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Abstract

Objective—To characterise the Joint United Nations Programme on HIV/AIDS 90-90-90 

cascade among female sex workers (FSW) and men who have sex with men (MSM)/transgender 

women (TGW) in Port Moresby, Papua New Guinea (PNG).

Methods—We conducted respondent-driven sampling surveys among FSW and MSM/TGW in 

Port Moresby, PNG from June to October 2016. All participants spoke English or Tok Pisin and 

were aged >12 years. FSW had to be born female and sell/exchange sex with a male in the past 6 

months. MSM/TGW had to be born male and have oral/anal sex with another male-born person in 

the past 6 months. Participants were interviewed and offered rapid HIV diagnostic and viral load 

testing. HIV viral suppression (VS) was defined as <1000 copies/mL.

Results—We recruited 674 FSW and 400 MSM/TGW; HIV prevalence was 15.2% (95% CI 

11.7 to 18.8) and 8.5% (95% CI 5.0 to 11.9), respectively. Among FSW living with HIV, 39.0% 
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(95% CI 26.6 to 51.4) self-reported having been diagnosed; of them 79.6% (95% CI 62.7 to 96.5) 

self-reported being on antiretroviral therapy (ART), and 54.1% (95% CI 31.8 to 76.4) achieved 

VS. Among MSM/TGW living with HIV, 24.4% (95% CI 4.7 to 44.1) self-reported having been 

diagnosed; of them 43.9% (95% CI 33.6 to 54.8) self-reported being on ART, and 86.1% (95% CI 

71.1 to 93.9) achieved VS.

Conclusions—ART use among those aware of their HIV status is encouraging. However, 

the generally low awareness of infection status among FSW and MSM/TGW with HIV and 

the low VS among FSW on ART indicate an urgent need for innovative strategies to increase 

testing uptake and ART adherence among these populations. Monitoring drug resistance may be 

warranted.

INTRODUCTION

The most populous country in the South Pacific, Papua New Guinea (PNG) was long 

classified as having a generalised HIV epidemic.1 HIV prevalence data initially only came 

from a limited number of urban antenatal clinic sites. Expansion of antenatal prevalence 

data from 17 sites in 2005 to 280 in 2011 has resulted in more complete information on the 

epidemic, and national HIV prevalence is now estimated at 0.8% among adults aged 15–49 

years.23 Simultaneously, a 2010 survey of female, male and transgender women (TGW) 

sex workers in the capital of Port Moresby found an HIV prevalence of 19.0%, 8.8% and 

23.7%, respectively, and another survey of female sex workers (FSW) in Eastern Highlands 

Province found a prevalence of 7.0%.4-6 This new information led to a growing recognition 

that HIV control efforts in PNG must focus on key populations, that is, sex workers (FSW), 

men who have sex with men (MSM) and TGW.37

Worldwide, key populations are at greater risk of acquiring HIV infection and face a greater 

burden of disease than the general population.89 They also experience barriers in accessing 

HIV prevention and treatment services due in part to stigma, harassment, and other legal and 

social factors.1011 In PNG, sex work and male-to-male sex are illegal and stigmatised.

The Joint United Nations Programme on HIV/AIDS (UNAIDS) set ambitious 90-90-90 

targets for the percentages of people with HIV who know their infection status, are on 

antiretroviral therapy (ART) and have viral suppression: the ‘HIV treatment cascade’.12 

To implement this framework and track progress, countries need data to determine which 

populations are not being adequately reached by services. HIV biobehavioural surveys 

(BBS) are an essential tool for identifying population-level gaps in access and for measuring 

progress towards the 90-90-90 targets.13 BBS are uniquely able to provide information on 

persons who access HIV services at general population and key populations (KP) facilities 

alike, and on those who do not access services.13

Data to guide PNG’s HIV response are sparse. No survey in PNG has sampled TGW who 

are not sex workers, and no population-based data exist to characterise progress against 

the 90-90-90 targets. In conjunction with the PNG National Department of Health and 

National AIDS Council Secretariat, we conducted a respondent-driven sampling (RDS) 

survey of FSW, MSM and TGW in Port Moresby to provide critical information to guide the 
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HIV response. We report on the HIV treatment cascade for these populations and identify 

correlates of diagnosed infection among FSW.

METHODS

Community consultation

Community consultation was undertaken with study population members. Recognising that 

TGW are distinct from MSM but are too few in number to achieve adequate sample size as 

an independent sample, the two populations were combined into one sample with agreement 

from population members.

