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Medicine, University of California, Los Angeles, Los Angeles, California, United States of America
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Abstract

Background

HIV acquisition in pregnancy and breastfeeding contributes significantly toward pediatric

HIV infection. However, little is known about how sexual behavior changes during preg-

nancy and postpartum periods which will help develop targeted HIV prevention and trans-

mission interventions, including pre-exposure prophylaxis (PrEP).

Methods

Cross-sectional study in HIV-infected and uninfected pregnant and postpartum women in

Cape Town, South Africa. Interviewers collected survey data on demographic, sexual

behaviors, and alcohol use among pregnant and post-partum women. We report descriptive

results of sexual behavior by trimester and postpartum period, and results of multivariable

logistic regression stratified by pregnancy status.

Results

We enrolled 377 pregnant and postpartum women (56% pregnant, 40% HIV-infected). Dur-

ing pregnancy, 98% of women reported vaginal sex (8% anal sex, 44% oral sex) vs. 35%

and 88% during the periods 0–6 and 7–12 months postpartum, respectively (p<0.05). More

pregnant women reported having >1 partner in the past 12-months compared to postpartum

women (18% vs. 13%, respectively, p<0.05). Sex frequency varied by trimester with great-

est mean sex acts occurring during first trimester and >6-months postpartum (13 mean sex

acts in first trimester; 17 mean sex acts >6-months postpartum). Pregnant women had

increased odds of reporting condomless sex at last sex (aOR = 2.96;95%CI = 1.84–4.78)
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and ever having condomless sex in past 3-months (aOR = 2.65;95%CI = 1.30–5.44) adjust-

ing for age, HIV status, and sex frequency compared to postpartum women.

Conclusion

We identified that sexual behaviors and risk behaviors were high and changing during preg-

nancy and postpartum periods, presenting challenges to primary and secondary HIV pre-

vention efforts, including PrEP delivery to pregnant and breastfeeding women.

Introduction

The risk of HIV acquisition during pregnancy remains high in South Africa despite increased

access to and initiation of antiretroviral therapy (ART) [1–3], and maternal seroconversion

during later pregnancy and breastfeeding contributes significantly toward pediatric HIV infec-

tion [3]. Increased susceptibility to HIV infection during pregnancy and breastfeeding may

result from hormonal changes that alter genital mucosal surfaces or distribution of target cells

at these surfaces [1]. However, behavioral factors also play a role in increasing HIV risk if preg-

nant women have higher frequency of condomless sex and sexually transmitted infections

(STIs), or if they have male partners who seek other partners during pregnancy or postpartum

and bring HIV back into the relationship [4–8]. There are numerous studies on the physiologi-

cal changes during pregnancy and postpartum periods which increase HIV risk [9–10]. How-

ever, behavioral factors related to pregnancy and postpartum periods are less understood, yet

very important, in increasing HIV acquisition and transmission risk [5, 7, 11–14]. Further,

there are few studies on how risk factors vary across pregnancy and postpartum periods [6].

HIV-infected pregnant women are at risk of transmitting HIV, not only to their infants, but

to their sex partners. In addition, HIV-infected pregnant women are particularly vulnerable to

potential re-infection, viremia and sexually transmitted infection (STI) which may increase the

risk of both vertical and horizontal HIV transmission [6–8]. A recent study demonstrated that

STIs may increase the risk of mother to child HIV transmission [15]. Another study of HIV-

infected South African pregnant women demonstrated that 13% had a viral load >1000 and

7% had a viral load of>10,000 copies/mL [16]. Despite this risk, there is limited understanding

of sexual risk factors for HIV re-infection and onward HIV transmission in HIV-infected

pregnant women.

Our study evaluated sexual behaviors across trimester and between pregnancy and postpar-

tum periods among HIV-infected and uninfected women during pregnancy and postpartum

to determine risk factors associated with increased HIV acquisition and transmission risk.

Those findings have the potential to improve the implementation of counseling, risk reducing

messages, and primary and secondary prevention interventions among HIV-exposed HIV-

uninfected women who are pregnant, post-partum, or seek to get pregnant in South Africa

and beyond.

Methods

Between July and December 2016, we enrolled consenting pregnant or postpartum women

attending primary care services to participate in a 30-minute survey. Women received infor-

mation about the study during their antenatal or postnatal care visit from the study counselor,

who counseled them about the risks and benefits of participating in the study. We selected a
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convenience sample of 2 to 5 pregnant and post-partum women per day depending on the

patient flow and capacity of the counselors. Participants received reimbursement for transpor-

tation and a snack (R100, equivalent of $8 USD). All surveys were conducted in private rooms

by trained study counselors in the local dialect, isiXhosa.

Participants

We enrolled pregnant and postpartum women (child was� 18 months old) who were attend-

ing primary care services at a large primary care health facility in Cape Town, South Africa. A

study counselor provided information on the study and consented participants who were will-

ing to participate in the 30-minute survey. All consenting mothers participated in an inter-

viewer administered questionnaire which investigated participant and partner demographics,

sexual behaviors during and after pregnancy, and alcohol use during pregnancy. Inclusion cri-

teria included: (1)�18 years old, (2) seeking antenatal care in a health facility or post-natal

mothers with infants 6–18 months old), (3) willingness to participate in the study (approxi-

mately 30-minute quantitative interview. Exclusion criteria included: (1) younger than 18

years old, (2) not pregnant, (3) not during post-natal period (with infant >18-months old), (4)

not willing to participate in the study. Any ethnic or language group were eligible to partici-

pate, as long as they could provide informed consent.

