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BACKGROUND

A preliminary safety signal for neural-tube defects was previously reported in associa-
tion with dolutegravir exposure from the time of conception, which has affected 
choices of antiretroviral treatment (ART) for human immunodeficiency virus (HIV)–
infected women of reproductive potential. The signal can now be evaluated with data 
from follow-up of additional pregnancies.
METHODS

We conducted birth-outcomes surveillance at hospitals throughout Botswana, expanding 
from 8 to 18 sites in 2018. Trained midwives performed surface examinations of all live-
born and stillborn infants. Research assistants photographed abnormalities after mater-
nal consent was obtained. The prevalence of neural-tube defects and major external 
structural defects according to maternal HIV infection and ART exposure status was 
determined. In the primary analyses, we used the Newcombe method to evaluate differ-
ences in prevalence with 95% confidence intervals.
RESULTS

From August 2014 through March 2019, surveillance captured 119,477 deliveries; 119,033 
(99.6%) had an infant surface examination that could be evaluated, and 98 neural-tube 
defects were identified (0.08% of deliveries). Among 1683 deliveries in which the mother 
was taking dolutegravir at conception, 5 neural-tube defects were found (0.30% of deliver-
ies); the defects included two instances of myelomeningocele, one of anencephaly, one of 
encephalocele, and one of iniencephaly. In comparison, 15 neural-tube defects were found 
among 14,792 deliveries (0.10%) in which the mother was taking any non-dolutegravir ART 
at conception, 3 among 7959 (0.04%) in which the mother was taking efavirenz at concep-
tion, 1 among 3840 (0.03%) in which the mother started dolutegravir treatment during 
pregnancy, and 70 among 89,372 (0.08%) in HIV-uninfected mothers. The prevalence of 
neural-tube defects was higher in association with dolutegravir treatment at conception 
than with non-dolutegravir ART at conception (difference, 0.20 percentage points; 95% 
confidence interval [CI], 0.01 to 0.59) or with other types of ART exposure. Major external 
structural defects were found in 0.95% of deliveries among women exposed to dolutegra-
vir at conception and 0.68% of those among women exposed to non-dolutegravir ART at 
conception (difference, 0.27 percentage points; 95% CI, −0.13 to 0.87).
CONCLUSIONS

The prevalence of neural-tube defects was slightly higher in association with dolutegravir 
exposure at conception than with other types of ART exposure at conception (3 per 1000 
deliveries vs. 1 per 1000 deliveries). (Funded by the National Institutes of Health.)
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Neural-tube defects occur by the 
end of the sixth week of pregnancy (i.e., 
the fourth week after fertilization) and 

have been associated with exposure to specific 
drugs early in pregnancy.1 Concerns about neural-
tube defects among children exposed to efavirenz 
at the time of conception were raised by an 
early study in nonhuman primates2 and from 
case reports in patients,3-5 but no subsequent 
clinical association was detected.6 Dolutegravir 
is a newer antiretroviral agent with a higher bar-
rier to resistance, fewer side effects, and more 
effective viral suppression than efavirenz,7 but 
data on congenital abnormalities and other po-
tential adverse birth outcomes associated with 
exposure at the time of conception have been 
lacking. In 2016, Botswana became the first 
African country to shift from efavirenz-based 
antiretroviral treatment (ART) to dolutegravir-
based ART as first-line therapy for all adults 
with human immunodeficiency virus (HIV) in-
fection.8

In 2014, to confirm the safety of efavirenz 
exposure at conception, surface examination sur-
veillance to detect neural-tube defects was initi-
ated at eight large government maternity wards 
in Botswana as part of the Tsepamo Study. This 
surveillance system captures all antiretroviral 
exposure, including dolutegravir exposure since 
the introduction of the drug in 2016. In May 
2018, a review of data to inform the develop-
ment of World Health Organization (WHO) HIV 
guidelines revealed a potential early signal for 
neural-tube defects associated with dolutegravir 
exposure at conception, with 4 such defects 
found among 426 exposures.9 Since that time, 
advisory statements from regulatory agencies have 
recommended more-limited use of dolutegravir 
among women planning pregnancy.10,11 In the 
present study, we evaluated the signal for neural-
tube defects with follow-up of additional births.

