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Abstract

Background

Measures to effectively expand tracing and testing to identify undiagnosed HIV infections

are significant for the control of HIV/AIDS epidemic among men who have sex with men

(MSM). We piloted a choice-based tracing and testing package aimed at improving partner

tracing, uptake, and yield of HIV testing for sexual partners of newly diagnosed HIV-positive

MSM.

Methods

This package was piloted in the cities of Hangzhou and Ningbo, Zhejiang province, China

from June 2014 to June 2016. The package adopted four modes: couples’ HIV counseling

and testing (CHCT), information assisted partner notification (IAPN), assisted HIV self-test-

ing (HIVST) and patient referral. Data regarding sociodemographic factors and sexual

behaviors between HIV-positive MSM and their sexual partners, as well as tracing and test-

ing outcomes of each mode, were collected.

Results

Among 2,495 newly diagnosed HIV-positive MSM, 446(18%) were enrolled as index cases

(ICs) through two rounds of contact tracing. The ICs disclosed a total of 4,716 sexual part-

ners, of whom 548 (12%) were reachable. The pilot study resulted in a testing uptake of

87% (478/548), and a yield of 16% (74/478) among sexual partners. The generalized linear

mixed model showed that the odds of a reachable sexual partner enrolled via IAPN taking

an HIV test were 290% greater than that of a partner traced via CHCT (95% CI: 1.6, 9.3).

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0232268 June 4, 2020 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Luo M, Hann K, Zhang G, Pan X, Ma Q,

Jiang J, et al. (2020) HIV testing uptake and yield

among sexual partners of HIV-positive men who

have sex with men in Zhejiang Province, China,

2014-2016: A cross-sectional pilot study of a

choice-based partner tracing and testing package.

PLoS ONE 15(6): e0232268. https://doi.org/

10.1371/journal.pone.0232268

Editor: Chongyi Wei, Rutgers School of Public

Health, UNITED STATES

Received: November 2, 2019

Accepted: April 10, 2020

Published: June 4, 2020

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0232268

Copyright: © 2020 Luo et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: The data underlying

this study cannot be publicly shared because the

http://orcid.org/0000-0002-4318-6111
http://orcid.org/0000-0002-4913-6270
https://doi.org/10.1371/journal.pone.0232268
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0232268&domain=pdf&date_stamp=2020-06-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0232268&domain=pdf&date_stamp=2020-06-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0232268&domain=pdf&date_stamp=2020-06-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0232268&domain=pdf&date_stamp=2020-06-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0232268&domain=pdf&date_stamp=2020-06-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0232268&domain=pdf&date_stamp=2020-06-04
https://doi.org/10.1371/journal.pone.0232268
https://doi.org/10.1371/journal.pone.0232268
https://doi.org/10.1371/journal.pone.0232268
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Conclusions

A choice-based tracing and testing package can feasibly expand HIV testing uptake and

case finding among sexual partners of HIV-positive MSM. IAPN may be an acceptable

option to reach sexual partners for whom limited contact information is available.

Introduction

Men who have sex with men (MSM) have a substantial risk of contracting HIV/AIDS infec-

tions in China, where newly diagnosed infection increased almost six-fold between 2010 to

2016, and where the prevalence of HIV infections in MSM was 7.75% in 2016 (similar to Euro-

pean countries) [1,2]. Failure to detect an infection is a significant driver of the HIV epidemic

among MSM [3,4]. Globally, HIV testing rates among MSM range from 50% to 70% [5–7],

indicating a large proportion of undiagnosed HIV infections.

HIV tracing and testing approaches are essential in identifying undiagnosed infections and

preventing further HIV transmission among sexual partners of HIV-positive MSM [8,9]. In

2003, the Chinese government began to enforce the free voluntary counselling and testing

(VCT) policy [10], which resulted in the introduction of VCT clinics, among other services

[11]. The introduction of VCTs in China allowed MSM to visit testing sites and determine

their infection status through passive-case finding, in which MSM initiate HIV testing, even in

areas with significant NGO outreach efforts [12]. Subsequently, the rate of HIV testing among

MSM increased from 50% to 65% from 2011 to 2015 [1]. However, as 25% of HIV infections

among MSM remain undiagnosed [13], active case-finding approaches in which healthcare

providers target this key population may be a significant step in addressing this testing gap.

