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HiV control programs reduce HiV 
incidence but not HcV incidence 
among people who inject drugs in 
Haiphong, Vietnam
Jean-pierre Molès  1 ✉, Roselyne Vallo  1, pham Minh Khue  2, Duong thi Huong2, 
Khuat thi Hai oanh3, nguyen thi thoa4, Hoang thi Giang2, nham thi tuyet thanh3, 
Vu Hai Vinh5, tuyet Anh Bui thi5, Marianne peries1, Kamyar Arasteh6, catherine Quillet1, 
Jonathan feelemyer6, Laurent Michel  7, Don Des Jarlais6, Didier Laureillard8,9 & 
nicolas nagot1,9

in Vietnam, harm reduction programs to control HiV among people who inject drugs (pWiD) were 
implemented approximately 10 years ago. Since then, the HIV prevalence has declined in this 
population, however, the impact of these programs on the rate of new HIV and Hepatitis C (HCV) 
infections remains unknown as high mortality can exceed the rate of new infections. We evaluated 
HIV and HCV incidences in a cohort of active PWID in HaiPhong in 2014, who were recruited from 
a community-based respondent driven sampling (RDS) survey and followed for 1 year. Only HIV-
negative or HCV-negative participants not on medication assisted treatment (MAT) were eligible. 
HIV/HCV serology was tested at enrollment and at 32- and 64-week follow-up visits. Among 603 RDS 
participants, 250 were enrolled in the cohort, including 199 HIV seronegative and 99 HCV seronegative 
PWID. No HIV seroconversion was reported during the 206 person-years (PY) of follow-up (HIV 
incidence of 0/100PY, one-sided 97.5%CI:0-1.8/100 PY). Eighteen HCV seroconversions were reported 
for an incidence of 19.4/100 PY (95%CI;11.5-30.7). In multivariate analysis, “Injecting more than twice 
daily” was associated with HCV seroconversion with an adjusted odds ratio of 5.8 (95%CI;1.8–18.1). 
In Hai Phong, in a context that demonstrates the effectiveness of HIV control programs, the HCV 
incidence remains high. New strategies such as mass access to HCV treatment should be evaluated in 
order to tackle HCV transmission among PWID.

People who inject drugs (PWID) are at increased risk of blood borne infections. Among these infections, HIV 
and Hepatitis C (HCV) infections remain highly endemic in this high-risk group. The latest meta-analysis by 
Degenhardt et al. estimated that there are 15.6 million PWID worldwide, with an HIV prevalence of 17.8% and an 
HCV prevalence of 52.3%. The authors mentioned that the quality of the data from low/middle income countries 
are disparate and scarce1.

In Vietnam, among the estimated 220,000 PWID in 2013, HIV prevalence ranged from 10 to 45% in different 
provinces2. Beginning in 2015, the country modified its legal and policy framework with support from inter-
national agencies (Global Fund to fight AIDS, tuberculosis and Malaria, President’s Emergency Plan for AIDS 
Relief) toward more evidence-based programs, including harm reduction through widespread needle and syringe 
provision (NSP), medication assisted treatment (MAT) and an increasing number of outpatient clinics for HIV 
care3. Both large scale access to sterile needles and syringes4,5 and MAT6–8 have proved efficacious in reducing 

1Pathogenesis and control of chronic infections, Inserm, Etablissement Français du Sang, University of Montpellier, 
Montpellier, France. 2Hai Phong University of Medicine and Pharmacy, Faculty of Public Health, Hai Phong, Vietnam. 
3Supporting Community Development Initiatives, Hanoi, Vietnam. 4Haiphong Provincial AIDS Center, Hai Phong, 
Vietnam. 5Infectious Diseases Department, Viet Tiep Hospital, Hai Phong, Vietnam. 6College of Global Public Health, 
New York University, New York, USA. 7CESP/Inserm U1018, Pierre Nicole Centre, French Red Cross, Paris, France. 
8Infectious Diseases Department, Caremeau University Hospital, Nîmes, France. 9These authors contributed equally: 
Didier Laureillard and Nicolas Nagot. ✉e-mail: jean-pierre.moles@inserm.fr

open

https://doi.org/10.1038/s41598-020-63990-w
http://orcid.org/0000-0002-6863-6350
http://orcid.org/0000-0002-2447-6754
http://orcid.org/0000-0003-2974-3484
http://orcid.org/0000-0002-2000-7838
mailto:jean-pierre.moles@inserm.fr
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-020-63990-w&domain=pdf


2Scientific RepoRtS |         (2020) 10:6999  | https://doi.org/10.1038/s41598-020-63990-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

HIV incidence. In most of Europe and in some North American settings such as New York City and British 
Columbia, these interventions, along with intensive HIV care, significantly reduced HIV transmission among 
PWID9.