Me thods

Study Sites

The Tsepamo Study is a nationally representative 
birth-outcomes surveillance study in Botswana, 
described previously.12 The study was originally 
designed to evaluate birth outcomes (including 
neural-tube defects) associated with exposure to 
efavirenz from conception. We recorded obstetri-
cal outcomes at 8 public hospital maternity wards 

from August 2014 to June 2018 (approximately 
45% of all births in the country), adding 10 ad-
ditional sites between July 2018 and March 2019 
(increasing coverage to approximately 72% of all 
births).13 The maternity sites that were originally 
included were 2 tertiary referral hospitals, 5 dis-
trict hospitals, and 1 primary-level hospital; 
4 district and 6 primary-level hospitals were added 
in 2018. At each site, research assistants abstract-
ed data from the obstetrical record for all con-
secutive in-hospital deliveries. Abstracted data 
included information on maternal demographic 
characteristics, medical history, routine labora-
tory measurements in pregnancy, pregnancy com-
plications, medications reported to have been 
taken at the time of conception and medications 
prescribed during pregnancy, HIV infection and 
ART history, and delivery and infant outcomes 
before hospital discharge.

Ethics Approval

Ethics approval for this study was granted by the 
Health Research and Development Committee in 
Botswana and by the Office of Human Research 
Administration at the Harvard T.H. Chan School 
of Public Health. Women provided written in-
formed consent for photographs to be taken of 
infants with abnormalities. The authors vouch 
for the completeness and accuracy of the data 
and for the fidelity of the study to the protocol, 
available with the full text of this article at 
NEJM.org.

Surveillance for Congenital Abnormalities 
and Other Adverse Birth Outcomes

Government midwives received training from the 
study team to standardize infant surface exami-
nations and to assess congenital abnormalities. 
Midwives described all visible abnormalities 
observed during the infant examination in the 
obstetrical record and alerted the study research 
assistants, who sought maternal consent to photo-
graph the abnormality. Photographs of major 
abnormalities, as well as any unclear descrip-
tions, were reviewed by a medical geneticist (the 
second author) at MassGeneral Hospital for 
Children in Boston who was not aware of any 
exposure information.

Abnormalities identified by routine surface 
examination before discharge from the hospital 
were classified as major external structural mal-
formations if they had clinical, surgical, or cos-
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metic importance. Surface examinations did not 
routinely include examination inside the mouth, 
auscultation of the heart, or testing for inguinal 
hernias, undescended testes, or hip dysplasia. 
Imaging, chromosomal testing, mutation analy-
sis, and autopsy data were not available. Chromo-
somal trisomies identified on the basis of physi-
cal appearance were not included. Neural-tube 
defects were defined as definite (confirmed by 
photograph) or probable (diagnosed on the basis 
of a description but with no photograph) myelo-
meningocele, meningocele, encephalocele, anen-
cephaly with or without craniorachischisis, or 
iniencephaly. Other adverse birth outcomes were 
extracted from obstetrical records, including still-
birth, preterm birth (<37 weeks of gestation), 
very preterm birth (<32 weeks of gestation), 
small for gestational age (body weight <10th per-
centile for gestational age), very small for gesta-
tional age (body weight <3rd percentile for ges-
tational age),14,15 and neonatal death at less than 
28 days among infants who never left the hospital.

HIV Infection and ART Exposure Groups

Women were considered to be HIV-uninfected if 
the last HIV test recorded during pregnancy was 
negative. Women were considered to be HIV-
infected if they had been documented as such in 
the obstetrical or medical record. Information on 
ART regimen, ART start date, and changes in or 
terminations of ART was extracted from the 
obstetrical or medical record. The ART regimen 
and start date were confirmed with the mother 
at the time of delivery and with the outpatient 
HIV records, when available, for all cases of head 
or spine abnormalities throughout the study and 
for all HIV-infected women since January 2018. 
ART at conception was defined as maternal ART 
that started before the calculated date of the last 
menstrual period, and ART that started during 
pregnancy was defined as maternal ART that 
started after that date. Deliveries were classified 
according to ART exposure at conception for the 
analyses of congenital malformations and were 
excluded if the timing of ART or the type of ART 
regimen was not known.

Antiretroviral Regimens

The Botswana HIV Program provides free ART 
to citizens. In 2012, tenofovir–emtricitabine–
efavirenz (coformulated) became the first-line 
treatment for all HIV-infected women who had 

not previously received ART and had a CD4 cell 
count of less than 350 per cubic millimeter, a 
shift from nevirapine-based or lopinavir–ritonavir–
based ART. In May 2016, Botswana updated its 
national HIV guidelines to designate tenofovir–
emtricitabine with dolutegravir (not coformulated) 
as treatment for all HIV-infected adults who had 
not previously received ART, regardless of CD4 
cell count (this regimen was replaced by coformu-
lated tenofovir–lamivudine–dolutegravir in Sep-
tember 2018). Patients with viral suppression 
without side effects while taking their ART regi-
mens were not switched to newer regimens (with 
the exception of tenofovir–emtricitabine being 
replaced with tenofovir–lamivudine plus dolute-
gravir).

