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Introduction: We assessed the risk of adverse pregnancy and birth
outcomes and birth defects among women living with HIV
(WLHIV) on antiretroviral therapy (ART) and HIV-
negative women.

Methods: We analyzed data on live births, stillbirths, and
spontaneous abortions during 2015–2021 from a hospital-based

birth defects surveillance system in Kampala, Uganda. ART
regimens were recorded from hospital records and maternal self-
reports. Using a log-binomial regression model, we compared the
prevalence of 16 major external birth defects and other adverse birth
outcomes among WLHIV on ART and HIV-negative women.

Results: A total of 203,092 births were included from 196,373
women of whom 15,020 (7.6%) were WLHIV on ART. During
pregnancy, 15,566 infants were primarily exposed to non-nucleoside
reverse transcriptase inhibitor-based ART (n = 13,614; 87.5%). After
adjusting for maternal age, parity, and number of antenatal care
visits, WLHIV on non-nucleoside reverse transcriptase inhibitor
were more likely than HIV-negative women to deliver preterm
(adjusted prevalence ratio [aPR] = 1.27, 95% confidence interval:
1.21 to 1.32), post-term (aPR = 1.23, 95% CI: 1.16 to 1.32), or small
for gestational age infants (aPR = 1.35, 95% CI: 1.30 to 1.40). Spina
bifida was more prevalent among infants born to WLHIV on ART
periconceptionally compared with HIV-negative women
(aPR = 2.45, 95% CI: 1.27 to 4.33). The prevalence of the other
selected birth defects was similar between infants from WLHIV on
ART and HIV-negative women.

Conclusions: In Uganda, WLHIV on ART were more likely than
HIV-negative women to experience selected adverse birth outcomes.
Further surveillance of maternal ART exposure, including by drug
class and ART regimen, is needed to monitor and prevent adverse
birth outcomes in WLHIV.
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INTRODUCTION
Antiretroviral therapy (ART) has led to the reduction of

vertical transmission (VT) of HIV from .20% in 2010
to ,5% in 2019, in many sub-Saharan African countries.1,2
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The World Health Organization (WHO) currently recom-
mends all people living with HIV, including pregnant and
breastfeeding women, initiate ART on the same day they
receive an HIV diagnosis.1 Initiating ART early before a
pregnancy is important for maternal health—including the
prevention of VT. However, among women of reproductive
age, antiretroviral (ARV) exposure during the time of
conception and during pregnancy can occur. As a result,
concerns have been raised about the potential effects of ARVs
on a developing fetus, including risk of birth defects.3

In 2013, WHO recommended an EFV-based ART for
pregnant women including during the first trimester,4 and
continued after pregnancy, leading to periconceptional expo-
sure for subsequent pregnancies. Some studies have reported
higher rates of birth defects among infants exposed to EFV
during the first trimester.5,6 The systematic reviews and
multicohort analysis did show an association between neural
tube defects (NTDs) and EFV exposure during pregnancy.7,8

Initial animal studies suggested efavirenz might pose a risk
for NTDs, but subsequent human studies published in 2010
and updated in 2014 found no significant increase in NTD
cases, with only 1 reported instance, indicating no strong
association between efavirenz and NTDs in humans.8 In July
2019, the WHO recommended dolutegravir (DTG) as the
preferred HIV treatment option for all populations, including
pregnant and breastfeeding women.1 Dolutegravir-based
regimens have been scaled up among pregnant WLHIV in
Uganda and globally.9 Initial surveillance data from
Botswana suggested a higher prevalence of NTDs among
deliveries from women living with HIV (WLHIV) on DTG-
based regimens at the time of conception compared with
deliveries among HIV-negative women, but the prevalence
declined over time.10–12 However, the risk of NTDs and other
adverse outcomes among WLHIV on DTG regimens remains
uncertain. More safety information is needed to compare the
prevalence of adverse birth outcomes, including birth defects
among WLHIV on ART compared with HIV-negative
women and by drug class and ART regimen.13

This analysis uses data from Uganda to examine the
risk of major external birth defects and other adverse birth
outcomes (spontaneous abortions, stillbirth, preterm birth,
low birth weight [LBW], small for gestational age [SGA], and
early neonatal death [ENND]) among WLHIV on ART,
including those on EFV-based, DTG-based, and other
regimens, compared with HIV-negative women.

METHODS
This analysis includes data on births or pregnancies

from August 2015 through December 2021 from an ongoing
birth defects surveillance system at 4 major hospitals
(Kawempe National Referral Hospital, Lubaga Hospital, St.
Francis Nsambya Hospital, and Mengo Hospital) in Kampala,
Uganda. Details of the surveillance methodology have been
described elsewhere.14 In brief, all informative live births,
stillbirths, and spontaneous abortions regardless of gestational
age were recorded through the surveillance system. Informa-
tive births are those in which the presence or absence of an
external birth defect can be reliably ascertained. Infants born

at home, or at nonparticipating health centers and referred to
the surveillance hospitals for follow-up, were not included in
the surveillance system. In this study, HIV status was
determined through self-reported cards for those with prior
diagnoses. Pregnant women without prior HIV testing or
documentation of HIV results had on-site testing at the
hospital, following national HIV testing guidelines. All
WLHIV on ART and HIV-negative women were included
in this analysis. To the best of our knowledge, none of the
women who received oral PrEP were included in this
surveillance project. The birth defect surveillance protocol
was reviewed and approved by US Centers for Diseases
Control, Joint Clinical Research Center Institutional Review
Board (JCRC IRB), and the Uganda National Council for
Science and Technology.