While significant effort has been put forth to tackle HIV infection among PWID, the HCV epidemic has been 
comparatively neglected. Among PWID in Vietnam, HCV sero-prevalence (people who have been infected may 
clear the virus naturally but not the antibody response) ranged from 31% to 97% in different areas of the country 
in 201510–14. In 2015; Clatts et al. confirmed the very active dynamics of HCV infection within PWID in Hanoi. 
They recruited 179 young male self-reporting heroin injectors and reported a HCV prevalence of 46% and an 
incidence of 23.4/100 person-years (PY) (95%CI: 11.65–41.78); however, there was only 47 PY of follow-up and 
64% of participants were lost-to-follow up at 16 months, making these findings difficult to generalize15. The recent 
evaluation of harm reduction programs on HCV incidence concluded that MAT alone has a strong impact but 
it was unclear if NSP had the same impact16. For example, British Columbia showed a marked decline in HCV 
incidence from 25% in 1999 to 4.9% in 2012 but residual HCV transmission remained unacceptably high17.

Hai Phong is a city of 2 million inhabitants with about 10,000 PWID, 13 methadone clinics and 12 outpa-
tient HIV clinics in operation in 2014. Syringes and needles are available mainly in private pharmacies, but also 
through peer-groups. Hai Phong was chosen as a model city to evaluate whether programmatic interventions 
which proved successful for eliminating HIV transmission among PWID in high income countries could be 
adapted to low/middle income countries.

In order to assess the feasibility of implementing such a research program, in 2014, we conducted a respond-
ent driven sampling (RDS) study among active heroin injectors18. In this context, we reported that both the 
HCV-antibody prevalence (66%) and HIV prevalence (25%) were high18. However, it was important to estimate 
the current rate of new HIV and HCV infections among PWID, and to identify the PWID profiles and behaviors 
associated with new infections in order to gain insight on the local routes of transmission and tailor prevention 
activities based on these behaviors.

Results
Study population characteristics. Out of the 603 RDS participants who reported using injection drugs, 
had recent skin marks of injection and had an injectable drug detected in urine, 384 met the cohort inclusion cri-
teria (not being on MAT and having a life compatible with the study visit schedule, for more details see M&M sec-
tion) and 250 were recruited (Fig. 1). All were injecting heroin; only 1 was injecting methamphetamine. Among 
the 250 cohort participants, 204 PWID had HIV negative and/or HCV negative serology at baseline and were 

Figure 1. Study flow chart.
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used to assemble the HIV negative group (n = 199) and the HCV negative group (n = 99) for follow-up. Their 
characteristics are presented in Table 1. Overall, the two groups presented very similar characteristics with a 
median age of 36 years and 5–6 years of injection history. The majority of the participants injected more than 2 
times a day, and a quarter of them had smoked methamphetamine in the previous 3 months. They reported low 
rates of needle and syringe sharing.

Of note, the participants enrolled in these follow-up studies had similar characteristics to the RDS participants 
who were not enrolled (n = 399), with the exception of age (median: 37 years [IQR: 30;44] vs 35[30;41] respec-
tively, p = 0.02), age at first injection (median: 29 years [Interquartile range (IQR): 24;37] vs 24 years [IQR: 21;31] 
respectively, p < 0.001) and having a child (52% vs 65%, p = 0.004) (Table 2).

Cohort follow-up. The retention rate after 64 weeks in the HIV-negative and the HCV-negative cohorts were 
78% and 81%, giving a total of 212 PY and 108 PY, respectively (Fig. 1). Overall, 715 visits were completed out of 
the 816 visits planned (88%). The main reasons for missing data/loss to follow up among the study participants 
were similar in the two cohorts: having been sentenced to a prison term (n = 20 and n = 8, respectively), having 
moved out of Hai Phong (n = 16 and n = 7, respectively) and death (n = 4 and n = 2, respectively, including 2 
suicides and 1 overdose). Only 3 participants withdrew from the study, one from the HIV-negative cohort and 2 
from the HCV-negative cohort.

HIV negative n = 199
HCV negative 
n = 99

Sex (Male) 179(89.9%) 89(89.9%)

Age (median [IQR]) 37[30–45] 36[30–43]

School

Never been to school 2(1.0%)* 0(0%)

Grade 1 to 5 20(10.1%) 7(7.1%)

Grade 6 to 9 93(47.2%) 43(43.4%)

Grade 10 to 12 73(37.1%) 42(42.4%)

Above grade 12 9(4.6%) 7(7.1%)

Marital status

Single 61(30.6%) 25(25.3%)

Legally married or had wedding 70(35.2%) 38(38.4%)

Living couple without marriage 4(2.0%) 1(1.0%)

Divorced/separated 60(30.2%) 34(34.3%)

Widowed 4(2.0%) 1(1.0%)

Having a medical insurance at RDS 35(17.6%) 17(17.2%)

Having ever been arrested 127(63.8%) 63(63.6%)

Number of years of injection¥ 6[2–12] 5[1–9]

Age at first injection

<18 years old 7(3.5%) 0(0.0%)

18–29 95(47.7%) 43(43.4%)

30–39 60(30.2%) 39(39.4%)

>=40 years old 37(18.6%) 17(17.2%)

Number of injections during the last month 90[60–90] 78[60–90]