Emerging evidence highlights the acceptability, feasibility, and transferability of existing

intervention models as key factors in active case finding and referral. The World Health Orga-

nization lists options for assisted partner referrals, in which trained health care providers assist

clients in disclosing their partners’ potential exposure to HIV infections and help refer their

partners to HIV testing services (HTS).

In assisted partner notification services, information-based tracing and testing modes that

utilize social network applications may provide adequate convenience and privacy protection

for index cases by providing a direct line of communication line to health providers and their

contacts [14,15]. By tracing sexual partners using social media account identifiers, contact

between the HIV-positive MSM and their sexual partners can be avoided [16]. Social media

point-to-point interventions, in which a healthcare provider communicates directly with the

contact, have been shown to be feasible in reaching MSM in previous studies [14]. This

approach is effective in identifying high numbers of HIV-positive individuals in need of treat-

ment and is cost-effective in locating and contacting partners [17].

Couples’ HIV counseling and testing (CHCT) is a subtype of assisted partner notification

in which couples test, share results, and receive interventions together. This also may be an

acceptable approach among MSM and their sexual partners [18,19]; however, more evidence

on contact-tracing of HIV-positive MSM is needed.

Assisted HIV Self-Testing (HIVST) refers to individuals who are self-testing for HIV but

receive an in-person demonstration from a trained provider or peer before or during HIVST.

HIVST is an acceptable strategy that can increase testing uptake among high-risk populations

that are less likely to have access to testing [17,20,21]. In HIVST, oral HIV self-testing may be a
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complementary method for screening sexual partners who fear disclosure of HIV status, how-

ever, it has not consistently been found as acceptable [22,23].

In practice, active and passive contact tracing are complementary approaches: care provid-

ers may offer more than one testing mode for clients, which allows them to select an option

that reduces each individual’s specific barriers to testing. Sharma et al. [24] explored MSM atti-

tudes and usage preference towards six different HIV testing modes and found that MSM of

different sub-groups showed low acceptability for one intervention option and had specific

intervention preferences [24].

In China, there is limited data on choice-based partner tracing and testing for sexual part-

ners of HIV-positive MSM. This type of data is essential to HIV prevention and control pro-

grams, as it provides guidelines for active case-finding strategies targeting special populations

such as MSM and their sexual partners. In this study, we aimed at analyzing the uptake and

infection status of HIV testing for sexual partners of newly diagnosed HIV-positive MSM. We

also describe the program’s intervention components and outcomes in the Zhejiang Province

of China.

Materials and methods

Selection and description of participants

We defined the study population as newly diagnosed HIV-positive MSM and their sexual part-

ners, who agreed to participate in the partner tracing and HIV testing program at VCT clinic

study sites in the cities of Hangzhou and Ningbo from June 2014 through June 2016. Inclusion

criteria for index cases (ICs) included the following: male, age 18 years or older, having been

newly diagnosed as HIV positive within one month, having disclosed male sexual partners

(including oral intercourse or anal intercourse) to VCT staff in pre- or post-testing counseling

at the time of diagnosis, and having agreed to participate in the partner tracing and testing pro-

gram. We excluded any potential participants with a cognitive impairment, severe AIDS com-

plication or other illnesses requiring hospitalization, or disabilities, as determined by staff at

the VCT clinics. We defined inclusion criteria for sexual partners as individuals reported to be

sexual partners of ICs in post-testing counseling at the time of HIV testing, but excluded those

with cognitive impairments, severe AIDS complication or other illnesses requiring hospitaliza-

tion, or disabilities, as determined by staff at VCT clinics. We defined reachable sexual part-

ners as those who could be contacted by face-to-face, official landline/telephone, social

software (such as QQ, WeChat and Blued) or other communication tools. We did not include

an exclusion criterion for sexual partner age in order to identify any high social risk between

adult IC and minor sexual partners. However, HIV-positive sexual partners aged under 18

years were interviewed with their legal guardians’ written consent and presence.

