2012.53.2.401
supplementary material available at https://doi.org/10.1007/s10096-0 7. Corey L, Wald A (2009) Maternal and neonatal herpes simplex
25-05079-8. virus infections. N Engl J Med 1:361:1376-1385. https://doi.org/
g P g
10.1056/NEJMra0807633
Acknowledgements We thank all study participants. We also warmly ~ 8- Looker KJ, Elmes JAR, Gottlieb SL, Schiffer JT, Vickerman P,
thank the members of the community-based organizations and the Turner KME et al (2017) Effect of HSV-2 infection on subsequent
members of the CDC HaiPhong (Dr. Bui Chien) for their engagement HIV acquisition: an updated systematic review and meta-analy-
during all the study duration and the Hai Phong authorities for their sis. Lancet Infect Dis 17:1303-1316. https://doi.org/10.1016/S14
constant support. We also thank the National Agency for Research on 73—.3099(17)3040§—X )
AIDS, viral hepatitis and emerging infectious diseases (ANRS|MIE) 9~ Phipps W, Saracino M, Magaret A, Selke S, Remington M,
and the US National Institute on Drug Abuse (NIDA) for their finan- Huang M-L et al (201 1) Persistent ger.ut.al herpes simplex VlI'LlS-.Z
cial support. shedding years following the first clinical episode. J Infect Dis
15203:180-187. https://doi.org/10.1093/infdis/jiq035
Author contributions Study design: Molés, Nagot, DesJarlais; formal 10. ]:ézzl;? fg;ggﬁ\’/g?:;ﬁhg;%::ﬁgﬁgbzr;xﬁ;sﬁgﬁicjt(jr?ll 95)
analysis: D’Ottavi, Rapoud, Scialabba, Moles, Nagot; data curation: A National study. Prev Med 126'1057§9p httos://doi orJ/IO 10%6}
Vallo, Moles, Nagot; writing (original draft preparation): D’Ottavi, - omed. 2019 12)1'5779 ' - nps: org/te.
Moles, Nagot; writing (review and editing): DesJarlais, Feelmyer, Vu., J.ypmed. )

. > . 11. an de Perre P, Segondy M, Foulongne V, Ouedraogo A, Konate I,
Michel; Khue, Vallo, Vande Perre supervision: Khue, Thanh, Bouniol, Huraux J-M et al (2008) Herpes simplex virus and HIV-1: Deci-
Laureillard; project administration: Giang, Quillet, Feelmyer; funding . . P P L
acquisition: DesJarlais. Nagot. Duone. Khuat phering viral synergy. Lancet Infect Dis 8:490-497. https://doi.or