Use of non-injecting drug in the last 3 months

- heroin 6(3.0%) 5(5.1%)

- ecstasy 4(2.0%) 3(3.0%)

- ketamine 3(1.5%) 0(0%)

- methamphetamine 56(28.1%) 27(27.3%)

Injection with needle/syringe used by some else 7(3.5%) 2(2.0%)

Number of sexual partners in the last 3 months 1[1–4]‡ 1[1–4]†

Having at-risk sexual behaviors with the casual partner (no use of condom) 4(2.0%) 1(1.0%)

Men who have sex with men (last 3 months) 19(9.6%) 12(12.1%)

Female commercial sex work (last 3 months) 17(8.5%) 9(9.1%)

HIV-positive serology 5(5.1%)

HCV-positive serology 105(52.8%)

Detectable HCV viral load among HCV-positive serology 86(82.7%)¥

Median HCV viral load (cp/ml) 158,500[27,100–663,000]

Table 1. Baseline characteristics among PWID cohort participant in Hai Phong. Data are median (IQR), or 
%(n). *2 missing values, ¥1 missing value, ‡n = 103; †n = 55. Note that all but 5 of the HCV seronegatives were 
also HIV seronegative and contributed to both the HIV and HCV incidence analyses.
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HIV and HCV incidence. No participant seroconverted for HIV during the follow-up period, giving an 
estimated HIV incidence ranging between 0 and 1.8/100PY (97.5% one-sided CI).

Eighteen HCV seroconversions were detected during follow-up, including 13 during the first eight months, 
giving an overall HCV incidence of 19.4/100PY (95%CI: 11.5–30.7). HCV incidence was similar among Female 
Sex Worker (FSW)/PWID and Men having Sex with Men (MSM)/PWID and the other PWID (22.3/100PY 
(95%CI: 2.7–80.4), 22.0/100PY (95%:4.5–64.4), 18.6/100PY (95%CI: 9.9–31.8) respectively).

Risk factors for HCV seroconversion. In bivariate analysis (Table 3), factors inversely associated with 
HCV seroconversion included “Use of methamphetamine” and “Use of non-injectable drugs other than meth-
amphetamine.” Factors directly associated with HCV seroconversion were “Injecting more 60 times per month”, 
“Having a primary sexual partner who previously injected drugs”, and “Having been arrested at least once during 
the at-risk period”. These five variables were included as possible confounders in the multivariate model (Table 3) 
and the variable “Number of injections per month”, i.e. participants who injecting more than twice a day versus 
the participants who injected less than twice a day, remained positively associated with HCV seroconversion with 
an adjusted odds ratio of 5.8 (95%:1.8;18.1).

Of note, there was a relatively high odd ratio for “Having been arrested during the at-risk period” with HCV 
incidence in bivariate analysis (OR = 4.6). This association was not significant in either univariate or multivariable 
analysis but the power was low due to small numbers (n = 6 subjects arrested).

Discussion
This observational cohort study provides an in-depth studies of HIV and HCV incidence rates among active 
PWID in Hai Phong, Vietnam. We implemented a unique cohort of high-risk and difficult-to-reach PWID not 
engaged in care, and achieved a very high rate of follow-up (80%), contrasting with most similar reports in the 
region15. The participants of this cohort were active PWID who had not experience a stay in closed settings 
during the follow-up. We report a low HIV incidence (between 0 and 1.8/100 PY) contrasting with a very high 
rate of new HCV seroconversions (19.4/100 PY). The difference between HIV and HCV incidence, while both 
HIV-negative and HCV-negative participants received harm reduction programs delivered by trained and expe-
rienced peers, raises questions on the injection practices which allow HCV but not HIV infection (particularly 
given the highly efficient nature of blood borne HCV transmission).

Hai Phong has consistently reported the highest HIV prevalence in Vietnam but a steady decrease has been 
observed since 20062. The low current HIV incidence among PWID confirms that the HIV epidemic among 
PWID is declining. The latest HIV incidence study in the country was done between 2005 and 2007 in another 
province, Thai Nguyen, at a time when no dedicated HIV control program had been implemented. That study 
reported an incidence rate of 5.2/100 PY (95%CI: 3.5–7.6) in a similarly active PWID population19. All in all, HIV 
circulate but at a low level among PWID, likely as a result of (i) a successful harm reduction programs (access 
to methadone, needles, syringes, counselling by peers and community-based organizations), supported by the 
low frequency of syringe sharing reported in this cohort (Table 1) and by a recent qualitative study20; and (ii) the 
access to universal ART which started in 2010; our data showed that 60% of the HIV positive PWID were under 
treatment in 2015. With the estimated HIV prevalence was 25% in 2015, the risk of transmission persists in the 
PWID community through HIV-infected individuals not taking or failing on ART and the remaining sharing 
practice.