Ethics

We received institutional review board approval from University of Cape Town and Univer-

sity of Los Angeles, California. Interviews were held in private rooms with a closed door at

the clinic to ensure that privacy is protected. All study tools were coded and anonymous.

Study counselors were trained on how to consent patients, and how to minimize undue

influence using non-judgmental tones and probing questions to preface each section of

the survey and encourage honest responses. All study staff were monitored regularly by the

researcher team

Analysis

We describe continuous variables as means with standard deviations where normally distrib-

uted, and as medians and inter-quartile ranges (IQR) if non-normally distributed. Binary vari-

ables were described using frequencies and percentages. Logistic regression modelling was

used to analyze risk factors of HIV acquisition and transmission. We created multivariable

models controlling for a priori covariates including mother’s age, relationship status and edu-

cation. Separate analyses were performed for pregnancy vs. postpartum, and HIV-infected vs.

uninfected women. Data analysis was carried out using STATA/SE statistical software package

version 14.0 (StataCorp., College Station, TX, USA).

• Exposures: maternal age, maternal and paternal HIV status, stage of pregnancy (self-

reported), stage of postpartum period (0–6 months, 7–12 months), employment status,

cohabitation status, number of previous pregnancies, number of live children, and alcohol

use during pregnancy (using AUDIT validated questions), including quantity of alcohol use

and what quantified a drink (e.g. bottle of beer, glass of wine, etc.).

• Outcomes: condomless sex with partner at last sex act, frequency of sex (and condomless

sex) during those periods, any condomless sex during pregnancy, frequency of sex acts per

month during and after pregnancy, having a partner of unknown serostatus, and multiple

partners in year prior to study enrollment.

Sexual risk behaviors in pregnant and postpartum women in South Africa
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Results

We enrolled 212 pregnant women and 165 postpartum women, of which 40% were HIV-

infected (37% of pregnant women and 44% of postpartum women). Median age was 28 years

(IQR = 23, 32). Overall fewer than half of women were married or cohabiting with the father

of the index pregnancy/child (48% of pregnant women vs. 40% of postpartum women) and

more HIV-infected pregnant women reported being married or cohabiting more than HIV-

uninfected women (56% vs. 44%). More pregnant women reported not knowing the serostatus

of the father of the index pregnancy/child (44% vs 32% of postpartum women) and fewer

reported being serodiscordant with their father of the index pregnancy/child (7% vs. 10%

respectively). HIV-uninfected women reported being in sero-concordant relationships more

than HIV-infected women (58% of HIV+ pregnant women and 73% of postpartum HIV+

women). Two-thirds of women reported being unemployed, higher among postpartum vs.

pregnant women (74% vs. 62% respectively, p = 0.02). Overall, 33% of women did not want to

get pregnant and 7% were unsure with no difference by serostatus. Twenty-nine percent of

pregnant women reported any alcohol use during pregnancy, and 27% of women reported

drinking alcohol 4 or more times a month and 2% reported drinking 2 or more times a week

(no different by serostatus) (Table 1).

Differences between pregnancy and postpartum sex

During pregnancy, 98% women reported vaginal sex (n = 369 of 376 women)), 23% female to

male oral sex (n = 86), 21% male to female oral sex (n = 79), and 8% anal sex (n = 30). Though

98% of women reported vaginal sex during pregnancy, of the 165 postpartum women, 35%

reported vaginal sex 0 to 6-months after birth (n = 58) and 88% of women reported sex 7 to

12-months after birth (n = 145). Most of the postpartum women reported having sex after

giving birth, 8% reported resuming postpartum sex within 30-days of giving birth (n = 13), 10%

reported resuming sex 1-2-months after birth (n = 17), 46% reported resuming sex 2-4-months

after birth (n = 76), and 37% reported resuming sex later (�5-months postpartum) (n = 61).

About half of the postpartum women reported using a condom with first postpartum sex (71%

of HIV-infected women [n = 20 of 28 women] vs. 37% among HIV-uninfected women [n = 10

of 27 women], p = 0.01). Overall, 15% of women reported having sex with another partner who

was not the father of the index pregnancy/child in the past 12-months (n = 58), including 18% of

pregnant women (n = 37) and 13% of postpartum women (n = 21). In all women who reported

sexual activity (both pregnant and postpartum women), sex frequency per month varied by tri-

mester with greatest mean sex acts occurring during first trimester (mean sex act = 12.8 in the

first trimester vs. 8 in the second trimester and 4.2 in the third trimester) and increased again in

postpartum period (mean sex acts = 7.2 from 0–6 months and 17 in 7–12 months) (Fig 1).