qu : » vagot, Luong, Rhuat. 2/10.1016/S1473-3099(08)70181-6

I . . 12. WHO guidelines for the treatment of Genital Herpes Simplex
Data availability The data that support the findings of this study are Virus [Internet]. [cited 2023 9];doi: https://www.who.int/publicat
available from the corresponding author upon reasonable request. ions-detail-redirect/978924154987
13. Consolidated guidelines on HIV Viral hepatitis and STI preven-
Declarations tion, diagnosis, [internet]reatment and care for key populations
[Internet]. [cited 2023 9];doi: https://www.who.int/publications-d
Competing interests The authors declare no competing interests. etall-red1r_ect/9789240052390 .
14. Des Jarlais DC, Arasteh K, McKnight C, Perlman D, Hagan H,
S S etal (2010) Gend d tt in HSV-2 and HIV
Open Access This article is licensed under a Creative Commons inefem;?:n ;nzngg n on)-injeeI:;tienr gagrulgifeiseiﬁligv York Cairzy Sex
Attribution 4.0 International License, which permits use, sharing, adap- Transm Dis 37:637-643. https://doi.org/10.1097/OLQ.0b0 1'3631
tation, distribution and reproduction in any medium or format, as long ’lelabda ’ ' T ’ '
as y‘?“ g1v§ appropriate credlt to the orlgmal author(s) gnd tl}e source, 15. People who inject drugs -- regional estimates [Internet]. [cited
provide a link to t'he Creative Commpns licence, anfi 1n.d1caFe if ghanges 2024 8];doi: https://dataunodc.un.org/dp-drug-use-characteristic
were made. The images or other third party material in this article are s-regional
mcludgd 1p the art1~cle"s Creative Corpmons llcer}ce,‘ unles§ mdlcatgd 16. Looker KJ, Welton NJ, Sabin KM, Dalal S, Vickerman P, Turner
otherwise in a credit line to the material. If material is not included in KME et al (2020) Global and regional estimates of the contribu-
the a15t1c1e’s Creative Commqns licence and your mItended use is nf)t tion of herpes simplex virus type 2 infection to HIV incidence: a
permitted by statutory regulation or exceeds the permitted use, you will population attributable fraction analysis using published epide-
need to obtain permission directly from the copyright holder. To view a miological data. Lancet Infect Dis 20:240-249. htps:/doi.org/10
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. 1016/S1473-3099(19)30470-0
17. Silva S, Ayoub HH, Johnston C, Atun R, Abu-Raddad LJ (2022)
Estimated economic burden of genital herpes and HIV attributable
References to herpes simp.lex virus type 2 infections in 90 low- and middle-
income countries: A modeling study. PLoS Med 19:¢1003938. ht
. . . i ) tps://doi.org/10.1371/journal.pmed.1003938
L. Eemf/s simplex Vl/rfus t[In}:errtle/t(]i [tCl'tlE;ﬁ 2023 9.]’d011' httPS‘/ Iwww.w 18. World Health Organization (2019) WHO preferred product char-
0-Intnews-room/tact-sheets/detal/ herpes-Simplex-virus acteristics for herpes simplex virus vaccines
2. Weiss H (2004) Epidemiology of herpes simplex virus type 19. National Institutes of Health. Strategic Plan for HERPES SIM-

2 infection in the developing world. Herpes J IHMF 11(Suppl
1):24A-35A

@ Springer

PLEX VIRUS Research [Internet] (2016) Integrated respondent-
driven sampling and peer support for persons who inject drugs in


https://doi.org/10.7326/0003-4819-98-6-958
https://doi.org/10.7326/0003-4819-98-6-958
https://doi.org/10.1001/archneur.65.5.596
https://doi.org/10.1001/archneur.65.5.596
https://doi.org/10.1093/jnci/94.21.1604
https://doi.org/10.3349/ymj.2012.53.2.401
https://doi.org/10.3349/ymj.2012.53.2.401
https://doi.org/10.1056/NEJMra0807633
https://doi.org/10.1056/NEJMra0807633
https://doi.org/10.1016/S1473-3099(17)30405-X
https://doi.org/10.1016/S1473-3099(17)30405-X
https://doi.org/10.1093/infdis/jiq035
https://doi.org/10.1016/j.ypmed.2019.105779
https://doi.org/10.1016/j.ypmed.2019.105779
https://doi.org/10.1016/S1473-3099(08)70181-6
https://doi.org/10.1016/S1473-3099(08)70181-6
https://www.who.int/publications-detail-redirect/978924154987
https://www.who.int/publications-detail-redirect/978924154987
https://www.who.int/publications-detail-redirect/9789240052390
https://www.who.int/publications-detail-redirect/9789240052390
https://doi.org/10.1097/OLQ.0b013e3181e1a64a
https://doi.org/10.1097/OLQ.0b013e3181e1a64a
https://dataunodc.un.org/dp-drug-use-characteristics-regional
https://dataunodc.un.org/dp-drug-use-characteristics-regional
https://doi.org/10.1016/S1473-3099(19)30470-0
https://doi.org/10.1016/S1473-3099(19)30470-0
https://doi.org/10.1371/journal.pmed.1003938
https://doi.org/10.1371/journal.pmed.1003938
https://doi.org/10.1007/s10096-025-05079-8
https://doi.org/10.1007/s10096-025-05079-8
http://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/herpes-simplex-virus
https://www.who.int/news-room/fact-sheets/detail/herpes-simplex-virus

European Journal of Clinical Microbiology & Infectious Diseases (2025) 44:1119-1127

1127

20.