The HCV prevalence in Vietnam and within PWID populations in Vietnam has been described in various 
reports14,21–23. In Hai Phong, Ishizaki et al. reported a HCV prevalence varying from 62.1% in 2007, to 42.7% in 
2008, and to 58.4% in 2012 among PWID recruited in drug rehabilitation center and not treated for HBV, HCV 
and HIV24. A single study reported an HCV incidence of 23.3/100PY (95%CI: 11.65–41.78) in 2006, similar to the 
HCV incidence documented for our study12. At that time, harm reduction programs were about to start but 10 
years later, HCV incidence and prevalence remained the same in Hai Phong although the context evolved towards 
much safer injection practices. After adjusting for confounders in multivariable analysis, only the frequency of 
injection (above 2 injections per day) was significantly and strongly associated with HCV seroconversion, sug-
gesting the risk is related to injection practices. The risk of transmission through injection equipment is limited 
due to minimal paraphernalia (syringe and sterile water solution or injectable anesthetic solution -Novocain 
solution is also used locally for this purpose) used to prepare the injecting drug solution. Indeed, the purity of 
heroin in Vietnam is very high and does not require heating and filtering before using, but simply diluting with 

Follow up cohorts  
Baseline N = 204

Population not 
selected N = 399

P value (Chi square 
test or median test)

Sex: Male 183(90%) 359(90%) 0.9

Age 37[30–44] 35[30–41] 0.02

School:<grade 9 vs > 119(59%) 226(57%) 0.6

Marital status: legally married or in couple 75(37%) 128(32%) 0.3

Having a medical insurance 37(18%) 68(17%) 0.7

having a child 132(65%) 209(52%) 0.004

Age at first injection 29[24–37] 24[21–31] >0.001

Table 2. Comparison of the characteristics of the PWID enrolled in the HIV and HCV seronegative cohorts 
versus those not enrolled in the cohorts.
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sterile water before a straight venous injection. However, the knowledge of any viral transmission risk through 
dirty diluent is uncommon within this PWID community25,26 and many PWID reuse their syringe after rinsing 
which can contaminate the leftover diluent. Novocain solution sharing could likely represent an additional route 
of transmission of HCV but this hypothesis requires further investigation. Other known factors such as “Injection 
with syringes already used by someone else” were not associated with HCV seroconversion, but this could be due 
to under reporting of this behavior by PWID as a result of social desirability bias25. As noted above, we cannot 
exclude that police arrest was a risk factor for HCV, independent of the frequency of sharing. The frequent syringe 
sharing in prison might be an explanation, in Vietnam as in other places27. Of note, the current model did not 
include the variable “initiating MAT” because this variable is linked to the variable “number of injection per 
month”. It is noteworthy that if we interchanged the variables, the OR for “initiating MAT”in the new model is 
of 6.3 (1.8–29.1), p = 0.001. The identification of the main cause of infection is important to tailor peer-led edu-
cation activities for both primary and secondary prevention. When the new antiviral HCV treatments become 
available in Vietnam, reducing the reinfection rate after cure will be a priority in areas with high background 
incidence28. Without a combined efficacious harm reduction and therapeutic interventions, the reinfection rate 
could still be high in such a high incidence context29, as already observed in large cohort from British Columbia 
in 201830.

Taken together, we reported herein different rates of transmission of HIV and HCV. There are several possible 
reasons for this. At first, it is well known that a syringe contaminated with HCV has a 5 to 20 higher infectivity 
than the one contaminated with HIV31. Another explanation may result from the adoption of safer injection 
practices after the disclosure of HIV seropositivity. This hypothesis was supported by peers’ declarations sub-
stantiating that HIV-positive PWID never share their syringes. To date, the impact of needle exchange programs 
on HCV transmission among PWID remains unclear; a recent meta-analysis by Platt et al. reported a protective 
association between NSP and HCV incidence in Europe (relative risk (RR): 0.24 (0.09–0.62)) but not in North 
America (RR: 1.25 (0.63–2.46))16. Our data are more similar to those reported in North America. They also 
reported a clear protective effect of MAT on HCV incidence (RR: 0.51 (0.40–0.63) but our study cannot evaluate 
this association as too few of the participants were on MAT.

This study has several limitations. The representativeness of the cohort is limited because the main objective 
of the study was to demonstrate the feasibility of an interventional study among PWID in Hai Phong city rather 
than studying a representative sample of PWID. More precisely, the study population did not include PWID who 
experienced a stay in closed settings such as rehabilitation centers or prison. Indeed, the proportion of loss to 
follow-up related to these situations represented half of the total loss to follow-up. The current duration of incar-
ceration are superior to 1 year, which make impossible to recapture them as per the design of the study. Sensitive 
analysis were not include to overcome this bias because data on HIV transmission in Vietnamese close setting 
are not available. The conclusion we draw from the observations reported herein applied to PWID not being 
incarcerated and not to the general PWID population of this city. Furthermore, the cohort sampling overrepre-
sented populations that are even more hard-to-reach since they were not engaged in methadone or HIV care. By 

Number of participants in each category Bivariate model 
Crude OR 
(95%CI) P value