Statistical Analysis

After the initial safety signal associated with 
dolutegravir was reported in May 2018, we 
specified that the next analysis would occur after 
March 31, 2019, to detect neural-tube defects in 
infants conceived before the June 2018 guidance in 
Botswana that advised avoidance of dolutegravir-
based ART if pregnancy was desired.16 The aim 
of the prespecified primary evaluation was to 
determine whether the prevalence of neural-tube 
defects and the total prevalence of external struc-
tural malformations were higher in association 
with dolutegravir treatment at conception than 
with other types of exposure during the entire 
study period. Prevalence was calculated as the 
number of events divided by the total number of 
births (including live births and stillbirths). The 
95% confidence intervals around the prevalence 
of abnormalities in each exposure group were 
calculated with the Wilson method.17 Differences 
in prevalence between the group with exposure 
to dolutegravir at conception and the other ex-
posure groups were determined and 95% confi-
dence intervals calculated with the Newcombe 
method.18

The risk of other adverse birth outcomes asso
ciated with continuous exposure to dolutegravir 
with a tenofovir–emtricitabine or tenofovir–
lamivudine backbone from the time of concep-
tion was compared with the risk associated with 
continuous exposure to efavirenz with the same 
ART backbones from the time of conception. 
These comparisons were performed among sin-
gleton pregnancies and were restricted to the 
eight original sites after the dolutegravir rollout 
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to reduce potential confounding by geographic 
or historical differences in these outcomes. An 
increased risk of adverse birth outcomes in as-
sociation with other antiretroviral regimens has 
been reported previously.12,19 Unadjusted and ad-
justed (for age, gravida, and education) relative 
risks for adverse birth outcomes were deter-
mined with the use of a log binomial model.20

R esult s

Study Population

From August 15, 2014, to March 31, 2019, there 
were 119,477 total deliveries (117,594 singleton, 
1859 twin, 23 triplet, and 1 quadruplet) at the 
surveillance maternity sites. Among all deliveries, 
444 (0.4%) lacked at least one surface examina-
tion that could be evaluated or a sufficient de-
scription to evaluate for neural-tube defects 
(including 5 among women with dolutegravir 
exposure at conception) and were excluded from 
the analysis, which left 119,033 available for analy-
sis. Figure 1 summarizes the exposure groups 
according to HIV infection status, maternal ART 
regimen, and the timing of ART initiation.

The baseline characteristics of the women in 
the study are shown in Table 1. The differences 
among the ART exposure groups were small or 
negligible with regard to delivery site, history of 
epilepsy or diabetes, and proportion of women 
with high body weight (>90 kg) during preg-
nancy. Prescription of folate supplementation 
with folate alone, folate combined with iron, or 
multivitamin supplements was similar across 
groups, and 99.8% of the women for whom fo-
late was prescribed started taking folate during, 
not before, pregnancy. Personal histories of a 
previous birth with a congenital abnormality 
and family histories of neural-tube defects were 
not available.

Neural-Tube Defects

The total number of neural-tube defects identi-
fied in the population was 98 (0.08% of deliver-
ies; 95% confidence interval [CI], 0.07 to 0.10), 
including 49 instances of meningocele or myelo-
meningocele, 33 of anencephaly, 15 of encepha-
locele, and 1 of iniencephaly (Table 2). Photo-
graphs supported the diagnosis in 60 cases, and 
38 cases were diagnosed on the basis of descrip-
tions only. There were 26 (0.92%) neural-tube 
defects among stillbirths and 72 (0.06%) among 

live births. Among the live-born infants in whom 
neural-tube defects were found, 25 (35%) died 
within 28 days, and 1 had an unknown vital 
status.

Neural-tube defects according to exposure 
group are shown in Figure 2. Among the 1683 
deliveries in which the mother was taking 
dolutegravir-based ART at conception, 5 neural-
tube defects were found (0.30% of deliveries; 
95% CI, 0.13 to 0.69), as compared with 15 de-
fects among 14,792 deliveries (0.10%; 95% CI, 
0.06 to 0.17) in which the mother was taking 
any non-dolutegravir ART at conception. The 
absolute difference in prevalence between doluteg
ravir-based and non–dolutegravir-based ART 
exposure from conception was 0.20 percentage 
points (95% CI, 0.01 to 0.59). Among the 7959 
deliveries in which the mother was taking efavi-
renz at conception, 3 neural-tube defects were 
found (0.04%; 95% CI, 0.01 to 0.11). Among the 
3840 deliveries in which the mother had started 
dolutegravir treatment during pregnancy, 1 neural-
tube defect was found (0.03%; 95% CI, 0.00 to 
0.15); in this case, the mother had started 
dolutegravir treatment at 8 weeks of gestation. 
Among the 89,372 deliveries in which the 
mothers were HIV-uninfected, 70 neural-tube de-
fects were found (0.08%; 95% CI, 0.06 to 0.10). 
The 5 neural-tube defects in deliveries among 
women who were taking dolutegravir-based ART 
at conception included 2 instances of myelo
meningocele, 1 of encephalocele, and 1 of ini
encephaly (all diagnosed with photographs), as 
well as 1 of anencephaly (diagnosed with a 
description only). These events are described in 
Table S1 in the Supplementary Appendix, avail-
able at NEJM.org.