Data Collection
Birth defects surveillance data included maternal demo-

graphic and reproductive characteristics (eg, obstetric history,
HIV status, ART regimen, chronic diseases) and infant
characteristics (eg, birth outcomes, infant anthropometric
measurements, detailed narrative descriptions of the birth
defect, and photographs/drawings of the birth defect). Data
were collected by midwives trained in surveillance who
examined all births including stillbirths for the presence of
external birth defects. ART regimens used during pregnancy
were recorded from hospital records and maternal self-
reports. ART classes included non-nucleoside reverse tran-
scriptase inhibitors (NNRTI), integrase inhibitors (INT), and
protease inhibitors (PI). ART regimens included efavirenz
(EFV), nevirapine (NVP), DTG, atazanavir/ritonavir (ATV/r),
and lopinavir/ritonavir (LPV/r) with 2 nucleoside/nucleotide
(NRTI) backbone. Nucleoside reverse transcriptases were the
backbone of each regimen and all classes were included for
review. ART exposure during the periconceptional period
was defined as ART use 1 month before conception through
the first trimester. ART exposure during pregnancy refers to
the use of ART by WLHIV at any time during pregnancy,
except those who received single dose nevirapine for pre-
vention of VT identified during labor and delivery.

Informed consent for photographs of the identified birth
defects during newborn examination was obtained from
mothers/caretakers and photographs were used for birth
defects coding and classification. If photograph consent was
not obtained, then the examining midwife made a drawing of
the birth defect. In addition, all births with identified birth
defects had narrative descriptions, which together with the
photographs and/or drawings were reviewed by a local birth
defects case verification team (2 pediatricians and 1 program
manager) and subject matter experts (SMEs) at the US
Centers for Disease Control and Prevention (CDC), National
Center on Birth Defects and Developmental
Disabilities (NCBDDD).

Adverse Birth Outcomes
Gestational age was defined as the interval between the

date of delivery and the last normal menstrual period (LNMP)
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in complete weeks. If the LNMP was unknown or missing, a
clinical estimate of gestational age was used, such as
estimates from fundal height or abdominal ultrasound. The
last menstrual period method was used over ultrasound-based
gestational age estimation because of the unavailability of the
ultrasound scan timing, which is crucial for accurate dating.
We defined preterm delivery as live births occurring at a
gestation of ,37 weeks. LBW was defined as an infant
weighing,2500 grams measured#24 hours after birth using
digital scales among term ($37 weeks) live births. SGA was
defined as an infant’s birth weight more than 2 SDs below the
mean weight for infants of the same gestational age,
according to Fenton 2013 preterm growth chart reference
values.15 The Fenton growth chart was selected because its
extensive data set covers a wide range of gestational ages,
making it suitable for both preterm and term populations15

aligning well with the demographics of the study. Early
neonatal death was defined as death among term live
births #48 hours after delivery or before the mother was
discharged from the hospital. Stillbirth was defined as a baby
born with no signs of life $28 weeks gestation, while a
spontaneous abortion was defined as fetal death at,28 weeks
gestation. We included the following 16 major external birth
defects in the analysis: anencephaly, encephalocele, spina
bifida, craniorachischisis, iniencephaly as the different types
of NTDs, microcephaly, anophthalmia/microphthalmia,
anotia/microtia, cleft palate only, cleft lip with or without
cleft palate, imperforate anus, hypospadias (males only),
talipes equinovarus, limb deficiencies, gastroschisis,
and omphalocele.

Exclusions From Analyses
Women of unknown HIV status and WLHIV not on

ART were excluded from all analyses. WLHIV with
unknown or incomplete ART regimen information, or women
who reported implausible dates of the timing of ART, were
also excluded. Owing to challenges in accurately determining
birth defects in small fetuses, only births with a birth
weight .227 grams were included in the analyses.16

Statistical Analysis
Descriptive statistics of maternal and infant charac-

teristics by maternal age group were calculated as frequen-
cies and percentages, and the differences between
proportions were tested with Pearson x2 test. The preva-
lence of major external birth defects was assessed by
maternal HIV status (ie, WLHIV on ART and HIV-
negative women). Prevalence was expressed per 10,000
births and calculated by dividing the number of specific
birth defects by the total number of live births, stillbirths,
and spontaneous abortions in the participating hospitals.
Wilson 95% confidence intervals (CIs) were reported for
each birth defect. Birth defects with fewer than 3 cases
were not shown because of the instability of the estimate.
An infant or fetus with more than 1 major external birth
defect was counted as a separate case for each birth defect.
An infant or fetus with multiple birth defects in the same

category was counted separately for the specific types of
birth defects within a category but counted only once for
the overall birth defects category. For example, infants
with both encephalocele and spina bifida were counted
once in tabulations for encephalocele and once in tabula-
tions for spina bifida but only once in the tabulation for the
overall category of NTDs. We also assessed the association
between ART exposure during the periconceptional period
and birth defects, and the association between ART
exposure throughout pregnancy and the other adverse birth
outcomes. Differences among WLHIV by ARV drug class
and individual ARV regimen were assessed by calculating
the crude (cPR) and adjusted prevalence ratios (aPR) with
95% CIs using a log-binomial regression model. We
identified potential covariates based on the literature and
excluded possible collider variables. These potential co-
variates included maternal age (,20 years, 20–34
years, $35 years), parity (P0, P1–3, $P4), and number
of antenatal care (ANC) visits (none, 1–3, $4). Data were
analyzed using R Statistical Software17 (R version 4.2.0)
using packages “gtsummary”18 for tables and “tidyverse”
for logistic regression modeling.19