21.

22.

23.

24.

25.

26.

27.

Haiphong, Vietnam: a case study with implications for interven-
tions. AIDS Care 28:1312-1315. https://doi.org/10.1080/095401
21.2016.1178698

Des Jarlais D, Khue PM, Feelemyer J, Arasteh K, Thi Huong D,
Thi Hai Oanh K et al (2018) Using dual capture/recapture stud-
ies to estimate the population size of persons who inject drugs
(PWID) in the City of Hai Phong, Vietnam. Drug Alcohol Depend
1:185:106-111. https://doi.org/10.1016/j.drugalcdep.2017.11.03
3

Duong HT, Jarlais DD, Khuat OHT, Arasteh K, Feelemyer J,
Khue PM et al (2018) Risk behaviors for HIV and HCV infection
among people who inject drugs in Hai Phong, Viet Nam, 2014.
AIDS Behav 22:2161-2171. https://doi.org/10.1007/s10461-01
7-1814-6

Molés J-P, Vallo R, Khue PM, Huong DT, Oanh KTH, Thoa NT
et al HIV control programs reduce HIV incidence but not HCV
incidence among people who inject drugs in HaiPhong. Vietnam
Sci Rep 2020 24;10:6999. https://doi.org/10.1038/s41598-020-63
990-w

Des Jarlais DC, Huong DT, Oanh KTH, Feelemyer JP, Arasteh K,
Khue PM et al (2020) Ending an HIV epidemic among persons
who inject drugs in a middle-income country: extremely low HIV
incidence among persons who inject drugs in Hai Phong, Viet
Nam. AIDS Lond Engl 34:2305-2311. https://doi.org/10.1097/Q
AD.0000000000002712

Duong HT, Moles J-P, Pham KM, Vallo R, Hoang GT, Vu VH et
al (2022) A community-based intervention to decrease the preva-
lence of HIV viremia among people who inject drugs in Vietnam.
Lancet Reg Health West Pac 27:100538. https://doi.org/10.1016/j
Janwpc.2022.100538

Heckathorn DD, Semaan S, Broadhead RS, Hughes JJ (2002)
Extensions of Respondent-Driven sampling: A new approach to
the study of injection drug users aged 18-25. AIDS Behav 16:55—
67. https://doi.org/10.1023/A:1014528612685

AlMukdad S, Harfouche M, Wettstein A, Abu-Raddad LJ (2021)
Epidemiology of herpes simplex virus type 2 in Asia: A sys-
tematic review, meta-analysis, and meta-regression. Lancet Reg
Health West Pac 12:100176. https://doi.org/10.1016/j.lanwpc.20
21.100176

Go VF, Frangakis C, Nam LV, Bergenstrom A, Sripaipan T,
Zenilman JM et al (1999) 2006;42:108—-15 High HIV sexual risk
behaviors and sexually transmitted disease prevalence among
injection drug users in Northern Vietnam: implications for a gen-
eralized HIV epidemic. J. Acquir. Immune Defic. Syndr. https://d
0i.0rg/10.1097/01.qai.0000199354.88607.2f

28.

29.

30.

31.

32.

33.

34.

35.

Wang JJ, Zhu ZB, Yang X, Wu J, Wang HB, Feng L et al (2012)
Herpes simplex virus type 2 risks in female sex workers in the
China-Vietnam border County of Hekou. Biomed Environ Sci
BES 25:706-710. https://doi.org/10.3967/0895-3988.2012.06.01
3

Zhu J, Yuan R, Hu D, Zhu ZB, Yang X, Wang N et al [Consecu-
tive cross-sectional survey of prevalence of HIV infection/std
and related factors in Vietnamese female sex workers at a China-
Vietnam border area, 2014-2015]. Zhonghua Liu Xing Bing Xue
Za Zhi Zhonghua Liuxingbingxue Zazhi 2017 10;38:638-642. ht
tps://doi.org/10.3760/cma.j.issn.0254-6450.2017.05.016