From May 1, 2018, when the signal regarding 
neural-tube defects was first reported, until 
March 31, 2019, one additional neural-tube de-
fect was identified in a delivery in which the 
mother was taking dolutegravir-based ART at 
conception (1 of 1257, 0.08%), as compared with 
one neural-tube defect in all other groups with 
any ART exposure at conception (1 of 3492, 
0.03%), none in the group with efavirenz expo-
sure at conception (0 of 2172), one in the group 
with dolutegravir treatment started during preg-
nancy (1 of 1028, 0.10%), and nine in the group 
of HIV-uninfected women (9 of 23,315; 0.04%). 
To address potential temporal fluctuations in the 
prevalence of neural-tube defects, we also re-
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stricted analyses to deliveries that occurred after 
the dolutegravir rollout in 2016 and found no 
notable differences in the magnitude or direc-
tion of any findings (Table S2 in the Supplemen-
tary Appendix). During this period, the differ-
ence in the prevalence of neural-tube defects 
between the group with exposure to dolutegravir 
at conception and the group with exposure to 
any other type of ART at conception was 0.22 
percentage points (95% CI, 0.03 to 0.62).

Other Major External Structural 
Abnormalities and Adverse Birth Outcomes

All major external structural malformations, in-
cluding neural-tube defects, are listed in Table 2. 
Of the reported defects, 23 lacked sufficient de-
scription for categorization. There were 719 
major external structural malformations found 
(0.60% of deliveries; 95% CI, 0.56 to 0.65), with 
neural-tube defects accounting for 14%. A total 
of 16 major external structural malformations 

Figure 1. Deliveries at the Surveillance Sites According to Maternal ART and HIV Infection Status, August 2014–
March 2019.

In the case of 72 (4%) of the 1683 deliveries in which the mother had been taking dolutegravir (DTG) at conception, 
the mother switched to a different regimen during pregnancy, and in 6 (0.4%) the mother switched during the first 
6 weeks of pregnancy (no neural-tube defects or major malformations were identified in the infants in these 6 deliv-
eries). Tenofovir–emtricitabine or tenofovir–lamivudine was the nucleoside reverse-transcriptase inhibitor backbone 
in the regimen taken by 1653 (98.2%) of the mothers who took DTG-based antiretroviral treatment (ART) and by 7792 
(97.9%) of the mothers who took efavirenz (EFV)–based ART. In addition to 7959 deliveries in which the infants were 
exposed to EFV at the time of conception, deliveries in which the infants had non-EFV ART exposure from conception 
included 1848 with exposure to nevirapine–tenofovir plus either emtricitabine or lamivudine, 2966 to nevirapine–
zidovudine–lamivudine, 579 to lopinavir–ritonavir–tenofovir plus either emtricitabine or lamivudine, 385 to lopinavir–
ritonavir–zidovudine–lamivudine, 884 to unspecified (non-DTG) regimens, and 171 to other regimens.

119,477 Deliveries were recorded
at 18 surveillance hospitals

444 (0.4%) Were excluded owing
to lack of surface examination

that could be evaluated

89,372 Had mother who
was HIV-negative

938 Had mother who had
unknown HIV status

28,723 Had mother who
was HIV-positive

3840 Had exposure to
DTG ART that started

 during pregnancy

5952 Had exposure to
non-DTG ART that

started during pregnancy

16,475 Had exposure to
ART at conception

14,792 Had exposure
to non-DTG ART

at conception

1683 Had exposure
to DTG ART 
at conception

1845 Did not have
exposure to ART during

pregnancy

611 Had unknown ART
exposure, unknown

timing of ART, or both

6833 Had exposure
to non-EFV ART at

conception

7959 Had exposure
to EFV at conception
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Structural Abnormality

Total  
Population 

(N = 119,033)

DTG at  
Conception 
(N = 1683)

Non-DTG ART  
at Conception 
(N = 14,792)

EFV at  
Conception 
(N = 7959)

DTG Started  
in Pregnancy 

(N = 3840)

