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Chlamydia, Gonorrhea, and Incident HIV Infection
During Pregnancy Predict Preterm Birth Despite
Treatment
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Background. Identifying predictors of preterm birth (PTB) in high-burden regions is important as PTB is the leading cause of
global child mortality.

Methods. This analysis was nested in a longitudinal study of human immunodeficiency virus (HIV) incidence in Kenya. HIV-
seronegative women enrolled in pregnancy had nucleic acid amplification tests (chlamydia and gonorrhea), rapid plasma reagin
(syphilis), wet mount microscopy (Trichomonas and yeast), and Gram stain (bacterial vaginosis); sexually transmitted infection
(STI) treatment was provided. PTB predictors were determined using log-binomial regression.

Results. Among 1244 mothers of liveborn infants, median gestational age at enrollment was 26 weeks (IQR, 22-31), and at de-
livery was 39.1 weeks (IQR, 37.1-40.9). PTB occurred in 302 women (24.3%). Chlamydia was associated with a 1.59-fold (P =.006),
gonorrhea a 1.62-fold (P = .04), and incident HIV a 2.08-fold (P = .02) increased PTB prevalence. Vaginal discharge and cervical
inflammation were associated with PTB, as were age <21 (prevalence ratio [PR] = 1.39, P = .001) and any STI (PR = 1.47, P = .001).

Associations with chlamydia and incident HIV remained in multivariable models.

Conclusions.
and interventions to decrease genital inflammation.
Keywords.

STIs and incident HIV in pregnancy predicted PTB despite treatment, suggesting the need for earlier treatment

preterm birth; sexually transmitted infections; chlamydia; gonorrhea; HIV; STI.

Preterm birth (PTB) is the leading cause of neonatal mortality
and mortality in children younger than 5 years worldwide
[1]. Almost 15 million PTBs occur annually, and sub-Saharan
Africa and South Asia together account for an estimated 78.9%
of the global burden of PTBs [2].

Determinants of PTB are complex and multifactorial.
Maternal infection and inflammation, maternal/fetal hypo-
thalamic pituitary axis activation, decidual hemorrhage, and
uterine overdistension are commonly recognized pathways
leading to spontaneous PTB [3]. In some studies, maternal sex-
ually transmitted infections (STIs), including chlamydia, gon-
orrhea, trichomonas, syphilis, and human immunodeficiency
virus (HIV), and genital infections, such as bacterial vaginosis
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and yeast, have been associated with increased risk of PTB
[4-10]. However, there is mixed evidence regarding the impact
of treatment of STTs or genital infections in decreasing PTB [6,
11-15]. Sociodemographic, behavioral, genetic, and obstetric
risk factors also contribute to risk of PTB [16-18].

There are limited data on PTB incidence and risk factors
from Africa, despite the region’s disproportionately large con-
tribution to the global burden of PTB. Rates of preterm births
in sub-Saharan Africa range from 15% to 21% [2, 19, 20]. Prior
studies using cross-sectional or cohort designs in this region
have observed associations of HIV, STTs, genital infections, ma-
laria, gestational weight gain, and anemia with PTB [21-23].
There are few longitudinal studies from Africa that have evalu-
ated PTB risk factors with standardized ascertainment of STTs,
genital infections, and socioeconomic factors in pregnancy. We
conducted a longitudinal study to determine incidence and pre-
dictors of PTB in a Kenyan cohort.

METHODS

Study Population
This analysis was nested within a study designed to determine
incidence and risk factors for HIV acquisition among pregnant
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HIV-uninfected pregnant women [24, 25]. Study protocols were
approved by the Institutional Review Board of the University
of Washington and the Ethics and Research Committee of
Kenyatta National Hospital. Pregnant women seeking antenatal
care services at 2 public hospitals (Bondo District Hospital and
Ahero sub-District Hospital) in Western Kenya were recruited
and followed up from 2009 to 2015. Only women testing HIV
negative were enrolled. Women who acquired HIV during fol-
low-up were retained.