No seroconversion 
n = 74

Seroconversion 
n = 18

Sex* (female vs male/transgender) 7(9.5%) 3(16.7%) 1.9(0.3–9.6) 0.40

Age*
<32 years vs > =40 23(31.1%) 6(33.3%) 1.0(0.2–3.7) 0.89

[32;40] vs > =40 21(28.4%) 4(22.2%) 0.7(0.1–3.1)

Having a low school grade (<grade 9)§ 39(52.7%) 10(55.6%) 1.1(0.4–3.2) 0.83

Being in couple/married§ 31(41.9%) 6(33.3%) 0.7(0.2–2.0) 0.51

Having a medical insurance* 12(16.2%) 4(22.2%) 1.5(0.3–5.9) 0.73

Younger injector (duration of injection ≤2 years)§ 23(31.1%) 8(44.4%) 1.8 (0.6–5.1) 0.29

Inject > = 60 per month§ 23(31.1%) 13(72.2%) 5.9(1.8–18.1) 0.003

Use of methamphetamine§ 47(63.5%) 8(44.4%) 0.5(0.2–1.3) 0.14

Use of non-injectable drugs other than methamphetamine* 23(31.1%) 2(11.1%) 0.3(0.0–1.3) 0.14

Injection with syringes already used by someone else* 1(1.4%) 1(5.6%) 4.2(0.0–341.5) 0.35

Having shared syringe already used by the participant* 12(16.2%) 2(11.1%) 0.6(0.1–3.4) 0.73

Having sexual intercourse§ 53(71.6%) 12(66.7%) 0.8(0.3–2.4) 0.68

Sexual activity with the primary partner vs no sexual activity§ 49(66.2%) 10(55.6%) 0.6(0.2–1.8) 0.40

Having a primary sexual partner who previously injected drugs* 3(4.1%) 2(13.3%) 3.5(0.3–34.0) 0.20

Sexual intercourse with sex workers* 6(8.1%) 3(16.7%) 2.2(0.3–12.0) 0.37

Sex work of the participant (male or female)* 10(13.5%) 2(11.1%) 0.8(0.1–4.3) 1.00

Have been arrested at least once during the at-risk period* 3(4.1%) 3(16.7%) 4.6(0.6–38.0) 0.09

Being in methadone treatment during all the at-risk period* 3(4.1%) 2(11.1%) 2.9(0.2–27.7) 0.25

Table 3. Factors associated with HCV seroconversion among PWID in Hai Phong. § normal model; * exact 
model; for exact logistic regression we used exact p value and for standard logistic regression we used p value of 
chi square test. Value in bold were included in the final model.
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doing so, we diverge from the standard RDS procedures and consequently we did not apply RDS adjustments to 
our results. Indeed, they tended to be older and had recently started to inject, but their other characteristics were 
similar as those from the RDS participants. Enrolling older participants may underestimate the actual incidence 
values. The circulation of HCV within the PWID population is evaluated only among sero-negative participants, 
and cannot account for new infections among participants already seropositive. Reporting only seroconversion 
also underestimate the actual HCV incidence value. Risk factors analysis for HCV seroconversion was limited 
and further investigations are required to decipher other HCV risk factors (e.g. sharing of diluents, tattoos, pierc-
ing, smoking pipes). Finally, HCV seroconversion could take place up to 6 months after infection, but this delay 
varies between individual and it is difficult to document without nucleic acid testing.

In Hai Phong where harm reduction and access to ART programs have been implemented for 10 years, HIV 
transmission is likely controlled but transmission of HCV is not. There is now a clear need to implement an HCV 
screening program, to tailor harm reduction programs with a focus on HCV risk, and to develop large access to 
new HCV treatments has become a priority to control the HCV epidemic among PWID32,33.

Methods
Study design. We conducted an observational cohort study, with follow-up visits at week 12, 20, 32 and 
64 (NCT02573948) in accordance with local and international guidelines. The implementation of this cohort 
and its follow-up were done with the direct contribution of local peer support groups of drug users. The study 
was reviewed and approved by the Institutional Review Boards of the Hai Phong University of Medicine and 
Pharmacy (Vietnam) and the Icahn School of Medicine at Mount Sinai (USA).

Study population. We first recruited ‘active’ PWID using a RDS survey in Hai Phong, Vietnam, with the 
following inclusion criteria: reporting using injection drugs and having recent skin marks of injection and having 
an injectable drug detected in urine (heroin or methamphetamine). Details of the RDS phase have been described 
elsewhere18. Briefly, 12 seeds selected by the peers, received 3 coupons. After participating in the study themselves, 
they were asked to distribute the coupons to other PWID who would meet the inclusion criteria and participate 
in the study. Participants received an incentive when enrolled in the study and when they successfully recruited 
new participants. In three weeks, the study recruited 603 PWID. From the RDS survey, we recruited potential 
participants for a 1-year cohort with the following criteria: (i) not being on methadone maintenance therapy, (ii) 
having health status compatible with study visit schedule, (iii) not planning to move out of Hai Phong over the 
next two years, (iv) not being sentenced to an upcoming prison term and (v) having signed in informed consent 
form. Through these inclusion criteria, we wished to target PWID not already engaged in care (either MAT or 
ART) with a view to describe the HIV and HCV incidence among those most at risk, and to estimate the ability 
to engage these participants in care (MAT and/or ART) through peer support, as a pilot of a larger intervention.