Technical information

Study design. We used a cross-sectional design to describe a pilot choice-based partner

tracing and testing program that offers a choice of four modes to analyze HIV testing uptake

and identification of undiagnosed infections among sexual partners of HIV positive MSM.

Study setting. The goal of the choice-based partner tracing and testing program was to

increase HIV testing uptake and yield among sexual partners of newly diagnosed HIV positive

MSM, by offering choices in a partner tracing and testing package. This package targeted sex-

ual partners of newly diagnosed HIV positive MSM, as disclosed in post-testing counseling at

VCT clinics. The staff from VCT clinics introduced the package to potential participants and

invited the MSM to enroll as an IC after being diagnosed within one month. ICs were intro-

duced to a choice of four modes for partner tracing and HIV testing, and they committed to
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their preferred mode at enrollment. The VCT staff followed up with the ICs or their sexual

partners until their sexual partners attended HTS during the three-month follow-up period.

Enrolled sexual partners proceeded to the next round if tested HIV positive and consented

to be enrolled as ICs. The process ended when no positive HIV diagnosis was identified

among the sexual partners, when a sexual partner was unreachable, or when no positive sexual

partner consented to be enrolled as an IC.

The partner tracing and HIV testing package includes: 1) Couples’ HIV counseling and

testing (CHCT): The IC is requested to return to the VCT clinic with his sexual partner at a

subsequent date to receive joint HIV testing and counseling. The IC is not requested to dis-

close his HIV status to his sexual partner prior to the CHCT session.; 2) Information assisted

partner notification (IAPN): ICs provide the social media or phone contact information of

their sexual partners. The VCT staff then contact the sexual partner through these communi-

cation tools, declare their own identity, name and working facility, by official landline/tele-

phone or social software accounts, address sexual partner’s risk of infection and encourage he/

she to undertake HIV testing, communicate his/her risk of HIV infection; promote VCT; pro-

vide information of local VCT clinics; and facilitates a referral to a local VCT clinic; 3) Assisted

HIV self-testing (HIVST): The VCT staff trains the ICs how to use an oral rapid HIV testing

kit and provides them with testing kits; the ICs then train and provide their sexual partners

with the oral rapid HIV testing kits, and return the testing kits to the clinic; 4) Patient referral:

ICs are solely responsible for notifying sexual partners and encouraging them to receive HIV

testing, and sexual partners come to VCT clinics by himself/herself to take HIV testing. In

these modes, the VCT staff follow up to the IC or sexual partner once monthly until sexual

partner attends HIV testing during the defined follow-up period of three months. S1 Fig

shows this in more detail.

The partner tracing and HIV testing pilot program was implemented at all 23 Centers for

Disease Control and Prevention (CDC) VCT clinic sites in the cities of Hangzhou and Ningbo

from June 2014 to June 2016. The VCT staff received structured training (duration of two

days) by the Zhejiang Provincial CDC. The training included information on the partner trac-

ing and HIV testing package procedure, including how to elicit ICs and their sexual partners,

and privacy concerns. All free HIV testing procedures and follow-up care followed the

National Guideline for Detection of HIV/AIDS of China [25]. Participants who were tested

negative will also be exposed to health education and behavior intervention during post-testing

counselling. We utilized the RECORD guidelines to report this study [26].

Data sources and variables. Data on ICs and their sexual partners were collected by the

VCT staff who received training on data collection and research ethics. VCT staff administered

a short questionnaire on sexual partners and risk behaviors with ICs at VCT sites in addition

to routine counseling after an HIV diagnosis.

The questionnaire included questions related to the IC demographics, sexual partner age

and gender; the current status of their sexual relationship (currently in a relationship, not cur-

rently in a relationship, unsure); types of sexual relationships; frequency of sexual contact in

the previous six months or even for stable and unstable relationships, respectively; and con-

dom use in the previous six months. Stable relationships were defined by a report of a stable,

non-commercial partner, or by having a male or female spouse. Unstable relationships were

defined as either a reported commercial male partner, a casual, non-commercial male partner,

or an unmarried female partner. We also collected data on the modes of the partner tracing

and testing package selected by ICs (CHCT; Information assisted partner notification (IAPN);

Assisted HIV-self testing (HIVST); Patient referral).