HIV-infected pregnant women were slightly older than HIV-uninfected women (median

age = 30, IQR = 25, 33 vs. 27, IQR = 23, 32) and reported having no relationship with the father

of their child more than HIV-uninfected pregnant or postpartum women (13% vs. 6% in preg-

nant women and 20% vs. 9% in postpartum women). HIV-infected pregnant women reported

being employed 31% vs. 42% of HIV-uninfected women. There was no difference in alcohol

use reporting by HIV status. Condom use at last sex was higher in HIV infected pregnant

women (36%) and postpartum women (55%) compared with HIV-uninfected pregnant

women (11%) and postpartum women (37%). HIV-infected women reported less anal sex in

pregnancy (3%) and postpartum (8%) vs. HIV-uninfected pregnant (8%) and postpartum

(13%) women. Approximately 21% of pregnant and postpartum women reported male-to-

female oral sex Half of the pregnant and postpartum women interviewed reported sex within

the past week before study enrollment and 69% reported condomless sex at last sex (20%

Sexual risk behaviors in pregnant and postpartum women in South Africa
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Table 1. Demographic and health behaviors in pregnant and postpartum women (n = 377).

Total Pregnant and

Postpartum

Pregnant Post Partum p-value

Overall

(N = 212)

HIV-

(N = 134)

HIV +

(N = 78)

Overall

(N = 165)

HIV-

(N = 92)

HIV +

(N = 73)

Socio- Demographics

Age (median, IQR) 377 28 (24, 32) 27 (23, 32) 30 (25, 33) 28 (23, 32)% 27 (23, 31) 29 (25, 32) 0.81

Education

None 1 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 1 (1%) 0.45

Below Matric 208 112 (53%) 68 (51%) 44 (57%) 96 (58%) 52 (57%) 44 (60%)

Matric 157 94 (44%) 61 (46%) 33 (42%) 63 (38%) 36 (40%) 27 (37%)

Degree/diploma 11 6 (3%) 5 (4%) 1 (1%) 5 (3%) 4 (4%) 1 (2%)

Relationship with father of child

No relationship 40 18 (8%) 8 (6%) 10 (13%) 22 (14%) 8 (9%) 14 (20%) 0.22

Married/cohabiting 166 101 (48%) 58 (44%) 43 (56%) 65 (40%) 39 (43%) 26 (37%)

Casual partner/non-cohabiting 168 92 (43%) 68 (51%) 24 (31%) 76 (47%) 45 (49%) 31 (43%)

Widowed 1 1 (1%) 0 (0%) 1 (1%) 0 (0%) 0 (0%) 0 (0%)

HIV status of father of child

Sero-concordant 200 105 (50%) 78 (58%) 27 (35%) 95 (58%) 67 (73%) 28 (39%) 0.062

Sero-discordant 30 14 (7%) 0 (0%) 14 (18%) 16 (10%) 1 (1%) 15 (21%)

Don’t know 146 93 (44%) 56 (42%) 37 (48%) 53 (32%) 24 (26%) 29 (40%)

Current employment status

Employed 123 80 (38%) 56 (42%) 24 (31%) 43 (26%) 24 (26%) 19 (26%) 0.018

Unemployed 253 132 (62%) 78 (58%) 54 (69%) 121 (74%) 68 (74%) 53 (74%)

Wanted to get pregnant this time

Yes 121 73 (35%) 46 (35%) 27 (35%) 48 (30%) 31 (34%) 17 (24%) 0.24

No 224 119 (57%) 74 (56%) 45 (59%) 105 (65%) 57 (63%) 48 (68%)

Unsure 27 18 (9%) 13 (10%) 5 (6%) 9 (6%) 3 (3%) 6 (8%)

Alcohol questions

During pregnancy frequency of alcohol

consumption

Never 267 149 (71%) 97 (72%) 52 (68%) 118 (72%) 68 (74%) 50 (69%) 0.98

�4 times a month 102 58 (27%) 35 (27%) 23 (29%) 44 (27%) 24 (26%) 20 (27%)

�2 times a week 7 4 (2%) 2 (1%) 2 (3%) 3 (2%) 0 (0%) 3 (4%)

During pregnancy consumed alcohol 6

+ times in one occasion

Never 299 167 (79%) 11 (29%) 6 (25%) 132 (80%) 21 (58%) 13 (42%) 0.68

�4 times a month 71 42 (20%) 24 (62%) 18 (74%) 29 (18%) 14 (39%) 15 (49%)

�2 times a week 7 3 (1%) 3 (8%) 0 (0%) 4 (2%) 1 (3%) 3 (9%)

Sexual behavior questions

Days between last sex and interview

(median, IQR)

279 5 (3, 16) 6 (3,17) 5 (2, 16) 16 (6, 59) 14 (6, 36) 21 (6, 74) <0.001

Condom use at last sex

Yes 116 42 (20%) 14 (11%) 28 (36%) 74 (45%) 34 (37%) 40 (55%) <0.001

No 259 169 (80%) 120 (89%) 49 (64%) 90 (55%) 57 (63%) 33 (45%)

>1 partner in past year

Yes 58 37 (18%) 23 (17%) 14 (18%) 21 (13%) 14 (15%) 7 (10%) 0.209

No 317 174 (82%) 111 (83%) 63 (82%) 143 (87%) 77 (85%) 66 (90%)