Among the RDS participants meeting the above criteria, those being HIV-infected, having an HCV-negative 
serology and belonging to the hardest-to-reach groups i.e. men having sex with men (MSM), female sex worker 
(FSW) and early injectors (EI) were initially prioritized. The cohort was next randomly completed from the 
remaining eligible participants until we reached 250 participants. A specific consent form was signed by these 
participants. In the present work, we consider only HIV-negative and/or HCV-negative serology PWID enrolled 
in the cohort (Fig. 1). The cohort study started 7 weeks after the end of the RDS, baseline characteristics were 
those of the RDS.

Study site and follow-up visits. The study took place in the office of a major peer support group in Hai 
Phong. PWID were individually followed by peers who scheduled the visits, called the participants for their 
follow-up visit on the day before the visit, and called them as well the day after a missed appointment. Home visits 
were conducted when appropriate.

At each visit in the study site, a standardized questionnaire was administered by a trained interviewer. This 
questionnaire addressed issues on participant’s drug use, sexual behaviors, medical and administration-related 
events (arrests, etc.). At baseline, weeks 32 and 64, drug tests were administered to detect drugs in urine 
(Drug-screen Multi 7 A card, Nal von Minden, Moers, Germany). HIV and HCV serology were repeated at the 
same visit. HIV testing using Determine™ HIV-1/2 (Alere™, Waltham, USA) rapid test. HIV confirmation was 
done using Bioline HIV1/2 3.0 rapid test (Standard Diagnostics Inc., Gyeonggi-do, Republic of Korea) plus the 
MUREX HIV Ag/Ab Combination test (Diasorin, Saluggia, Italy). HCV serology using either SD HCV ELISA 3.0 
or SD Bioline HCV rapid test (Standard Diagnostics Inc., Gyeonggi-do, Republic of Korea). Plasma HCV RNA 
was quantitated after nucleic acid extraction using the ExiPrep™ Dx Viral DNA/RNA kit and HCV amplification 
using the AccuPower® HCV Quantitative RT-PCR Kit on the ExiStation™ Molecular Diagnostic System (Bioneer 
Corporation, Daejeon, Republic of Korea).

During the cohort study, the participants benefited from various activities including free registration to the 
national health insurance system, peer support to facilitate access to the national medication assisted (metha-
done) treatment, antiretroviral therapy for HIV-positive participants, HIV/HCV counseling and access to HBV 
vaccination. They received 150,000 Vietnamese dong (US$ 7.50) at each visit as compensation for their time and 
travel costs.

Data collection and data analyses. The data were collected through electronic case report forms on tablet 
computers.

Baseline participant characteristics were presented using number and percentage for categorical data; and 
median and interquartile range (IQR) for quantitative variables.

For HIV and HCV incidence estimation, we assumed that the infection occurred at midpoint between the 
last negative test and the first positive test. The incidence was then defined by the total number of new infections 
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that occurred between the RDS and the final visit, divided by the quantity of follow-up (in person-years) during 
the at-risk period. Only participants with two test results were included in these analysis. They could have a 
follow-up time quantity of 32-weeks if lost to follow-up after the second visit or a time of 64-weeks if they com-
pleted the 64-week follow-up, whether they attended or did not the 32-week visit. We expressed the result with a 
two-sided 95% Poisson confidence interval (CI) for HCV, and one-sided 97.5% Poisson CI for HIV incidence. All 
the remaining statistical tests were two-tailed with alpha set at 5%.

The use of methadone or methamphetamine was determined by either a positive urine test or self-report in 
the interview.

All explanatory variables repeated over time through intermediate visits (W12, W20) were summarized in 
order to have one value for the at-risk period. For categorical variables, the ‘most-at-risk’ value was attributed to 
the considered follow-up period. For the quantitative variable such as age, we have created three categories using 
tercile range; for the number of injections per month, we created two categories.

We analyzed the risk factors for HCV seroconversion using classic and exact logistic regression models. All 
summarized variables associated with HCV seroconversion with a p value < 0.25 in bivariate analysis were con-
sidered as potential confounders and were included in the multivariable model. We used backward selection of 
the variables.

All statistical analyses were done with SAS software (Version 9.4 for Windows; Copyright© [2016] SAS 
Institute Inc.) and STATA software (version 11 for Windows; Copyright© [1984–2009]StataCorp).

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request. Because the data include very sensitive health information, e.g., HIV status; 
however the data will be de-identified.