Study population, setting and design

We conducted an RDS BBS of FSW and MSM/TGW in Port Moresby from June to 

October 2016, aiming to recruit 700 FSW and 700 MSM/TGW. RDS is a variant of 

snowball sampling that can be used to produce sampling weights and approximate a random 

sample.1415 Eligibility criteria were age >12 years, spoke English or Tok Pisin, and in 

possession of a valid study coupon. In addition, FSW needed to be born biologically female 

and have sold/exchanged sex in the past 6 months, while MSM/TGW needed to be born 

biologically male and had oral or anal sex with a male in the past 6 months.

Recruitment

Recruitment started with five FSW and four MSM/TGW seeds. To speed up and diversify 

recruitment, we added 4 FSW seeds and 12 MSM/TGW seeds. Seeds were selected to 

create diversity with respect to socially salient variables including age, sexual/gender 

identity, place of residence, and affiliation with a non-governmental or community-based 

organisation.

Data collection

After eligibility screening and providing verbal informed consent, participants underwent 

a computer-assisted personal interview. Interview domains included demographics, sexual 

history and identity, condom use, stigma, social cohesion, HIV knowledge, history of STDs 

and uptake of health services. The two-item Patient Health Questionnaire was used to 

screen for depression, with a score of 3 or above indicating major depressive disorder.16 

Comprehensive awareness of HIV was based on the UNAIDS definition.17

After the interview, participants received pretest HIV counselling before providing written 

informed consent for HIV testing. Fifteen millilitres of blood were taken through 

venipuncture for HIV testing and, if positive by confirmatory testing, CD4 T-cell count and 

HIV viral load testing. The national algorithm for HIV testing was used: determine HIV-1/2 

(Alere, Massachusetts, USA), followed by confirmatory testing with HIV 1/2 Stat-Pak 

(Chembio, Medford, New York). HIV viral load testing was conducted using the GeneXpert 

HIV viral load assay (Cepheid, Sunnyvale, California). Participants were also offered STI 

testing and treatment, and tuberculosis testing and referral to treatment. Test results were 

returned to participants at the end of the first study visit. Those testing positive for HIV 

were offered to be escorted by a peer navigator to a treatment facility of their choice that 
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had been sensitised to work with key populations. Staff were trained to identify and refer all 

sexually exploited persons under the age of 18 years to partner organisations experienced in 

providing counselling and health, social and other protective services to these populations.

FSW received three coupons and MSM/TGW initially received three coupons with which to 

recruit peers. Midway through data collection, the number of coupons given to MSM/TGW 

was increased to four to increase recruitment. Participants received 45 PNG kina for their 

first visit (about US$14) and 10 PNG kina (about US$3) per successful recruit, plus 5 

PNG kina (about US$1.5) for transportation at their second visit. All participants received 

information on HIV/STI, condoms and lubricants.

Data analysis

This analysis is restricted to FSW and MSM/TGW living with HIV. The primary endpoints 

of interest for analysis were (1) the proportion of those with HIV who had previously been 

diagnosed, (2) the proportion of those diagnosed who were on ART and (3) the proportion 

of those on ART who were virally suppressed. Suppressed HIV viral load was defined 

as <1000 copies/mL, and a viral load of >1500 copies/mL is noted as the threshold for 

heterosexual transmission.18 We conducted a sensitivity analysis to explore the impact of 

self-reporting on cascade estimates and present the 90-90-90 cascade in two ways: (1) where 

inclusion in a step is based on self-reported response to the previous step, and (2) where 

inclusion in a step has been modified based on HIV viral load results and all participants 

with suppressed HIV viral load are considered to also be aware of their status and are on 

ART.

Tables 1-3 present self-reported results for awareness of HIV status and ART status, and 

lab-confirmed HIV viral load suppression as well as the prevalence of key characteristics 

among the survey populations. The bivariate analysis (table 4) assumed that all FSW with 

suppressed HIV viral load were also aware they were living with HIV. Bivariate analysis was 

not conducted among MSM/TGW due to insufficient statistical power. OR and 95% CI for 

FSW were calculated for bivariate comparisons among categorical variables, and a p value 

<0.05 was considered statistically significant.

All data presented are RDS-adjusted population estimates unless indicated. Wilson binomial 

proportions bounds based on RDS-adjusted data were used to estimate uncertainty for 

treatment status and viral suppression among MSM/TGW. Weights were imported from 

RDS Analyst V.0.62 (Los Angeles, California) using Gile’s successive sampling estimator, 

and survey logistic procedures were used in SAS V.9.3 to identify factors associated with 

awareness of HIV status.