HIV- 
 Negative 

(N = 89,372)

number (percent)† number†

Major external structural 
malformations‡

No. of defects 719 16 101 55 17 528

Percent (95% CI) 0.60 
 (0.56–0.65)

0.95 
 (0.59–1.54)

0.68 
 (0.56–0.83)

0.69 
 (0.53– 0.90)

0.44 
 (0.28–0.71)

0.59 
 (0.54–0.64)

Neural-tube defects

Myelomeningocele or 
meningocele

49 (0.04) 2 8 2 1 34

Anencephaly 33 (0.03) 1 6 1 0 24

Encephalocele 15 (0.01) 1 1 0 0 12

Iniencephaly 1 (0.001) 1 0 0 0 0

Other nervous system defects

Hydrocephalus, presumed§ 102 (0.09) 0 11 5 1 83

Holoprosencephaly, 
presumed

13 (0.01) 1 2 2 1 8

Defects of face, eye, ear, and neck

Cleft lip 44 (0.04) 0 4 2 1 34

Anophthalmia or micro
phthalmia

5 (0.004) 1 1 0 0 2

Congenital cataract 3 (0.003) 0 1 0 0 2

Cystic hygroma 3 (0.003) 0 0 0 0 3

Microtia 5 (0.004) 0 0 0 0 2

Gastrointestinal defects

Omphalocele 19 (0.02) 2 3 2 0 14

Gastroschisis 19 (0.02) 2 0 0 0 15

Imperforate anus 10 (0.01) 0 2 0 0 7

Genitourinary defects

Hypospadias, severe¶ 12 (0.01) 0 2 1 0 8

Ambiguous genitalia 11 (0.009) 0 6 4 0 4

Posterior urethral valves, 
presumed

3 (0.003) 0 1 0 0 2

Limb defects

Club-foot deformity‖ 209 (0.18) 1 30 18 4 155

Amniotic band syndrome 18 (0.02) 0 1 1 1 10

Limb–body wall defect 3 (0.003) 0 0 0 0 3

Split-foot or split-hand 
deformity

13 (0.01) 0 2 1 0 9

Polydactyly**

Postaxial, type A 21 (0.02) 0 4 3 1 16

Preaxial or bifid digit 26 (0.02) 0 3 2 1 20

Terminal transverse limb 
defect

3 (0.003) 0 0 0 0 3

Table 2. Major External Structural Abnormalities According to ART Exposure and HIV Infection Status, August 2014–March 2019.*
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were found among 1683 deliveries (0.95%) in 
which the mother was taking dolutegravir at 
conception and included presumed holoprosen-
cephaly (1 delivery), omphalocele (2), gastros-
chisis (2), club foot (2), upper-limb defects (2), 
anophthalmia (1), skeletal dysplasia (1), and 

neural-tube defects (5) (Table S1 in the Supple-
mentary Appendix). The prevalence of major 
external structural malformations did not differ 
substantially in other exposure groups (Table 2): 
0.68% of deliveries among women who were 
taking any non-dolutegravir ART at conception, 

Structural Abnormality

Total  
Population 

(N = 119,033)

DTG at  
Conception 
(N = 1683)

Non-DTG ART  
at Conception 
(N = 14,792)

EFV at  
Conception 
(N = 7959)

DTG Started  
in Pregnancy 

(N = 3840)

HIV- 
 Negative 

(N = 89,372)

number (percent)† number†

Absent or hypoplastic radius 3 (0.003) 0 0 0 1 2

Syndactyly and polysyndactyly 23 (0.02) 1 4 3 2 15

Major limb defect not further 
classified††

27 (0.02) 2 4 1 2 18

Other major defects

Skeletal dysplasia 27 (0.02) 1 5 3 0 20

Arthrogryposis, presumed 3 (0.003) 0 1 0 0 2

Skin pedicles, removed 
surgically

3 (0.003) 0 0 0 0 3

Multiple abnormalities not 
further classified‡‡

31 (0.03) 0 6 3 1 24

Other abnormalities§§ 35 (0.03) 0 6 3 1 25

*	� The sums of the major external structural malformations and total neural-tube defects in each exposure group do not equal the category 
totals listed because EFV from conception is a subset of non-DTG ART from conception. There were also additional major external struc-
tural malformations and neural-tube defects in other groups with exposures that are not of interest.