Received: 26 March 2019; Accepted: 6 April 2020;
Published: xx xx xxxx

References
 1. Degenhardt, L. et al. Global prevalence of injecting drug use and sociodemographic characteristics and prevalence of HIV, HBV, and 

HCV in people who inject drugs: a multistage systematic review. Lancet Glob. Health 5, e1192–e1207 (2017).
 2. HIV/STI Integrated Biological and Behavioral Surveillance (IBBS) in Vietnam (2014).
 3. Country Profile: Vietnam, https://2006-2009.pepfar.gov/press/75900.htm (2017).
 4. Abdul-Quader, A. S. et al. Effectiveness of structural-level needle/syringe programs to reduce HCV and HIV infection among people 

who inject drugs: a systematic review. AIDS Behav. 17, 2878–2892 (2013).
 5. Aspinall, E. J. et al. Are needle and syringe programmes associated with a reduction in HIV transmission among people who inject 

drugs: a systematic review and meta-analysis. Int. J. Epidemiol. 43, 235–248 (2014).
 6. Des Jarlais, D. C., Paone, D., Friedman, S. R., Peyser, N. & Newman, R. G. Regulating controversial programs for unpopular people: 

methadone maintenance and syringe exchange programs. Am. J. Public Health 85, 1577–1584 (1995).
 7. Joseph, H., Stancliff, S. & Langrod, J. Methadone maintenance treatment (MMT): a review of historical and clinical issues. Mt. Sinai 

J. Med. N. Y. 67, 347–364 (2000).
 8. MacArthur, G. J. et al. Opiate substitution treatment and HIV transmission in people who inject drugs: systematic review and meta-

analysis. BMJ 345, e5945 (2012).
 9. Des Jarlais, D. C., Kerr, T., Carrieri, P., Feelemyer, J. & Arasteh, K. HIV infection among persons who inject drugs: ending old 

epidemics and addressing new outbreaks. AIDS Lond. Engl. 30, 815–826 (2016).
 10. Nguyen, V. T. T., McLaws, M.-L. & Dore, G. J. Prevalence and risk factors for hepatitis C infection in rural north Vietnam. Hepatol. 

Int. 1, 387–393 (2007).
 11. Quan, V. M. et al. Risks for HIV, HBV, and HCV infections among male injection drug users in northern Vietnam: a case-control 

study. AIDS Care 21, 7–16 (2009).
 12. Clatts, M. C., Colón-López, V., Giang, L. M. & Goldsamt, L. A. Prevalence and incidence of HCV infection among Vietnam heroin 

users with recent onset of injection. J. Urban Health Bull. N. Y. Acad. Med. 87, 278–291 (2010).
 13. Sereno, L. et al. Epidemiology, responses, and way forward: the silent epidemic of viral hepatitis and HIV coinfection in Vietnam. J. 

Int. Assoc. Physicians AIDS Care Chic. Ill2002 11, 311–320 (2012).
 14. Zhang, L. et al. Prevalence and correlates of HCV monoinfection and HIV and HCV coinfection among persons who inject drugs 

in Vietnam. Eur. J. Gastroenterol. Hepatol. 27, 550–556 (2015).
 15. Clatts, M. C., Goldsamt, L. A., Giang, L. M. & Yu, G. Sexual practices, partner concurrency and high rates of sexually transmissible 

infections among male sex workers in three cities in Vietnam. Sex. Health 12, 39–47 (2015).
 16. Platt, L. et al. Needle and syringe programmes and opioid substitution therapy for preventing HCV transmission among people who 

inject drugs: findings from a Cochrane Review and meta-analysis. Addict. Abingdon Engl. 113, 545–563 (2018).
 17. Grebely, J. et al. Declining incidence of hepatitis C virus infection among people who inject drugs in a Canadian setting, 1996-2012. 

PloS One 9, e97726 (2014).
 18. Des Jarlais, D. et al. Integrated respondent-driven sampling and peer support for persons who inject drugs in Haiphong, Vietnam: a 

case study with implications for interventions. AIDS Care 28, 1312–1315 (2016).
 19. Quan, V. M. et al. Mortality and HIV transmission among male Vietnamese injection drug users. Addict. Abingdon Engl. 106, 

583–589 (2011).
 20. Ahmed, T., Long, T. N., Huong, P. T. & Stewart, D. E. Drug injecting and HIV risk among injecting drug users in Hai Phong, 

Vietnam: a qualitative analysis. BMC Public Health 15, 32 (2015).
 21. Nadol, P. et al. Findings from integrated behavioral and biologic survey among males who inject drugs (MWID) - Vietnam, 2009-

2010: evidence of the need for an integrated response to HIV, hepatitis B virus, and hepatitis C virus. PloS One 10, e0118304 (2015).
 22. Tanimoto, T. et al. Multiple routes of hepatitis C virus transmission among injection drug users in Hai Phong, Northern Vietnam. J. 

