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Much about the range of pathogens, frequency of coin-
fection, and clinical effects of reproductive tract infections
(RTls) among pregnant women remains unknown. We re-
port on RTls (Mycoplasma genitalium, Chlamydia tracho-
matis, Neisseria gonorrhoeae, Trichomonas vaginalis,
Treponema pallidum subspecies pallidum, bacterial vagi-
nosis, and vulvovaginal candidiasis) and other reproduc-
tive health indicators in 699 pregnant women in Papua
New Guinea during 2015-2017. We found M. genitalium,
an emerging pathogen in Papua New Guinea, in 12.5%
of participants. These infections showed no evidence of
macrolide resistance. In total, 74.1% of pregnant women
had >1 RTI; most of these infections were treatable. We
detected sexually transmitted infections (excluding syphi-
lis) in 37.7% of women. Our findings showed that syn-
dromic management of infections is greatly inadequate.
In total, 98.4% of women had never used barrier contra-
ception. These findings will inform efforts to improve re-
productive healthcare in Papua New Guinea.

Reproductive tract infections (RTIs), includ-
ing sexually transmitted infections (STIs), are
preventable and often curable health conditions.

Public health officials consider Chlamydia trachomatis,
Neisseria  gonorrhoeae, Trichomonas wvaginalis, and
Treponema pallidum subspecies pallidum infections to
be curable diseases. An estimated 376.4 million new
cases of these 4 infections occur globally in adults
each year; the World Health Organization Western
Pacific Region has the highest number of annual
new cases, estimated at 142 million (1-3). Other
RTIs, such as bacterial vaginosis (BV) and vulvo-
vaginal candidiasis (VVC) caused by Candida albi-
cans, are also common. However, global estimates
for these diseases are less certain because of differ-
ing diagnostic methodologies for BV (4) and preva-
lence of commensal C. albicans. Current estimates
suggest that 8%-51% of pregnant women have BV
(5); 20%-30% of asymptomatic and 40% of symp-
tomatic women have vaginal C. albicans infections
(6). RTIs can cause substantial pain and discomfort
and some patients might experience debilitating
stigma from their families and communities (7). Pos-
sible complications include pelvic inflammatory dis-
ease, infertility, and increased risk for other STIs. In
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pregnant women, RTIs can cause miscarriage, still-
birth, preterm birth, or neonatal death, as well as
serious neonatal conditions such as blindness, con-
genital malformations, and lifelong disability (1,8,9).

Mycoplasma genitalium is increasingly understood
to be a major cause of poor sexual health and is as-
sociated with pelvic inflammatory disease, cervicitis,
miscarriage, and preterm birth (10,11). Limited data
exists on M. genitalium prevalence, although estimates
range from <1.0% in the general adult population to
15.9% in groups at high risk, such as female commer-
cial sex workers (12,13). In pregnant women, esti-
mates range from 0.7% in the United Kingdom (14) to
11.9% in the Solomon Islands (15). During 2010-2019,
global macrolide resistance to M. genitalium increased
from 10% to >50% (16). In many regions, the preva-
lence of M. genitalium and its susceptibility to antimi-
crobial drugs is unknown.

Papua New Guinea is a country in the southwest-
ern Pacific Ocean with >8.5 million persons (17). Poor
pregnancy outcomes are common in this country. Es-
timates are imprecise because of weaknesses in vital
registry systems, but <50% of women give birth with
a skilled birth attendant (18). Ultrasound machines
for gestational age assessment are largely inaccessible
because of scarcity, cost, and location. The estimated
prevalence of low birthweight (weight <2.5 kg) rang-
es from 10%-24% and preterm birth from 7%-18%
(19). Papua New Guinea has a high perinatal death
rate of 17 deaths/1,000 pregnancies (19). Curable STIs
are commony; rates of C. trachomatis, N. gonorrhoeae, T.
vaginalis, and T. pallidum infections exceed those of
other high-prevalence regions such as sub-Saharan
Africa (1,20). However, little to no data exists on the
prevalence of M. genitalium in Papua New Guinea.
We evaluated the prevalence of M. genitalium and
other RTIs among pregnant women attending ante-
natal clinics in the East New Britain (ENB) province of
Papua New Guinea. We also investigated molecular
markers of resistance in clinical samples from these
patients. We investigated the relationships between
different RTIs, factors associated with infection, and
analyzed the diagnostic accuracy of syndromic man-
agement guidelines.