†	� The number of defects (percent of deliveries) or the number of defects is given, except as indicated.
‡	� The total includes all deliveries in the entire study population in which at least one major external structural malformation was found. The 

numbers of specific defects total more than 719 because of 75 deliveries in which more than one major defect was found.
§	� Hydrocephalus was defined on the basis of the appearance of the head in a photograph or a description of hydrocephalus from the person 

who performed the surface examination and not on the basis of head circumference measurements.
¶	� Severe hypospadias included penile, scrotal, and perineal hypospadias and epispadias. Glanular hypospadias was not considered to be a 

major external structural malformation.
‖	� Club-foot deformity included unilateral and bilateral talipes equinovarus and talipes calcaneovalgus.
**	� Postaxial polydactyly type B, a common abnormality, was not considered to be a major abnormality because the extra digit was resolved 

when tied off with a string or twine by a nurse after birth.
††	� Major limb abnormalities that could not be further classified included abnormalities of the limb that could not be diagnosed without fur-

ther imaging or testing but were clearly of clinical, surgical, or cosmetic significance.
‡‡	� Abnormalities were considered multiple abnormalities that could not be further classified when the photo or description showed abnor-

malities in multiple areas of the body that were clearly of clinical or cosmetic significance, but without further diagnostic testing, no spe-
cific diagnosis was possible.

§§	� Other abnormalities were found in 28 deliveries with no more than two specific defects (the numbers of deliveries and the exposure 
groups are given in parentheses): upper-limb reduction and monodactyly (1 HIV-negative), triphalangeal thumb and wide index finger  
(1 HIV-negative), total absence of chest and abdominal wall (1 HIV-negative), thumb hypoplasia (1 HIV-negative), hypoplastic fingers  
(1 HIV-negative), amelia (1 HIV-negative), severely small head (1 HIV-negative), central digit hypoplasia (1 non-DTG ART at conception 
[not EFV]), rugae over brain with microcephaly suggesting underlying brain defect (1 HIV-negative), hypodactyly (1 HIV-negative), prema-
lignant sebaceous nevus, presumed (1 HIV-negative), hemifacial microsomia (1 HIV-negative), major penis deformity (1 HIV-negative), 
missing thumb (1 HIV-negative), Pierre Robin sequence, presumed (1 HIV-negative), very large cyst inside the mouth (1 non-DTG ART  
at conception), large cystic protrusion about the symphysis pubis (1 DTG started in pregnancy), large cyst below the tongue (1 HIV-
negative), inguinal hernia (1 EFV at conception), craniofacial abnormalities not able to be classified further (1 HIV-negative), absence  
of tibia (1 EFV at conception), absence of forearm (1 EFV at conception), bilateral adactyly or hypodactyly (1 HIV-negative), facial cleft  
(1 HIV-negative), midface deformity (1 HIV-negative), large cystic lesion on upper back (possibly lipoma, but with an odd appearance and 
probable cosmetic significance) (1 HIV-negative), brachial cleft cyst (presumed) (1 HIV-negative), isolated bowed tibia (2 HIV-negative), 
gigantism of fingers (2 HIV-negative), severe arteriovenous malformation (1 HIV-negative and 1 non-DTG ART at conception), and sacro-
coccygeal teratoma (2 HIV-negative).

Table 2. (Continued.)
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0.69% of those among women who were taking 
efavirenz at conception, 0.44% of those among 
women who started dolutegravir treatment dur-
ing pregnancy, and 0.59% among deliveries to 
HIV-uninfected women. Major external struc-
tural defects were found in 0.95% of deliveries 
among women with exposure to dolutegravir at 
conception and 0.68% of those among women 
with exposure to non-dolutegravir ART at con-
ception (difference, 0.27 percentage points; 95% 
CI, −0.13 to 0.87).

Table 3 shows other adverse birth outcomes 
among deliveries in which infants were exposed 
to continuous treatment with dolutegravir or 
efavirenz from the time of conception. The 
prevalence of any adverse birth outcome associ-
ated with continuous dolutegravir exposure was 
33.2%, and that associated with continuous 
efavirenz exposure was 35.0% (adjusted relative 
risk, 0.94; 95% CI, 0.86 to 1.02). There were no 
substantial differences between these groups in 
the prevalence of total or severe adverse birth 
outcomes.

Discussion

We performed nationwide birth surveillance in 
Botswana and found evidence of a potential asso
ciation between neural-tube defects and doluteg
ravir exposure at the time of conception. Since 
our initial 2018 report, the estimated prevalence 
has diminished in magnitude to approximately 
3 per 1000 births but remains greater than for 
all other types of antiretroviral exposure at con-
ception.

The potential association between dolutegra-
vir and neural-tube defects was unexpected. Pre-
clinical studies in animals did not identify a risk 
for birth defects associated with this compound.21 
As of January 31, 2019, the Antiretroviral Preg-
nancy Registry (APR) has reported 1 instance of 
neural-tube defect (anencephaly) among 247 peri-
conception exposures to dolutegravir that were 
identified prospectively22; outside the APR, no 
other neural-tube defects have been reported in 
association with dolutegravir treatment from 
conception in eight observational studies with a 

Figure 2. Neural-Tube Defects According to Maternal ART and HIV Infection Status, August 2014–March 2019.