Med. Virol. 82, 1355–1363 (2010).
 23. Dunford, L. et al. Hepatitis C virus in Vietnam: high prevalence of infection in dialysis and multi-transfused patients involving 

diverse and novel virus variants. PloS One 7, e41266 (2012).
 24. Ishizaki, A.et al.Discrepancies in prevalence trends for HIV, hepatitis B virus, and hepatitis C virus in Haiphong, Vietnam from 2007 

to 2012. PLoS ONE 12 (2017).
 25. Midgard, H. et al. HCV epidemiology in high-risk groups and the risk of reinfection. J. Hepatol. 65, S33–45 (2016).

https://doi.org/10.1038/s41598-020-63990-w
https://2006-2009.pepfar.gov/press/75900.htm


8Scientific RepoRtS |         (2020) 10:6999  | https://doi.org/10.1038/s41598-020-63990-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

 26. Kim, A. Y., Onofrey, S. & Church, D. R. An epidemiologic update on hepatitis C infection in persons living with or at risk of HIV 
infection. J. Infect. Dis. 207(Suppl 1), S1–6 (2013).

 27. Jürgens, R., Ball, A. & Verster, A. Interventions to reduce HIV transmission related to injecting drug use in prison. Lancet Infect. Dis. 
9, 57–66 (2009).

 28. Jacobson, I. M. The HCV Treatment Revolution Continues: Resistance Considerations, Pangenotypic Efficacy, and Advances in 
Challenging Populations. Gastroenterol. Hepatol. 12, 1–11 (2016).

 29. Islam, N. et al. Incidence, risk factors, and prevention of hepatitis C reinfection: a population-based cohort study. Lancet 
Gastroenterol. Hepatol. 2, 200–210 (2017).

 30. Rossi, C. et al. Hepatitis C virus reinfection after successful treatment with direct-acting antiviral therapy in a large population-based 
cohort. J. Hepatol. 69, 1007–1014 (2018).

 31. Paintsil, E., He, H., Peters, C., Lindenbach, B. D. & Heimer, R. Survival of Hepatitis C Virus in Syringes: Implication for Transmission 
among Injection Drug Users. J. Infect. Dis. 202, 984–990 (2010).

 32. Ward, Z.et al.Impact of current and scaled-up levels of hepatitis C prevention and treatment interventions for people who inject 
drugs in three UK settings-what is required to achieve the WHO’s HCV elimination targets? Addict. Abingdon Engl. https://doi.
org/10.1111/add.14217 (2018).

 33. Grebely, J., Dore, G. J., Morin, S., Rockstroh, J. K. & Klein, M. B. Elimination of HCV as a public health concern among people who 
inject drugs by 2030 - What will it take to get there? J. Int. AIDS Soc. 20, 22146 (2017).

Acknowledgements
This work was supported by the French “Agence Nationale de Recherche sur le SIDA et les hépatites virales” 
[#12299 & #12353] and US National Institute of Drug Abuse [#P30DA011041 & #R01DA041978]. Expertise 
France funded the HCV viral loads. The funding agencies did not interfere neither with the design of the study 
nor with the interpretation of the results. We are grateful to Provincial Health authorities and Viet Tiep hospital 
direction for their continuous support during the study. We want to specifically acknowledge Dr. Vu Van Cong, 
Pr. Truong Thi Xuan Lien and Pr. F. Barré-Sinoussi (ANRS Vietnam site coordinators) for their help at the early 
stage of the project and their inestimable advices. Composition of DRIVE study team: Vu Van Cong, Nguyen 
Van Dinh, Cao Thi Kim Giang, Nguyen Thanh Hai, Ted Hammet, Hoang Thi Hoa Le, Marie Jauffret Roustide, Le 
Thi Loan, Nguyen Hoang Long, Dang Thi Ly, Nguyen Huu Nhan, Dao Nhat Quyen, Vu Minh Son, Nguyen Thi 
Thanh, Doan Thi Thu, Nguyen Thi Thu.

Author contributions
Study design: J.P.M., N.N., D.L., D.T.H., H.O.K.T., D.D.J.; formal analysis: N.T.T., R.V., M.P., K.A., T.A.B.T.; 
data curation: J.P.M., R.V., M.P.; writing (original draft preparation): J.P.M., N.N., D.L.; writing (review and 
editing): D.D.J., J.F., V.V.H., L.M.; supervision: P.M.K., N.T.T.T.; project administration: H.T.G., C.Q., J.F.; funding 
acquisition: D.D.J., N.N., H.D.T., H.O.K.T.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.-P.M.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-63990-w
https://doi.org/10.1111/add.14217
https://doi.org/10.1111/add.14217
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	HIV control programs reduce HIV incidence but not HCV incidence among people who inject drugs in HaiPhong, Vietnam

	Results

	Study population characteristics. 
	Cohort follow-up. 
	HIV and HCV incidence. 
	Risk factors for HCV seroconversion. 

	Discussion

	Methods

	Study design. 
	Study population. 
	Study site and follow-up visits. 
	Data collection and data analyses. 

	Acknowledgements

	Figure 1 Study flow chart.
	Table 1 Baseline characteristics among PWID cohort participant in Hai Phong.
	Table 2 Comparison of the characteristics of the PWID enrolled in the HIV and HCV seronegative cohorts versus those not enrolled in the cohorts.
	Table 3 Factors associated with HCV seroconversion among PWID in Hai Phong.