Materials and Methods

Study Site and Population

We studied cross-sectional baseline data from 699
pregnant women attending their first antenatal clinic.
Study participants were enrolled in Healthy Mothers
Healthy Babies, a prospective cohort study undertak-
en at 5 health facilities in 3 of the 4 districts of ENB.
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The study sites included the hospitals in the 2 major
urban areas and the 3 largest rural health centers of
ENB. Members of the largest ethnic group, the Tolai,
access all facilities; members of the second largest eth-
nic group, the Baining, predominantly access Kerevat
Rural Hospital, the government-operated rural facili-
ty. Enrollment in the Healthy Mothers Healthy Babies
cohort, and thus this study, occurred during March
2015-June 2017. Women >16 years of age who were
living in the facilities” catchment area and attending
clinic for the first time in the current pregnancy, re-
gardless of gestational age, were eligible to partici-
pate. At each site, women were randomly selected
through a dice roll. After the women underwent eligi-
bility screening and provided informed consent, they
completed a questionnaire administered by a trained
research officer. We collected sociodemographic and
clinical information through the questionnaire and
patient-held medical records. We obtained urine, cap-
illary finger prick blood, self-collected vaginal swab,
and venous blood samples. We communicated all ab-
normal results available at the point of care, such as
results of the urine dipstick and syphilis, malaria, and
hemoglobin assays, to the participant and the health-
care provider.

Study Procedures

Health facility staff provided routine antenatal care,
including intermittent preventive treatment in preg-
nancy for malaria, syndromic management for vagi-
nal discharge (Appendix, https://wwwnc.cdc.gov/
EID/article/27/3/20-1783-Appl.pdf), iron and folate
supplementation, voluntary counselling and testing
for HIV using Alere Determine HIV-1/2 (Abbott,
https:/ /www.abbott.com), and point-of-care syphilis
testing using Alere Determine Syphilis TP (Abbott),
in accordance with national guidelines (21,22). At
the beginning of the study period, the participating
healthcare facilities conducted syphilis testing. How-
ever, interruptions in stock supply nationally led to
fewer women being tested for syphilis. The research
team subsequently supplied and conducted testing
for study participants. Stock interruptions of HIV
testing materials also occurred; however, our research
team was not qualified for voluntary counselling and
testing and did not have ethics approval to conduct
HIV testing.

Each participant provided 2 self-collected vagi-
nal swab samples: 1 GeneXpert vaginal/endocer-
vical swab (Cepheid, https://www.cepheid.com),
which was placed directly into its transport medium,
and 1 Copan flocked swab (Copan Diagnostics, Inc.,
https:/ /www.copanusa.com), which was first used
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Table 2. Prevalence of reproductive tract infections among pregnant women in East New Britain, Papua New Guinea, 2015-2017*

Reproductive tract infection Tested Frequency Prevalence, % (95% Cl)
No current RTIt 467 121 25.9 (22-30.1)
No current STl 485 302 62.3 (57.8-66.6)
Mycoplasma genitalium 625 78 12.5 (10-15.3)
Chlamydia trachomatis 640 122 19.1 (16.1-22.3)
Neisseria gonorrhoeae 640 35 5.5 (3.8-7.5)
Trichomonas vaginalis 581 117 20.1 (16.9-23.6)
Syphilis§ 437 79 18.1 (14.6-22)
Bacterial vaginosis 653 170 26 (22.7-29.6)
Vulvovaginal candidiasis 653 245 37.5(33.8-41.4)
Co-infections

>1 Current RTI 467 346 74.1 (69.9-78)

>1 Current STI 485 183 37.7 (33.4-42.2)

>1 MG, CT, NG, TV, or syphilis infection 302 144 47.7 (41.9-53.5)

>1 MG, CT, NG, TV, or BV infection 467 250 53.5 (48.9-58.1)

>1 Infection diagnosed by GeneXpert{ 546 175 32.1 (28.2-36.1)

>1 Vaginal infection# 542 362 66.8 (62.6-70.7)

>1 BV or VVC infection 653 376 57.6 (53.7-61.4)
Multiple current STls

2 661 75 11.3 (9-14)

3 536 15 2.8 (1.6-4.6)

*Participants result included only if they had all tests done for each of the infections within group of RTls. BV, bacterial vaginosis; CT, Chlamydia
trachomatis; MG, Mycoplasma genitalium; NG, Neisseria gonorrhoeae; RTI, reproductive tract infection; STI, sexually transmitted infection; TV,

Trichomonas vaginalis; VVC, vulvovaginal candidiasis.
1RTIs include MG, CT, NG, TV, BC, and VVC (syphilis not included).
$STls include MG, CT, NG, TV (syphilis not included).

