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Abstract. Background: In this paper, factors associated with HIV and syphilis infection in three cities in Papua New
Guinea are explored.Methods: Respondent-driven sampling surveys among FSW in Port Moresby, Lae, and Mt. Hagen
(2016–17) were conducted. FSWwho were aged�12 years, who were born female, who spoke English or Tok Pisin and
who had sold or exchanged vaginal sex in the past 6 months were eligible to participate. Participants were interviewed
face-to-face and offered rapid HIV and syphilis testing. Survey logistic procedures were used to identify factors
associated with HIV and syphilis infection, including modern contraception use, physical violence and having a casual
male partner. Weighted data analysis was conducted. Results: Overall, 2901 FSW (Port Moresby, 673; Lae, 709; and
Mt. Hagen, 709) were enrolled in the study. HIV prevalence was 15.2% in Port Moresby, 11.9% in Lae and 19.6% in
Mt. Hagen. Factors associated with HIV varied by city; for example, use of modern contraception in Port Moresby,
experiences of physical violence in Lae and ever having tested for HIV in Mt. Hagen. No one variable was associated
with HIV in all cities. Prevalence of syphilis infection was 7.1%, 7.0%, and 3.0% in Port Moresby, Lae, and Mt. Hagen,
respectively. Factors associated with syphilis infection also varied by city and were only significant in Lae.
Conclusion: The different factors associated with HIV and syphilis infection in each city highlight the complex
HIV and syphilis epidemics among FSW and the importance of conducting surveys in multiple locations and
developing local interventions.
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Introduction

As of 2017, globally there were 37 million HIV positive people,
with key populations and their sexual partners accounting for
47% of newHIV infections.1 One key population is sex workers
who receive money or goods in exchange for sexual services.
HIV prevalence among female sex workers is up to 20-fold
higher than that of the general population.2–4 Understanding the
factors associated with HIV among this vulnerable group is
imperative for developing effective interventions relevant to the

epidemic in Papua New Guinea. Papua New Guinea has the
largest HIV epidemic in the Pacific region.5 With the increase in
routine HIV test reporting from antenatal clinics and numerous
biobehavioural surveys, the understanding of Papua New
Guinea’s HIV epidemic has greatly improved. Papua New
Guinea has a concentrated epidemic, with HIV prevalence
estimated at 0.9% among the general population aged
15–49 years.6 HIV and syphilis prevalence among female
sex workers ranges from 2.7% and 3.8%, respectively, in the
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Eastern Highlands Province to 19.0% and 24.2%, respectively,
in Port Moresby,7,8 the country’s capital. However, the
biological and behavioural data on female sex workers in
Papua New Guinea, where the practice is illegal, are
outdated,9 and no data have been published for the second
and third largest cities in the country (Lae and Mt. Hagen).

Improved evidence that Papua New Guinea’s HIV
epidemic in concentrated among key populations such as
female sex workers led to important national policy
changes, as well as funding for biobehavioural surveillance
targeting female sex workers to ensure appropriate
interventions are designed and implemented.10 To address
the substantial data gap in up-to-date biobehavioural
surveillance data, we conducted, for the first time, a
multisite biobehavioural survey using respondent-driven
sampling among female sex workers in Port Moresby, Lae
and Mt. Hagen. Our findings show the prevalence and factors
associated with HIV and syphilis infection among female sex
workers in Papua New Guinea. Although much attention is
afforded to HIV, syphilis infection remains a serious public
health concern among female sex workers; syphilis can be
transmitted to partners, clients and unborn children and can
cause genital ulceration that has been shown to be associated
with increased risk of the transmission and acquisition
of HIV.11–13 In Tok Pisin, a lingua franca of Papua New
Guinea, the study was called Kauntim mi tu (in English,
‘count me too’).

Methods
Study design and criteria
Kauntim mi tu was a respondent-driven sampling
biobehavioural survey conducted in Port Moresby
(June–October 2016), Lae (January–June 2017) and Mt.
Hagen (August–December 2017). Respondent-driven
sampling is a variant of snowball sampling that can be used
to produce sampling weights, compensating for the non-random
nature of recruitment.14–16 To participate in this survey, female
sex workers had to be born a biological female, be aged
�12 years, have sold or exchanged vaginal sex in the past
6 months, speak English or Tok Pisin and have a valid study
coupon. The low age criterion reflects how early some girls in
Papua New Guinea engage in transactional sex. Additionally,
Papua New Guinea allows individuals aged �12 years to
undergo HIV testing without consent of a guardian or parent.17

Recruitment
Respondent-driven sampling recruitment18,19 started with five
seeds (well respected, networked female sex workers who
initiated recruitment) in Port Moresby, four seeds in Lae
and five seeds in Mt. Hagen. Three additional seeds were
added in Lae (total seven), and one in Mt. Hagen (total six) to
speed recruitment and reach underrepresented female sex
worker social networks. Seeds were purposely selected to
create diversity with respect to age, place of residence,
region of origin, marital status, receipt of a unique object
for sample size estimation and affiliation with a non-
governmental or community-based organisation. The longest

recruitment chain in each city had 15, 12, and 9 waves,
respectively.

