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Birth defect surveillance in Eswatini in 2020–2021 identified 
0.80% defects (197/24 599 live and stillborn infants). 
Neural tube defect (NTD) prevalence was 0.08%, 0.08%, and 
0.15% for 4902 women on dolutegravir preconception, 17  
285 HIV-negative women, and 1320 women on efavirenz 
preconception, respectively, more definitively refuting the 
dolutegravir preconception NTD safety signal.

Keywords. HIV; birth defect; dolutegravir; Eswatini; 
surveillance.

Received 16 June 2023; editorial decision 11 August 2023; accepted 15 August 2023; pub
lished online 18 August 2023

Correspondence: Michelle M. Gill, PhD, MPH, 1350 Eye St NW, Suite 400, Washington, DC 
20005 (mgill@pedaids.org).

Open Forum Infectious Diseases® 

© The Author(s) 2023. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons. 
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of 
the work, in any medium, provided the original work is not altered or transformed in any 
way, and that the work is properly cited. For commercial re-use, please contact journals.permis
sions@oup.com 
https://doi.org/10.1093/ofid/ofad441

An unexpected neural tube defect (NTD) safety signal with pre
conception dolutegravir (DTG) exposure was identified in a pre
liminary analysis from the Botswana Tsepamo birth surveillance 
study in May 2018 [1]. This brought into sharp focus the critical 
need for reliable data and improved pharmacovigilance to evalu
ate new antiretroviral (ARV) safety in pregnancy and women of 
reproductive potential. Evaluating the potential association of a 
drug with birth defects, which can be uncommon to rare, requires 
large numbers of exposures to adequately determine the existence 
and magnitude of risk; for example, a minimum of 2000 precon
ception exposures are necessary to rule out a 3-fold increase in 
NTD risk, given a 0.1% background NTD prevalence [2]. A sub
stantial decline in NTD risk was observed in the Tsepamo study as 
additional preconception DTG exposures accumulated [3]. There 

is also marked geographic variation in both background NTD 
prevalence and national NTD prevention policies such as food 
folic acid fortification [4]. NTD prevalence appears highest in 
countries in Africa and Asia without existing NTD prevention 
programs, though many lack robust birth defect surveillance 
systems.

In Eswatini, HIV prevalence in pregnant women is 36% [5]. 
Transition to DTG-based therapy began in April 2019, with 
scale-up in February 2021 [6]. There is no national food folic 
acid fortification and no national population-based estimate of 
birth defects. We initiated sentinel surveillance for birth defects 
in live and stillborn infants using a design similar to the Tsepamo 
study, covering ∼77% of all births nationally (based on country
wide 2020 estimates), to provide a national estimate of birth 
defects and assess birth defect prevalence by HIV status, and 
among women with HIV, by antiretroviral therapy (ART) status 
and timing.

METHODS

This was a cross-sectional, observational design with data collec
tion at time of hospital admission for delivery. Surveillance was 
conducted in the 5 highest-volume government hospitals in all 
4 regions of Eswatini. Data are presented for ∼1 year, 
September 2021–September 2022, of a planned 2-year surveil
lance study. Routine data on HIV/ART status, pregnancy history, 
and birth outcomes for all women presenting to study sites for la
bor and delivery were abstracted from clinic records and extracted 
from national electronic databases. Per standard of care, clinic 
midwives, who received study-specific and defect identification 
training, performed surface examinations (including inside the 
mouth) of live and stillborn infants. Infants with detected defects 
were also examined by clinic physicians who advised on defect di
agnoses. If defects were identified, mothers consented for inter
views to capture more detailed medical and medication history 
and defect descriptions and birth defect photographs. Women 
undergoing medically induced abortions due to identification of 
a defect via diagnostic imagining were also enrolled, though ultra
sounds were rarely used at study hospitals. Women could consent 
to the interview, photographs, or both study components.

Study data were captured by research assistants based at each 
study site. Photographs and interview data (blinded to HIV/ 
ART status) were sent to an external medical geneticist for con
firmatory diagnosis, consisting of the organ group and pre
ferred term based on the Organ System Classification 
introduced by the Antiretroviral Pregnancy Registry. Defects 
were classified as major or minor based on definitions used 
by the Metropolitan Atlanta Congenital Defects Program [7]. 
In cases without photographs and/or interviews, typically 
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because of study refusals or missed enrollments (due to a small 
proportion of missed deliveries occurring after normal working 
hours), clinic records or study surveillance was used to define 
defects if available. Defects without photographs or with pho
tographs where the defect was not clearly captured were classi
fied as confirmed without photos. If photographs clearly 
showed the area in question but the clinical diagnosis could 
not be confirmed, the defect was excluded from analysis.