§Diagnosed with Alere Determine Syphilis TP (Abbott, https://www.abbott.com).
fICT, NG, and TV infections diagnosed with GeneXpert (Cepheid, https://www.cepheid.com).

#Vaginal infections include BV, TV, and VVC.

to prepare a vaginal smear on a slide for microscopy,
and then placed in 1.0 mL Copan Universal Transport
Medium (Copan Diagnostics, Inc.) specific for bacte-
rial STIs. The number of vaginal swabs and smears
available for diagnosis varied because of occasional
reluctance to provide a swab, quality of vaginal smear,
and availability of GeneXpert testing cartridges. Each
woman self-collected a urine sample in a sterile con-
tainer. All specimens were stored in a chilled box at
2°C-7°C for the remainder of clinic day, then stored at
2°C-7°C or —20°C until tested.

Laboratory Methods

We used the GeneXpert molecular platform (Cepheid)
to test vaginal and urine specimens for C. trachomatis,
N. gonorrhoeae, and T. vaginalis at the Burnet Institute/
Papua New Guinea Institute of Medical Research
laboratory at St. Mary’s Hospital Vunapope (Kokopo,
Papua New Guinea). M. genitalilum and resistance mu-
tations were detected by quantitative PCR (Resistance-
Plus MG kit, SpeeDx Pty Ltd, https://plexpcr.com).
Gram-stained vaginal smears were read by an expe-
rienced microscopist at the Melbourne Sexual Health
Centre (Melbourne, Victoria, Australia) (Appendix).

Data Management and Statistical Analysis

Researchers interviewed participants and documented
their responses using electronic tablets. We employed
stringent data management protocols (Appendix).
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The questionnaire included details about the
enrollment clinic, participant characteristics at en-
rollment, and relevant obstetric history (Appendix).
This study produced prevalence estimates of M. geni-
talium, C. trachomatis, N. gonorrhoeae, T. vaginalis, T.
pallidum, BV, and VVC among pregnant women in
Papua New Guinea. We used logistic regression to
assess the association between patient characteristics
and STlIs, including C. trachomatis, N. gonorrhoeae, T.
vaginalis, and M. genitalium. We included all variables
of interest in the univariable analysis. The multivari-
able model retained variables associated with the out-
come at p<0.10 in the univariable analysis. We also
analyzed the effectiveness of syndromic management
guidelines using the standard question about cur-
rent symptoms compared with an alternative ques-
tion about symptoms experienced during the current
pregnancy.

Ethics Considerations

All participants provided individual written, in-
formed consent. Ethics approval was provided from
the Medical Research Advisory Committee of the
Papua New Guinea National Department of Health
(approval no. 14.27), the Papua New Guinea Insti-
tute of Medical Research Institutional Review Board
(approval no. 1114), and the Human Research Ethics
Committee of the Alfred Hospital in Australia (ap-
proval no. 348/14). Provincial approval was obtained
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from the East New Britain Provincial Executive Com-
mittee and participating facilities. A series of commu-
nity engagement meetings provided broader commu-
nity support and assent for the study.

Results

We enrolled 699 pregnant women at 5 antenatal clin-
ics in ENB. The median maternal age was 26 years (in-
terquartile range [IQR] 22-30 years), 25.3% (177/699)
of women were primigravida, 95.1% (663/697) were
married or lived with a partner, and 46.5% (325/698)
had only completed primary school (Table 1, https://
wwwnec.cdc.gov/EID/article/27/3/20-1783-T1.
htm). In total, 82.5% (569/690) of women had never
used a modern method of contraception; only 11
(1.6%) women had ever used a condom for men or
women.