Community consultation
We extensively consulted with female sex workers and Friends
Frangipani, a local civil society organisation representing sex
workers, at all phases of the biobehavioural survey. After data
collection, findings were reported to female sex workers who
then offered site-specific recommendations – see study reports
for specific recommendations.

Reimbursement
In all locations, participants received 45 PNG kina (~US$14)
for their first visit to the survey site and 10 PNG kina (~US$3)
per successful recruit plus 5 PNG kina (~US$1.50) for
transportation at their second visit. This reimbursement rate
was negotiated between the communities of female sex
workers and researchers and approved by the ethics
committees. All participants also were provided with
condoms, lubricants and information on HIV and other
sexually transmissible infections.

Data collection
After providing verbal informed consent, participants
completed a face-to-face interview with a trained Papua New
Guinean researcher. The questionnaire included:
sociodemographics; sexual history; sexual behaviours (e.g.
anal sex); sex work characteristics (e.g. number of male
clients); current sexual practices (e.g. having a main or
casual male partner); HIV knowledge; access to support
services and peer outreach including number of months since
last contact with a peer educator or outreach worker; social
support from peers; stigma and discrimination; physical and
sexual violence; condom use; experience of sexually
transmissible infections; HIV testing; and HIV care and
treatment. The two-item Patient Health Questionnaire (PHQ-
2) was used to screen for depression.20 Comprehensive HIV
knowledge was based on the United Nations Joint Program for
HIV/AIDS definition of correctly answering three questions and
rejecting two myths regarding HIV.21 The questionnaire was
administered in the language of the participants’ choice
(English or Tok Pisin). The questionnaire took ~1.5 h to
complete. No personal identifiers were collected.

Sample collection and diagnostic methods
For HIV testing, all participants provided written informed
consent, as per national testing guidelines. Consenting
female sex workers were tested for HIV using the Papua
New Guinea national HIV testing algorithm, Determine
HIV-1/2 (Alere, Hannover, Germany), with confirmation by
Stat-Pak HIV-1/2 (Chembio, New York, NY, USA).
Participants with an indeterminate result were advised to
test again in 3 months. Participants testing HIV positive
underwent CD4 T-cell count and HIV viral load testing.
The Chembio DPP Syphilis Screen & Confirm Assay was
used to test consenting participants for syphilis (Chembio,
Medford, NY, USA). This test detects treponemal antibodies
and rapid plasma reagin titre greater than one-eighth. We
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categorised participants by treponemal and by non-treponemal
test results: syphilis infection (treponemal reactive, non-
treponemal reactive �1); past syphilis (treponemal reactive,
non-treponemal non-reactive); no syphilis (treponemal non-
reactive, non-treponemal non-reactive).22

The study was enrolled in the Royal College of
Pathologists of Australasia Quality Assurance Program
(RCPA QAP). Quality assurance testing for syphilis was
performed four times per annum and six times per annum
for HIV. Additional quality control for HIV testing was
conducted by screening all HIV-positive and
inconclusive samples with a third HIV test, Geenius HIV-1/
2 (Bio-Rad, Mitry-Mory, Switzerland). This testing was
conducted at the Institute of Medical Research’s Sexual
and Reproductive Health Laboratory (Goroka, Papua
New Guinea).

Treatment and referral
Female sex workers with a HIV positive result were actively
linked by a peer mentor to a HIV treatment site. Onsite, same-
day treatment for syphilis commenced following the PNG
National STI treatment Guidelines,23 with a referral to a
clinic to continue treatment. Study staff were trained to
identify and refer sexually exploited girls aged <18 years to
partner organisations experienced in providing psychosocial
and protective services. Results of all tests were included in a
referral letter given to participants.

Data analysis
Data were analysed using Respondent-Driven Sampling
Analyst version 0.62 (RDS-A, Los Angeles, CA, USA) and
SAS version 9.3 (Carey, NC, USA). Gile’s Successive
Sampling Estimator was used in RDS-A.24 RDS weights are
based mainly on the number of people in a person’s social
network.9 We determined the number of people in the network
through a series of questions asking participants the number of
women they have seen in the last 2 weeks who: (1) they know
sold sex or exchanged sex for money, goods or services in the
last 6 months; (2) live or work in the study city; (3) are aged
�12 years; and (4) who they have seen in the last 4 weeks.
Weighted c2 tests were calculated to determine if differences
in descriptive statistics were statistically significant (P < 0.05).
Odds ratios (OR) and 95% confidence intervals (CI) were
calculated and a P < 0.1 was the threshold for inclusion in
multivariate analysis. Variables with a P >0.05 were
sequentially removed from multivariable analysis through
stepwise backward elimination until only significant
variables (P < 0.05) remained.