RESULTS

We enrolled 674 FSW and a combined sample of 400 MSM/TGW (354 MSM and 46 

TGW). The HIV prevalence was 15.2% (95% CI 11.7 to 18.8) among FSW, 5.3% (95% CI 

2.2 to 8.4) among MSM, 36.0% (95% CI 18.0 to 53.9) among TGW and 8.5% (95% CI 

5.0 to 11.9) among MSM/TGW combined. Nearly half (45.9%) of FSW living with HIV 

were aged 25–34 years and 54.9% were separated or divorced (table 1). In contrast, 39.2% 
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of MSM/TGW living with HIV were aged 25–34 years and 72.3% had never been married 

(table 2). Almost half (44.2%) of MSM/TGW living with HIV identified their gender as 

TGW.

The 90-90-90 cascade among FSW

Among FSW living with HIV, 39.0% (95% CI 26.6 to 51.4) self-reported that they were 

aware of their HIV infection; of them 79.6% (95% CI 62.7 to 96.5) self-reported being on 

treatment, and 54.1% (95% CI 31.8 to 76.4) were virally suppressed (online supplementary 

figure 1A). Among all FSW living with HIV, 35.4% (95% CI 23.6 to 48.9) were virally 

suppressed. Of these women, 52.5% (95% CI 30.3 to 74.7) self-reported that they were 

aware they were living with HIV. Assuming that all FSW with suppressed viral load were 

aware of their HIV infection and on treatment yields a greater proportion who were aware of 

their status: 57.6% (95% CI 44.7 to 70.5). Of them, 86.2% (95% CI 74.3 to 98.1) were on 

treatment, and 71.3% (95% CI 55.0 to 87.6) were virally suppressed. The geometric mean 

viral load among FSW with HIV was 8130 (95% CI 2418 to 27 334), and 9.6% (95% CI 6.7 

to 12.6) of all FSW had viral load ≥1500 copies/mL.

We next considered the association between individual characteristics and the components 

of the cascade. Self-reported awareness of HIV status among FSW living with HIV was 

37.1% among those aged 15–24 years, 35.0% among those aged 25–34 years, and 66.9% 

among those aged 35 years or more (table 1). Among women for whom sex work was the 

main source of income, 29.4% were aware compared with 51.6% of those for whom it was 

not. Approximately one-third (35.2%) of women who were ashamed of selling/exchanging 

sex were aware of their infection compared with 45.9% of those who were not ashamed. 

Women responsible for one or more children at home had higher awareness (51.5%) than 

those responsible for no children (25.2%) (online supplementary table 1). Those who used 

a modern contraceptive method were also more aware than those who did not, 79.3% and 

34.6%, respectively.

Among the 58.2% of FSW with HIV who did not use a condom at last sex, 33.4% were 

aware they were living with HIV (table 3). Moreover, 59.5% of HIV-infected FSW had 

symptoms of an STI in the last 12 months, and of them only 1.8% sought treatment for their 

symptoms (data not shown) and 33.9% were aware they were living with HIV (table 1). 

Among women who spoke with a peer educator or outreach worker in the last 12 months, 

46.7% were aware of their HIV status.

In bivariate analysis (table 4), the following associations were found to be statistically 

significant for FSW being aware of HIV status: being responsible for one or more children at 

home compared with no children (OR: 3.2, 95% CI 1.1 to 10.1), not being ashamed of being 

a sex worker (OR: 3.9, 95% CI 1.2 to 12.2), using modern contraception (OR: 7.3, 95% CI 

1.7 to 30.8), and using the internet or mobile apps to meet clients in the last 6 months (OR: 

5.8, 95% CI 1.0 to 33.1).

The 90-90-90 cascade among MSM/TGW

Among MSM/TGW living with HIV, 24.4% (95% CI 4.7 to 44.1) self-reported that they 

were aware of their HIV infection; of them 43.9% (95% CI 33.6 to 54.8) self-reported 
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being on treatment, and 86.1% (95% CI 71.1 to 93.9) were virally suppressed (online 

supplementary figure 1b). Among all MSM/TGW living with HIV, 25.2% (95% CI 6.4 to 

44.0) were virally suppressed, and among those who were virally suppressed 37.2% (95% 

CI 0.0 to 90.4) self-reported that they were aware they were living with HIV. Assuming that 

they were aware of their infection and on treatment reveals that 39.9% (95% CI 18.3 to 61.6) 

of MSM/TGW were aware of their status. Of them 65.7% (95% CI 57.3 to 73.3) were on 

treatment, and 94.3% (95% CI 87.3 to 97.6) were virally suppressed. Separating the two 

populations, we found that 1.6% (95% CI 0.0 to 5.4) of MSM living with HIV had been 

diagnosed compared with 88.4% (95% CI 73.2 to 100.0) of TGW. The geometric mean viral 

load among MSM and TGW with HIV was 24 965 (95% CI 3804 to 163 827), and 6.0% 

(95% CI 3.0 to 9.0) of all MSM/TGW had viral load ≥1500 copies/mL.