There were 7 additional infants with neural-tube defects in the full cohort: 3 born to women who started non-DTG 
ART during pregnancy, 3 born to HIV-infected women who did not receive ART during pregnancy, and 1 born to a 
woman of unknown HIV infection status who did not receive ART. Photographs for confirmation of the neural-tube 
defect were available for 4 of the 5 infants exposed to DTG from conception, 8 of 15 of those exposed to non-DTG 
ART from conception, 2 of 3 of those exposed to EFV from conception, 1 of 1 exposed to DTG treatment that was 
started in pregnancy, and 42 of 70 born to HIV-negative mothers. Among the infants exposed to DTG that was initi-
ated during pregnancy, the median gestational age at the time of treatment initiation was 19 weeks (interquartile 
range, 13 to 25).
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total of 245 exposures.23-31 However, a lack of 
such reports is not surprising, given the small 
number of preconception exposures outside 
Botswana to date. Because neural-tube defects 
could be affected by low folate levels (Botswana 
does not mandate folate-fortified grains) or by 
a genetic predisposition specific to Botswana, 
systematically collected data from other regions 
in which dolutegravir is being used are needed.

Folate deficiency is a well-known risk factor 
for neural-tube defects,32 and folate antagonism 
by dolutegravir has been investigated as a poten-
tial mechanism to explain our clinical data. Find-
ings in in vitro studies performed by Cabrera 
et  al. included partial antagonism between 
dolutegravir and folate at high concentrations 
and a link between dolutegravir and develop-
mental toxic effects in a folate-reversible zebra 
fish model.33 An industry study showed high-dose 
folate antagonism in cell-culture experiments, 
which the authors of that study did not consider 
to be clinically relevant, although the cutoff 
values used in cell-culture experiments to deter-
mine clinical relevance to humans are of uncer-
tain accuracy.34 At this time, no firm conclusions 
can be drawn as to whether a folate pathway 

should be implicated, but folic acid fortification 
of grains can decrease the population prevalence 
of neural-tube defects by half,32 and preconcep-
tion folate supplementation is an existing WHO 
recommendation.35 Further research is critical to 
determine whether dietary or vitamin supplemen-
tation of folate in women of childbearing age who 
are receiving dolutegravir might mitigate the ex-
cess risk that was estimated in our study.

Our data show no signal concerning the use 
of efavirenz at conception and the risk of neural-
tube defects. Several additional findings deserve 
further study. We identified more major external 
structural abnormalities associated with dolute-
gravir treatment at conception (9 per 1000 births) 
than after dolutegravir treatment that was started 
during pregnancy (4 per 1000 births), with two 
cases of gastroschisis and two cases of omphalo-
cele associated with dolutegravir exposure from 
conception that are notable. More surveillance is 
required to interpret these findings. In our study, 
we also observed that dolutegravir treatment 
from conception was associated with fewer 
adverse birth outcomes than efavirenz treatment 
from conception, with the exception of still-
births, although the differences were not sub-

Adverse Birth Outcome
DTG from Conception 

(N = 1271)
EFV from Conception 

(N = 4430)
Adjusted Relative Risk 

(95% CI)†

number/total number (percent)

Any adverse birth outcome 422/1271 (33.2) 1550/4430 (35.0) 0.94 (0.86–1.02)

Any severe birth outcome 151/1271 (11.9) 568/4430 (12.8) 0.89 (0.74–1.05)

Preterm birth‡ 237/1254 (18.9) 841/4369 (19.2) 1.01 (0.89–1.15)

Very preterm birth§ 58/1254 (4.6) 215/4369 (4.9) 0.91 (0.68–1.23)

Small for gestational age¶ 211/1244 (17.0) 787/4328 (18.2) 0.87 (0.75–1.00)

Very small for gestational age‖ 81/1244 (6.5) 315/4328 (7.3) 0.82 (0.64–1.04)

Stillbirth 33/1271 (2.6) 89/4429 (2.0) 1.36 (0.91–2.04)

Neonatal death in hospital 14/1232 (1.1) 71/4334 (1.6) 0.71 (0.39–1.28)

*	�Comparisons included singleton pregnancies with continuous exposure to dolutegravir-based or efavirenz-based ART 
from the time of conception and in which infants were born at one of the eight original sites since October 1, 2016, 
when the first exposure to dolutegravir from conception occurred.

†	�All models were adjusted for maternal age, gravida, and educational attainment. These variables were chosen a priori 
and added to the model simultaneously.