Ethics
This study was approved by the Papua New Guinea National
Department of Health’s Medical Research Advisor
Committee, the Research Advisory Committee of the
National AIDS Council Secretariat, the Papua New Guinea
Institute of Medical Research’s Institutional Review Board
and the Human Research Ethics Committee, UNSW Sydney.
The protocol was reviewed according to the Centers for
Disease Control and Prevention’s (CDC) human research

protection procedures and was determined to be research,
but CDC was not engaged. A letter of support was provided
by Friends Frangipani, the civil society organisation in Papua
New Guinea representing the needs and interests of sex
workers.

Results

We enrolled 2091 female sex workers in the study (Port
Moresby, 673; Lae, 709; and Mt. Hagen, 709). We
distributed 1995 coupons in Port Moresby, 2235 in Lae and
2201 in Mt. Hagen.

Across all three cities, the median age25–27 of female sex
workers was similar, and a majority (81.6–86.5%) had below a
high school education or no formal education. Female sex
workers had diverse religious affiliations in all three cities, a
majority had been divorced, separated or widowed
(68.6–74.5%), a majority had lived in their city for
�5 years (68.4–81.1%) and many travelled away from
home for more than 1 month at a time in the last 6 months
(14.4–25.0%). Sex work was the main form of income for
62.8–76.8% of female sex workers in all three cities.
Approximately half of female sex workers across the three
cities lived on <500 PNG kina per month (~US$149).
Depression was much higher in Mt. Hagen (53.2%) than in
Port Moresby (22.0%) or Lae (36.6%). A minority
(26.5–37.7%) of female sex workers in all three cities were
using a modern contraceptive method. Physical violence in the
last 12 months (26.0% in Port Moresby, 20.2% in Lae and
18.2% in Mt. Hagen) was marginally more common than
sexual violence in the same period (15.2% in Port Moresby,
14.5% in Lae and 15.2% in Mt. Hagen; Table 1).

The majority (64.6–77.0%) of female sex workers in all
three cities experienced their sexual debut between 15 and
19 years of age. Most (52.6–65.5%) had ever had anal sex and
had diverse ages for both first having sold or exchanged sex, as
well as the numbers of years they have been selling sex. A
minority (7.9–17.6%) of female sex workers in all three cities
used the Internet or mobile apps to meet clients in the last
6 months. More female sex workers in Port Moresby had a
main male sexual partner and a casual male partner (54.9% and
21.5%, respectively) in the last 6 months than did female sex
workers in Lae (46.4% and 17.4%, respectively) and Mt.
Hagen (39.6% and 19.3%, respectively). In Mt. Hagen,
41.6% of female sex workers had 10 or more clients in the
past 6 months, compared with 34.0% in Lae and 18.9% in Port
Moresby (Table 2).

Condom use at last sexual encounter was low in all three
cities, ranging from 27.1% to 37.2%. Low proportions of
female sex workers received free condoms in the last
12 months in Port Moresby (59.7%), Lae (51.9%) and Mt.
Hagen (42.8%). Half (50.9%) of all female sex workers in Mt.
Hagen had never met with a peer educator compared with
30.6% in Port Moresby and 31.0% in Lae (Table 2).

Fewer female sex workers in Port Moresby (40.0% and
54.3%, respectively) than in Lae (62.9% and 70.2%,
respectively) or Mt. Hagen (72.6% and 74.4%, respectively)
could count on a peer to accompany them to the doctor or a
hospital or count on a peer to let them borrow money if they
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asked. Approximately half (53.7–55.9%) of female sex
workers in Port Moresby, Lae and Mt. Hagen had a
symptom of a sexually transmissible infection in the past
12 months. Between 56.1% and 68.2% of female sex
workers had ever tested for HIV across all three cities. In
all cities, comprehensive HIV knowledge was low
(20.5–35.6%; data not shown; Table 2).

HIV results

HIV prevalence was 15.2% (95% CI: 11.7–18.8) in Port
Moresby, 11.9% (95% CI: 9.0–14.8) in Lae and 19.6% (95%
CI: 16.1–23.0) in Mt. Hagen. Among female sex workers in
Port Moresby, factors associated with HIV in multivariate

analysis included not using modern contraceptive methods
(e.g. intrauterine devices, tubal ligation, Depo and other
injectables and the oral pill; aOR, 2.7; 95% CI: 1.2–5.9)
and an inability to count on another female sex worker to
accompany her to the doctor or hospital (aOR, 2.3; 95% CI:
1.0–5.1; Table 3). In Lae, factors associated with HIV included
having experienced physical violence in the last 12 months
(aOR, 2.5; 95% CI: 1.2–4.9), not having used the Internet or
mobile applications to meet clients in the last 6 months (aOR,
7.2; 95% CI: 1.9–27.4), not having a main male sexual partner
in the last 6 months (aOR, 2.4; 95% CI: 1.3–4.6), an inability to
count on another female sex worker to lend money (aOR, 2.2;
95% CI: 1.2–4.0) and having been given free condoms in the
last 12 months (aOR, 3.2; 95% CI: 1.7–6.0; Table 4). In Mt.