Data on sexual partners’ HIV testing uptake and testing outcome were compiled from labo-

ratory records.
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The research team extracted data from a database provided by the VCT staff every three

months.

Statistics

We utilized EpiData 3.0 [Epidata.dk] for data entry and SAS 9.2 [SAS Institute Inc.] to conduct

quantitative analyses. We presented ICs and sexual partners’ characteristics and compared

mode participation using frequencies and proportions for categorical variables. We calculated

the mode preference of ICs by assigning a preference value of one to each IC and proportion-

ally assigning this value across his selection for each sexual partner.

We compared HIV testing uptake (Tested sexual partners/Reachable sexual partners) and

yield (HIV-positive sexual partners/Tested sexual partners) of sexual partners across different

modes and presented the estimated effect sizes using odds ratios from generalized linear

mixed models (GLMMs). In this model, we included data on sexual partner clustering within

the same IC, sexual partner age, and sexual partner gender to control for potential correlation.

P-values less than 0.05 were considered statistically significant.

Ethics approval and consent to participate

This study was reviewed and approved by the Zhejiang Provincial Center for Disease Control

and Prevention Ethics Review board (2013–001, 2018–038). Written informed consent forms

were obtained from all participants in this study.

Results

From June 2014 through June 2016, 2,495 newly diagnosed HIV-positive MSM from VCT

clinics in Hangzhou and Ningbo were invited to participate in the study. 435 consented and

enrolled as ICs, resulting in an enrollment of 17%. Following the program guidelines, the pilot

resulted in two rounds of contact tracing and 4,176 disclosed sexual partners. Of those dis-

closed, 548 (13%) were reachable. The first-round ICs disclosed 4,116 sexual partners in total;

537 were reachable. Of those reached, 467 accepted HIV testing, 65 tested positive, and 11 con-

sented to enroll as second-round ICs. These second-round ICs disclosed 60 sexual partners in

total; 11 of these were reachable and accepted HIV testing. All reachable second-round part-

ners accepted HIV testing, which resulted in nine HIV-positive test results. S2 Fig shows this

in more detail.

There were 367 ICs who reached 1 sexual partner, 61 ICs who reached 2 sexual partners, 14

ICs who reached 3 sexual partners, 3 ICs who reached 4 sexual partners, and 1 IC who reached

5 sexual partners. Overall, the proportion of HIV testing among reachable sexual partner for

HIV testing was 87%, and HIV testing yield among tested sexual partners was 16%.

In total, 446 first- and second-round ICs enrolled in the pilot, with a mean age of 31.5

(SD = 9.6) years old. Around half of ICs had a college education or above (212, 48%), lived in

the local county of the VCT (225, 52%), and disclosed six or more sexual partners (239, 54%).

The two rounds of tracing and testing in the pilot resulted in 4,176 disclosed sexual partners

(1,014 in recent 6 months), and 548 reached sexual partners (Fig 1). The mean age of sexual

partners was 30.7 (SD = 8.9) years old, and most were male (460, 84%). Nearly half of the

reachable sexual partners (267, 49%) were currently in a sexual relationship with ICs. Among

reachable sexual partners in a stable relationship with an IC, over half (179, 60%) had sex with

ICs less than once per week. Among those in casual relationships, almost half (110, 45%) had

sex with ICs a total of two to five times. Only approximately one-third of reachable sexual part-

ners (34.7%) reporting consistently using condoms with ICs over the past six months

(Table 1).
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ICs selected the patient referral and CHCT mode most frequently (163, 37%) and the

HIVST mode the least (13, 3%) (Table 2).

HIV testing uptake among all reachable sexual partners was 87% and varied between 82–

94% across the selected modes. Sexual partners reached through the IAPN mode showed the

highest testing uptake (94%).

