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Background. A human immunodeficiency virus (HIV) risk assessment tool for pregnant women could identify women who
would most benefit from preexposure prophylaxis (PrEP) while minimizing unnecessary PrEP exposure.

Methods.
into derivation (n = 654) and validation (n = 650) cohorts. A risk score was derived using multivariate Cox proportional hazards

Data from a prospective study of incident HIV among pregnant/postpartum women in Kenya were randomly divided

models and standard clinical prediction rules. Ability of the tool to predict maternal HIV acquisition was assessed using the area
under the curve (AUC) and Brier score.

Results.  The final risk score included the following predictors: having a male partner with unknown HIV status, number of
lifetime sexual partners, syphilis, bacterial vaginosis (BV), and vaginal candidiasis. In the derivation cohort, AUC was 0.84 (95%
confidence interval [CI], .72-.95) and each point increment in score was associated with a 52% (hazard ratio [HR], 1.52 [95% CI,
1.32-1.76]; P < .001) increase in HIV risk; the Brier score was 0.11. In the validation cohort, the score had similar AUC, Brier score,
and estimated HRs. A simplified score that excluded BV and candidiasis yielded an AUC of 0.76 (95% CI, .67-.85); HIV incidence
was higher among women with risk scores >6 than with scores <6 (7.3 vs 1.1 per 100 person-years, respectively; P < .001). Women

with simplified scores >6 accounted for 16% of the population but 56% of HIV acquisitions.

Conclusions.
to prioritize pregnant women for PrEP.
Keywords.

A combination of indicators routinely assessed in antenatal clinics was predictive of HIV risk and could be used

HIV; preexposure prophylaxis; risk score; PrEP; pregnancy; postpartum.

Nearly 80% of young women living with human immunode-
ficiency virus (HIV) worldwide reside in sub-Saharan Africa,
and new infections among young women are double that of
young men in the region [1, 2]. Pregnancy is a time of biological
changes that may increase HIV susceptibility [3, 4] and a period
of potential sexual behavioral changes in women or their male
partners that may alter risk of HIV exposure [5]. In a systematic
review, including 19 studies and 22 803 African women, pooled
HIV incidence was 3.8 per 100 person-years (PY) during preg-
nancy and 4.7 per 100 PY postpartum [6]. These maternal HIV
incidence rates are similar to high-risk groups, including female
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sex workers and HIV-serodiscordant couples [2, 6-11]. Risk of
HIV acquisition during pregnancy and postpartum translates to
a substantial cumulative period of risk over the course of wom-
en’s lives in sub-Saharan African regions where both fertility
and HIV prevalence are high [6]. Furthermore, acute maternal
HIV infection during pregnancy and breastfeeding contributes
to pediatric HIV infections, especially when maternal infection
is not detected and antiretrovirals are not initiated [12, 13].
Therefore, HIV prevention during pregnancy and postpartum
is important for prevention of HIV in women and infants.
Current guidelines recommend preexposure prophylaxis
(PrEP) for individuals at high risk of HIV acquisition, includ-
ing women of reproductive age, and support continuation of
PrEP in pregnancy for women already on PrEP [14, 15]. Few
studies have evaluated PrEP use during pregnancy and breast-
feeding, but available data suggest that PrEP is safe during this
time period [16-18]. However, implementation approaches that
efficiently use resources to optimize the benefit of PrEP while
balancing potential concerns regarding PrEP use during preg-
nancy and breastfeeding have not been defined. Identification
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of pregnant women at the highest risk of HIV acquisition would
focus PrEP counseling and provision to these women and avoid
unnecessary PrEP exposure for those with no or low risk.