Table 1. Characteristics of female sex workers in Port Moresby, Lae and Mt. Hagen (2016–17)
CI, confidence interval; IQR, interquartile range

Port Moresby Lae Mt. Hagen
Valid
n

Sample
proportion

Population
proportion

Valid
n

Sample
proportion

Population
proportion

Valid
n

Sample
proportion

Population
proportion

P-value

% % (95% CI) % % (95% CI) % % (95% CI)

Age (years) 633 609 554 <0.001
12–19 77 12.2 14.4 (10.9–18.0) 73 12.0 11.9 (8.9–15.0) 65 11.7 13.1 (9.8–16.4)
20–24 173 27.3 28.9 (24.4–33.3) 166 27.3 26.7 (22.4–30.9) 173 31.2 32.4 (27.9–36.9)
25–29 119 18.8 17.5 (13.9–21.1) 127 20.9 20.2 (16.4–24.0) 135 24.4 23.0 (19.1–26.9)
30–34 94 14.8 15.0 (11.5–18.5) 105 17.2 19.5 (15.6–23.4) 83 15.0 15.1 (11.7–18.6)
�35 170 26.9 24.2 (20.1–28.2) 138 22.7 21.7 (17.8–25.6) 98 17.7 16.4 (13.0–19.8)

Sample median (IQR) 27 (21–36) 29 (23–38) 28 (22–41)
Education 672 708 709 <0.001
No formal education 163 24.3 23.6 (19.6–27.5) 256 36.2 35.6 (31.4–39.9) 284 40.1 39.9 (35.8–44.0)
Primary 391 58.2 61.5 (57.0–66.1) 349 49.3 50.9 (46.5–55.3) 295 41.6 41.7 (37.5–45.8)
High school or other 118 17.6 14.9 (11.6–18.1) 103 14.5 13.5 (10.5–16.4) 130 18.3 18.4 (15.1–21.7)

Religious affiliation 673 705 708 <0.001
Seventh Day Adventist 235 34.9 36.6 (32.0–41.2) 207 29.4 28.7 (24.7–32.7) 130 18.4 19.2 (15.8–22.6)
Mainstream Church (Catholic, Lutheran
and United Church)

208 30.9 31.1 (26.7–35.6) 292 41.4 42.0 (37.6–46.4) 313 44.2 43.3 (39.1–47.4)

Pentecostal (Revival/Four Square, other
Christian)

172 25.6 23.9 (20.0–27.8) 166 23.5 22.7 (19.0–26.3) 188 26.6 26.6 (22.9–30.3)

Other (No religious affiliation, other
non-Christian, other Protestant)

58 8.6 8.3 (5.7–10.8) 40 5.7 6.6 (4.2–8.9) 77 10.9 10.9 (8.3–13.5)

Marital status 673 708 709 <0.001
Never married 115 17.1 18.2 (14.4–21.9) 137 19.4 19.5 (16.0–23.0) 142 20.0 21.5 (18.0–25.1)
Married 93 13.8 13.2 (10.1–16.4) 75 10.6 10.5 (7.8–13.2) 26 3.7 4.0 (2.2–5.7)
Divorced, separated or widowed 465 69.1 68.6 (64.2–73.0) 496 70.1 70.0 (65.9–74.0) 541 76.3 74.5 (70.7–78.3)

Residence in city (years) 670 708 709 <0.001
<5 119 17.8 18.9 (15.1–22.7) 210 29.7 31.6 (27.4–35.8) 161 22.7 25.8 (22.0–29.6)
�5 551 82.2 81.1 (77.3–84.9) 498 70.3 68.4 (64.2–72.6) 548 77.3 74.2 (70.4–78.0)

Away from home for >1 month at a time in
last 6 months

650 667 594 <0.001

Yes 91 14.0 14.4 (11.0–17.8) 164 24.6 25.0 (21.0–29.0) 151 25.4 23.7 (20.0–27.5)
Sex work as main source of income 671 701 686 <0.001
Yes 467 69.6 66.5 (61.9–71.1) 458 65.3 62.8 (58.4–67.1) 535 78.0 76.8 (73.1–80.4)