RESULTS

Maternal and Infant Characteristics of the
Study Population

A total of 203,092 births from 196,373 mothers were
included in this analysis. We excluded 1213 women who had
unknown HIV status (n = 217), were not on ART (n = 658),
had unknown or incomplete ART regimen information
(n = 42), reported implausible dates of the timing of ART
(n = 51), or gave birth to a live born infant weighing #227
grams (n = 245; n = 11 WLHIV on ART and n = 234 HIV-
negative women).

The overall birth prevalence of selected major external
birth defects was 0.5% in both infants born to women living
with HIV (WLHIV) on ART and those born to HIV-negative
women (Table 1).

Most of those included in the analysis (92.4%;
n = 181,353) were HIV-negative women, and 7.6%
(n = 15,020) were WLHIV on ART (Table 2). WLHIV on
ART were older than HIV-negative women, with a median
age of 28 years (interquartile range [IQR]: 24–32) compared
with 26 years (IQR: 22–30), respectively (P , 0.001;
Table 2). The proportion of WLHIV on ART aged ,20
years was significantly lower (n = 700; 4.7%) than HIV-
negative women (n = 17,322; 9.6%) (P , 0.001), while a
significantly higher proportion of WLHIV on ART (n = 2238;
14.9%) were aged $35 years compared with HIV-negative
women (n = 18,086; 10.0%) (P, 0.001). Approximately half
of the WLHIV on ART (n = 7905; 52.6%) and HIV-negative
women (n = 90,150, 49.7%) attended 1–3 ANC visits.
However, fewer WLHIV on ART attended their first ANC
visit within the first trimester (n = 999, 9.3%) compared with
HIV-negative women (n = 12,975, 9.8%) (P , 0.012).

Overall, infants of WLHIV on ART had a lower median
birth weight (3020 grams; IQR: 2650–3400) than infants of
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HIV-negative women (3150 grams; IQR: 2785–3500)
(Table 1). Compared with infants of HIV-negative women,
a higher proportion of infants of WLHIV on ART were
stillbirths (n = 507, 3.3% vs n = 5,622, 3.0%; P , 0.006),
preterm deliveries (n = 2,953, 19.8% vs n = 28,957, 16.1%;
P , 0.001), SGA (n = 1,777, 11.5% vs n = 15,624, 8.4%;

P , 0.001), stunted (n = 884, 7.8% vs n = 8,568, 5.8%), and
LBW (n = 1,043, 8.7% vs n = 8,945, 5.9%; P , 0.001).
However, no significant differences were observed in spon-
taneous abortion, infant sex, ENND, or the overall occurrence
of birth defects between infants of WLHIV on ART and HIV-
negative women.

TABLE 1. Characteristics Among Infants in Kampala, Uganda, by Maternal HIV Serostatus, August 2015–December 2021

Characteristic
Infants of WLHIV on ART

N = 15,566 (7.7%)*
Infants of HIV-negative women

N = 187,526 (92.3%)*
Overall

N = 203,092* P

Infant sex, n (%) 0.090†

Male 7965 (51.2) 97,083 (51.8) 105,048 (51.7)

Female 7595 (48.8) 90,408 (48.2) 98,003 (48.3)

Indeterminate 6 (0.0) 35 (0.0) 41 (0.0)

Birth outcome, n (%) 0.030†

Live births 14,941 (96.0) 180,194 (96.1) 195,135 (96.1)

Stillbirths 507 (3.3) 5622 (3.0) 6129 (3.0)

Spontaneous abortion 118 (0.8) 1710 (0.9) 1828 (0.9)

Delivery type, n (%) ,0.001†

Vaginal 10,275 (66.0) 118,838 (63.4) 129,113 (63.6)

Cesarean section 5291 (34.0) 68,688 (36.6) 73,979 (36.4)

Gestational age ,0.001‡

Median (IQR) 38 (37–40) 38 (37–40) 38 (37–40)

Range 12–51 8–50 8–51

Gestational age, wk n (%) ,0.001†

Preterm (,37) 2953 (19.8) 28,957 (16.1) 31,910 (16.4)

Term (37–,42) 11,018 (73.7) 140,843 (78.2) 151,861 (77.8)

Post-term (42+ ) 970 (6.5) 10,394 (5.8) 11,364 (5.8)

Early neonatal death, n (%)§ 0.334†

No 11,926 (99.5) 150,554 (99.5) 162,935 (99.5)

Yes 62 (0.5) 682 (0.5) 748 (0.5)

Birth weight ,0.001‡

Median (IQR) 3020 (2,650–3400) 3150 (2,785–3500) 3130 (2,770–3490)

Range 241–5540 228–7000 228–7000

Size for gestational age, n (%) ,0.001†

Appropriate-for-gestation age 13,156 (84.9) 164,160 (88.0) 177,316 (87.8)