Study Procedures and Follow-Up

Sociodemographic characteristics and medical and obstetric
histories were obtained at enrollment. At the initial study visit
(enrollment), clinicians performed a pelvic examination and
collected blood and genital specimens for STI screening (me-
dian gestational age 26 weeks). Pregnant women and their in-
fants were followed from the initial antenatal visit until 9 months
post partum, with 3 visits during pregnancy. At follow-up visits,
blood and genital specimens were collected for diagnosis of HIV
and STIs. STIs and genital infections were treated at the time of
detection (test results). Chlamydia was treated with augmentin
1 g single dose, gonorrhea with cefixime 400 mg single dose,
trichomonas with metronidazole 400 mg twice daily for 7 days,
and syphilis with benzathine penicillin G 2.4 million units intra-
muscularly per Kenyan guidelines. Participants with STIs were
counseled on disclosing their diagnosis to their sex partner(s)
and provided with a partner referral letter or partner treatment
[26]. Women who acquired HIV during pregnancy were started
on antiretroviral therapy.

Data from delivery facility records were collected regarding
gestational age at delivery, delivery type, infant outcome, in-
fant birthweight, duration of ruptured membranes, duration
of labor, duration of maternity stay, and complications. For
deliveries outside the study sites (at home or at a private fa-
cility), delivery and birth weight data was obtained at the first
postpartum Maternal Child Health (MCH) clinic visit and ab-
stracted from facility records or government-issued mother-
child health booklets.

Laboratory Testing

Laboratory assays have previously been described [24]. Briefly,
Neisseria gonorrhea and Chlamydia trachomatis were diag-
nosed using the Gen-Probe/Hologic APTIMA Combo-2 assay
at the University of Nairobi/Washington Research Laboratory
at Coast Hospital in Mombasa, Kenya. Treponema pallidum
was diagnosed by the rapid plasma reagin test (Becton and
Dickinson). Bacterial vaginosis (BV) was diagnosed using
Amsel and Nugent criteria from gram-stained vaginal smears,
and those with BV by either test were defined as having BV.
Endocervical Gram stains were examined for polymorphonu-
clear neutrophils (PMNs) with cervical inflammation defined

as >10 PMNs/high power field (hpf). Trichomonas vaginalis and
Candida were identified by microscopy visualization of vaginal
wet mount. During monthly follow-up in pregnancy, blood was
tested for HIV using pooled nucleic acid amplification tests.

Gestational Age Estimation

Infants were considered PTB if born alive before 37 weeks ges-
tation using the World Health Organization definition for PTB
[2]. Gestational age at birth was calculated using data from an
algorithm of prenatal ultrasounds (US), last menstrual period
(LMP), and fundal height (FH). US dating was used if avail-
able. If no US data were available and LMP date was accurate
and available, LMP was used. If LMP was missing and FH was
available, FH was used. Gestational age estimates were based on
LMP for 87.1% (1084), US for 9.4% (117), and FH for 3.5% (43).
In the subset of women with all 3 measures (n = 94) there was
good consistency between measures. The estimated percentage
of preterm births was 26.2% by LMP, 24.0% by FH, and 16.2%
by US. Women with estimated gestational age above 45 weeks
and below 26 weeks were excluded from the analysis.

Statistical Methods

Stata SE version 15 (StataCorp) was used for all analyses. Log
binomial regression was used to identify correlates of PTB.
Covariates included a priori defined variables based on a re-
view of the literature and hypothesized relationships between
maternal STT and birth outcomes. Age and education were di-
chotomized at their medians to simplify interpretation of prev-
alence ratios (PRs). Several well-defined risk factors for PTB
(eg, smoking, preeclampsia, diabetes) were not evaluated. Prior
preterm delivery and placental insufficiency were not assessed.
Multivariable regression models were built using covariates that
were statistically significant (P <.05) in univariate analyses
(P < .05). Because a multivariable model with 3 individual STTs
(chlamydia, HIV, and gonorrhea) would not converge, a model
including only the 2 most statistically significant (chlamydia
and HIV) is reported.

RESULTS

Participant Characteristics

Among 1304 pregnant women enrolled, 1284 women had a
birth outcome recorded (Figure 1); 17 deliveries without a
valid gestational age were excluded as were 17 stillbirths, and
6 peripartum deaths leaving 1244 women in the PTB analysis.
Among these 1244 women, median maternal age at enrollment
was 22 years (interquartile range [IQR], 19-27 years); 46.4%%
of women were <21 years old (Table 1). Median education was
8 years (IQR, 7-10 years). Most women were married (78.5%)
and in monogamous relationships (85.3%). Tobacco and alcohol
use were rare (<1% for both). Some women (10.4%) reported
a history of sex work (defined as providing sexual services
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Figure 1. Study flow chart.
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in exchange for money or goods). Most (87.6%) women had
<3 lifetime sexual partners and 92.4% had a current partner.
Approximately one-third of women were primigravid. Women
with symptoms consistent with malaria received malaria testing;
malaria was detected clinically in 5.0% of participants. Median
gestational age at enrollment was 26 weeks (IQR, 22-31 weeks).
Other complications of pregnancy were rare, with few women
reporting gestational hypertension (1.4%), vaginal bleeding
(0.4%), or preterm premature rupture of membranes (0.1%).