Among MSM/TGW, 2.1% of those who felt the need to hide that they have sex with men 

or TGW when accessing healthcare were aware of their infection, compared with 44.1% 

among those who did not (table 2). Similarly, awareness was 4.9% among those ashamed 

that they have sex with men or TGW and 32.9% among those who were not ashamed 

(online supplementary table 2). Awareness was also higher among those self-identifying as 

transgender than as those not doing so (55.3% vs 0.0%, respectively).

Similar to FSW, among the 57.6% of MSM/TGW with HIV who did not use condom at 

last sex, 21.9% were aware they were living with HIV. Moreover, 70.2% of HIV-infected 

MSM/TGW had symptoms of an STI in the last 12 months, and of them only 1.8% sought 

treatment for their symptoms (data not shown) and 29.8% were aware they were living with 

HIV. Among MSM/TGW who spoke with a peer educator or outreach worker in the last 12 

months, 29.8% were aware of their HIV status.

DISCUSSION

The treatment cascades of FSW and MSM/TGW in Port Moresby reveal the considerable 

distance to reaching 90-90-90 targets among these populations. With only 35.4% of FSW 

and 25.2% of MSM/TGW with HIV virally suppressed, and 9.6% of all FSW and 6.0% 

of all MSM/TGW having viral load ≥1500 copies/mL, our survey highlights the potential 

for the number of new infections to increase, particularly among MSM/TGW. Transmission 

among MSM/TGW may be higher since the threshold of 1500 copies/mL is based on data 

from heterosexuals.18 Together with self-reported awareness of 39.0% among FSW and 

24.4% among MSM/TGW, these data further point to the continued role for traditional 

prevention services such as condom and lubricant promotion, alongside pre-exposure 

prophylaxis and HIV case finding.

Our survey is unique in that it included testing for HIV viral load and multiple STIs with 

same-day return of results and active linkage to care. To our knowledge, this is the first 

BBS of key populations to provide same-day return of Chlamydia trachomatis, Neisseria 
gonorrhoeae and HIV viral load results. As these tests were otherwise not available in PNG 

at the time of the survey, we believe their provision encouraged survey participation.
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The potential for HIV transmission and acquisition remains high given the prevalence 

of STD symptoms and low awareness of HIV infection among FSW and MSM/TGW.19 

STI testing and treatment have been identified as among the most pressing needs for sex 

workers.20 That few FSW and MSM/TGW are accessing STD treatment or HIV testing lays 

bare a missed opportunity for integrated sexual and reproductive health services for these 

populations.

Similar to other settings, the largest gap in the treatment cascades of FSW and MSM/TGW 

in Port Moresby was awareness of HIV-positive status.21 Although a small proportion of 

FSW in Port Moresby living with HIV have been diagnosed, once diagnosed, HIV testing 

programmes have successfully linked nearly 90% to treatment. While testing programmes 

have had some success diagnosing TGW living with HIV, the same is not true for MSM, and 

linkage of both populations to treatment could be strengthened. The high proportion of FSW 

and MSM/TGW who spoke with an outreach worker or peer educator in the last 12 months 

but were unaware of their infection underscores a missed opportunity for community-based 

HIV testing, peer-mediated self-testing or referral to testing. Our findings also indicate the 

possible role that people who help FSW find clients can play in supporting HIV testing.

The proportion of FSW on ART with suppressed viral load is of particular concern, as the 

prevalence of transmitted drug resistance to non-nucleoside reverse transcriptase inhibitors is 

estimated at 16.1% in Port Moresby.22 HIV viral suppression among MSM/TGW on ART 

was nearly 90%, suggesting limited transmitted drug resistance among them and their sexual 

networks. A larger sample size, drug resistance testing and genotyping could confirm this 

and elucidate whether their HIV epidemic is separate from that of FSW.