Small-for-gestation age 1777 (11.5) 15,624 (8.4) 17,401 (8.6)

Large-for-gestational age 564 (3.6) 6683 (3.6) 7247 (3.6)

Implausible valuesk 69 1059 1128

Length for gestational age, n (%) ,0.0012†

Normal 10,145 (89.6) 136,716 (91.9) 146,861 (91.8)

Stunted 884 (7.8) 8568 (5.8) 9452 (5.9)

Severely stunted 294 (2.6) 3420 (2.3) 3714 (2.3)

Implausible valuesk 4243 38,822 43,065

Birth weight, n (%) ,0.001†

Less than 2500 1043 (8.7) 8945 (5.9) 9988 (6.1)

2500 or more 10,945 (91.3) 142,292 (94.1) 153,236 (93.9)

Major external birth defects, n (%)¶ 0.688†

No defect 15,493 (99.5) 186,596 (99.5) 202,089 (99.5)

Defect 73 (0.5) 930 (0.5) 1003 (0.5)

*Median (IQR—interquartile range) for continuous; n (%) for categorical.
†Pearson x2 test.
‡Kruskal–Wallis rank sum test.
§Early neonatal death (ENND) was defined as death among live neonates born at term during the first 48 hours or before mother was discharged from the hospital.
kImplausible values based on the Fenton 2013 preterm growth chart reference z-score values.
¶Limited to births with weight .227 g.
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Infant Exposure to Maternal
Antiretroviral Use

Nearly two-thirds (n = 9,857, 63.3%) of infants of
WLHIV on ART were exposed periconceptionally (Table 3).
Most infants exposed to ART during the periconceptional
period were exposed to NNRTI-based ART (n = 8706;
88.3%); while 7.6% (n = 752) were exposed to INT (DTG)
and 4% (n = 399) were exposed to PI (ATV/r and LPV/r)
(Table 3). Infants exposed during pregnancy were primarily
exposed to NNRTI-based ART (n = 13,614; 87.5%), while
only 9.7% (n = 1508) and 2.9% (n = 444) were exposed to
INT (DTG) and PI (ATV/r and LPV/r), respectively
(Table 3).

Prevalence of Major External Birth Defects by
Maternal ART Exposure

A total of 44 (0.45%) infants with periconceptional
ART exposure had a major external birth defect (Table 3).
The most prevalent external birth defects (per 10,000 births)
among infants exposed to maternal ART periconceptionally
and HIV-negative women, respectively, were hypospadias
(19.8 vs 19.5), talipes equinovarus (13.2 vs 13.4), and NTDs
(14.2 vs 8.6) (Table 4).

After adjusting for maternal age, parity, and number of
ANC visits, a higher prevalence was observed for spina bifida
among infants born to WLHIV on ART periconceptionally
compared with HIV-negative women (aPR = 2.45, 95% CI:

TABLE 2. Maternal Characteristics Among Women Living With HIV on Antiretroviral Therapy and HIV-Negative Women in
Kampala, Uganda, August 2015–December 2021

Characteristic

Maternal HIV Status

WLHIV on ART*
N = 15,020 (7.6%)†

HIV-negative women
N = 181,353 (92.4%)†

Overall
N = 196,373† P

Maternal age ,0.001‡

Median (IQR) 28 (24–32) 26 (22–30) 26 (22–30)

Range 13–52 10–59 10–59

Surveillance site, n (%) ,0.001§

Faith-based hospitals 1933 (12.9) 54,046 (29.8) 55,979 (28.5)

Mulago hospital 13,087 (87.1) 127,307 (70.2) 140,394 (71.5)

Surveillance yr, n (%) ,0.001§

2015k 729 (4.9) 6065 (3.3) 6794 (3.5)

2016 2476 (16.5) 21,332 (11.8) 23,808 (12.1)

2017 2938 (19.6) 33,405 (18.4) 36,343 (18.5)

2018 2775 (18.5) 36,657 (20.2) 39,432 (20.1)

2019 2696 (17.9) 36,062 (19.9) 38,758 (19.7)

2020¶ 1277 (8.5) 17,295 (9.5) 18,572 (9.5)

2021 2129 (14.2) 30,537 (16.8) 32,666 (16.6)

Maternal age, yrs, n (%) ,0.001§

,20 700 (4.7) 17,322 (9.6) 18,022 (9.2)

20–34 12,082 (80.4) 145,945 (80.5) 158,027 (80.5)

$35 2238 (14.9) 18,086 (10.0) 20,324 (10.3)

Parity, n (%) ,0.001§

P0 2170 (14.4) 57,721 (31.8) 59,891 (30.5)

P1-3 9742 (64.9) 99,133 (54.7) 108,875 (55.4)

P$4 3108 (20.7) 24,499 (13.5) 27,607 (14.1)

Number of ANC visits, n (%) ,0.001§

None 232 (1.5) 4530 (2.5) 4762 (2.4)

1–3 Visits 7905 (52.6) 90,150 (49.7) 98,055 (49.9)

4+ Visits 6883 (45.8) 86,673 (47.8) 93,556 (47.6)

Timing of 1st ANC visit, n (%) 0.012§

ANC 1 trimester 999 (9.3) 12,975 (9.8) 13,974 (9.8)