Birth Outcomes

The median gestational age at delivery was 39.1 weeks (IQR,
37.1-40.9 weeks). Among the 1244 live birth deliveries, 302
(24.3%) were preterm births and 36 (2.9%) were twin births
(Figure 1). Of all births, 195 (15.7%) were late preterm (gesta-
tional age 34-36 weeks), 94 (7.6%) were very preterm (gesta-
tional age 28-33 weeks), and 13 (1.1%) were extremely preterm
(gestational age <28 weeks). Most women delivered vaginally
(96.1%); 62.6% delivered at a health facility with the remainder
delivering at home. The median birth weight was 3.5 kg (IQR,
3.0-3.8 kg).

STls and Genital Infections

At enrollment during pregnancy, trichomonas was detected in
129 women (10.4%), chlamydia in 67 (5.4%), gonorrhea in 29
(2.4%), and syphilis in 12 women (1.2%) (Table 1). Ten women
(0.8%) who were HIV seronegative at enrollment acquired HIV

by the time of delivery. Of the 10 women with incident HIV
infection during pregnancy, 3 had chlamydia, 1 had gonorrhea,
1 had trichomonas, and 4 had BV. Overall, 218 women (17.5%)
had an STI (trichomonas, chlamydia, syphilis, gonorrhea, or
incident HIV) detected in pregnancy. BV and yeast infections
were detected in 184 (23.3%) and 313 (23.3%) women, respec-
tively. Twenty percent of women reported abnormal vaginal
discharge and 14.9% had evidence of nonspecific inflammation
on endocervical Gram stain (>10 PMNs/hpf).

Correlates of Preterm Birth
Women <21 years of age were significantly more likely to expe-
rience PTB (PR, 1.39; 95% confidence interval [CI], 1.14-1.70;
P =.001; Table 2). Having less than a primary school education
(<8 years) was associated with a higher prevalence of PTB (PR,
1.33; 95% CI, 1.07-1.65; P = .01). Employment status, marital
status, having a current sex partner, or a woman’ total number
of lifetime sex partners were not associated with PTB. Most
pregnancy-related variables including parity, anemia, infant
sex, and type or location of delivery were not associated with
PTB, while twin gestation (n = 36), a known risk factor for PTB,
was associated with a slightly higher prevalence of PTB (PR,
1.51;95% CI, .97-2.36; P = .07).

PTB was significantly associated with the presence of any
maternal STI during pregnancy (trichomonas, chlamydia,
syphilis, gonorrhea, or incident HIV) with a PR of 1.47 (95%
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Table 1.
With Live Births