Live/stillbirth was defined as either ≥28 weeks gestation or <28 
weeks and (1) a live birth or (2) recorded as stillbirth by the hos
pital with a weight of ≥1000 g. Examinations were not routinely 
conducted for miscarriages and are excluded from this analysis. 
ART at conception was determined using date of drug initiation 
and last menstrual period (LMP) and defined as maternal ART 
received up to 8 weeks after the LMP date (≤6 weeks after estimat
ed conception date). We described birth defect rates by HIV sta
tus and ART regimen at conception. Infants with ≥1 major defect 
with or without minor defects were classified as major; infants 
with ≥1 minor defect only were classified as minor. Major defects 
were categorized as NTD or non-NTD. Defect prevalence was cal
culated as number of events divided by total number of live and 
stillbirths; the numerator included an abortion with confirmed 
defects. Chromosomal trisomies identifiable by physical appear
ance were excluded from analysis. Confidence intervals were 

constructed using Wilson confidence limits for the binomial 
proportion.

Patient Consent

All participants provided written informed consent for interviews 
and/or photograph-taking. This protocol, including a waiver of 
consent for routine data collection, was approved by the Eswatini 
Health and Human Research Review Board (EHHRRB028/2021) 
and Advarra Institutional Review Board (Pro00055975) in the 
United States.

RESULTS

In total, 24 827 women had deliveries, with live births (n = 24 239), 
stillbirths (n = 566), or multiple live/stillbirths (n = 22); there was 1 
medical abortion. Among women (median age [IQR], 26 [21–32] 
years) with deliveries, 17 285 (69.6%) were HIV-negative, 7536 
(30.4%) had HIV, and 6 were missing HIV status. Of women with 
HIV, 4902 (65.0%) were on DTG at conception, 1320 (17.5%) 
were on efavirenz (EFV) at conception, 83 (1.1%) were on other 
ART at conception, and 1092 (14.5%) were not on ART at concep
tion as they were newly diagnosed with HIV during pregnancy; 
nearly all (99.2%) initiated DTG during pregnancy. One hundred 
thirty-nine (1.8%) were missing ART regimen and/or timing of 
initiation.

Figure 1. Screening and enrollment of women with infants with identified birth defects.
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Of 208 deliveries with birth defects identified, eleven were 
excluded from analysis: 6 were determined not to be defects 
by the geneticist, 1 infant with Trisomy 21 and 4 infants with
out any defect information. See Figure 1 for details on partic
ipant refusals and missed enrollments. Of 24 599 births to 
HIV-negative women and women with HIV on DTG, EFV, 
or no ART at conception, 197 live or stillborn infants were di
agnosed with confirmed external malformations and included 
in the analysis (0.80%; 95% CI, 0.70%–0.92%) (Table 1). No 
birth defects were identified in the infants of the remaining 
228 women with unknown HIV status or ART regimen/tim
ing, nor those receiving non-DTG/EFV-ART at conception, 
who were therefore excluded from the denominator (and 
are not shown in the table). All women of infants identified 
with birth defects who newly initiated ART during pregnancy 
were started on DTG. In 34 (17.3%) infants, ≥1 defect was 
diagnosed based on description only, including 2 NTDs (1 
each in the HIV-negative and DTG preconception groups). 
Twelve infants were stillborn, and 18 infants died shortly after 
birth.

There were 19 NTDs (9.6% of defects). NTD prevalence was 
0.08% (95% CI, 0.03%–0.21%), 0.08% (95% CI, 0.04%–0.13%), 
and 0.15% (95% CI, 0.04%–0.55%) for women on DTG at concep
tion, HIV-negative women, and women on EFV at conception, re
spectively. Nine of the NTDs (47.4%) were myelomeningocele/ 
meningocele, 2 associated with hydrocephalus. Eight infants had 
NTDs and other non-NTD major defects. Of 95 non-NTD major 
defects, the most common was varus foot malformation (26.3%, 
25). Twenty-nine infants were diagnosed with multiple non-NTD 
major defects with or without minor defects. Among 91 deliveries 
with minor defects, most (n = 86, 94.5%) were polydactyly (postax
ial hand or unspecified). Non-NTD major and minor defects were 
similar in women on DTG at conception and HIV-negative women 
(major 0.39% and 0.38%; minor 0.45% and 0.35%, respectively). 
Among women on EFV at conception, the rate was 0.61% 

and 0.53% for non-NTD major and minor defects. See 
Supplementary Table 1 for specific defects by organ group.