Average monthly income (kina) 578 589 556 <0.001
<200 (~US$63) 76 13.1 14.5 (10.8–18.2) 67 11.4 11.0 (8.0–14.0) 68 12.2 13.0 (9.7–16.3)
200–499 237 41.0 41.9 (36.8–46.9) 264 44.8 47.2 (42.3–52.0) 216 38.8 38.4 (33.8–43.0)
500–999 145 25.1 24.9 (20.5–29.4) 146 24.8 25.4 (21.2–29.6) 184 33.1 32.3 (27.8–36.7)
�1000 120 20.8 18.7 (14.9–22.6) 112 19.0 16.4 (13.1–19.8) 88 15.8 16.3 (12.8–19.9)

Screened positive for depression 671 708 709 <0.001
Yes 148 22.1 22.0 (18.0–25.9) 252 35.6 36.6 (32.3–40.9) 369 52.0 53.2 (49.0–57.4)

Using modern contraceptive method 466 446 430 <0.001
Yes 171 36.7 37.7 (32.2–43.2) 131 29.4 30.9 (25.6–36.1) 121 28.1 26.5 (21.9–31.2)

Physical violence, last 12 months 669 702 697 <0.001
Yes 187 28.0 26.0 (21.9–30.1) 146 20.8 20.2 (16.6–23.7) 125 17.9 18.2 (14.9–21.4)

Sexual violence, last 12 months 664 694 701 0.683
Yes 109 16.4 15.2 (11.9–18.6) 112 16.1 14.5 (11.5–17.5) 115 16.4 15.2 (12.2–18.2)
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Table 2. Sexual behaviours, sex work characteristics, HIV services and laboratory-confirmed HIV and syphilis infection results among female sex
workers in Port Moresby, Lae and Mt. Hagen (2016–17)
CI, confidence interval; STI, sexually transmissible infection

Port Moresby Lae Mt. Hagen
Valid
n

Sample
proportion

Population
proportion

Valid
n

Sample
proportion

Population
proportion

Valid
n

Sample
proportion

Population
proportion

P-value

% % (95% CI) % % (95% CI) % % (95% CI)

Age of sexual debut (years) 634 578 525 <0.001
10–14 103 16.2 14.5 (11.3–17.6) 154 26.6 26.5 (22.1–30.9) 100 19.0 18.5 (14.9–22.2)
15–19 469 74.0 77.0 (73.2–80.9) 374 64.7 64.6 (59.8–69.3) 370 70.5 69.5 (64.9–74.0)
�20 62 9.8 8.5 (6.0–11.0) 50 8.7 8.9 (6.1–11.7) 55 10.5 12.0 (8.7–15.4)

Ever had anal sex 672 706 709 <0.001
Yes 357 53.1 52.6 (47.8–57.3) 453 64.2 62.5 (58.1–66.8) 472 66.6 65.5 (61.5–69.5)

Age first sold or exchanged sex (years) 626 605 529 <0.001
10–14 32 5.1 4.9 (2.9–7.0) 50 8.3 7.4 (5.0–9.9) 26 4.9 5.6 (3.3–7.9)
15–19 208 33.2 35.1 (30.4–39.8) 213 35.2 32.6 (28.2–37.0) 209 39.5 39.0 (34.3–43.8)
20–24 172 27.5 26.5 (22.2–30.8) 148 24.5 25.7 (21.5–29.9) 161 30.4 31.0 (26.5–35.5)
25–29 99 15.8 15.5 (11.9–19.2) 109 18.0 19.4 (15.5–23.3) 84 15.9 15.6 (12.1–19.1)
30–34 66 10.5 11.7 (8.5–15.0) 50 8.3 8.0 (5.4–10.6) 32 6.0 6.4 (4.0–8.9)
�35 49 7.8 6.2 (4.3–8.2) 35 5.8 6.9 (4.3–9.5) 17 3.2 2.3 (1.2–3.5)

Years selling sex 671 688 638 <0.001
<1 61 9.1 9.4 (6.7–12.2) 42 6.1 6.5 (4.3–8.8) 34 5.3 6.2 (4.0–8.5)
1–2 189 28.2 30.4 (26.0–34.9) 154 22.4 23.7 (19.8–27.6) 158 24.8 26.0 (22.1–29.9)
3–4 134 20.0 21.5 (17.5–25.4) 165 24.0 26.2 (22.1–30.2) 166 26.0 25.8 (21.9–29.7)
5–9 150 22.4 20.1 (16.4–23.8) 194 28.2 28.1 (24.1–32.1) 198 31.0 30.6 (26.5–34.6)
�10 137 20.4 18.6 (15.0–22.2) 133 19.3 15.5 (12.5–18.4) 82 12.9 11.4 (8.7–14.1)

Used Internet or mobile apps to meet
clients in last 6 months

672 708 709 <0.001

Yes 60 8.9 7.9 (5.5–10.4) 85 12.0 10.8 (8.2–13.4) 133 18.8 17.6 (14.5–20.7)
Had a main male partner in last 6 months 671 707 707 <0.001
Yes 371 55.3 54.9 (50.1–59.6) 311 44.0 46.4 (42.0–50.8) 260 36.8 39.6 (35.4–43.8)