ANC 2 trimester 4728 (44.2) 59,849 (45.1) 64,577 (45.1)

ANC 3 trimester 4981 (46.5) 59,758 (45.1) 64,739 (45.2)

Missing/implausible values# 4312 48,771 53,083

*Women living with HIV (WLHIV) on antiretroviral therapy (ART).
†Median (IQR—inter quartile range) for continuous; n (%) for categorical.
‡Kruskal–Wallis rank sum test.
§Pearson x2 test.
kSurveillance initiated in August 2015.
¶Study activities paused between March 27, 2020, and September 10, 2020, during the coronavirus pandemic.
#Missing/implausible date of ANC initiation.
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1.27, 4.33). Adjusted PRs were elevated but not statistically
significant among WLHIV on ART periconceptionally com-
pared with HIV-negative women for NTDs overall
(aPR = 1.66, 95% CI: 0.91, 2.77), and omphalocele
(aPR = 1.3, 95% CI: 0.51, 2.83) (Table 4). There were no
statistically significant differences in the prevalence of the
other major external birth defects comparing WLHIV on ART
with HIV-negative women. Results were similar when
comparing WLHIV on ART during pregnancy and HIV-
negative women (see Table 1, Supplemental Digital Content,
http://links.lww.com/QAI/C415).

The prevalence of NTDs was significantly higher
among infants whose mothers were on ART at conception
compared with those who were not (aPR = 1.80, 95% CI:
1.04, 3.13). Within the category of NTDs, spina bifida
showed a strong association, with infants exposed to maternal
ART at conception being significantly more likely to have
spina bifida compared with those unexposed (aPR = 2.64,
95% CI: 1.44 to 4.86) (see Table 2, Supplemental Digital
Content, http://links.lww.com/QAI/C415).

Prevalence of Major External Birth Defects
Among Infants Exposed to
Periconceptional ART

Analysis of birth defects by ART exposure during the
periconceptional period was conducted for birth defects
with $3 cases. After adjusting for maternal age, parity, and
number of ANC visits, aPRs were elevated but not statisti-
cally significant among infants of WLHIV on NNRTI-based

ART compared with infants of HIV-negative women for
NTDs (aPR = 1.55, 95% CI: 0.88 to 2.74) and talipes
equinovarus (aPR = 1.13, 95% CI: 0.64 to 2.00; Table 5).
NTDs were more prevalent among infants exposed to EFV
during the periconceptional period compared with infants of
HIV-negative women (cPR = 1.86, 95% CI: 1.05 to 3.29;
aPR = 1.85, 95% CI: 1.05 to 3.26), driven by an association
with spina bifida (cPR = 2.55, 95% CI: 1.33 to 4.91;
aPR = 2.46, 95% CI: 1.28 to 4.72); there was no association
between NTDs and non-EFV-based regimens (cPR = 1.01,
95% CI: 0.76 to 1.33; aPR = 1.06, 95% CI: 0.80 to 1.41) (data
not shown).

Other Adverse Birth Outcomes Among
Infants With ART Exposure During Pregnancy

In a multivariable model that adjusted for maternal age,
parity, and number of ANC visits, WLHIV on ART during
pregnancy were more likely to have an infant that was SGA
compared with HIV-negative women (NNRTIs: aPR = 1.46,
95% CI: 1.38 to 1.54; PIs: aPR = 1.74, 95% CI: 1.31 to 2.30;
INT: aPR = 1.37, 95% CI: 1.16 to 1.62; Table 5). Infants
exposed to NNRTI-based ART were more likely to be
ENNDs compared with unexposed infants (aPR = 1.34,
95% CI: 1.03 to 1.74). Infants exposed to NNRTIs and INTs
during pregnancy were also more likely to be preterm
(NNRTI: aPR = 1.27, 95% CI: 1.21 to 1.32; INT:
aPR = 1.61, 95% CI: 1.42 to 1.82) compared with infants
of HIV-negative women. Post-term births were more likely to
occur among infants exposed to NNRTIs (aPR = 1.23, 95%

TABLE 3. ART Exposure Among Infants With or Without Major External Birth Defects and Other Adverse Birth Outcomes Born to
Women Living With HIV on ART, Kampala, Uganda, August 2015–December 2021

Characteristic

Periconceptional exposure
to ARTa

Overall
N = 9857*

P-
value

Exposure anytime during pregnancy to ARTb

Defect
N = 44
(0.45%)*

No defect
N = 9813
(99.6%)*

Other adverse birth
outcomes, N = 6822

(43.8%)*

No other adverse birth
outcome, N = 8744

(56.2%)*
Overall,

N = 15,566* P

ARV-based
regimen, n (%)

0.005† 0.567‡

EFV + 2NRTI 35 (79.5) 7120 (72.6) 7155
(72.6)

3875 (75.7) 7965 (76.3) 11,840 (76.1)

NVP+ 2NRTI 1 (2.3) 1550 (15.8) 1551
(15.7)

579 (11.3) 1195 (11.4) 1774 (11.4)

DTG + 2NRTI 3 (6.8) 749 (7.6) 752 (7.6) 523 (10.2) 985 (9.4) 1508 (9.7)

ATV/r + 2NRTI 4 (9.1) 365 (3.7) 369 (3.7) 133 (2.6) 280 (2.7) 413 (2.7)