High Burden of RTls During Pregnancy
The total number of women tested for each patho-
gen varied as detailed in Methods. Of the 699 women
enrolled, 12.5% (78/625; 95% CI 10.0%-15.3%) had
M. genitalium infections. We found no evidence of
macrolide-resistant mutations (Table 2). Among the
samples tested, 19.1% (122/640; 95% CI116.1%-22.3%)
of women had C. trachomatis infections, 5.5% (35/640;
95% CI 3.8%-7.5%) had N. gonorrhoeae infections; and
20.1% (117/581; 95% CI 17.0%-23.7%) of tested sam-
ples were positive for T. vaginalis. Lifetime exposure
to syphilis was extremely high: 18.1% (79/437; 95%
CI 14.6%-22.0%) of samples were positive by T. palli-
dum serologic testing. Among the 653 vaginal smears
available for microscopy, BV prevalence was 26.0%
(170/653; 95% CI 22.7%-29.6%) and VVC prevalence
was 37.5% (245/653; 95% CI 33.8%-41.4%). Facility-
based HIV rapid test results were available for 205
women, of whom 2 (0.98%) were HIV-positive.
Among women for whom all results were avail-
able, most (74.1%; 346 /467) had >1 RTI (i.e., BV, VVC,
M. genitalium, C. trachomatis, N. gonorrhoeae, or T. vagi-
nalis) at the time of screening; 37.7% (183/485) had
>1 curable STI (i.e., M. genitalium, C. trachomatis, N.
gonorrhoeae, or T. vaginalis) at the time of screening.
Among the women who were tested, 32.1% (175/546)
had an STI diagnosed using GeneXpert (C. trachoma-
tis, N. gonorrhoeae, or T. vaginalis), 11.3% (75/661) had
>2 concurrent ST1s, 2.8% (15/536) of women had >3
coinfections, and 1 woman had 4 STIs.

Associations between Infections

Of the 78 women with M. genitalium infections, 28
(35.9%) had >1 concurrent STI detected: 20 (25.6%)
had C. trachomatis infections, 13 (16.7%) had T. vaginalis
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infections, and 6 (7.7%) had N. gonorrhoeae infections
(Figure 1; Appendix Table 2). Co-infections were
most frequent among women with N. gonorrhoeae
infections (80%; 28/35); most women with N. gonor-
rhoeae infections also had C. trachomatis infections
(71.4%; 25/35), T. vaginalis infections (22.8%; 8/35),
or M. genitalium infections (17.1%; 6/35). We did not
consider syphilis in estimates of coinfections because
the syphilis test did not distinguish between current
or previous infection. Of 170 women with BV, 40.6%
(69/170) had a co-infection; the most common were
C. trachomatis (24.1%; 41/170), T. vaginalis (12.3%;
21/170), M. genitalium (12.3%; 21/170), and N. gonor-
rhoeae (7.6%; 13/170) (Appendix Table 3).

Relationship between Abnormal Vaginal

Discharge and Infection

We compared the infections of women with current
abnormal vaginal discharge (as defined by national
treatment guidelines) with those who had abnormal
vaginal discharge currently or at any time in pregnan-
cy before their first antenatal clinic visit (Table 3). A
total of 98 women (14.1%; 98/697) had current symp-
toms (i.e.,, abnormal vaginal discharge) that would
have prompted treatment according to syndromic
management guidelines (2 women did not answer

this question). An additional 37 women did not have

No.

infections
—4

3

2

Figure 1. Relationships among sexually transmitted infections in
pregnant women, East New Britain, Papua New Guinea, 2015-2017.
Each line indicates >2 concurrent infections in 1 participant. The
length of each sector corresponds to the number of monoinfections.
MG, Mycoplasma genitalium; CT, Chlamydia trachomatis; NG,
Neisseria gonorrhoeae; TV, Trichomonas vaginalis.
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Table 3. Screening question for RTls in pregnant women, East New Britain, Papua New Guinea, 2015-2017*

Screening question as per syndromic
management guidelines: Do you currently
have any abnormal vaginal discharge?

Alternative question: Have you
experienced any abnormal vaginal
discharge earlier in the pregnancy or now?