Had a casual male partner in last 6 months 672 708 709 <0.001
Yes 144 21.4 21.5 (17.7–25.4) 124 17.5 17.4 (14.0–20.8) 138 19.5 19.3 (15.9–22.6)

Number of male clients who gave money,
last 6 months

665 703 702 <0.001

1–2 197 29.6 32.1 (27.5–36.6) 151 21.5 22.7 (18.9–26.5) 74 10.5 12.1 (9.2–15.1)
3–4 183 27.5 29.1 (24.7–33.4) 134 19.1 20.3 (16.7–23.9) 132 18.8 20.8 (17.2–24.3)
5–9 140 21.1 20.0 (16.3–23.6) 162 23.0 23.0 (19.3–26.8) 174 24.8 25.5 (21.8–29.2)
�10 145 21.8 18.9 (15.3–22.5) 256 36.4 34.0 (29.8–38.1) 322 45.9 41.6 (37.5–45.7)

Used condom for last sex act 671 708 705 <0.001
Yes 258 38.5 37.2 (32.6–41.7) 245 34.6 32.1 (28.0–36.2) 204 28.9 27.1 (23.5–30.8)

Ever had contact with peer educator or
outreach worker

668 674 678 <0.001

Yes 466 69.8 69.4 (65.0–73.8) 494 73.3 69.0 (64.7–73.4) 353 52.1 49.1 (44.8–53.4)
Can count on other sex workers to

accompany her to the doctor or hospital
if she asked them

651 692 678 <0.001

Yes 269 41.3 40.0 (35.3–44.7) 444 64.2 62.9 (58.5–67.3) 496 73.2 72.6 (68.8–76.5)
Can count on other sex workers to let her

borrow money if she asked them
667 695 692 <0.001

Yes 358 53.7 54.3 (49.6–59.0) 473 68.1 70.2 (66.2–74.3) 517 74.7 74.4 (70.6–78.1)
Given free condoms in last 12 months 670 704 707 <0.001
Yes 408 60.9 59.7 (55.0–64.3) 394 56.0 51.9 (47.4–56.3) 325 46.0 42.8 (38.7–47.0)

Experienced at least one self-reported STI
symptom in the last 12 months

669 702 699 0.281

Yes 365 54.6 55.9 (51.2–60.6) 396 56.4 55.1 (50.7–59.5) 379 54.2 53.7 (49.5–58.0)
Ever tested for HIV 672 706 708 <0.001
Yes 479 71.3 68.2 (63.7–72.7) 418 59.2 56.1 (51.6–60.5) 439 62.0 60.0 (55.8–64.1)

HIV infection 663 704 709 <0.001
Yes 94 14.2 15.2 (11.7–18.8) 83 11.8 11.9 (9.0–14.8) 133 18.8 19.6 (16.1–23.0)

Syphilis infection 666 709 709 <0.001
Yes 41 6.2 7.1 (4.6–9.6) 43 6.1 7.0 (4.6–9.3) 26 3.7 3.0 (1.8–4.3)
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Hagen, the only factor associated with HIV was having ever
tested for HIV (aOR, 2.1; 95% CI: 1.2–3.5; Table 5).

Syphilis infection results

Prevalence of syphilis infection was 7.1% (95% CI: 4.6–9.6) in
Port Moresby, 7.0% (95% CI: 4.6–9.3) in Lae and 3.0% (95%
CI: 1.8–4.3) in Mt. Hagen. Among female sex workers in Port
Moresby (Table 3) and Mt. Hagen (Table 5), there were no
statistically significant factors associated with syphilis in the
multivariable analysis; appropriately powering our analysis for
the low prevalence of syphilis infection with an increased
target sample size may have resulted in significant P-values for
these factors. Nonetheless, these models still yield valuable
information. Although our findings were not statistically
significant, we still should consider the plausibility of the
covariates.28 In Port Moresby, the inability to count on
another female sex worker to lend money had an aOR of
1.9 with a 95% CI that was almost above 1 (0.9–4.1;
Table 3). In Lae, two potential factors associated with
syphilis infection were having had a casual male partner for
<6 months (aOR, 2.4; 95% CI: 1.1–5.2) and reporting having
had no sexually transmissible infection symptoms in the past
12 months (aOR, 2.1; 95% CI: 1.0–4.4; Table 4). In Mt. Hagen,
no factors for syphilis had 95% CI that were close to excluding
the value of 1 (Table 5).