Enrollment Characteristics During Pregnancy Among Women

Characteristics n Value
Sociodemographic
Age, y, median (IQR) 1244 22 (19-27)
Age <21y 1244 46.4 (577)
Education No. of y, median (IQR) 1244 8 (7-10)
Primary school education, 1-8 y 1244 64.0 (796)
Secondary school education, 9-12 y 1244 30.6 (380)
Any college education 1244 5.5 (68)
Employed 1244 44.1 (548)
Relationship status
Married 1244 785 (976)
Never married 1244 19.2 (239)
Widowed or divorced 1244 2.3 (29)
Polygamous 974  14.7 (148)
Length of relationship, y, median (IQR) 1002 4 (1-8)
Partner’s age, y, median (IQR) 1012 29 (25-35)
Sexual history
Total number of lifetime sex partners 1244
1 271 (337)
2-3 60.5 (752)
>3 12.4 (165)
Age of sexual debut, y, median (IQR) 1181 16 (15-18)
Obstetric history
Primigravida 1244  30.7 (382)
Primiparous 1207 276 (333)
History of prior miscarriage 860  11.6 (100)
History of prior stillbirth 859 3.4 (28)
Maternal health in pregnancy
Gestational age at enrollment, wk, median (IQR) 1244 26 (22-31)
Hemoglobin, g/dL, median (IQR) 1094 10.7 (9.3-11.8)
Anemia® 1094 55.9(612)
Malaria infection® 1244 5.0 (62)
Gestational hypertension® 1244 1.4(17)
Vaginal bleeding 1244 0.4 (5)
Delivery
Vaginal delivery 1244 96.1 (1196)
Health facility delivery 1244 62.6 (779)
Prolonged rupture of membranes® 149 74 (11)
Twin birth 1244 2.9 (36)
Female infant® 1244 478 (594)
Birth weight, kg,® median (IQR) 1146  3.5(3.0-3.8)
Gestational age, wk, median (IQR) 1244  39.1 (37.1-40.9)
HIV status
Incident HIV between enroliment and delivery 1244 0.8 (10)
Partner(s) reported HIV positive 1149 1.4 (16)
Partner(s) reported HIV negative 1149 70.4 (809)
Partner(s) HIV status unknown 1149 28.2 (324)
Sexually transmitted infections
Previous history of STls 1244 6.7 (83)
STl or HIV during current pregnancy 1244 175 (218)
Trichomoniasis 1244 10.4 (129)
Chlamydia 1241 5.4 (67)
Gonorrhea 1204 2.4 (29)
Syphilis 985 1.2 (12)
Genital infections
Bacterial vaginosis 1225 24.7 (302)
Yeast infection 1244 25.2 (313)

Table 1. Continued

Characteristics n Value
Abnormal vaginal discharge’ 1243 20.0 (248)
Cervical inflammation® 1234 14.9 (184)

Data are % (No.) except where indicated.
Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.
“Anemia defined as hemoglobin < 11 g/dL.

"Malaria testing not routinely performed at study visits but results reported if malaria
detected.

‘Gestational hypertension defined as systolic blood pressure > 140 mmHg or diastolic
> 90 mmHg without proteinuria.

Prolonged rupture of membranes defined as >18 hours.

“For first born infant if a twin birth.

fAbnormal vaginal discharge reported on pelvic examination or self-reported.

9Cervical inflammation defined as >10 polymorphonuclear leukocytes/high power field.

CI, 1.18-1.84; P =.001). Assessing each STI separately, PTB
was significantly associated with maternal chlamydia infection
(PR, 1.59; 95% CI, 1.14-2.20; P = .006). There was also an in-
creased risk of PTB with gonorrhea (PR, 1.62; 95% CI, 1.03-
2.55; P =.04) and incident HIV (PR, 2.08; 95% CI; 1.11-3.90;
P =.02). While prevalence of PTB was higher for women with
trichomoniasis and syphilis, these associations were not statis-
tically significant. Inflammation on endocervical Gram stain
(>10 PMNs/hpf) was associated with PTB (PR, 1.29; 95% CI,
1.01-1.65; P =.04) as was abnormal vaginal discharge (PR,
1.28; 95% CI, 1.03-1.61; P = .03). The association between vag-
inal discharge and PTB was stronger in the subset of women
without an STT (PR, 1.38; 95% CI, 1.06-1.80; P = .02). There
was no significant association between PTB and yeast infection
or bacterial vaginosis. In analyses stratified for gestational age
at ST screening <20 weeks or >20 weeks, we found no associa-
tion between STI and PTB for those screened at <20 weeks (PR,
0.97; 95% CI, .48-1.96; P = .939), while there was a significant
relationship between STT and PTB among those screened >20
weeks (PR, 1.56; 95% CI, 1.23-1.98; P < .001).

Three multivariable models were constructed, each including
variables associated with PTB in univariate analyses (Table 3).
Young maternal age (PR, 1.33; 95% CI, 1.09-1.62; P = .005) and
any STI remained independently associated with increased PTB
in a model including those variables and education, abnormal
vaginal discharge, and cervical inflammation. In a second model
in which “any STI” excluded trichomonas, all relationships were
retained. In the third model, young maternal age (PR, 1.35; 95%
CI, 1.11-1.65; P = .003), low education (PR, 1.29; 95% CI, 1.04-
1.60; P = .02), chlamydia (PR, 1.42; 95% CI, 1.04-1.95; P = .03),
and incident HIV (PR, 2.32; 1.65-3.26; P < .001) were associated
with increased PTB in a model including those variables and in-
cluding abnormal vaginal discharge and cervical inflammation.