Category (22) No Yes Total No Yes Total
Total 599 (85.9) 98 (14.1) 697 563 (80.7) 135 (19.3) 698
Reproductive tract infection
No current RTIt 112 (93.3) 8 (6.7) 120 108 (89.3) 13 (10.7) 121
No current STIf 265 (88.0) 36 (12.0) 301 249 (82.5) 3 (17.5) 302
Mycoplasma genitalium 66 (84.6) 12 (15.4) 78 61 (78.2) 17 (21.8) 78
Chlamydia trachomatis 98 (80.3) 24 (19.7) 122 90 (73.8) 32 (26.2) 122
Neisseria gonorrhoeae 28 (80.0) 7 (20.0) 35 26 (74.3) 9 (25.7) 35
Trichomonas vaginalis 94 (80.3) 23 (19.7) 117 83 (70.9) 34 (29.1) 117
Syphilis§ 68 (86.1) 11 (13.9) 79 65 (82.3) 14 (17.7) 79
Bacterial vaginosis 146 (85.9) 24 (14.1) 170 136 (80.0) 4 (20.0) 170
Vulvovaginal candidiasis 199 (81.2) 46 (18.8) 245 182 (74.3) 63 (25.7) 245
Co-infections
>1 Current RTI 292 (84.4) 54 (15.6) 346 268 (77.5) 78 (22.5) 346
>1 Current STI 154 (84.2) 29 (15.8) 183 141 (77.0) 42 (23.0) 183
>1 Infection diagnosed by GeneXpert{ 141 (80.6) 34 (19.4) 175 127 (72.6) 48 (27.4) 175
>1 Vaginal infection# 298 (82.3) 64 (17.7) 362 271 (74.9) 91 (25.1) 362
>1 BV or VVC infection 314 (83.5) 62 (16.5) 376 290 (77.1) 86 (22.9) 376
Any 2 current STls 58 (77.3) 17 (22.7) 75 53 (70.7) 22 (29.3) 75

*Values are frequency, no. (%). Missing data for 1 woman who responded yes to the alternative question had a missing response to the standard
question. BV, bacterial vaginosis; CT, Chlamydia trachomatis; MG, Mycoplasma genitalium; NG, Neisseria gonorrhoeae; RTI, reproductive tract infection;
STI, sexually transmitted infection; TV, Trichomonas vaginalis; VVC, vulvovaginal candidiasis.

1tRTlIs include MG, CT, NG, TV, BC, and VVC (syphilis not included).
$STls include MG, CT, NG, TV (syphilis not included).

§Diagnosed with Alere Determine Syphilis TP (Abbott, https://www.abbott.com).
fICT, NG, and TV infections diagnosed with GeneXpert (Cepheid, https://www.cepheid.com).

#\Vaginal infections include BV, TV, and VVC.

abnormal vaginal discharge at the time of the screen-
ing but had experienced it earlier in the pregnancy.
According to the national treatment guidelines, these
women would not normally receive treatment.

Most STIs were asymptomatic and neither crite-
ria (current abnormal vaginal discharge vs. current
or previous abnormal vaginal discharge during this
pregnancy) performed well as a marker of infection.
Of those women with a detected STI, 84.1% (154/183)
had no current symptoms and 77.0% (141/183) had
not experienced symptoms during their current preg-
nancy. Conversely, 12.0% (36/301) of uninfected
women had current symptoms and 17.6% (53/302)
had experienced symptoms during their current preg-
nancy. Of those with M. genitalium infection, only 12
women (15.4%;12/78) would have been treated ac-
cording to syndromic management guidelines used
by Papua New Guinea.

Asking whether women had any symptoms dur-
ing their current pregnancy was consistently more
sensitive than asking about current symptoms as per
the standard diagnostic question (Figure 2); how-
ever, the sensitivity of both questions was <30% for
all individual or collective pathogens. The alternative
question was less specific for >1 current STI (82.5%
[p = 0.15] vs. 88% [p = 0.22]; Appendix Table 4). The
alternative question was best able to identify women
with T. vaginalis infection (p<0.01) and VVC (p<0.01)
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(Appendix Table 4); however, this question still
missed most infections.

Factors Associated with Curable STis

We did not identify any factors in the univariable
(Appendix Table 5) or multivariable (Table 4) analy-
sis that were associated with an increased odds of M.
genitalium infection. The univariable analysis showed
that women who were younger, in their first pregnan-
cy, employed, single or separated, had never used a
modern method of contraception, or had abnormal
vaginal discharge at any time in their current preg-
nancy were at increased risk for certain STIs, to vary-
ing degrees of statistical significance. In the multivari-
able analysis, primigravida women and those 16-24
years of age had higher odds for C. trachomatis infec-
tion (adjusted odds ratio [aOR] 2.17, 95% CI 1.29-3.64
[p<0.01], and aOR 3.39, 95% CI 1.24-9.28 [p = 0.02],
respectively). Primigravida women also had higher
odds for N. gonorrhoeae infection (aOR 4.33, 95% CI
1.74-10.75; p<0.01). Women 16-24 years of age had
increased odds for testing positive for >1 STI com-
pared with women in other age groups (aOR 2.45,
95% CI1.17-5.16; p = 0.02).