Discussion

Kauntim mi tu is the first biobehavioural survey among female
sex workers in Papua New Guinea since 20107 and the first to
include female sex workers in the country’s second and third
largest cities. HIV prevalence among female sex workers in
Port Moresby (15.2%) is lower than the previous study where
19.0% were infected.7 The HIV prevalence in Mt. Hagen
(19.6%) is higher than the average prevalence among
female sex workers in other low-income and middle-income
countries with similarly low background epidemics among
the general population, such as Brazil and Vietnam, in which
the average HIV prevalence among female sex workers is
11.8%.29 Moreover, the HIV prevalence in Mt. Hagen is now
the same as the HIV prevalence among female sex workers
was in 2010 in the national capital.7 HIV prevalence in Lae is
similar to rates in Brazil and Vietnam. Syphilis infection was
highest in Port Moresby and Lae, but syphilis infection was not
associated with HIV in any of the three cities. To our
knowledge, our study is the first to provide multisite data
for female sex workers in the three major cities in Papua New
Guinea and offers new and important understandings of the
HIV epidemic.

In all three cities, we identified several different factors
associated with HIV among female sex workers. This
variation supports the importance of granular data collection

Table 3. Factors associated with testing positive for HIV and syphilis infection among female sex workers in Port Moresby, Papua New
Guinea (2016)

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; Ref, reference

Characteristic n Bivariate OR
(95% CI)

P value Multivariate a
OR (95% CI)

P-value

HIV infection

Sex work as main source of income 661 0.086
Yes Ref
No 1.6 (0.9–2.9)

Screened positive for depression 661 0.001
Yes 2.2 (1.2–4.1)
No Ref

Using modern contraceptive method 463 0.008 0.013
Yes Ref Ref
No 2.9 (1.3–6.2) 2.7 (1.2–5.9)

Sexual violence in last 12 months 654 0.009
Yes Ref
No 2.8 (1.3–6.1)

Can count on other sex workers to
accompany her to the doctor or
hospital if she asked them

641 0.001 0.039

Yes Ref Ref
No 2.7 (1.5–5.0) 2.3 (1.0–5.1)

Active syphilis infection
Ever had anal sex 665 0.084

Yes Ref Ref 0.127
No 2.0 (0.9–4.2) 1.8 (0.8–3.9)

Can count on other sex workers to let
her borrow money if she asked
them

660 0.070

Yes Ref Ref 0.094
No 2.0 (0.9–4.3) 1.9 (0.9–4.1)
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in different cities, as well as focused interventions that can
respond to local issues in collaboration with civil society
organisations and community members.25–27

In Port Moresby, female sex workers who were not using
modern contraceptive methods had higher odds of HIV
infection compared with women who were using such
methods. This suggests that women not using modern
contraceptive methods may be trying to get pregnant and
are at increased risk for HIV acquisition. HIV infection was
also associated with an inability to rely on peers to assist
female sex workers to see a doctor or attend a health facility or
hospital. This suggests an opportunity for social support
interventions through community-based organisations to

promote social capital and support among female sex
workers.27

In Lae, HIV infection was associated with an inability to
rely on peers to borrow money, further revealing weak social
bonds between sex workers. Increased odds of HIV infection
among female sex workers who had received condoms in the
last 12 months suggests that these women may have been given
condoms due to their increased risk of HIV infection or
because they were aware of their HIV status and were
given condoms at a HIV treatment facility.

As only 60.0% of women in Mt. Hagen had ever been tested
for HIV, and a history of testing for HIV was associated with
HIV, it is possible that many female sex workers only access

Table 4. Factors associated with testing positive for HIV and syphilis infection among female sex workers in Lae, Papua New Guinea (2017)
OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; Ref, reference; STI, sexually transmissible infection

Characteristic n Bivariate
OR (95% CI)

P value Multivariate a
OR (95% CI

P value

HIV infection
Sex work as main source of income 696 0.013

Yes 2.4 (1.2–4.7)
No Ref

Physical violence in last 12 months 697 0.009 0.012
Yes 2.3 (1.2–4.2) 2.5 (1.2–4.9)
No Ref Ref

Ever had anal sex 701 0.055
Yes 1.8 (1.0–3.4)
No Ref

Years selling sex 684 0.073
<1 Ref
1–2 0.4 (0.1–1.2)
3–4 0.5 (0.1–1.4)
5–9 0.8 (0.3–2.6)
�10 1.1 (0.3–3.4)

Used internet or mobile apps to meet clients in last 6 months 703 0.005 0.004
Yes Ref Ref
No 4.8 (1.6–14.5) 7.2 (1.9–27.4)

Had a main male partner in last 6 months 702 0.014 0.006
Yes Ref Ref
No 2.1 (1.2–3.7) 2.4 (1.3–4.6)

Ever had contact with peer educator or outreach worker 669 0.073 0.073
Yes 1.9 (0.9–3.9) 1.9 (0.9–4.0)
No Ref Ref

Can count on other sex workers to let her borrow money
if she asked them

690 0.018 0.013

Yes Ref Ref
No 2.0 (1.1–3.5) 2.2 (1.2–4.0)

Given free condoms in last 12 months 699 <0.001 <0.001
Yes 3.9 (2.0–7.3) 3.2 (1.7–6.0)
No Ref Ref

Syphilis infection
Residence in city (years) 708 0.095

<5 Ref
�5 2.5 (0.9–7.0)

Had a casual male partner in last 6 months 708 0.047 0.035
Yes 2.2 (1.0–5.0) 2.4 (1.1–5.2)
No Ref Ref

Experienced at least one self-reported STI symptom
in the last 12 months

702 0.061 0.044

Yes Ref Ref
No 2.0 (1.0–4.2) 2.1 (1.0–4.4)
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HIV testing when they already have symptoms of HIV or when
they fear they have been exposed to HIV. This finding suggests
a need to expand testing services through new mediums, such
as social network strategies and facilitated self-testing.

