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Neural Tube Defects and Major External Structural 
Abnormalities by Antiretroviral Treatment Regimen in 
Botswana: 2014-2022

• Since August 2014, the Tsepamo Study has abstracted data from 
maternity records at government maternity wards across Botswana
o Covers more than 67% of all deliveries in the country

• In 2018, Tsepamo reported a preliminary safety signal associating 
neural tube defects (NTDs) with dolutegravir (DTG) exposure from 
conception
o There has been attenuation of the original signal over time

• We now report on complete data collected through August 2022 in 
Tsepamo
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• Abnormalities noted during neonatal surface exam of live births and 
stillbirths are described and photographed with maternal consent

• Abnormalities are considered ‘major’ if they have medical, surgical 
or cosmetic significance
o NTDs include meningocele, myelomeningocele, anencephaly, 

encephalolcele and iniencephaly
• Primary analyses evaluated age-adjusted prevalence differences 

(aPD) with 95% confidence intervals using a binomial model with 
identity link

• There was no detectable increase in NTDs or major external structural abnormalities among more than 11,000 exposures to DTG at
conception captured in the Tsepamo Study from 2014-2022

• For unclear reasons, the prevalence of NTDs with DTG conception exposure was unusually high in 2017 and then remained within the
expected range (~1 per 1000 births) in all subsequent years
o Possible explanations for this finding include: 1) statistical chance, 2) an interaction between DTG and an environmental exposure that may have

occurred in 2017, such as low population folate, or, 3) increased NTD risk related to an unmeasured demographic difference in the first group of
women started on DTG in Botswana
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Figure 1. Tsepamo Study Population, Aug 2014-Aug 2022

Table 1. Major external structural defects by exposure category

For DTG-conception exposures, NTD prevalence among pregnancies 
conceived in 2017 (the first year after the DTG rollout) was 0.53%, 
which was significantly higher than all subsequent years (0.09%, range 
0.06%-0.10%)
• The prevalence of factors associated with NTDs (maternal age, diabetes, weight 

>90kg, antiepileptic medication, folic acid supplementation at conception) was 
similar in 2017 and other years

• No association with temperature or rainfall and year of conception (2017)

Major Structural Abnormalities were identified in 1455 deliveries (0.62%, 95% CI 
0.59%,0.65%) and did not differ by exposure category (Table 1).

Overall, there were 162 deliveries with NTDs (0.07%, 95% CI 0.06% -
0.08%), without differences by exposure category (Figure 2)
• NTD prevalence was higher when conception occurred in the early/dry period 

(May-July) than the late/dry period (Aug-Oct). 
• NTD prevalence differed significantly by calendar year, with highest prevalence in 

2014, 2015, and 2017
o No national program for folate fortification of grains during study period, and no changes 

in Botswana guidelines for pre-conception folic acid supplementation

The most common major 
abnormalities were:
• club foot (0.18%),
• hydrocephalus (0.09%), 
• NTDs (0.07%), 
• postaxial polydactyly 

type A (0.04%), 
• abdominal wall defects 

(0.04%) and 
• cleft lip (0.04%)

Figure 2. NTD prevalence and age-adjusted prevalence difference by exposure category Figure 3. Prevalence (and 95% CI) of NTDs with DTG from conception over time