Discussion
We confirmed that M. genitalium is widespread among
pregnant women in Papua New Guinea, which has
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Figure 2. Sensitivity of syndromic
management for sexually
transmitted infections in pregnant
women, East New Britain,

| Papua New Guinea, 2015-2017.
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the pregnancy or now?” (22).
Chlamydia trachomatis, Neisseria
gonorrhoeae, and Trichomonas
vaginalis infections diagnosed with
GeneXpert (Cepheid, https://www.
cepheid.com). RTI, reproductive
tract infection; STI, sexually
transmitted infection.

Sensitivity (95% Cl)

one of the highest prevalence rates of this infection
globally. We did not find evidence of macrolide re-
sistance. The high prevalence of M. genitalium (12.5%)
among pregnant women suggests an estimated 13,000
(95% CI 10,342-15,823) current cases among women
of reproductive age in the province (Appendix). In
addition, we provide contemporary data on RTIs in
pregnant women from the New Guinea Islands re-
gion of Papua New Guinea; the most recent report on
the subject is >20 years old (23). Our study indicates
that >1 in 2 (53.5%) pregnant women in ENB have a
treatable RTI (including BV, STI, or both) known to
cause harmful sexual and reproductive health out-
comes. These RTIs are not usually detectable by the
syndromic management practices described in the
national health guidelines of PNG. This high preva-
lence of poor sexual and reproductive health has ma-
jor national and regional public health significance.
No global surveillance system for M. genitalium
currently exists (24). Different detection methods
have varying levels of sensitivity, limiting scientific
understanding of its epidemiology. High-income
countries report rates of M. genitalium infection
ranging from 0.3%-3.3% (11,13,25) in the general
population, with higher estimates in certain popula-
tions (26,27). Fewer data are available from low- and
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middle-income countries (LMICs) but prevalence ap-
pears to be higher, ranging from 3% in the general
population in Tanzania (13) to 8%-9% in Honduras
and South Africa (13,28). The highest prevalence has
been reported among sex workers: 16% in Kenya (29)
and 26% in Uganda (30). Data on M. genitalium infec-
tion among pregnant women remains limited despite
the disease’s association with adverse pregnancy out-
comes (26); available estimates range from 0.7%-0.9%
in the United Kingdom and France (14,31) to 6.2% in
Guinea-Bissau (32) and 11.9% in the Solomon Islands
(15). More data on the prevalence and consequences
of M. genitalium infection among pregnant women
are needed.

Regional data on M. genitalium in LMICs are
limited. One study from the Solomon Islands exam-
ined the effects of mass drug administration (MDA)
using 1 g of oral azithromycin for eliminating ocu-
lar C. trachomatis on M. genitalium infection rates
(15). Before MDA, the study found an 11.9% (95%
CI 8.3%-16.6%; n = 236) prevalence of M. genitalium
among pregnant women. After MDA, the preva-
lence remained high at 10.9% with no evidence of
macrolide resistance. However, only 5 of the 28 M.
genitalium-positive women in the post-MDA group
had received azithromycin (15).
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In this study, the lack of macrolide resistance
among M. genitalium infections in pregnant women
warrants further exploration. Macrolide susceptibili-
ty might reflect a population’s lack of exposure to this
class of antimicrobial drugs. However, macrolides
are used widely in Papua New Guinea (22,33) and
are available without prescription (although over-
the-counter macrolides are more expensive than their
prescribed counterparts).

We observed a prevalence of curable STIs sub-
stantially greater than in most settings included
in the 2016 global estimates of curable STIs (3).
The 32.1% observed prevalence of >1 current STI

diagnosable by GeneXpert is less than the 42.7% re-
ported in a study of antenatal clinics from 3 main-
land provinces of Papua New Guinea in 2014 (20),
but similar to the 33.7% prevalence among pregnant
women in Madang Province in 2012 (34). We found
a19.1% prevalence of C. trachomatis infection among
pregnant women, consistent with reports from other
provinces (22.9% in the Eastern Highlands, Hela,
and Central provinces [20] and 20.0% in the Milne
Bay province [35]) and the neighboring Solomon
Islands (20.3%) (36). Similarly, Papua New Guinea
and Solomon Islands have the highest reported rates
of N. gonorrhoeae among pregnant women (5.1%-

Table 4. Multivariable analysis of factors associated with current sexually transmitted infections in pregnant women, East New Britain,