DISCUSSION

We found substantial risk of PTB in this cohort of young
women in Western Kenya. Younger mothers and those with
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Table 2. Univariate Correlates of Preterm Birth, <37 Weeks Gestational Age

Preterm Term
Variable n Value n Value PR (95% CI) PValue
Demographics
Age <21y 302 54.6 942 43.7 1.39 (1.14-1.70) .001
Education < 8y, primary school 302 70.2 942 62.0 1.33 (1.07-1.65) .01
Employed 302 40.4 942 45.2 0.86 (.70-1.05) 1
Married 302 75.5 942 79.4 0.85 (.68-1.06) 1
Total number of lifetime sex partners, median (IQR) 302 2 (1-3) 942 2 (1-3) 0.93 (.85-1.01) A
Obstetric
History of prior live birth 302 99.0 942 979 1.88 (.65-5.42) 2
History of prior stillbirth or miscarriage 300 8.7 942 10.4 0.86 (.60-1.22) 4
Anemia 252 579 802 579 1.00 (.81-1.25) 1.0
Vaginal delivery 302 96.0 942 96.2 0.95 (.69-1.31) .8
Health facility delivery 302 59.9 942 63.5 0.89 (.73-1.09) 3
Twin birth 302 4.3 941 2.4 1.51 (.97-2.36) .07
Female infant® 302 44.7 941 48.8 0.88 (.72-1.07) 2
Symptomatic malaria® 302 53 942 4.9 1.07 (.69-1.65) .8
Sexually transmitted infections
Any STI¢ 302 23.8 942 15.5 1.47 (1.18-1.84) .001
Trichomoniasis 302 12.6 942 9.7 1.24 (.93-1.66) 1
Chlamydia 301 8.3 940 45 1.69 (1.14-2.20) .006
Gonorrhea 301 4.0 940 2.0 1.62 (1.03-2.55) .04
Syphilis 230 2.2 755 0.9 1.80 (.91-3.55) .09
HIV 301 17 941 0.5 2.08 (1.11-3.90) .02
Genital infections
Bacterial vaginosis 294 272 931 23.9 1.14 (.92-1.43) 2
Yeast 302 28.2 942 16.3 1.07 (.86-1.33) 85
Abnormal vaginal discharge 301 24.3 942 18.6 1.28 (1.03-1.61) .03
Cervical inflammation® 298 18.5 936 13.8 1.29 (1.01-1.65) .04
Genital infections stratified by STI status
Bacterial vaginosis, STI negative 227 278 787 219 1.27 (.99-1.64) .06
Bacterial vaginosis, STI positive 67 254 144 34.7 0.73 (.46-1.17) 2
Yeast, STI negative 230 274 796 25.5 1.23 (.85-1.76) 3
Yeast, STI positive 72 30.6 146 30.8 0.99 (.66-1.50) 1.0
Abnormal vaginal discharge, STI negative 229 22.3 796 15.7 1.38 (1.06-1.80) .02
Abnormal vaginal discharge, STI positive 72 30.6 146 34.3 0.89 (.69-1.35) .6
Cervical inflammation,® STI negative 227 13.2 792 1.7 1.11 (.79-1.55) 5
Cervical inflammation,® STI positive 71 35.2 144 25.0 1.37 (.93-2.02) N

Data are % except where indicated.

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; IQR, interquartile range; PR, prevalence ratio; STI, sexually transmitted infection.

“First birth for twin births.

®Malaria testing was conducted only for women with symptoms consistent with malaria as part of clinical care.

°Any STl includes trichomonas, chlamydia, syphilis, gonorrhea, and HIV.
9Cervical inflammation defined as >10 polymorphonuclear leukocytes/high power field.

lower education had significantly increased risk of PTB and
those diagnosed with any STI during pregnancy had a 1.47-
fold increased likelihood of PTB despite microbiologic di-
agnosis and treatment of STIs. Chlamydia, gonorrhea, and
incident HIV infection during pregnancy were each associated
with a 1.6- to 2.1-fold increased risk of PTB, despite diagnosis
and treatment. Our observed rate of PTB is higher than some
prior studies in sub-Saharan Africa, with rates of 15% to 21%
[2, 19, 20]. This may be in part due to the young age of our co-
hort, which enrolled women starting at age 14; almost half were
adolescents <21 years of age. Given increased PTB risk among

young women, the high proportion of young women in the co-
hort likely contributed to high PTB risk. Prevalence of STIs and
genital infections was high, both of which would be expected to
increase the PTB rate. Recent studies have observed rising STI
prevalence among young women in sub-Saharan Africa, which
is likely to adversely influence regional PTB rates and infant
morbidity and mortality [27, 28].