Clinical prediction tools have been used to identify subgroups
most at risk for HIV acquisition such as men who have sex with
men in the United States [19, 20], HIV-serodiscordant African
couples [21], and young (non-pregnant) African women [22].
Despite recognition of the importance of primary HIV preven-
tion for pregnant and breastfeeding women, no tool has been
developed to identify women most likely to acquire HIV during
this critical period. A tool for assessing HIV risk during routine
antenatal care could guide prioritization of women most likely
to benefit from PrEP and other prevention strategies. The objec-
tive of this analysis was to develop a tool to identify women at
highest risk for HIV acquisition during pregnancy and post-
partum that could be easily implemented in maternal and child
health (MCH) clinic settings.

METHODS

Study Participants

Data from 1304 HIV-uninfected women in a longitudinal
study of HIV incidence during and after pregnancy (the Mama
Salama Study) were used to derive and internally validate a risk
score for maternal HIV acquisition. The Mama Salama Study
was conducted between May 2011 and July 2014 at 2 antenatal
care (ANC) clinics in western Kenya. Recruitment, enrollment,
and follow-up procedures for the parent study have been pre-
viously described [23]. In brief, eligible pregnant women were
>14 years old, had a negative rapid HIV test at enrollment or
within the 3 months prior, planned to remain in the study area
through 9 months postpartum, were willing to have a home visit,
and were not enrolled in another study. Informed consent was
received from all participants and the study was approved by
the Kenyatta National Hospital Ethics and Research Committee
and the University of Washington Institutional Review Board.

Study Procedures

After enrollment, women attended follow-up visits during
pregnancy (20, 24, 32, and 36 weeks’ gestation) and postpar-
tum (2, 6, 10, and 14 weeks; 6 and 9 months). Questionnaires
were administered on sociodemographic factors, reproductive
history, sexual behavior, contraception and condom use, medi-
cal history, and genital symptoms. Male partner characteristics
were reported by women [23]. Serial HIV nucleic acid amplifi-
cation tests (NAATSs) were conducted at every visit. Chlamydia
trachomatis and Neisseria gonorrhoeae were assessed at enroll-
ment using endocervical samples for NAAT with the APTIMA
Combo 2 Assay (Hologic/Gen-Probe, San Diego, California).
Syphilis serology was based on rapid plasma reagin (RPR) tests
conducted at enrollment as part of routine antenatal care and
abstracted from MCH booklets, or conducted by study staff
if the test was not performed. All women were assessed for

candidiasis, bacterial vaginosis (BV), and T. vaginalis at enroll-
ment and follow-up. Candidiasis was detected by identification
of budding yeast, pseudohyphae, or both on direct microscopy
of a vaginal saline wet mount and potassium hydroxide prepara-
tion. Vaginal Gram-stained slides were evaluated using Nugent
criteria, with BV defined as a score of 7-10. Trichomonas vagi-
nalis was diagnosed based on the presence of motile trichomon-
ads on vaginal saline wet mount microscopy.

Risk Score Variables

The primary study outcome was incident HIV infection. All
acute HIV infections detected during the study were considered
incident infections [23]. To simulate data routinely collected
during antenatal care, only enrollment variables were assessed as
potential predictors. We identified potential predictors of inci-
dent maternal HIV infection based on characteristics previously
assessed in the cohort [23]: demographic information (age, edu-
cation, marital status, relationship duration), male partner (age,
circumcision status), behavior (age of sexual debut, number of
lifetime sexual partners, trading sex, condomless sex, vaginal
washing and/or drying), and clinical characteristics (self-reported
history of sexually transmitted infections [STIs], laboratory-con-
firmed C. trachomatis, N. gonorrhoeae, T. vaginalis, syphilis, BV,
and candidiasis). In the parent study, no HIV seroconversions
occurred among women with a known HIV-infected male part-
ner [23]; thus, knowledge of partner HIV status was dichoto-
mized as known vs unknown. Because laboratory testing for
STIs is uncommon in most MCH settings, a separate simplified
risk score was assessed that excluded STIs and genital infections
except for syphilis (which is routinely assessed in antenatal care).