Sexual practices during pregnancy

Oral sex (F to M) 376 46 (22%) 35 (26%) 11 (14%) 40 (24%) 27 (30%) 13 (18%) 0.58

Oral sex (M to F) 376 38 (18%) 28 (21%) 10 (13%) 41 (25%) 27 (29%) 14 (20%) 0.11

(Continued)
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among pregnant women vs. 45% of postpartum women, p<0.0001). Over 70% of pregnant or

postpartum women who reported anal sex also reported condomless sex. More pregnant

women reported having >1 sex partner compared to postpartum women (18% vs. 13% of

postpartum women). Further, 36% of women suspected their partners of having other sex

partners, and 24% were unsure whether their partner had other partners. Similarly, condom

use varied by trimester, postpartum period and serostatus (Fig 1).

In multivariable models, pregnant women had increased odds of reporting condomless sex

at last sex during pregnancy (aOR = 2.96; 95% CI = 1.84, 4.78) and ever having condomless sex

during pregnancy/postpartum period (aOR = 2.65; 95% CI = 1.30, 5.44) compared to postpar-

tum women, adjusting for age, HIV status and relationship with partner. Pregnant women had

increased odds of reporting heavy alcohol use (�5 drinks on more than one occasion) com-

pared with postpartum women (aOR = 2.99, 95% CI = 1.39, 6.43) adjusted for age and HIV

status (Table 2).

Discussion

Our study identified behavioral risk for HIV transmission (to sex partners and infants) and

acquisition during pregnancy and postpartum periods including heavy alcohol use, multiple

Table 1. (Continued)

Total Pregnant and

Postpartum

Pregnant Post Partum p-value

Overall

(N = 212)

HIV-

(N = 134)

HIV +

(N = 78)

Overall

(N = 165)

HIV-

(N = 92)

HIV +

(N = 73)

Anal sex 375 12 (6%) 10 (8%) 2 (3%) 18 (11%) 12 (13%) 6 (8%) 0.06

Vaginal sex 376 206 (98%) 131 (98%) 75 (98%) 163 (99%) 90 (98%) 73 (100%) 0.41

https://doi.org/10.1371/journal.pone.0192982.t001

Fig 1. Mean frequency of vaginal sex acts per month by pregnancy vs. postpartum status and self-reported condom use (n = 377 women).

https://doi.org/10.1371/journal.pone.0192982.g001
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partners, frequent condomless vaginal and anal sex with serodiscordant partners, and partners

of unknown serostatus. Sexual risk behaviors changed significantly across pregnancy and post-

partum periods. Reported sex frequency was highest during the first two trimesters of preg-

nancy and lowest for the third trimester and the first 6-months post-birth, but increased again

after 6-months postpartum. Further, reported condomless sex was highest during pregnancy

and lower during postpartum sex, which may reflect the desire to prevent pregnancy. Impor-

tantly, less than half of pregnant and postpartum women reported being married or cohabiting

with the father of the index pregnancy/child, and 39% of women did not know their partner’s

status and 15% reported more than one partner. Couple HIV testing and male partner HIV

counseling and testing is important in the context of pregnant women because of the increased

risk of HIV acquisition in pregnancy and risk of MTCT following seroconversion during preg-

nancy and breastfeeding periods. South Africa has several interventions to increase male test-

ing and couples counseling and testing including self-testing and partner notification. Further,

lack of marital or cohabiting relationship combined with multiple partners and lack of knowl-

edge of partner’s serostatus have implications for the effectiveness of PMTCT programs,

including regular HIV testing and condom promotion.

Our study demonstrated that among African pregnant and postpartum women sexual

behaviors and risk changed significantly between trimester and between pregnancy and post-

partum periods [4, 17–19]. Almost all the pregnant and postpartum women in our study

reported sexual activity during pregnancy, but only 35% of women reported sex in the first

6-months post-birth. Our study found similar high-risk sex behaviors as found in other studies

of pregnant and postpartum women in sub-Saharan Africa [4, 11, 18, 19]. Drake et al pub-

lished a systematic review and meta-analysis of incident HIV during pregnancy and postpar-

tum periods and the corresponding risk of vertical transmission which found that pregnancy

and postpartum periods are times of persistent HIV risk which is like other “high-risk” cohorts

[4]. Our study highlighted the same sexual risk behaviors that young women with multiple

partners reported in South Africa. A recent study found that most young women reported

inconsistent condom use both with their most recent main partner and casual sexual partners

Table 2. Adjusted and unadjusted odds ratio for risk factors of HIV acquisition and transmission in pregnant

and postpartum women.