We found associations of STTs with PTB consistent with other
studies [4, 5, 7, 8, 10, 29]. Chlamydia, gonorrhea, and incident
HIV were significantly associated with PTB, and there were
trends for associations with syphilis and trichomonas and for
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Table 3. Multivariable Correlates of Preterm Birth

Variables in the Model Adjusted PR (95% Cl) PValue
Model 1 (n = 1234)
Age <21y 1.33 (1.09-1.62) .005
Education < 8y, primary school 1.22 (.98-1.52) .07
Any STI? 1.31 (1.04-1.66) .02
Abnormal vaginal discharge 1.10 (.87-1.39)
Cervical inflammation 1.17 (.91-1.50)
Model 2 (n = 1234)
Age <21y 1.31 (1.07-1.60) .008
Education < 8'y, primary school 1.24 (1.00-1.54) .047
Any STI° 1.49 (1.13-1.97) .005
Abnormal vaginal discharge 1.12 (.89-1.42) .320
Cervical inflammation 1.20 (.93-1.54) 149
Model 3 (n = 1230)°
Age<21y 1.35 (1.11-1.65) .003
Education < 8y, primary school 1.29 (1.04-1.60) .02
Chlamydia 1.42 (1.04-1.95) .03
HIV 2.32 (1.65-3.26) <.001
Abnormal vaginal discharge 1.06 (.85-1.34) .6
Cervical inflammation 1.23 (.96-1.57) 1

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; PR, prevalence
ratio.

#Any STl includes trichomonas, chlamydia, syphilis, gonorrhea, and HIV.
°Any STl includes chlamydia, syphilis, gonorrhea, and HIV.

“Model with chlamydia, gonorrhea, and HIV would not converge so only chlamydia and
HIV are included.

bacterial vaginosis (among women without an STT). In previous
studies, chlamydia has been associated with 1.35- to 3.9-fold
increased odds of PTB [7, 8, 10, 30, 31]. Some recent studies
have not observed an association between chlamydia diagnosis
in pregnancy and PTB. However, these studies had differences
in setting, timing of detection of infection or coverage of treat-
ment, and study design (serologic retrospective assessment,
propensity-matched, or registry-based analysis) [5, 32, 33].
Maternal gonorrhea in pregnancy predicted PTB in our study,
consistent with other studies [4, 5, 7]. Trichomonas has been
associated with PTB, with a pooled relative risk of 1.34 (95%
CI, 1.19-1.51) in a meta-analysis [34, 35], similar to the trend
for elevated risk in our study. BV and syphilis have been asso-
ciated with PTB, similar to trends in our study [5, 29, 36]. The
absence of an association between yeast infection and PTB in
our study is also consistent with prior studies [37, 38]. Women
in our study received STI treatment; nevertheless, PTB risk was
elevated even among those treated for STIs. There is evidence
that STIs and genital infections have lingering effects on PTB
risk, despite treatment [6, 7]. In a prior study, chlamydia treat-
ment before 20 weeks gestation decreased PTB risk compared
to treatment after 20 weeks [6]. We similarly found that among
women screened for STIs at <20 weeks, STIs were not associ-
ated with PTB while among those screened at >20 weeks, STIs
were significantly associated with PTB. Given the lag in treat-
ment in our study due to turnaround time for results and clinic
return, STI diagnosis/treatment <24 weeks may be sufficient for

prevention of PTB. In another study, risk of PTB was elevated
in women who had an STI more than a year prior to pregnancy
[7]. Median gestational age at enrollment in our cohort was 26
weeks, suggesting that women were treated after the inflamma-
tory cascade associated with STIs had already influenced likeli-
hood of PTB. Our findings are also consistent with conflicting
results of clinical trials of antimicrobials to prevent PTB [11,
15]. Not only was testing conducted relatively late in pregnancy
in our study, but laboratory testing for chlamydia and gonorrhea
was conducted off-site delaying return of results and treatment
and partner treatment was not uniformly utilized by women.
Newer point-of-care STI testing options are promising for im-
plementation during pregnancy earlier in antenatal care [39].