Our findings are limited by the self-reported nature of interview data. The proportion of 

virally suppressed people who indicated that they are not aware of their HIV status or are 

not on HIV treatment suggests social desirability bias which can be mitigated through the 

use of audio-computer-assisted self-interviews.2324 We believe that modifying the treatment 

cascade as we did in our sensitivity analysis may provide a more accurate depiction of 

programme coverage as elite controllers are expected to comprise only 1% of the population 

because PNG’s epidemic is relatively young and treatment coverage is low.25 Testing for the 

presence of antiretroviral (ARV) medications could further elucidate the treatment cascade 

and help account for elite controllers. Such testing in a general population survey in Kenya 

revealed that 21.0% of HIV-infected people who indicated that they were uninfected had 

ARV medications in their blood, and of those indicating they were HIV-positive but not on 

ART 12.9% had ARVs in their blood.26 While we had a larger than average sample size for 

FSW, it was still insufficient to conduct a thorough analysis of factors associated with each 

step of the cascade as our survey was powered to measure HIV prevalence.27 The smaller 

number of MSM and TGW limited our analysis concerning the treatment cascade in these 

populations even further.

CONCLUSIONS

The gaps in service provision in Port Moresby offer opportunities for large gains with 

adequate resources and targeting of interventions. Without such support, there is the prospect 
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of a decrease in each step of the cascade and a worsening HIV epidemic among FSW, MSM 

and TGW in PNG. There is an urgent need for improved testing modalities to reach more of 

key population members in Port Moresby and the expansion of the nascent HIV viral load 

testing programme to monitor treatment outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

• Biobehavioural surveys can provide important information on the progress 

towards the Joint United Nations Programme on HIV/AIDS 90-90-90 targets 

to inform service provision and policies.

• The majority of female sex workers and men who have sex with men/

transgender women in Port Moresby, Papua New Guinea who are living with 

HIV remain unaware of their HIV infection.

• Monitoring of viral suppression and drug resistance among key populations 

remains important.
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Table 4

Bivariate model for awareness of HIV-positive status among FSW in Port Moresby, 2016*

Variable n OR (95% CI) P value

Age 89 0.1663

 15–24 Ref

 25–34 0.9 (0.3 to 3.3)

 35+ 3.4 (0.7 to 16.5)

Marital status 94 0.2449

 Never married Ref

 Married 2.8 (0.5 to 16.4)

 Divorced or separated 2.3 (0.5 to 10.8)

 Widowed 8.4 (1.1 to 66.0)

Sex work as main source of income 94 0.0804

 Yes Ref

 No 2.6 (0.9 to 7.4)

Money earned last month 79 0.9190

 <200 kina (~US$63) Ref

 200–499 kina (~US$63–US$156) 1.4 (0.2 to 8.4)

 ≥500 kina (~≥US$157) 1.4 (0.3 to 7.5)

Number of children responsible for at home 93 0.0365

 None Ref

 One or more 3.2 (1.1 to 9.2)

Screened positive for depression 94 0.9802

 Yes Ref

 No 1.0 (0.3 to 3.0)

Any STI symptoms, last 12 months 93 0.2344

 Yes Ref

 No 1.9 (0.7 to 5.4)

Disclosed sex work to anyone 94 0.6634

 Yes Ref

 No 1.3 (0.4 to 4.0)

Ashamed to sell sex 93 0.0201

 Yes Ref

 No 3.9 (1.2 to 12.2)

Ashamed to disclose sex work to healthcare worker 91 0.4016

 Yes Ref

 No 1.6 (0.5 to 4.5)

Can rely on other FSW to help them with violent clients, partners or people 94 0.8280

 Yes Ref

 No 1.1 (0.4 to 3.3)

Can rely on other FSW to borrow money from them 94 0.4050

 Yes Ref
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Variable n OR (95% CI) P value

 No 1.6 (0.5 to 4.4)

Using modern contraceptive method 64 0.0079

 Yes 7.3 (1.7 to 30.8)

 No Ref

Years selling sex 94 0.1944

 ≤2 years Ref

 3–4 years 1.2 (0.3 to 5.1)

 5 years or more 2.9 (0.8 to 10.6)

Used internet or mobile apps to meet clients, last 6 months 94 0.0464

 Yes 5.8 (1.0 to 33.1)

 No Ref

Has someone who facilitates meeting clients 94 0.0577

 Yes Ref

 No 2.8 (1.0 to 8.0)

Had a main male partner, last 6 months 94 0.8226

 Yes Ref

 No 0.9 (0.3 to 2.6)

Used condom at last sex act 94 0.2931

 Yes Ref

 No 0.6 (0.2 to 1.6)

Spoke with peer educator or outreach worker, last 12 months 94 0.0714

 Yes Ref

 No 0.4 (0.1 to 1.1)

Given free condoms, last 12 months 93 0.3219

 Yes Ref

 No 0.6 (0.2 to 1.8)

*
Assumes that all FSW with suppressed HIV viral load were also aware they were living with HIV.

FSW, female sex workers; ref, reference.
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