Statistical Analysis
We used derivation and validation processes similar to previ-
ously developed risk scores for predicting HIV acquisition in
other populations [20-22] that utilize methods for clinical pre-
diction rule development and evaluation techniques described
by McGinn et al [24], Moons et al [25], and Laupacis et al [26].
Data were randomly divided into derivation (n = 654) and
validation (n = 650) cohorts [27, 28]. Baseline differences
between the derivation dataset and the validation dataset were
tested using x* tests for proportions and Kruskal-Wallis tests
for continuous measures. In the derivation cohort, potential
predictors that were associated (P < .10) with incident HIV
infection in univariate Cox proportional hazards models were
evaluated in a multivariate model. Continuous variables were
dichotomized using optimal cut-points identified through sig-
nal detection receiver operating characteristic (ROC) analyses
[29]. Dichotomized variables were evaluated as predictors if
measure predictability was higher using this parameterization
instead of the continuous parameterization. To determine the
combination of variables that best predicted incident HIV, all
potential predictors from the multivariate model were assessed
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in a fully stepwise Cox proportional hazards model and pre-
dictors were evaluated at each step for inclusion or exclusion.
We used the lowest Akaike information criterion (AIC) of all
possible combinations of predictors from the stepwise analy-
sis to determine the best fit model for the risk score [30]. The
score values for individual risk factors were calculated by divid-
ing the coefficients from the stepwise model for each predictor
from the final stepwise model by the lowest coefficient among
all predictors and rounding to the nearest integer [21, 22, 31].
The sum of individual parameter score values for each predictor
determined the final risk score for each woman. ROC analysis
was used to calculate the area under the curve (AUC) with the
risk score as the sole predictor of incident HIV to assess dis-
criminative ability [32]. We also determined the Brier score to
quantify how close predictions of HIV acquisition using the risk
score were to the actual outcome and assess overall risk score
performance [32]. Useful prediction tools have a Brier scores
<0.25 [32].

The risk score was applied to the validation cohort, and AUC
performance and Brier score were compared with the deriva-
tion cohort. For further internal validation, the average AUC
of 10 different models from randomly partitioned subsets of
the entire cohort was determined using a 10-fold cross-valida-
tion, a standard method of internal validation for clinical pre-
diction tools [24, 26]. Risk scores were dichotomized into the
most predictive categories using the optimal cut-point identi-
fied through ROC curves, and HIV incidence was calculated by
dichotomizing risk score groups in all cohorts. Analyses were
repeated using the simplified risk score that excluded STIs and
genital infections other than syphilis.

RESULTS

Overall, 1304 women contributed 1235.1 PY of follow-up and
25 incident HIV infections were detected (incidence rate, 2.31
per 100 PY) [23]. The median age was 22 years and the median
gestational age at enrollment was 26 weeks. Most women were
married (78%) for a median of 4 years and the median years of
completed education was 8. Few women reported a history of
previous STTs (7%), about half (55%) reported condomless sex
in the past month, and 29% had a male partner of unknown
HIV status. We did not detect differences in sociodemographic,
male partner, behavioral, or clinical characteristics between the
derivation and validation cohorts (Table 1).

Risk Score Derivation

In the derivation cohort, 14 incident infections occurred in
621.8 PY of follow-up (incidence rate 2.3 per 100 PY). Increased
risk of HIV acquisition was associated with having a relationship
duration <1 year, having a male partner of unknown HIV status,
lifetime number of sexual partners, syphilis, BV, and candidiasis
in univariate Cox proportional hazards models (Table 2). The
stepwise prediction model with the lowest AIC included having

Table 1. Baseline Characteristics
Derivation  Validation
Cohort Cohort
Characteristic (n=654) (n=650) PValue®
Demographic characteristics
Age, y, median (IQR) 22 (19-26) 22 (19-27) .24
Education, y, median (IQR) 8 (8-10) 8 (7-11) .92
Married 507 (79) 516 (78) A1
Polygamous relationship® 70 (11) 88 (14) 12
Relationship duration®, y, median (IQR) 4(1-7) 4(1-9) .63
Partner characteristics
Partner age difference® (years older), 5 (3-8) 5(4-9) .51
median (IQR)
Partner uncircumcised®® 405 (69) 403 (69) .76
Partner HIV status®®
Negative 429 (72) 413 (69) 51
Positive 10 (1) 8 (1) .73
Unknown® 161 (27) 180 (30) .58