Our finding of an association with cervical inflammation and
PTB suggests local inflammation is in the mediating pathway
of STIs and PTB. Early activation of these inflammatory path-
ways, triggered by genital tract infection, can lead to preterm
labor and PTB. Addressing cervical inflammation may provide
a more proximate intervention to prevent PTB. The initiation
of normal term labor involves secretion of cytokines at the ma-
ternal/fetal interface, which triggers a proinflammatory cas-
cade. Inflammatory cells have been consistently associated with
cervical remodeling in preterm labor [40]. The recent ASPIRIN
trial found that low-dose aspirin decreased PTB, though mech-
anisms of effect are undefined and could include antiplatelet or
anti-inflammatory pathways [41]. Combining early STI diag-
nosis and treatment with low-dose aspirin could be useful in
young women at risk for PTB in sub-Saharan Africa.

Prevalent HIV infection has been associated with PTB in nu-
merous studies [21]. However, to our knowledge, this is the first
study to demonstrate an association with incident HIV infec-
tion. This suggests that either recruitment of inflammatory cells
to the cervix or systemic inflammation during HIV acquisition
in pregnancy contributes to PTB risk. In addition to prompt di-
agnosis and treatment of incident HIV during pregnancy, these
women may benefit from monitoring or anti-inflammatory
treatment to prevent PTB.

We found that younger women had increased risk of PTB,
consistent with prior studies [42]. Increased risk in this popula-
tion may include both biologic and psychosocial mechanisms.
Younger women in this cohort more frequently had STIs than
older women. However, young women had increased risk of
PTB even in analyses adjusted for presence of STIs. Short cervix
length and irregular menstrual cycles may increase the risk of
PTB in young women who conceive within 2 years of menarche
[43]. Younger women are prone to early vaginal bleeding and
have a more alkaline genital tract, which increases susceptibility
to infections associated with risk of PTB [44]. Antenatal and
obstetric care services that are friendly, as well as more inten-
sive community-based services, for younger women may im-
prove pregnancy outcomes for this population. Similar to prior
studies, lower maternal education contributed to higher risk of
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PTB [45]. Low education may be a proxy for poorer nutritional
status, sociodemographic status, or access to antenatal care, all
which also contribute to risk for PTB and STIs.

Our study had limitations. Our estimation of gestational age
for infants was based primarily on LMP, given limited availa-
bility of US dating. First trimester US dating is the most accu-
rate method to establish gestational age; however, dating based
on LMP is a simple, low-cost method and remains the most
commonly used method in resource-limited settings [46, 47].
LMP dating can be biased by irregularity or individual varia-
tions in the length of the menstrual cycle and recall biases by
the mother [47]. LMP dating tends to overestimate gestational
age at the extremes of gestation, thereby underestimating PTB;
however, we observed high rates of PTB and plausible pre-
dictors of PTB using this approach [46]. Among women with
other measures of gestational age (FH and US), we found good
consistency between LMP, FH, and US. However, unreliable
gestational age estimation likely led to some misclassification
bias for the main study outcome. We were unable to assess some
risk factors (preeclampsia, placental insufficiency, preterm pre-
mature rupture of membranes (PPROM), and substance use)
because they were not ascertained. We did not assess history of
prior PTB, a consistent predictor of PTB in other studies. Our
study did not examine subsets of spontaneous versus medically
indicated PTB; given low reports of maternal complications
such as preeclampsia, medically indicated PTB was rare in this
cohort. Syphilis results were obtained from medical records and
did not include a confirmatory test or rapid plasma reagin titer.
Lastly, there was limited retesting of participants with STIs to
confirm microbiologic cure. Although referral and treatment
for sex partners was provided, it is possible that women who
were treated for STIs were reinfected by their partners during
their pregnancy.

Despite the growing contribution of PTB to neonatal
and child mortality, few prevention strategies are available.
Further research is needed to elucidate the pathophysiology
and mechanisms of PTB. This study underscores the high
burden of PTB, and the need to prioritize interventions for
younger women and optimize both detection and treatment
of STIs and genital infections prior to conception or early in
pregnancy.
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