Physical violence was only associated with HIV infection
in Lae. We found that although sexual violence was associated
with HIV infection in bivariate analyses in one site (Port
Moresby), it was no longer statistically significant once
included in the multivariate analysis, and was eliminated
from the final multivariate model for this site
(Table 3). Reducing sexual violence is important, but
specific sexual violence-reduction programs may not reduce
the risk of HIV infection among female sex workers in Papua
New Guinea. Survivors of sexual violence should receive
proper care, treatment and post-exposure prophylaxis. Our
findings are supported by similar results in other contexts,
even those with high HIV prevalence, where sexual violence
has been reported to have a negligible effect on HIV
prevalence30,31 and is not associated with HIV
infection,30,32 including at the population level.33 Future
studies are needed to focus specifically on the effects of
violence on HIV infection.

As with HIV, the factors associated with syphilis infection
in the three cities varied. Because sexually transmissible
infections can contribute to both the transmission and
acquisition of HIV,11–13 female sex workers should
routinely receive both HIV testing and testing and treatment
for syphilis. Potential factors associated with syphilis infection
included having more paying clients in Mt. Hagen and having
a casual partner in Lae, which suggests that supplying
condoms to female sex workers in these cities could
prevent transmission not only of HIV but sexually
transmissible infections such as syphilis. Additionally, the

correlation between lack of sexually transmissible infection
symptoms (e.g. discharge or ulcer) and syphilis infection in
Lae suggests that syndromic management of sexually
transmissible infections alone is insufficient and that more
testing for sexually transmissible infections is needed in Papua
New Guinea.

Our findings are limited by the cross-sectional nature of our
survey and by potential bias because the survey was
administered face-to-face. Using audio-computer-assisted
self-interviews, a method used in the earlier 2010 female
sex worker biobehavioural survey in Port Moresby, rather
than face-to-face interviews, may have helped decrease this
bias.6 It is also important to note that we calculated the sample
sizes to power for HIV prevalence. Because syphilis
prevalence was lower than HIV prevalence, we were unable
to determine statistically significant factors associated with
syphilis infection.

The differences in factors associated with HIV and syphilis
infection from Kauntim mi tu provide valuable information for
HIV and sexually transmissible infection programming and
resource allocation. Our findings can help health service
providers find new approaches to reach female sex workers
in Papua New Guinea and bolster peer outreach, testing and
treatment across the country.

Kauntim mi tu highlights the complexity of transactional
sex and HIV risk in Papua New Guinea. As with all
biobehavioural evidence, our findings reflect social
structures, including the legal environment. The illegality of
sex work and other structural barriers negatively affect the
framing and delivery of public health services to prevent HIV
among female sex workers.4,34–39 To reduce new HIV
infections among female sex workers and care for those
already living with HIV, public health programs in Papua

Table 5. Factors associated with testing positive for HIV and syphilis infection among female sex workers in Mt. Hagen, Papua NewGuinea (2017)
OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; Ref, reference

Characteristic n Bivariate
OR (95% CI)

P value Multivariate a
R (95% CI)

P value

HIV infection
Can count on other sex workers to let her borrow

money if she asked them
692 0.075 0.106

Yes Ref Ref
No 1.6 (1.0–2.5) 1.5 (0.9–2.5)

Ever tested for HIV 707 0.003 0.006
Yes 2.2 (1.3–3.6) 2.1 (1.2–3.5)
No Ref Ref

Syphilis infection
Number of male clients who gave money in last 6 months 702 0.049 0.089

1–2 0.3 (0.1–1.4) 0.4 (0.1–1.9)
3–4 0.4 (0.1–2.0) 0.4 (0.1–2.1)
5–9 0.2 (0.1–0.7) 0.2 (0.0–0.8)
�10 Ref Ref

Used condom at last sex act 705 0.055
Yes 2.3 (1.0–5.4)
No Ref

Can count on other sex workers to accompany her to the
doctor or hospital if she asked them

678 0.056 0.146

Yes 3.0 (1.0–9.3) 2.4 (0.7–7.8)
No Ref Ref
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New Guinea should consider addressing structural barriers,
including health systems, the law, socioeconomic factors,
long-standing cultures of violence and inequalities in
power.4,34–39
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