Papua New Guinea, 2015-2017*

Sexually transmitted infection, aOR (95% CI); p value

Mycoplasma Chlamydia Neisseria Trichomonas
Characteristic genitalium trachomatis gonorrhoeae vaginalis >1 infection
Clinic
Vunapope Referent Referent Referent Referent Referent
Nonga 0.68 (0.28-1.62); 0.88 (0.43-1.78); 2.35(0.76-7.32); 0.91 (0.42-1.97); 0.84 (0.43-1.63);
0.38 0.72 0.14 0.82 0.61
Kerevat 0.9 (0.43-1.88); 0.55(0.28-1.09); 1.03 (0.3-3.5); 0.84 (0.41-1.72); 0.58 (0.31-1.11);
0.77 0.09 0.97 0.62 0.10
Napapar 0.76 (0.37-1.57); 0.9 (0.5-1.62); 0.99 (0.31-3.15); 1.09 (0.6—1.99); 0.64 (0.36-1.13);
0.46 0.73 0.98 0.77 0.12
Paparatava 0.86 (0.43-1.73); 0.86 (0.47-1.57); 2.04 (0.7-5.95); 1.08 (0.59-1.99); 1.01 (0.58-1.75);
0.68 0.62 0.19 0.79 0.97
Age, y
>35 Referent Referent Referent Referent Referent
25-34 0.76 (0.34-1.69); 2.47 (0.94-6.52); 1.01(0.2—4.98); 1.85(0.78-4.37); 1.7 (0.85-3.38);
0.50 0.07 0.99 0.16 0.13
16-24 1.21 (0.52-2.82); 3.39(1.24-9.28); 1.86 (0.36-9.63); 2.31(0.93-5.7); 2.45(1.17-5.16);
0.66 0.02 0.46 0.07 0.02
Gravidity
Multigravida Referent Referent Referent Referent Referent
Primigravida 0.87 (0.46-1.65); 2.17 (1.29-3.64); 4.33 (1.74— 1.09 (0.62-1.92); 1.45(0.87-2.42);
0.67 <0.01 10.75); <0.01 0.75 0.15
Marital status
Married/cohabiting Referent Referent Referent Referent Referent
Single/separated 1.06 (0.34-3.3); 1.31(0.54-3.13); 0.44 (0.09-2.23); 4.48 (1.9-10.55); 1.6 (0.61—4.21);
0.92 0.55 0.32 <0.01 0.34
Vaginal discharge
No symptoms Referent Referent Referent Referent Referent
Abnormal discharge (current or 1.17 (0.63-2.15); 1.29 (0.78-2.14); 1.45(0.6-3.53); 1.56 (0.94-2.59); 1.29 (0.79-2.11);
before first antenatal clinic) 0.62 0.33 0.41 0.09 0.31
Has used modern contraception
Yes Referent Referent Referent Referent Referent
No 1.82 (0.82-4.08); 1.04 (0.56-1.95); 0.77 (0.23-2.59); 1.27 (0.66-2.43); 1.17 (0.67-2.05);
0.14 0.90 0.67 0.47 0.57
Employment status
Unemployed Referent Referent Referent Referent Referent
Employed 0.89 (0.49-1.62); 1.27 (0.79-2.05); 2.66 (1.24-5.71); 0.96 (0.57-1.62); 1.29 (0.81-2.06);
0.71 0.32 0.01 0.89 0.28
Urine nitrite
Trace 0.49 (0.11-2.12); 0.78 (0.25-2.43); 0.68 (0.08-5.55); 0.34 (0.07-1.61); 0.35(0.11-1.11);
0.34 0.667 0.72 0.17 0.08
Positive 1.32 (0.58-3); 0.50 1.88 (0.94-3.74); 1.6 (0.5-5.09); 1.29 (0.6-2.76); 1.26 (0.62-2.58);
0.07 0.43 0.51 0.53
Fever during pregnancy
No Referent Referent Referent Referent Referent
Yes (before first antenatal clinic)  1.15 (0.66-1.99); 0.75 (0.46-1.24); 0.69 (0.29-1.65); 1.58 (0.99-2.53); 1 (0.63-1.57);
0.63 0.26 0.41 0.05 0.99

*aOR, adjusted odds ratio.
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14.2%) (34,36-38) in the world. In addition, 2 studies
from South Africa also report very high rates of N.
gonorrhoeae: 10.1% among patients in a primary care
setting (39) and 6.4% among pregnant women (40).