‡	�Preterm birth was defined as birth before 37 weeks of gestation.
§	� Very preterm birth was defined as birth before 32 weeks of gestation.
¶	�Small for gestational age was defined as a body weight lower than the 10th percentile for gestational age.
‖	�Very small for gestational age was defined as a body weight lower than the 3rd percentile for gestational age.

Table 3. Adverse Birth Outcomes in Deliveries among Women with Exposure to Dolutegravir or Efavirenz from 
Conception, October 2016–March 2019.*
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stantial. Continued surveillance to further evalu-
ate birth outcomes is important, because small 
increases in the risk of common adverse birth 
outcomes have a proportionally large effect on 
overall infant morbidity and mortality.36-38

Our study was observational by necessity, and 
therefore it could have been susceptible to con-
founding. Because of the very low prevalence of 
neural-tube defects, we could not reliably adjust 
for potential measured confounders. However, no 
measured confounders (obesity, diabetes, or expo-
sure to antiepileptic agents or to trimethoprim–
sulfamethoxazole at conception) were present in 
the five cases of neural-tube defects associated 
with dolutegravir treatment at conception, so bias 
from measured confounding cannot explain our 
results. Maternal age was lower among women 
who were taking dolutegravir at conception than 
among those who were taking other types of 
ART at conception, and this could have biased 
our estimated effect toward zero. Differences in 
preconception folate levels or genetic predisposi-
tion could have led to unmeasured confounding, 
but the distribution of these differences would 
not be expected to differ between exposure 
groups. Misclassification of exposure among 
cases of neural-tube defects associated with 
dolutegravir exposure at conception could also 
lead to bias for this rare outcome. However, in 
all five cases, the start date of ART occurred 
when dolutegravir was being used as the first-
line drug nationally, the ART regimen and start 
date reported by the mother at delivery matched 
what was recorded in the obstetrical record, and 
all these women started dolutegravir more than 
3 months before the estimated date of concep-
tion. We did not have a direct assessment of ART 
adherence; however, the incidence of in utero 
mother-to-child transmission among women 
taking ART in Botswana is 0.4%, which includes 
women who started ART late in pregnancy.39 
Therefore, we infer that the level of ART adher-
ence was high among the women in our study. 
Although increased numbers of pregnancy ter-
minations among women taking dolutegravir 
after the signal report could have biased results 
toward the null, the number of deliveries among 
women who were taking dolutegravir at concep-
tion continued to rise after May 2018 (Table S3 
in the Supplementary Appendix), which suggests 
that terminations were not increasing.

Additional limitations of our study include 
the inability to evaluate defects that require 
more than a routine surface examination to de-
tect, including heart defects, which are the most 
common type of major birth defect worldwide 
and can be associated with folate deficiency.1 We 
also could not evaluate pregnancy loss before 24 
weeks, which could have resulted in bias.40-42 The 
strengths available with our study design in-
cluded a large sample size that made it possible 
to ascertain the outcomes of most pregnancies 
(>95% of deliveries occur in hospitals, and ter-
mination of pregnancy is not legal in Botswana 
except in extreme circumstances), nearly com-
plete reporting of a surface examination for all 
live births and stillbirths, photographic confir-
mation of trained midwife examinations for a 
majority of neural-tube defects, and nearly com-
plete information on HIV infection status and 
ART regimen. Although our sample was large, 
neural-tube defects are a rare outcome, and ad-
ditional surveillance is warranted. Future sur-
veillance trends are particularly important given 
the decline in overall neural-tube defects that 
has been observed since May 2018.

The data from nationwide birth surveillance in 
Botswana examined in our study suggest a poten-
tial association between dolutegravir exposure at 
conception and the development of neural-tube 
defects. Although the prevalence of neural-tube 
defects was 3 times as high with dolutegravir as 
with non-dolutegravir antiretrovirals, this repre-
sented only approximately 2 excess defects per 
1000 exposures. Clinical and policy recommen-
dations based on these findings should consider 
the lack of similar data for most other modern 
antiretrovirals (with the exception of efavirenz), 
the lack of data on malformations that could not 
be evaluated in our study, unstudied long-term 
childhood effects of in utero ART exposure, the 
magnitude of the risk of other adverse birth 
outcomes, and the benefits of dolutegravir for 
maternal health.43-45 Our findings highlight the 
need to address global disparities in access to 
effective contraception and preconception folate 
repletion, which would benefit the health of all 
women. Finally, given that women of reproduc-
tive age make up close to half the global popu-
lation living with HIV infection, the inclusion 
of pregnant women in clinical safety trials and 
strengthened requirements mandating postmar-
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keting surveillance for rare outcomes are needed 
for new agents that treat or prevent HIV infec-
tion.46-49
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