Unadjusted OR (95%

CI)

Adjusted OR (95%

CI)

Model 1: Condomless sex at last sex

HIV-uninfected 3.21 (2.03, 508) 3.33 (2.04, 5.44)

Pregnant (ref: Postpartum) 3.23 (2.03, 5.12) 2.96 (1.84, 4.78)

Age (per year increase) 1.10 (0.98, 1.05) 1.03 (0.99, 1.08)

In relationship with father of child 1.28 (0.82, 2.02) 1.17 (0.92, 1.98)

Mother’s education high school or above(ref. below high school) 1.00 (0.64, 1.56) 1.03 (0.98, 1.36)

Model 2: Ever reported condomless sex during pregnancy or

postpartum period

HIV-uninfected 0.33 (0.21, 0.51) 0.30 (0.19, 0.48)

Pregnant (ref: Postpartum) 2.29 (1.86, 2.97) 2.65 (1.30, 5.44)

Age (per year increase) 1.01 (0.99, 1.06) 1.03 (0.99, 1.07)

Model 3: Alcohol use during pregnancy (�5 drinks on more than

one occasion)

HIV-uninfected 1.25 (0.70, 2.24) 1.23 (0.91, 1.63)

Pregnant (ref: Postpartum) 2.90 (1.05, 7.50) 2.99 (1.39, 6.43)

Age (per year increase) 0.92 (0.87, 0.97) 0.98 (0.89, 1.03)

https://doi.org/10.1371/journal.pone.0192982.t002
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in the past 3-months, which is like our study, especially among pregnant women (80%

reported condomless sex at last sex) [20]. Our data help to contextualize the behavioral risk

surrounding high HIV incidence during pregnancy and postpartum periods as well as being

one of the first studies to compare risk behaviors by stage of pregnancy and postpartum

period.

Our study demonstrated that alcohol use in pregnancy was high (~30%) compared to other

studies among pregnant African women. Further, 6% of women reported heavy or binge

drinking, including consuming alcohol 6+ times in one occasion 2 or more times per week.

Those results are important given the association of alcohol use and HIV acquisition in

women [15]. One-fifth of pregnant and postpartum women reported male-to-female oral sex

which may have implications for transmission of other pathogens. Pintye et al. developed a

risk score for targeting pregnant and postpartum women for PrEP [21]. Our research on risk

behaviors in pregnancy and postpartum periods, including alcohol use, condomless vaginal

and anal sex, will help develop risk scores in high HIV incidence communities like South

Africa.

For HIV-infected women, at-risk sex was reported in pregnancy and postpartum periods

including multiple partners, condomless vaginal and anal sex, and heavy alcohol consumption.

Only 56% of HIV-infected pregnant women were cohabiting or married, 13% were not in a

relationship, and 18% reported having more than 1 sex partner in the past 12-months. Almost

half of HIV-infected women did not know the serostatus of her partner and 18% were in sero-

discordant relationships. Despite this lack of knowledge and serodiscordance, only 36% of

women reported using a condom at last sex. Prior studies have demonstrated the risk of STIs

and viremia during pregnancy on vertical HIV transmission [5–8]. There is an urgent need to

develop interventions for HIV-infected women to: (1) achieve rapid viral suppression and (2)

focus on preventing HIV transmission not only to infants but also to sex partners during and

after pregnancy.

Limitations

Our study was cross-sectional, so it did not allow us to study the same women across time. We

used self-reported data that may be biased because of recall or respondent bias, and further

research is needed to collect biomarkers to validate sex behavior and substance use among

pregnant and breastfeeding women.

Despite these limitations, as efforts to eliminate vertical transmission intensify, it will

become increasingly important to prevent primary HIV acquisition before (during peri-con-

ception), during, and after pregnancy (during breastfeeding exposure). In addition, interven-

tions are needed to prevent HIV transmission to sex partners during and after pregnancy.

Interventions such as repeat HIV testing during antenatal and postnatal visits (including

immunization visits), testing pregnant and breastfeeding women for acute HIV testing, testing

male partners and couples testing [22], and condom promotion have had some limited impact

on HIV incidence [23, 24]. However, the most effective way to eliminate vertical transmission

is to prevent women from acquiring HIV. One strategy is to increase access and uptake of

female controlled methods such as pre-exposure prophylaxis (PrEP) to peri-conception, preg-

nant, and breastfeeding HIV-uninfected women at risk of HIV acquisition. WHO recently

released guidelines on PrEP for pregnant and breastfeeding women, stating that “PrEP can

also be considered as an additional prevention choice for HIV-negative pregnant women who

are at substantial risk of HIV infection, as part of a comprehensive prevention of mother to

child transmission (PMTCT) package.” [25] Recent studies have demonstrated that PrEP

would be a safe measure to use to reduce HIV acquisition and transmission during peri-
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conception, pregnancy and breastfeeding [26–28], and tools have been evaluated to allow for

the identification of women who would most benefit from PrEP [21]. Despite WHO guidelines

and high HIV incidence in pregnant South African women, PrEP remains contraindicated for

pregnant women in South Africa. Data from studies like ours, which point to specific period

of high risk and patterns of high-risk behaviors, are important for informing who and when

should women get PrEP during pregnancy. Future research, including operation research,

must evaluate how best to ensure access to this powerful prevention intervention in this vul-

nerable group [29]. Now is the time to evaluate how best to provide PrEP to vulnerable preg-

nant and breastfeeding women as there are few data on acceptability, initiation, and adherence

in pregnant and breastfeeding women in Africa where the burden of HIV is greatest.