Sexual behavior and practices

Age at sexual debut, y 16 (15-18) 16 (15-18) .30

Lifetime No. of sexual partners, median 2 (1-3) 2(2-3) .12
(IQR)
History of trading sex 62 (9) 72 (11) 5
Any condomless sex in the past month 350 (55) 359 (56) .61
Any vaginal washing in the past week 389 (59) 392 (60) .76
Any vaginal drying in the past week 126 (19) 107 (16) 19
STls and genital tract infections
History of STls® 42 (6) 45 (7) 80
Chlamydia trachomatis 44 (7) 28 (4) .05
Neisseria gonorrhoeae 14 (2) 19 (3) .37
Trichomonas vaginalis 39 (6) 43 (7) .62
Syphilis 7(1) 6 (1) .79
Bacterial vaginosis 158 (24) 143 (22) .36
Candidiasis 160 (24) 167 (26) .60

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; ST, sexually
transmitted infection; y, years.

E‘xz test for proportions or Kruskal-Wallis for continuous measures.
SAmong married women.

°Among women with a current male partner.

9Self-reported by women.

°Includes male partners who have not been tested for HIV.

a male partner of unknown HIV status, lifetime number of sex-
ual partners, syphilis, BV, and candidiasis. Characteristics with
the highest risk scores were syphilis infection and having a male
partner of unknown HIV status (Figure 1).

When we applied the risk score to each woman and calcu-
lated individual scores, the median risk score was 4 (interquar-
tile range, 2-6; range, 1-19). The complete risk score captured
the majority of the predictive ability of the multivariate model,
demonstrated by nearly overlapping ROC curves (Figure 2).
The ROC curve for the simplified risk score that excluded BV
and candidiasis performed similarly but had less overlap with
the multivariate model.

The AUC for the complete risk score correctly predict-
ing HIV acquisition was 0.84 (95% confidence interval [CI],
.72-.95; Table 3). Each point increment was associated with a
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Table 2. Analysis of Predictors and Calculation of Risk Score in the Derivation Cohort

Univariate Multivariate® Stepwise®
Crude HR (95% Adjusted HR® Adjusted HR® Regression
Enrollment Characteristic ch PValue (95% CI) PValue (95% CI) PValue Coefficient Risk Score®
Demographic characteristics
Age <21 y° 1.22 (.42-3.52) .710
Education <8 y° 0.83 (.23-2.98) 778
Married 0.74 (.23-2.36) .610
Polygamous 2.42 (.67-8.67) 176
relationship
Marriage duration <1 y® 3.00 (.94-9.59) .063 2.60 (.74-9.17) .136
Partner characteristics
Partner age difference 1.06 (.98-1.16) .158
(years older)®
Partner uncircumcised® 1.31 (.35-4.84) .686
Partner HIV status 5.84 (2.05-16.65) .001 10.75 (3.13-36.94) <.001 11.53 (3.39-39.26) <.001 2.45 6
unknown
Sexual behavior and practices
Age at sexual debut 2.06 (.69-6.14) .196
<17 y*
Lifetime No. of sexual 1.40 (1.18-1.67) <.001 1.44 (1.20-1.75) <.001 1.50 (1.23-1.82) <.001 0.41 1
partners®
History of trading sex 1.67 (.35-7.02) 554
Any condomless sex in 0.82 (.29-2.34) 714
the past month
Any vaginal washing in 1.22 (.41-3.64) 722
the past week
Any vaginal drying in 1.64 (.52-5.24) 401
the past week
STls and genital tract infections
History of STls® 2.38(.53-10.65) 255
Chlamydia trachomatis 1.15 (.15-8.83) .895
Syphilis 6.72 (.87-51.78) .067 10.80 (1.29-90.50) .028 9.05 (1.11-73.95) .040 2.20 5
Bacterial vaginosis 4.29 (1.49-12.36) .007 2.569 (.82-8.21) 104 2.61(.83-8.17) .099 0.96 2
Candidiasis 3.11 (1.09-8.87) .034 3.54 (1.09-11.561) .036 3.51 (1.08-11.37) .037 1.25

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio; STI, sexually transmitted infection; y, years.