DISCUSSION

Most pregnant women with HIV in Eswatini are currently re
ceiving DTG, with the majority receiving DTG at conception. 
There were similar rates of NTD and non-NTD defects between 
women on DTG at conception and HIV-negative women, 
which does not support an association of NTD with DTG at 
conception, providing evidence from another Sub-Saharan 
African country without national folic acid food supplementa
tion that supports the updated Botswana Tsepamo results.

The NTD prevalence of 0.08% among women on DTG at 
conception in Eswatini was slightly lower than the 0.11% 
(95% CI, 0.06%–0.19%) prevalence reported by the Tsepamo 
study in July 2022 in women on DTG at conception [8]. 
Combining Tsepamo and our study data, there were >14 000 
births among women on DTG at conception and 14 NTDs 
identified, giving an inverse variance weighted NTD prevalence 
of 0.10% (95% CI, 0.05%–0.15%). The NTD rate was the same 
for women with HIV overall and HIV-negative women in our 
study. The NTD rate among women on EFV at conception was 
higher than that of other groups, but there were fewer 
EFV-exposed births. Other ongoing surveillance in Kenya 
and South Africa similarly did not find association between ma
jor birth defects and HIV status or DTG use at conception [9].

The main study limitation is reliance on routine data for sur
veillance given inherent weaknesses with quality and missing
ness. For various reasons, we could not confirm 17% of birth 
defects with photos. However, due to data verification and 
quality checks, missingness for HIV/ART status and timing 
was <1%; birth defect diagnosis based on description only is 
similar to the approach used in other surveillance studies [3].

Despite its limitations, this study provides a population- 
based estimate of birth defects in a country with high HIV 

Table 1. Number and Rate of Birth Defects by HIV and ART Status

No. (%, 95% CI)

Women’s HIV Status and Conception 
Regimen

Livebirths and 
Stillbirths NTD

Major Non-NTD Birth 
Defects Minor Birth Defects Total Birth Defectsa

Total from subgroups with birth defectsb 24 599 19 (0.08, 0.05–0.12) 95 (0.39, 0.32–0.47) 91 (0.37, 0.30–0.45) 197 (0.80, 0.70–0.92)

HIV-negative 17 285 13 (0.08, 0.04–0.13) 65 (0.38, 0.30–0.48) 60 (0.35, 0.27–0.45) 133 (0.77, 0.65–0.91)

All women with HIVc 7308 6 (0.08, 0.04–0.18) 30 (0.41, 0.29–0.59) 31 (0.42, 0.30–0.60) 64 (0.88, 0.69–1.12)

DTG at conception 4902 4 (0.08, 0.03–0.21) 19 (0.39, 0.25–0.60) 22 (0.45, 0.30–0.68) 43 (0.88, 0.65–1.18)

EFV at conception 1320 2 (0.15, 0.04–0.55) 8 (0.61, 0.31–1.19) 7 (0.53, 0.26–1.09) 16 (1.21, 0.75–1.96)

No ART at conception (newly initiated 
on ART during pregnancy)

1092 0 3 (0.27, 0.09–0.80) 2 (0.18, 0.05–0.67) 5 (0.46, 0.20–1.07)

Abbreviations: ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; NTD, neural tube defect.  
aOne hundred ninety-seven infants were diagnosed with defects, but 8 had both NTD and other non-NTD major defects. Because NTD and major non-NTD estimates were calculated 
separately, the subgroups do not add up to the total number.  
bTotal excludes infants of women with unknown HIV status (n = 6), women with HIV who were missing ART regimen/timing data (n = 139), and women with HIV receiving non-DTG/EFV ART at 
conception (n = 83).  
cAs above, total excludes infants of women with HIV missing ART regimen/timing data and receiving non-DTG/EFV-ART at conception.
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burden and nearly 5000 deliveries surveilled among women on 
DTG preconception. Following initial Tsepamo study results, 
there was concern regarding DTG use among women of repro
ductive potential. However, despite a clear decrease in the NTD 
signal in the Tsepamo study as further data accumulated [8] 
and updated 2019 WHO guidelines recommending DTG as 
the preferred ART regimen [10], transition to DTG ART in 
women continues to lag significantly behind men in many 
Sub-Saharan African countries [11, 12]. Together with updated 
Tsepamo results, our findings more definitively refute the NTD 
safety signal. They strengthen the case for DTG use among 
women of reproductive potential, hopefully helping to further 
address concerns and clear the path for use of this highly effi
cacious HIV treatment for women. The study also demon
strates the importance of active safety surveillance in 
pregnancy, which is critical to maintain, particularly as new 
ARVs are introduced, notably long-acting formulations, to 
help inform national and global HIV prevention and treatment 
policies.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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