Risk factors for different STIs identified in this
study (e.g., primigravida, age 16-24 years, employ-
ment, being single or separated) could have several
explanations. Younger women in their first pregnan-
cy might have had less interaction with reproductive
health services. Also, employed women might have
more mobility, which increases risk for STT acquisition.
We did not identify any risk factors for M. genitalium
infection, although younger women (16-24 years of
age) were at increased risk for >1 of the curable current
STls. Risk factors for STIs in pregnancy reported else-
where in Papua New Guinea include having >1 life-
time sexual partner, low education level of the woman
or her partner, rural location, history of miscarriage or
stillbirth, and low socioeconomic status (20,34).

This study also provides data on BV and VVC;
57.6% of participants had >1 of these infections.
VVC can cause extreme discomfort and increase a
woman’s risk for postpartum breast candidiasis,
which can affect breastfeeding, but VVC is treatable
with antimicrobial drugs (41). We found a 37.5%
prevalence of VVC, higher than the 23% prevalence
reported in Papua New Guinea in 1991 (42). Com-
parisons with other LMICs are difficult because of
the limited amount of contemporary data (41,43).
We found a 1-in-4 prevalence of BV among pregnant
women, higher than the 17.6% prevalence previous-
ly reported in Papua New Guinea (35), but in keep-
ing with recent global estimates of 23%-29% (5).
However, our results might underestimate the true
prevalence because diagnosis was limited to only
women with a Nugent score of 7-10.

In Papua New Guinea, syndromic management
of RTIs is common because access to diagnostic
services is limited. We confirm previous reports
from Papua New Guinea and elsewhere (28,37) that
syndromic management is an inadequate tool to ef-
fectively treat RTIs. This approach missed 78.2% of
M. genitalium infections and 3 of 4 RTIs. Alterna-
tive approaches are essential to effectively prevent,
detect, and treat RTIs in a cost-effective, feasible
manner in resource-constrained settings. Although
condoms are available, their use is limited by gen-
der disparities, stigma, and financial barriers (23).
Improved access to affordable, accurate point-of-
care diagnostics would lead to more accessible
and appropriate treatment, resulting in improved
sexual and reproductive health; the widespread
implementation of GeneXpert for tuberculosis

M. genitalium in Pregnant Women, Papua New Guinea

diagnosis (44) might also increase access to STI di-
agnosis in Papua New Guinea.

The main limitation of this study is the facility-
based recruitment of participants because results
might not represent women who do not attend any an-
tenatal clinic. However, routinely collected provincial
data for 2015-2017 estimated that 73%-85% of preg-
nant women attended >1 appointment at an antenatal
clinic (45,46). The number of women who had a point-
of-care syphilis test was lower than other tests. These
results did not differentiate between active or latent
infection; we also were unable to exclude exposure to
yaws, which is endemic to Papua New Guinea (47).
Yaws and syphilis are caused by different subspecies
of T. pallidum and cannot be distinguished by this test
alone. Prevalence of yaws varies widely within Papua
New Guinea; estimates for ENB are unavailable, al-
though neighboring New Ireland Province has a 1.8%
prevalence of active yaws according to a population-
wide survey (48).

In conclusion, we provide data on M. genitalium
prevalence and antimicrobial resistance markers in
Papua New Guinea, revealing a high prevalence of
infection underrecognized by syndromic manage-
ment guidelines. This data contributes to the under-
standing of the global prevalence of this infection
among pregnant women. We found that STIs were
common among pregnant women; 37.7% of partici-
pants had >1 STI at the time of the study. This study
also highlights the high prevalence of BV and VVC
and confirms that current antenatal screening prac-
tices with syndromic management is inadequate.
This high prevalence of disease negatively affects
sexual and reproductive health. Urgent action to-
wards ensuring access to affordable prevention,
diagnosis, and treatment of RTIs in communities in
Papua New Guinea and similar settings is essential.
This action will be crucial to achieving the sustain-
able development goal of ensuring universal access
to sexual and reproductive healthcare services by
2030 (49). Expanding treatment access will contrib-
ute to improved sexual and reproductive health out-
comes for women in Papua New Guinea.

The Healthy Mothers Healthy Babies Study Team also
includes: Hadlee Supsup, Dukduk Kabiu, Priscah Hezeri,
Primrose Homiehombo, Rose Suruka, Benishar Kombut,
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Palangat, Zoe Saulep, Elizabeth Walep, Lucy Au, Irene
Daniels, Gabriella Kalimet-Tade, Noreen Tamtilik,

Ellen Kavang, Wilson Philip, Wilson Kondo, Allan Tirang,
Michael Palauva, Ioni Pidian, Teddy Wanahau, and
Eremas Amos.
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