Le HV, Schoenbach VJ, Herrero R, Hoang Pham AT, Nguyen HT,
Nguyen TT et al (2009) Herpes simplex virus type-2 seropositiv-
ity among ever married women in South and North Vietnam: a
population-based study. Sex Transm Dis 36:616—620. https://doi.
org/10.1097/OLQ.0b013e3181a8cde4

Nguyen NT, Nguyen HT, Trinh HQ, Mills SJ, Detels R (2009)
Clients of female sex workers as a bridging population in Viet-
nam. AIDS Behav 13:881-891. https://doi.org/10.1007/s10461-0
08-9463-4

Barnabas RV, Celum C (2012) Infectious co-factors in HIV-1
transmission herpes simplex virus type-2 and HIV-1: new insights
and interventions. Curr HIV Res 10:228-237. https://doi.org/10.2
174/157016212800618156

Wang H, Reilly KH, Smith MK, Brown K, Jin X, Xu J et al
(2013) Herpes simplex virus type 2 incidence and associated risk
factors among female sex workers in a high HIV-prevalence area
of China. Int J STD AIDS 24:441-446. https://doi.org/10.1177/0
956462412472800

Horn-Magar C, Lehmann C (2024) [An STI rarely comes alone-
An overview of sexually transmitted infections]. Inn Med Hei-
delb Ger 65:999-1008. https://doi.org/10.1007/s00108-024-0177
5-3

Nguyen HN, Liamputtong P, Murphy G (2006) Knowledge of
contraceptives and sexually transmitted diseases and contracep-
tive practices amongst young people in Ho Chi Minh City, Viet-
nam. Health Care Women Int 27:399—417. https://doi.org/10.108
0/07399330600629542

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3967/0895-3988.2012.06.013
https://doi.org/10.3967/0895-3988.2012.06.013
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.05.016
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.05.016
https://doi.org/10.1097/OLQ.0b013e3181a8cde4
https://doi.org/10.1097/OLQ.0b013e3181a8cde4
https://doi.org/10.1007/s10461-008-9463-4
https://doi.org/10.1007/s10461-008-9463-4
https://doi.org/10.2174/157016212800618156
https://doi.org/10.2174/157016212800618156
https://doi.org/10.1177/0956462412472800
https://doi.org/10.1177/0956462412472800
https://doi.org/10.1007/s00108-024-01775-3
https://doi.org/10.1007/s00108-024-01775-3
https://doi.org/10.1080/07399330600629542
https://doi.org/10.1080/07399330600629542
https://doi.org/10.1080/09540121.2016.1178698
https://doi.org/10.1080/09540121.2016.1178698
https://doi.org/10.1016/j.drugalcdep.2017.11.033
https://doi.org/10.1016/j.drugalcdep.2017.11.033
https://doi.org/10.1007/s10461-017-1814-6
https://doi.org/10.1007/s10461-017-1814-6
https://doi.org/10.1038/s41598-020-63990-w
https://doi.org/10.1038/s41598-020-63990-w
https://doi.org/10.1097/QAD.0000000000002712
https://doi.org/10.1097/QAD.0000000000002712
https://doi.org/10.1016/j.lanwpc.2022.100538
https://doi.org/10.1016/j.lanwpc.2022.100538
https://doi.org/10.1023/A:1014528612685
https://doi.org/10.1016/j.lanwpc.2021.100176
https://doi.org/10.1016/j.lanwpc.2021.100176
https://doi.org/10.1097/01.qai.0000199354.88607.2f
https://doi.org/10.1097/01.qai.0000199354.88607.2f

	﻿High prevalence and incidence of HSV-2 among people who inject drugs in Hai Phong, Vietnam, and risk factors associated with seroconversion
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population and design
	﻿Data collection
	﻿Blood collection and HSV-2 serology
	﻿Statistical analysis

	﻿Results
	﻿HSV-2 Seroprevalence at baseline
	﻿Baseline characteristics by HSV-2 serology and gender
	﻿Standardised incidence rate for HSV-2 seroconversion
	﻿PWID at high risk of HSV-2 seroconversion

	﻿Discussion
	﻿Conclusion
	﻿References