“Covariates selected for multivariate analysis were based on factors associated with HIV infection (P < .10) in univariate analysis.

PCovariates selected for the stepwise multivariate model based on lowest Akaike information criterion score from stepwise procedure.

“Points were assigned to each risk factor by dividing each coefficient from the stepwise proportional hazard model by 0.41 (the lowest coefficient value, corresponding to lifetime number

of sexual partners) and rounding to the nearest integer.

dContinuous variables were dichotomized using optimal cut-points identified through signal detection receiver operating characteristic analyses. Dichotomized variables were evaluated as
predictors if measure predictability was higher using this parameterization instead of the continuous parameterization.

“Self-reported by women.

1.5-fold (hazard ratio [HR], 1.52 [95% CI, 1.32-1.76]; P < .001)
increase in HIV risk. The optimal cut-point for most predictive
categories was 7.5 for the complete risk score; HIV incidence
was 13.6 per 100 PY among women with risk scores >8 com-
pared to 0.9 per 100 PY among women with score <8 (P < .001;
Figure 3A). A complete risk score >8 had a Brier score of 0.11
and correctly identified 64% of women in the derivation cohort
who acquired HIV; 11% of women had a score >8. A simplified
risk score using parameters routinely available in ANC clinics,
excluding BV and candidiasis, had an AUC of 0.78 (95% CI,
.65-.92), similar to the complete risk score, and the optimal
cutpoint was 6.5. There was a significant difference in HIV inci-
dence between women with simplified scores >6 compared to
those with scores <6 (8.9 per 100 PY vs 1.0 per 100 PY; P <.001;

Figure 3D). A simplified risk score >6 correctly identified 64%
of women who acquired HIV in the derivation cohort; 16% of
all women had a score >6. The Brier score was 0.16 when the
simplified risk score was used.

Risk Score Validation

The risk score was applied to the validation cohort (charac-
teristics in Table 1) in which 11 incident HIV infections were
detected during 611.9 PY (incidence rate, 1.8 per 100 PY). The
AUC and Brier scores for both the complete and simplified risk
scores in the validation cohort were similar to the derivation
cohort (Table 3). Each point increment of the complete risk score
was associated with a 1.2-fold (HR, 1.21 [95% CI, 1.10-1.34];
P <.001) increase in HIV risk. HIV incidence was significantly
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Risk factor

Complete | Simplified

Value per factor
score score

No. of lifetime sexual partners

1 point per sexual partner

Enter at least 1

Male partner HIV status

Known or no male partner 0

Unknown 6
Syphilis

RPR nonreactive 0

RPR reactive 5

Bacterial vaginosis

Negative or not screened

Positive

Candidiasis
Negative or not screened 0
Positive 3

Total risk score

Figure 1. Risk assessment tool score card for antenatal care clients. Abbreviation: RPR, rapid plasma reagin.

higher among women with complete risk scores >8 (Figure 3B)
and women with simplified risk scores >5 (Figure 3E).

When applied to the overall cohort for cross-validation, the
average AUC of the complete risk score for 10 subsets of data
randomly selected was 0.74 (95% CI, .62-.87), indicating robust
generalizability. The simplified score performed slightly better
with cross-validation (AUC, 0.76 [95% CI, .67-.85]). The Brier
scores for both risk scores were similar (Table 3).