LPV/r + 2NRTI 1 (2.3) 29 (0.3) 30 (0.3) 12 (0.2) 19 (0.2) 31 (0.2)

ARV drug class,
n (%)

0.07† 0.303‡

NNRTI 36 (81.8) 8670 (88.4) 8706
(88.3)

4454 (87.0) 9160 (87.7) 13,614 (87.5)

INT 3 (6.8) 749 (7.6) 752 (7.6) 523 (10.2) 985 (9.4) 1508 (9.7)

PI 5 (11.4) 394 (4.0) 399 (4.0) 145 (2.8) 299 (2.9) 444 (2.9)

*n (%) for categorical.
†Fisher exact test.
‡Pearson x2 test.
aART exposure during the periconceptional period (i.e., 1 month before conception through first trimester).
bART exposure during pregnancy. Other adverse birth outcomes defined as an infant presents with either a small for gestational age, early neonatal death, preterm live birth ,37

weeks, stillbirth, or spontaneous abortion.
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CI: 1.16, 1.32) but less likely if exposed to INT (aPR = 0.75,
95% CI: 0.58, 0.98) compared with infants of HIV-
negative women.

DISCUSSION
Overall, we found no significant difference in the

occurrence of the selected major birth defects of interest to
our study among infants born to WLHIV on ART during
pregnancy or periconceptionally compared with those born to
HIV-negative women. These findings are similar to other
smaller studies that have compared the overall association of
ARV exposure during pregnancy with congenital anoma-
lies.11,12 However, in our large surveillance study, some
differences by type of birth defect have been noted when the
women are grouped by ART drug class and individual ART-
based regimen compared with HIV-negative women. Pre-
viously, studies found no association between first-trimester
use of EFV and birth defects,8,20,21 including a recent study in
South Africa that focused on the timing of ART during

pregnancy22 and a recent systematic review.23 However, the
systematic review reported a 10% increase of birth defects
among births with PI exposure and a 60% increase with INTs
exposure.23 Differences between our study and others, like
the Ford et al meta-analysis,8 might be attributed to variations
in study populations, ART regimens, geographical factors,
methodologies, and focus on birth defects. Another review
and network meta-analysis found that lopinavir-containing
regimens were associated with the highest risks of adverse
perinatal outcomes.24 Our study had very few women on
LPV/r containing ART and no differences were noted.

We found that periconceptional exposure to EFV was
associated with a higher birth prevalence of NTDs, but a
Botswana study found no such link.5 Currently, most
pregnant WLHIV are on DTG-based regimens rather than
EFV. Ongoing BD surveillance for DTG exposure and its
association with NTDs are essential for monitoring adverse
pregnancy outcomes.

Although our results showed significant differences in
various characteristics between infants of WLHIV on ART

TABLE 4. Prevalence of Major External Birth Defects Among Infants Exposed to Maternal ART Periconceptionally in Kampala,
Uganda, August 2015–December 2021

Birth Defects

Number Prevalence (95% CI)1 Prevalence Ratios (PR)

WLHIV on
ART

HIV-
Negative

WLHIV on
ART

HIV-negative
women cPR (95% CI)*,† aPR (95% CI)*

NTDs‡ 14 162 14.2 (8.5–23.8) 8.6 (7.4–10.1) 1.64 (0.91 to
2.73)

1.66 (0.91 to
2.77)

Anencephaly/craniorachischisis/
iniencephaly

1 51 1.0 (0.2–5.7) 2.7 (2.1–3.6) NA NA

Encephalocele 2 24 2.0 (0.6–7.4) 1.3 (0.9–1.9) NA NA

Spina bifida 12 92 12.2 (7.0–21.3) 4.9 (4.0–6.0) 2.48 (1.29 to
4.34)†

2.45 (1.27 to
4.33)†

Microcephaly 3 36 3.0 (1.0–8.9) 1.9 (1.4–2.7) 1.59 (0.38 to
4.39)

1.55 (0.47 to
5.09)

Anophthalmia/Microphthalmia 1 37 1.0 (0.2–5.7) 2.0 (1.4–2.7) NA NA

Anotia/microtia 1 32 1.0 (0.2–5.7) 1.7 (1.2–2.4) NA NA

Orofacial clefts 7 132 7.1 (3.4–14.7) 7.0 (5.9–8.3) 1.01 (0.43 to
2.00)

0.98 (0.45 to
2.10)

Cleft palate 2 14 2.0 (0.6–7.4) 0.7 (0.4–1.3) NA NA

Cleft lip with and without cleft palate 5 118 5.1 (2.2–11.9) 6.3 (5.3–7.5) 0.81 (0.29 to
1.77)

0.79 (0.28 to
1.75)

Imperforate anus 2 36 2.0 (0.6–7.4) 1.9 (1.4–2.7) NA NA

Hypospadias§ 10 189 19.8 (10.8–36.4) 19.5 (16.9–22.4) 1.02 (0.50 to
1.82)

1.11 (0.55 to
2.00)

Talipes equinovarus 13 252 13.2 (7.7–22.6) 13.4 (11.9–15.2) 0.98 (0.53 to
1.64)

1.03 (0.56 to
1.73)

Limb deficiency 5 110 5.1 (2.2–11.9) 5.9 (4.9–7.1) 0.86 (0.31 to
1.91)

0.81 (0.28 to
1.79)

Omphalocele 6 78 6.1 (2.8–13.3) 4.2 (3.3–5.2) 1.46 (0.57 to
3.08)

1.33 (0.51 to
2.83)

Gastroschisis 0 40 NA 2.1 (1.6–2.9) NA NA

Owing to challenges in accurately determining a birth defect on small fetuses, only births with a weight more than 227 g were included in the analyses for birth defects. NA—not
applicable (for cell counts ,3).