HIV testing yield among all tested sexual partners was 16%. Among the selected testing and

tracing modes, patient referral yielded 18%, CHCT 17%, and IDAPN 7% (Table 2).

We found the odds of a reachable sexual partner taking an HIV test were 290% greater for

contacts who were traced and tested through IAPN compared to those traced through CHCT

(95% CI: 1.6, 9.3). The odds of a reachable sexual partner testing HIV-positive were 90% lower

for contacts who were traced and tested in IAPN compared to those traced through CHCT

(95% CI: 0.0, 0.6) (Table 3).

Regarding different types of sexual relationship with sexual partners, 43% (93/219) of stable

same-sex contacts and 55.1% (43/78) opposite-sex spouses were designated to CHCT; 40%

(95/236) of casual same-sex partners were designated to IAPN. In casual, non-commercial

same-sex relationships, individuals traced and tested through IAPN who received HIV testing

were present in higher proportions than individuals traced and tested through CHCT who

received HIV testing. S1 Table shows this in more detail.

Discussion

We presented results from a pilot program on combination partner tracing and HIV testing to

expand HIV testing uptake for sexual partners of HIV-positive MSM. Our results showed that

this package is a feasible approach in this setting, which may help target and locate high-risk

populations.

We found that a high proportion (87%) of reachable, sexual partners were successfully

tested, which was higher than a previous study in eastern China (23%), but similar to a study

in Hangzhou and Kunming (85%) in the Yunnan province southwest of China [27,28]. This

suggests that a potential advantage of this partner tracing and testing package may be the

Fig 1. Cascade of partner tracing and HIV testing package among sexual partners of newly diagnosed HIV positive men who have sex with men June

2014 through June 2016 in Hangzhou and Ningbo, China.

https://doi.org/10.1371/journal.pone.0232268.g001
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ability to expand HIV testing uptake among reachable sexual partners of HIV-positive MSM,

and highlight that further research on the effectiveness of testing uptake is needed.

We found a higher HIV testing yield (16%) among tested sexual partners of HIV-positive

MSM compared to the HIV prevalence of the Zhejiang province general population (estimated

at 0.04%) [13] and general population passive tracing (VCT) testing yield of its cities (1.30% in

Hangzhou) [29]. These results were not unexpected, given the higher risk behaviors of MSM

[7,30,31]. Our testing yield result was also higher than that of MSM in a city in Zhejiang prov-

ince who were contacted through passive tracing (VCT; 4.19% in Lishui, 2008–2015) [32]. A

Table 1. Newly diagnosed HIV-positive men who have sex with men enrolled in a partner tracing and HIV testing

program, from June 2014 through June 2016 in the cities of Hangzhou and Ningbo, China.

Characteristics N %

Index cases of newly diagnosed men who have sex with men (MSM) 446 100.0

Index cases recruited through self-testing at VCT sites 435 97.5

Index cases recruited through partner tracing and HIV testing program 11 2.5

Age of index case, years

18–24 108 24.2

25–34 200 44.8

35–44 78 17.5

45 and above 48 10.8

Missing 12 2.7

Education level completed by index case

Primary school or below 31 7.0

Junior middle school 87 19.5

Senior high school 104 23.3

College or above 212 47.5

Missing 12 2.7

Residence of index case

local county 225 51.8

outside local county 209 48.2

Number of sexual partners disclosed by index case

1 39 8.7

2–5 168 37.7

6–10 119 26.7

11 and above 120 26.9

Number of sexual partners disclosed by index case in recent 6 months

0–1 206 46.2

2–5 212 47.5

6–10 21 4.7

11 and above 7 1.6

Mode preference of index case, weighteda

CHCT 160 35.9

IAPN 126 28.3

HIVST 13 2.9

Patient referral 139 31.2

MSM: men who have sex with men; CHCT: couples’ HIV testing and counseling; IAPN: information assisted partner

notification; HIVST: assisted HIV self-testing
a Weighted by assigning a preference value of one to each IC and proportionally assigning this value across his

selection for each sexual partner

https://doi.org/10.1371/journal.pone.0232268.t001
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previous study also found that partner tracing and testing may be more effective than other

HIV testing policies in identifying undiagnosed infections [28]. These findings suggest that a

Table 2. Sexual partners of newly diagnosed HIV-positive men who have sex with men enrolled in a partner trac-

ing and HIV testing program from June 2014 through June 2016, in the cities of Hangzhou and Ningbo, China.