The risk score predicted HIV acquisition better than any single
risk factor: lifetime number of sexual partners (AUC, 0.60 [95% CI
48-.71]), male partner HIV status unknown (AUC, 0.63 [95% CI
.54-.73]), syphilis (AUC, 0.54 [95% CI .48-.60]), BV (AUC, 0.63
[95% CI .53-.73]), and candidiasis (AUC, 0.60 [95% CI .50-.70]).

Sensitivity
0.50 0.75 1.00
1 | L

0.25
L

o
Q =
=] T T T T T
0.00 0.25 050 0.75 1.00
1-Specificity
—=—— Multivariate model — #—— Complete risk score
----#---- Simplified risk score Reference
Sensitivity and Specificity of the Completed Risk Score at Different Score Cuts
23 24 25 26 27 28 29 =210
Sensitivity 100% 86% 79% 79% 79% 79% 64% 50%
Specificity 33% 48% 61% 75% 79% 84% 90% 93%

Figure 2. Receiver operating characteristic curve and cut-points of risk score in
derivation cohort.

In the overall cohort, women with complete risk scores >8
had a 6-fold increased risk of HIV (HR, 6.19 [95% CI, 2.78-
13.78]; P < .001) and each point increment was associated with
a 1.3-fold increased risk of HIV (HR, 1.28 [95% CI, 1.20-1.36];
P <.001). Risk of HIV associated with simplified risk scores >6
(HR, 5.12 [95% CI, 2.33-11.21]; P < .001) and each per point
increment of simplified risk scores (HR, 1.31 [95% CI, 1.20-
1.42]; P < .001) were similar to the complete risk score. HIV
incidence was significantly higher among women with com-
plete risk scores >8 (P < .001; Figure 3C) and among women
with simplified risk scores >6 (P < .001; Figure 3F) than women
with lower scores. A complete risk score >8 was observed in
only 10% of women, and predicted 52% of all HIV acquisitions.
Simplified risk scores >6 predicted 56% of HIV acquisitions and
16% of women had scores >6.

DISCUSSION

We derived and internally validated a risk score for HIV
acquisition during pregnancy and the postpartum period
using data from a large, longitudinal study designed to detect
incident maternal HIV infections. We found that a compos-
ite risk score including male partner, behavioral, and clin-
ical characteristics had good predictive ability to identify
women most likely to acquire HIV. Using data that could
be easily collected in standard MCH clinic settings without
additional laboratory diagnostics, our simplified risk score
identified 56% of pregnant women who acquired HIV while
only identifying 16% of women as high risk. This risk score
could identify women who would most benefit from PrEP
in pregnancy and postpartum while minimizing unnecessary
PrEP use among women at low risk. Our analysis contrib-
utes a unique risk assessment tool for an important subpop-
ulation and is the first, to our knowledge, that assesses HIV
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Table 3. Discrimination Performance of Complete and Simplified Risk Score

Complete Risk Score? Simplified Risk Score®

Cohort Derivation Validation Overall® Derivation Validation Overall®
Proportion of women with high risk score®

All women 1% 9% 10% 16% 15% 16%

HIV seroconverters 64% 36% 52% 64% 45% 56%
Discrimination performance

AUC (95% ClI) 0.84 (.72-.95) 0.73 (.67-.90) 0.74 (.62-.87) 0.78 (.65-.92) 0.72 (.68-.87) 0.76 (.67-.85)

Brier score 0.1 0.09 0.10 0.16 0.15 0.15

Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, confidence interval; HIV, human immunodeficiency virus.

“Complete risk score includes having a male partner with unknown HIV status, lifetime number of sexual partners, syphilis, bacterial vaginosis (BV), and vaginal candidiasis.
°Simplified risk score excludes bacterial vaginosis and vaginal candidiasis.

“AUC for the overall cohort was calculated as the average AUC of 10 subsets of data randomly selected from the overall cohort.