*Denominator for infants exposed to ART = 15,566; denominator for infants among HIV-negative women = 187,526; prevalence=birth prevalence/10,000 births; (adjusted for
maternal age (,20, 20–34, $35 years), parity (P0, P1-3, $P4), and number of ANC visits (none, 1–3 visits, $4 visits).

†P , 0.05.
‡NTDs—Two infants from WLHIV presented with both encephalocele and spina bifida; 4 infants from HIV-negative women presented with both encephalocele and spina bifida

and 1 infant with both anencephaly and spina bifida.
§88 diagnosed as glandular hypospadias (Q54.0).
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and HIV-negative women, the clinical relevance varies.
Preterm birth and SGA are more clinically significant, while
slight differences in stillbirth rates and birth weight may be
less consequential in well-managed clinical settings.25,26

ART for all pregnant and breastfeeding WLHIV has
significantly reduced VT of HIV. Previously, women were
primarily on Option B+ that was an NNRTI-based regimen

for pregnant mothers regardless of maternal CD4 cell counts
throughout life, including throughout breastfeeding and sub-
sequent pregnancies.2 Since 2016, a treat-all approach (test
and offer ART to all people living with HIV, regardless of
CD4 or clinical stage) was adopted, replacing option B+.27 In
2018, WHO recommended DTG-containing ART as the
preferred first-line regimen for all people living with HIV,

TABLE 5. Associations of Infant ART Exposure During Pregnancy With Adverse Birth Outcomes and Infant ART Exposure
Periconceptionally With Birth Defects by Drug Class, Kampala, Uganda, August 2015–December 2021

Characteristic
Unexposed

(n)N

NNRTI PI INT

Exposed
(n)

PR (95%
CI)*,†

aPR (95%
CI)*,†

Exposed
(n)

PR (95%
CI)*,†

aPR (95%
CI)*,†

Exposed
(n)

PR (95%
CI)*,†

aPR (95%
CI)*,†

Birth outcome

Live births 180,194 13,063 — — 431 — — 1447 — —

Stillbirths 5622 446 1.09 (0.99 to
1.20)

1.06 (0.96 to
1.16)

9 0.67 (0.35 to
1.30)

0.61 (0.32 to
1.18)

52 1.15 (0.87 to
1.52)

1.14 (0.86 to
1.50)

Spontaneous
abortion

1710 105 0.86 (0.71 to
1.04)

0.98 (0.81 to
1.20)

4 0.98 (0.37 to
2.62)

0.87 (0.31 to
2.39)

9 0.66 (0.34 to
1.27)

0.79 (0.41 to
1.54)

ENND

No 150,554 10,471 — — 350 — — 1105 — —

Yes 682 56 1.17 (0.90 to
1.52)

1.34 (1.03 to
1.74)*

0 NA NA 6 1.20 (0.54 to
2.67)

1.41 (0.63 to
3.14)

Gestational age

Term (37–,42
weeks)

140,843 9639 — — 326 — — 1053 — —

Preterm
(,37 weeks)

28,957 2536 1.26 (1.20 to
1.31)***

1.27 (1.21 to
1.33)***

81 1.21 (0.95 to
1.54)

1.17 (0.91 to
1.49)

336 1.55 (1.37 to
1.75)***

1.61 (1.42 to
1.82)***

Post-term
(42+ wk)

10,394 888 1.23 (1.15 to
1.32)***

1.23 (1.15 to
1.32)***

24 1.00 (0.66 to
1.51)

1.02 (0.67 to
1.55)

58 0.75 (0.57 to
0.97)*

0.75 (0.58 to
0.98)*

Size for
gestational age

AGA 164,160 11,507 — — 368 — — 1281 — —

SGA 15,624 1562 1.39 (1.32 to
1.46)***

1.46 (1.38 to
1.54)***

57 1.63 (1.23 to
2.15)***

1.74 (1.31 to
2.30)***

158 1.29 (1.10 to
1.53)**

1.37 (1.16 to
1.62)***

LGA 6683 484 1.03 (0.94 to
1.13)

0.98 (0.89 to
1.07)

18 1.20 (0.75 to
1.93)

1.07 (0.66 to
1.71)

62 1.19 (0.92 to
1.53)

1.13 (0.88 to
1.46)

Birth defectsk,§
NTDs 162 11 1.54 (0.85 to

2.78)
1.55 (0.86 to

2.81)

Oral facial
clefts

132 5 0.97 (0.40 to
2.33)

0.93 (0.39 to
2.24)

Hypospadias¶ 189 8 0.96 (0.48 to
1.91)

1.06 (0.53 to
2.12)

Talipes
equinovarus

252 11 1.05 (0.58 to
1.90)

1.13 (0.63 to
2.04)

Limb
deficiency

110 4 0.98 (0.37 to
2.61)

0.95 (0.35 to
2.52)

Omphalocele 78 3 0.98 (0.32 to
3.04)

0.92 (0.30 to
2.84)

The comparison group (unexposed) is the infants of HIV-negative mothers (n = 187,526). For analyses on birth outcomes and birth defects denominator for unexposed infants of
HIV-negative women = 187,526; for analyses for ENND, denominator for unexposed live born term infants of HIV-negative women = 180,194; for analyses on gestational age,
denominator for unexposed live born infants of HIV-negative women = 180,194; for analyses on gestational age, denominator for term live births exposed to mothers on
NNRTI = 13,063; denominator for unexposed live born term infants of HIV-negative women = 18,6467.

*NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; INT, integrase inhibitors.
†*P , 0.05; **P , 0.01; ***P , 0.001.
§Birth defects exposures occurring during the periconceptional (before and during the first trimester) period; denominator for infants exposed to ART periconceptionally = 8706 for

NNRTI, 399 for PI, 752 for INT; suppressed cells with cases less than 3; microcephaly major ear/eye defects, imperforate anus, and gastroschisis with cell counts of ,3 were not
displayed in this table.

kAdjusted for maternal age (,20, 20–34, 35+ year), parity, and number of ANC visits (none, 1–3 visits, 4+ visits).
¶Includes hypospadias type I (Q54.0).
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including pregnant women.28 Transition to DTG as the
preferred ART regimen for women of reproductive age in
low- and middle-income countries was slow following the
initial NTD safety signal from a study in Botswana.29,30

Updated data from the Botswana birth outcome surveillance
system show a further reduction in NTD prevalence among
infants exposed to periconceptional DTG. The Tsepamo study
indicated that the NTD risk in these infants was similar to
those in WLHIV on non-DTG ART regimens and HIV-
negative women.31 With the global commitment to reduce
mother-to-child transmission of HIV to ,5% by 2030, ART
for pregnant women is essential with the hope of providing
better health outcomes for mothers and their children.
Surveillance programs such as the Botswana (Tsepamo)
study and our program are needed to report maternal and
birth outcomes, including rare events such as birth defects.

The Uganda birth defects surveillance program is one
of the largest African programs, recording more than 200,000
births for a 6-year period. This large sample size has allowed
us to analyze the associations of adverse birth outcomes—
including birth defects—with ART exposure during the
periconceptional period and pregnancy. Our results further
support a recent review of pregnancy outcomes among
WLHIV on ART, which reported that HIV-exposed infants
were at higher risk of adverse outcomes, including preterm
birth, poor growth, infectious morbidity, and death compared
with infants born to HIV-negative mothers.32 Studies have
shown that adverse birth outcomes, such as stillbirth, ENND,
preterm birth, and SGA, were higher among WLHIV.33–36

We found that the risk of SGA was higher with periconcep-
tional exposure to ARV. However, we did not find that those
with PI exposure were at increased risk of preterm birth. This
may be because the primary PI was atazanavir and not
lopinavir/ritonavir, which has been reported to increase the
risk of preterm birth37–39; however, other studies have also
not shown an increased risk of preterm birth with maternal PI
exposure.32,40–42

Strengths and Limitations
There were some limitations to this study, including

inaccurate gestational age calculation based on maternal recall
of LNMP and date of ART initiation. Although first-trimester
ultrasound is the most reliable method for dating pregnancy
and should be preferred over the last menstrual period when
there is a significant discrepancy, most study participants
attended their first ANC visit after the first trimester.43 In
addition, the largest proportion of women in this surveillance
were on EFV-containing ART, and few women were on DTG
and ATV/r-containing regimens. Our surveillance had fewer
than 800 women with periconceptional exposure to DTG and
only 1 NTD case; thus, there is a need for continued
surveillance activities because DTG-based regimens are
further scaled up with additional analyses. This surveillance
system has several strengths, including a large cohort with
99% coverage of all eligible births, photographs and expert
confirmation of birth defects coding and classification, active
surveillance, and systematic collection of data for a 6-
year period.

Implications
Because new antiretroviral medications and formula-

tions are introduced for use among women of reproductive
age and during pregnancy, surveillance systems can be used
to determine the prevalence of adverse birth outcomes and
association with birth defects or other rare outcomes.3,44

Finally, adverse birth outcomes and birth defects have many
causes, such as infections, poor nutrition, environmental
exposure, and genetic factors45; surveillance systems can
serve as a platform to assess potential causes and risk factors
that may contribute to these adverse outcomes.46 With
continued support, this program can serve as a platform to
assess the trend of birth outcomes because more women in
Uganda are transitioned to dolutegravir or other newly
introduced antiretrovirals (eg, long-acting injectable cabote-
gravir for PrEP, cabotegravir/rilpivirine for treatment and
darunavir) in comparison with previous regimens.

CONCLUSIONS
In our study, WLHIV were primarily on EFV-based

ART and were more likely than HIV-negative women to
experience selected adverse birth outcomes. Furthermore,
periconceptional exposure to EFV was associated with a
higher risk of spina bifida, however, this result should be
interpreted with caution because of the small number of cases
and existing safety data. Because additional surveillance data
become available, future analyses by ARV drug class and
individual drugs with more cases will be able to refute or
confirm the findings of maternal ARV use and adverse birth
outcomes and birth defects.
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