Conclusion

Pregnant and breastfeeding women are at risk of HIV acquisition, and HIV acquisition cur-

rently significantly increases the probability of mother to child transmission of HIV. Our

study identified that sex frequency, condomless sex, heavy alcohol use, and multiple partners

varied across pregnancy and postpartum periods. Changing sexual risk presents previously

unrecognized challenges to prevention efforts, including PrEP delivery. Access to female

controlled interventions like PrEP, for which use may vary depending on sexual activity, is

necessary.

Author Contributions

Conceptualization: Dvora Joseph Davey, Elise Farley, Yolanda Gomba, Thomas Coates, Lan-

don Myer.

Formal analysis: Dvora Joseph Davey, Elise Farley.

Funding acquisition: Dvora Joseph Davey.

Investigation: Elise Farley, Yolanda Gomba.

Methodology: Dvora Joseph Davey, Thomas Coates, Landon Myer.

Project administration: Elise Farley, Yolanda Gomba.

Supervision: Thomas Coates.

Writing – original draft: Dvora Joseph Davey, Yolanda Gomba.

Writing – review & editing: Dvora Joseph Davey, Elise Farley, Thomas Coates, Landon Myer.

References
1. Dinh T-H, Delaney KP, Goga A, Impact of Maternal HIV Seroconversion during Pregnancy on Early

Mother to Child Transmission of HIV (MTCT) Measured at 4–8 Weeks Postpartum in South Africa

2011–2012: A National Population-Based Evaluation. Davies M-A, ed. PLoS ONE. 2015; 10(5):

e0125525. https://doi.org/10.1371/journal.pone.0125525 PMID: 25942423

2. Karim QA, Kharsany AB, Frohlich JA, HIV incidence in young girls in KwaZulu-Natal, South Africa-Pub-

lic health imperative for their inclusion in HIV biomedical intervention trials. AIDS and behavior. 2012;

16(7):1870–1876. https://doi.org/10.1007/s10461-012-0209-y PMID: 22618892

3. Johnson LF, Stinson K, Newell ML, Bland RM, Moultrie H, Davies MA, et al. The contribution of mater-

nal HIV seroconversion during late pregnancy and breastfeeding to mother-to-child transmission of

HIV. J Acquir Immune Defic Syndr. 2012 Apr 1; 59(4):417–25. https://doi.org/10.1097/QAI.

0b013e3182432f27 PMID: 22193774

4. Drake AL, Wagner A, Richardson B, John-Stewart G. Incident HIV during pregnancy and postpartum

and risk of mother-to-child HIV transmission: a systematic review and meta-analysis. PLoS Med. 2014

Sexual risk behaviors in pregnant and postpartum women in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0192982 March 6, 2018 9 / 11

https://doi.org/10.1371/journal.pone.0125525
http://www.ncbi.nlm.nih.gov/pubmed/25942423
https://doi.org/10.1007/s10461-012-0209-y
http://www.ncbi.nlm.nih.gov/pubmed/22618892
https://doi.org/10.1097/QAI.0b013e3182432f27
https://doi.org/10.1097/QAI.0b013e3182432f27
http://www.ncbi.nlm.nih.gov/pubmed/22193774
https://doi.org/10.1371/journal.pone.0192982


Feb 25; 11(2):e1001608. https://doi.org/10.1371/journal.pmed.1001608 eCollection 2014 Feb. Review.

PMID: 24586123

5. Mugo NR, Heffron R, Donnell D, Wald A, Were EO, Rees H, et al. Partners in Prevention HSV/HIV

Transmission Study Team. Increased risk of HIV-1 transmission in pregnancy: a prospective study

among African HIV-1-serodiscordant couples. AIDS. 2011 Sep 24; 25(15):1887–95. https://doi.org/10.

1097/QAD.0b013e32834a9338 PMID: 21785321

6. Kinuthia J, Drake AL, Matemo D, Richardson BA, Zeh C, Osborn L, et al. HIV acquisition during preg-

nancy and postpartum is associated with genital infections and partnership characteristics. AIDS. 2015

Sep 24; 29(15):2025–33. https://doi.org/10.1097/QAD.0000000000000793 PMID: 26352880

7. Kinuthia J, Richardson BA, Drake AL, Matemo D, Unger JA, McClelland R, et al. Sexual Behavior and

Vaginal Practices During Pregnancy and Postpartum: Implications for HIV Prevention Strategies. J

Acquir Immune Defic Syndr. 2017 Feb 1; 74(2):142–149. https://doi.org/10.1097/QAI.

0000000000001225 PMID: 27828872

8. Joseph Davey DL, Shull HI, Billings JD, Wang D, Adachi K, Klausner JD. Prevalence of Curable Sexu-

ally Transmitted Infections in Pregnant Women in Low- and Middle-Income Countries From 2010 to

2015: A Systematic Review. Sex Transm Dis. 2016 Jul; 43(7):450–8. https://doi.org/10.1097/OLQ.

0000000000000460 PMID: 27322048.

9. Mugo NR, Heffron R, Donnell D, Wald A, Were EO, Rees H, et al. Prospective Study among African

HIV-1 Serodiscordant Couples. Aids. 2011; 25(May 2010):1887–95.