Characteristics N %

Reachable sexual partners reported by index cases 548

No enrollment as index case in partner tracing and HIV testing program 537 98.0

Subsequent enrollment as index case in partner tracing and HIV testing program 11 2.0

Age of sexual partners, years

17–24 125 22.8

25–34 272 49.6

35–44 105 19.2

45 and above 46 8.4

Gender of sexual partners

Male 460 83.9

Female 85 15.5

Missing 3 0.6

Current relationship status with sexual partners, as disclosed by index case�

Currently in a relationship 267 48.7

Not sure 11 2.0

No current relationship 267 48.7

Missing 3 0.6

Type(s) of sexual relationship with sexual partners, as disclosed by index case cases

Stable relationship with sexual partner
Stable, non-commercial same-sex relationship 219 40.0

opposite-sex spouse 78 14.2

Non-Stable relationship with sexual partner
Commercial same-sex relationship 1 0.2

Casual, non-commercial same-sex relationship 236 43.1

Unmarried opposite-sex relationship 7 1.3

Other 7 1.3

Frequency of sex as disclosed by index cases

Stable relationship with sexual partner: times per week in the past 6 months 297

<1 176 59.3

1–2 95 32.0

3–4 12 4.0

5 and above 0 0

Non-Stable relationship with sexual partner: total sexual partner 244

1 76 31.1

2 70 28.7

3–4 40 16.4

5 and above 33 13.5

Condom use between index case and sexual partner in the past 6 months, as disclosed by index case

Never 91 16.6

Inconsistent 256 46.7

Consistent 190 34.7

Missing 11 2.0

https://doi.org/10.1371/journal.pone.0232268.t002
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higher efficiency of integrating active case-finding strategies with passive strategies is necessary

to target MSM contacts in this setting.

Our results showed variability in the testing uptake and yield across different tracing and

testing modes. In the CHCT mode, reachable sexual partners presented the lowest rate of HIV

testing uptake, and less odds of uptake than those in the IAPN mode. As CHCT requires that

couples take HIV testing and counseling together [18], fear of disclosure or discrimination

may be barriers to selection of this mode [33]. Our results on CHCT uptake (82%) are similar

to those of a previous study in China that showed high willingness to receive CHCT (86%)

[34]. However, this mode resulted in effective case finding compared to other modes, which

indicates that it may be more acceptable for same-sex couples who are in or seeking committed

relationships [35]. Our results also showed that CHCT is more acceptable among stable sexual

partners. These individuals are more likely to engage in unprotected anal sex, and are thus at

higher risk of HIV transmission [36], which may contribute to our high-yield results for those

who received testing using this mode. Therefore, CHCT may be feasible to identify undiag-

nosed infections in stable sexual partners.

The information assisted partner notification presented the highest HIV testing uptake. It is

in-line with previous studies that showed acceptability of similar methods [15]. Because this

mode did not require direct contact between ICs and sexual partners, it may be effective in tar-

geting sexual partners with limited contact information (such as those with social media con-

tact information only) and protect the privacy of both sides. Information assisted partner

notification may result in high testing uptake when ICs do not have the intention or ability to

notify sexual partners [21]. However, in our study, case finding in the information assisted

partner notification was not as effective as that for CHCT and patient referral. This may reflect

the fact that the choice of information assisted mode may indicate a less intimate relationship

between ICs and their sexual partners, resulting in the difficulty for ICs to reach their sexual

partners.