9High risk scores defined as score >8 for the complete risk score and >6 for the simplified risk score excluding BV and candidiasis based on optimal cut-points in receiver operating
characteristic analysis.

women in sub-Saharan Africa do not know the HIV status of
their partner [21, 33-39]. Risk scores derived from nonpreg-
nant “high risk” women, such as those in the Vaginal and Oral
Interventions to Control the Epidemic (VOICE) study, also

risk during pregnancy and postpartum, a period of high HIV

incidence with unique PrEP implementation opportunities.
Risk scores derived from serodiscordant couples have lim-

ited utility in pregnant women because 30%-80% of pregnant
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Figure 3. A-f, Incidence of HIV (per 100 person-years) by risk score category. Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus.

B. Complete risk score (validation cohort)
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5
o ¢
Risk score >8  Risk score <8
Risk No. of HIV N Incidence
Score acquisitions (95% CI)
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E. Simplified risk score (validation cohort)
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C. Complete risk score (full cohort)
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F. Simplified risk score (full cohort)
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have limited relevance to pregnant women because these are
predominantly unmarried women counseled to not become
pregnant who frequently (>90%) used hormonal contraception
[40]. The discriminatory ability of a risk score in pregnancy is
also of importance to limit unnecessary fetal drug exposure for
women at no or low risk of HIV.

We found that syphilis infection and having a male partner
with unknown HIV status were highly predictive of HIV acqui-
sition and were sufficiently predictive for inclusion in the sim-
ple risk score. This is consistent with previous studies that have
found knowledge of male partners’ herpes simplex virus type 2
(HSV-2) and HIV status are associated with lower acquisition
risk for women due to adoption of preventive behaviors following
disclosure [41, 42]. Syphilis infection is a known risk factor for
HIV [43]. Importantly, these 2 variables can be rapidly assessed in
routine MCH settings to discriminate women who could benefit
from PrEP.

Pregnancy and the postpartum period are attractive for
PrEP implementation. Attendance at MCH visits for ante-
natal care and infant immunizations is high in sub-Saharan
Africa. Women are universally offered counseling and test-
ing for HIV in antenatal clinics, which can serve as a plat-
form for identifying women who would benefit from PrEP.
The combination of substantial maternal HIV incidence,
increased mother-to-child HIV transmission associated with
acute maternal HIV infection, and HIV testing infrastructure
makes this a critical and feasible period for PrEP implemen-
tation. Previous studies suggest that targeting PrEP to indi-
viduals most at risk for HIV acquisition yields high impact
for reducing HIV incidence [44-49]. In our study, simplified
risk scores >5 were associated with a nearly 5-fold increased
risk of HIV acquisition. A simple risk assessment tool would
allow clinicians to rapidly identify women most likely to ben-
efit from targeted HIV prevention, including PrEP. Prior to
widespread PrEP implementation for pregnant and postpar-
tum women, adherence and safety of PrEP in this population
should be considered [40, 50-53].

Our study has limitations. Data from other settings are
needed to externally validate the risk score [25, 54, 55]. Some
known cofactors for HIV acquisition, such as HSV-2, were not
included in our models because the parent study did not eval-
uate them [56]. In addition, the number of incident maternal
HIV infections was smaller than in other derivation cohorts
[20-22]. However, other risk prediction tools [57, 58] have suc-
cessfully used a similar number of incident events, and statisti-
cal modeling demonstrations have shown that AUC estimations
are minimally affected by sample size [59]. Despite the relatively
small number of incident HIV infections, our risk assessment
tool predicted HIV acquisition well with an AUC of 0.74, simi-
lar to HIV risk scores developed with larger sample sizes (AUC
range, 0.67-0.74) [19-22].

CONCLUSIONS

We found that a combination of characteristics routinely
assessed during ANC vyielded high predictive utility for HIV
risk in pregnant and postpartum women. Targeting PrEP for
women at high risk of HIV acquisition could have substantial
impact on maternal and infant HIV incidence, limit unneces-
sary PrEP exposure to women at low risk, and use resources
efficiently.
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