10. Taha TE, Hoover DR, Dallabetta G a, Kumwenda NI, Mtimavalye L a, Yang LP, et al. Bacterial vaginosis

and disturbances of vaginal flora: association with increased acquisition of HIV. AIDS [Internet]. 1998;

12(May):1699–706. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9764791

11. Chersich MF, Rees H V. Vulnerability of women in southern Africa to infection with HIV: biological deter-

minants ages and priority health sector interventions. AIDS [Internet]. 2008; 22 Suppl 4:S27–40.: Pelt-

zer K, Mlambo G. Sexual HIV risk behaviour and associated factors among pregnant women in

Mpumalanga, South Africa. BMC Pregnancy Childbirth [Internet]. BMC Pregnancy and Childbirth;

2013;13(1):57. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23510451%5Cnhttp://www.

pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3599185

12. Irungu E, Chersich MF, Sanon C, Chege R, Gaillard P, Temmerman M, et al. Kesho Bora Study Group.

Changes in sexual behaviour among HIV-infected women in west and east Africa in the first 24 months

after delivery. AIDS. 2012 May 15; 26(8):997–1007. https://doi.org/10.1097/QAD.0b013e3283524ca1

PMID: 22343965.

13. Moodley D, Esterhuizen T, Reddy L, Moodley P, Singh B, Ngaleka L, et al. Incident HIV infection in

pregnant and lactating women and its effect on mother-to-child transmission in South Africa. J Infect

Dis. 2011 May 1; 203(9):1231–4. https://doi.org/10.1093/infdis/jir017 Epub 2011 Mar 11. PMID:

21398393.

14. Moodley D, Esterhuizen TM, Pather T, Chetty V, Ngaleka L. High HIV incidence during pregnancy: com-

pelling reason for repeat HIV testing. AIDS. 2009 Jun 19; 23(10):1255–9. https://doi.org/10.1097/QAD.

0b013e32832a5934 PMID: 19455017.

15. Adachi K, Klausner JD, Xu J, Ank B, Morgado MG, Watts DH, et al. Chlamydia trachomatis and Neis-

seria gonorrhoeae in HIV-infected Pregnant Women and Adverse Infant Outcomes. The Pediatric infec-

tious disease journal. 2016; 35(8):894–900. https://doi.org/10.1097/INF.0000000000001199 PMID:

27164464

16. Myer L, Phillips TK, Hsiao NY, Zerbe A, Petro G, Bekker LG. Plasma viraemia in HIV-positive pregnant

women entering antenatal care in South Africa. Journal of the International AIDS Society. 2015; 18

(1):20045. https://doi.org/10.7448/IAS.18.1.20045 PMID: 26154734

17. Chersich MF, Rees H V. Vulnerability of women in southern Africa to infection with HIV: biological deter-

minants ages and priority health sector interventions. AIDS [Internet]. 2008; 22 Suppl 4:S27–40. Avail-

able from: http://www.ncbi.nlm.nih.gov/pubmed/19033753

18. Businge CB, Longo-Mbenza B, Mathews V. Risk factors for incident HIV infection among antenatal

mothers in rural Eastern Cape, South Africa. Glob Health Action. 2016; 9(1):1–8.

19. Tomlinson PhDa, O’Connor PhD ABPPb Mary J., LeRoux MDc Ingrid M., Stewart PhDa Jacqueline,

Mbewuc Nokwanele, Harwood MSb Jessica et al. Multiple Risk Factors during Pregnancy in South

Africa: The Need for a Horizontal Approach to Perinatal Care Mark. Prev Sci. 2014; 15(3):277–82.

https://doi.org/10.1007/s11121-013-0376-8 PMID: 23475562

20. Zembe YZ, Townsend L, Thorson A, Ekström AM. Predictors of Inconsistent Condom Use among a

Hard to Reach Population of Young Women with Multiple Sexual Partners in Peri-Urban South Africa.

Cameron DW, ed. PLoS ONE. 2012; 7(12):e51998. https://doi.org/10.1371/journal.pone.0051998

PMID: 23284847

Sexual risk behaviors in pregnant and postpartum women in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0192982 March 6, 2018 10 / 11

https://doi.org/10.1371/journal.pmed.1001608
http://www.ncbi.nlm.nih.gov/pubmed/24586123
https://doi.org/10.1097/QAD.0b013e32834a9338
https://doi.org/10.1097/QAD.0b013e32834a9338
http://www.ncbi.nlm.nih.gov/pubmed/21785321
https://doi.org/10.1097/QAD.0000000000000793
http://www.ncbi.nlm.nih.gov/pubmed/26352880
https://doi.org/10.1097/QAI.0000000000001225
https://doi.org/10.1097/QAI.0000000000001225
http://www.ncbi.nlm.nih.gov/pubmed/27828872
https://doi.org/10.1097/OLQ.0000000000000460
https://doi.org/10.1097/OLQ.0000000000000460
http://www.ncbi.nlm.nih.gov/pubmed/27322048
http://www.ncbi.nlm.nih.gov/pubmed/9764791
http://www.ncbi.nlm.nih.gov/pubmed/23510451%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3599185
http://www.ncbi.nlm.nih.gov/pubmed/23510451%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3599185
https://doi.org/10.1097/QAD.0b013e3283524ca1
http://www.ncbi.nlm.nih.gov/pubmed/22343965
https://doi.org/10.1093/infdis/jir017
http://www.ncbi.nlm.nih.gov/pubmed/21398393
https://doi.org/10.1097/QAD.0b013e32832a5934
https://doi.org/10.1097/QAD.0b013e32832a5934
http://www.ncbi.nlm.nih.gov/pubmed/19455017
https://doi.org/10.1097/INF.0000000000001199
http://www.ncbi.nlm.nih.gov/pubmed/27164464
https://doi.org/10.7448/IAS.18.1.20045
http://www.ncbi.nlm.nih.gov/pubmed/26154734
http://www.ncbi.nlm.nih.gov/pubmed/19033753
https://doi.org/10.1007/s11121-013-0376-8
http://www.ncbi.nlm.nih.gov/pubmed/23475562
https://doi.org/10.1371/journal.pone.0051998
http://www.ncbi.nlm.nih.gov/pubmed/23284847
https://doi.org/10.1371/journal.pone.0192982