Previous studies showed that oral HIV self-testing can be feasible and effective for MSM

and their sexual partners [37]. However, our results indicated that fewer participants chose

this mode for their sexual partners. As ICs needed to learn how to use oral HIV self-testing

kits and teach this skill to their sexual partners, the overly complex instructional materials and

procedure may have restricted ICs’ intention to bring kits to their partners [38]. Further stud-

ies and practical applications are needed to identify whether oral HIV self-testing is feasible for

expanding HIV testing in the sexual partners of HIV-positive MSM in this setting. Results

Table 3. HIV testing uptake and yield by modes of partner tracing and testing package among reachable sexual partners of newly diagnosed HIV positive MSM in

June 2014 through June 2016, in the cities of Hangzhou and Ningbo, China.

Characteristics Tested Not tested OR (95% CI) Neg Pos OR (95% CI)

N (%) n (%) n (%) n (%) n (%)

Reachable sexual partners 548 ((100.0) 478 ((87.2) 70 ((12.8) 404 (85.6) 74 ((15.5)

Modes
CHCT 197 ((35.9) 162 ((82.2) 35 ((17.8) 1.0 128 ((79.0) 34 ((21.0) 1.0

IAPN 155 ((28.3) 146 ((94.2) 9 ((5.8) 3.9 (1.6, 9.3) 136 ((93.2) 10 ((6.8) 0.1 (0.0, 0.6)

HIVST 16 ((2.9) 15 ((93.8) 1 ((6.3) 3.4 (0.4, 30.0) 15 ((100.0) 0 ((0.0) -

Patient Referral 171 ((31.2) 153 ((89.5) 18 ((10.5) 1.8 (0.9, 3.6) 123 ((80.4) 30 ((19.6) 0.9 (0.4, 2.1)

Unknown 9 ((1.6) 2 ((22.2) 7 ((77.8) - 2 ((100.0) 0 ((0.0) -

OR: Odds Ratio; CI: Confidence Interval; Neg: negative HIV test; Pos: positive HIV test; CHCT: couples’ HIV testing and counseling; IAPN: Information assisted

partner notification; HIVST: assisted HIV self-testing

https://doi.org/10.1371/journal.pone.0232268.t003
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showed that patient referral is still an important component in expanding HIV testing and

case-identification among MSM and should continue to be an option among multi-modal

HIV testing uptake programs.

There are some limitations to this research. We utilized self-reported data from ICs, which

could have caused information bias in the characteristics of sexual behavior between ICs and

sexual partners. In addition, enrollment in the study was limited, as only 435 of 2508 total

newly diagnosed HIV positive MSM agreed to participate, and only 18% (548/4,116) of dis-

closed sexual partners were traceable. The rate of participation as index cases varied among

different types of HIV positive populations, and the rate of participation in our study might be

lower, compared to results of other studies [39, 40]. However, the number of sexual partners

in recent six months (1,014) was much less than the number of sexual partners in their whole

life (4,116), which is also need to be considered, as we assume that those reachable sexual part-

ners may mostly come from those who are still in touch with ICs in recent six months. We

have compared those HIV positive MSM who enrolled to those who did not, and have found

that those who settled in the detection place vs. those outside (28.5% vs. 12.3%), those with

education level of college or above vs. those with lower education level (20.5% vs. 16.0%)

would be more likely to be enrolled to the program, and there was no statistical difference for

the variables of age and marital status. The demographic characteristics of HIV positive MSM

might be associate with their participation in this pilot study. Previous studies showed that fear

of disclosure of infection status, lack of contact information of sexual partners, and other limi-

tations still play important roles in the gap between numbers of total newly diagnosed HIV

positive MSM and enrolled as ICs, and the gap between numbers of self-disclosed sexual part-

ners and reachable sexual partners [28, 41]. However, this pilot package is feasible for identify-

ing undiagnosed infections among reachable sexual partners of HIV-positive MSM.

Therefore, our findings are still significant as they provide insight into future approaches.

Conclusions

In conclusion, a partner tracing and testing package program that includes CHCT and infor-

mation assisted partner notifications may have the potential to play an important role in

expanding HIV testing uptake among sexual partners of HIV-positive MSM. This package is

also a feasible approach for case finding in high-risk populations. An information assisted

partner notification may be an acceptable option to reach sexual partners for whom limited

contact information is available. However, further study on the feasibility of oral HIV self-test-

ing among sexual partners of MSM is needed.
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