21. Pintye J. Drake Alison L., Kinuthia John, Unger Jennifer A., Matemo Daniel, Heffron Renee, et al. A risk

assessment tool for identifying pregnant and postpartum women who may benefit from pre-exposure

prophylaxis (PrEP). Clin Infect Dis. 2016; 28: https://doi.org/10.1093/cid/ciw850 PMID: 28034882

22. Aluisio A, Richardson BA, Bosire R, John-Stewart G, Mbori-Ngacha D, Farquhar C. Male antenatal

attendance and HIV testing are associated with decreased infant HIV infection and increased HIV-free

survival. J Acquir Immune Defic Syndr. 2011 Jan 1; 56(1):76–82. https://doi.org/10.1097/QAI.

0b013e3181fdb4c4 PMID: 21084999

23. Denison JA, O’Reilly KR, Schmid GP, Kennedy CE, Sweat MD. HIV voluntary counseling and testing

and behavioral risk reduction in developing countries: a meta-analysis, 1990–2005. AIDS Behav. 2008

May; 12(3):363–73. https://doi.org/10.1007/s10461-007-9349-x PMID: 18161018.

24. Mahy M, Stover J, Kiragu K, Hayashi C, Akwara P, Luo C, et al. What will it take to achieve virtual elimi-

nation of mother-to-child transmission of HIV? An assessment of current progress and future needs.

Sex Transm Infect. 2010 Dec; 86 Suppl 2:ii48–55. https://doi.org/10.1136/sti.2010.045989 PMID:

21106515

25. Wold Health Organization. “Preventing HIV During Pregnancy and Breastfeeding in the Context of

PrEP.” Policy Brief. July 2017.

26. Heffron R, Pintye J, Matthews LT, Weber S, Mugo N. PrEP as Peri-conception HIV Prevention for

Women and Men. Curr HIV/AIDS Rep [Internet]. Current HIV/AIDS Reports; 2016; 5:1–9. http://dx.doi.

org/10.1007/s11904-016-0312-1

27. Fonner VA, Dalglish SL, Kennedy CE, Baggaley R, O’reilly KR, Koechlin FM, et al. Effectiveness and

safety of oral HIV pre-exposure prophylaxis (PrEP) for all populations: A systematic review and meta-

analysis. AIDS. 2016 May 5. [Epub ahead of print] 27149090.

28. Mofenson LM, Baggaley RC, Mameletzis I. Tenofovir disoproxil fumarate safety for women and their

infants during pregnancy and breastfeeding. AIDS. 2017 Jan 14; 31(2):213–232. https://doi.org/10.

1097/QAD.0000000000001313 PMID: 27831952.

29. Joseph Davey D, Bekker LG, Gorbach P, Coates T, Myer L. Delivering PrEP to pregnant and breast-

feeding women in sub-Saharan africa: The implementation science frontier. AIDS. 2017 Jul 18. https://

doi.org/10.1097/QAD.0000000000001604 PMID: 28723709.

Sexual risk behaviors in pregnant and postpartum women in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0192982 March 6, 2018 11 / 11

https://doi.org/10.1093/cid/ciw850
http://www.ncbi.nlm.nih.gov/pubmed/28034882
https://doi.org/10.1097/QAI.0b013e3181fdb4c4
https://doi.org/10.1097/QAI.0b013e3181fdb4c4
http://www.ncbi.nlm.nih.gov/pubmed/21084999
https://doi.org/10.1007/s10461-007-9349-x
http://www.ncbi.nlm.nih.gov/pubmed/18161018
https://doi.org/10.1136/sti.2010.045989
http://www.ncbi.nlm.nih.gov/pubmed/21106515
http://dx.doi.org/10.1007/s11904-016-0312-1
http://dx.doi.org/10.1007/s11904-016-0312-1
https://doi.org/10.1097/QAD.0000000000001313
https://doi.org/10.1097/QAD.0000000000001313
http://www.ncbi.nlm.nih.gov/pubmed/27831952
https://doi.org/10.1097/QAD.0000000000001604
https://doi.org/10.1097/QAD.0000000000001604
http://www.ncbi.nlm.nih.gov/pubmed/28723709
https://doi.org/10.1371/journal.pone.0192982



