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With increasing HIV prophylaxis availability 
and focus on prevention, vertical 
transmission of HIV has declined

HIV prophylaxis recommended as 
soon as possible at diagnosis

Slogrove et al. Lancet Global Health; 2020;8: e67–75
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Children who are born to women living with HIV are at 
greater risk of developmental delay as compared to their 
HIV-unexposed peers 

Wedderburn et al. Current HIV/AIDS Reports (2019) 16:501–513
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We followed a cohort of children born to women living with 
HIV who were previously enrolled in a randomized 
controlled trial in Tanzania
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Pregnant women in the 

parent trial were either 

previously on, or initiated, 

cART at trial enrolment 

between 12-27 weeks of 

gestational age. 

Children were 3-6 years of age at assessment 



Maternal and child health and 
nutrition, and other measures  

• The parent trial collected detailed information 
about maternal health in pregnancy and 
newborn outcomes up to 1-year postpartum. 

• We collected data on the mothers and child’s 
current health, anthropometric status 
(height/weight), dietary intake, and morbidities 
(diarrhea, fever, etc.) in the follow-up study. 

• Other measures included at follow-up: 
• Disciplinary practices, including corporal punishment, 

using the Family Care Indicators;

• Maternal/caregiver mental health, social support, 
etc.;

• Children’s learning environments

Photos taken with consent.Perumal et al. BMJ Pediatrics Open 2022; 6(1): e001572 



Measuring child development and school readiness

• We used the International Development and 

Early Learning Assessment (IDELA) tool to 

assess neurodevelopmental outcomes and 

school readiness. 

• IDELA is a rigorous, culturally adaptable, and 

open-source instrument that can be used to 

directly assess 5 core child development 

domains: 

(1) motor skills, 

(2) language and early literacy, 

(3) math and problem solving,

(4) social-emotional development, 

(5) executive functioning (i.e., memory, 

inhibitory control, sustained attention). 



Variation in the timing of exposure (cART) initiation

Conception

Postmenstrual age (weeks)

ART initiation timing 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

HIV infection

3-6.5 yrs

Postnatal age (years)

Timing of birth

Child growth & 

neurodevelopment

Trial enrollment

Naturally occurring heterogeneity in 

timing of ART initiation with 48% of 

women starting ART before conception 

and 52% during pregnancy.
Among women who started cART 

during pregnancy, ~70% started cART 

at <20 weeks of gestational age.



2,167 Livebirths in ToV5 

2,053 Children alive at 12 months 

postpartum

114 Infant deaths before 12 

months

2,300 Pregnant women living with 

HIV randomized in ToV5

2,048 Children eligible for follow-up

5 Children aged-out (i.e.>6 years) 

prior to study start

1105 Children alive

21 Children died

922 Children status unknown/not 

contactable

258 Children moved permanently

28 Children moved temporarily

22 Not interested or able to come

42 Other reasons, not specified
756 Children scheduled for a visit

89 Children missed visits and 

unable to contact for follow-up

667 Children completed follow-up
*Inverse probability weights

Characteristics 

Mothers eligible 

for enrolment

(n = 2167)

Mothers enrolled in 

the follow-up study

(n = 667)

Maternal age (years)

18-24 344 (15.9) 71 (10.6)

25-34 1263 (58.3) 369 (55.3)

≥35 560 (25.8) 227 (34.0)

Maternal education 

No formal education 242 (11.2) 65 (9.76)

Primary 1266 (58.5) 397 (59.6)

Secondary 506 (23.4) 162 (24.3)

Advanced 151 (6.97) 42 (6.31)

Marital status2

Married or Cohabiting 1640 (75.8) 536 (80.5)

Single 463 (21.4) 111 (16.7)

Widowed or divorced 59 (2.73) 18 (2.70)

Parity

≤1 726 (33.5) 198 (29.7)

2-3 827 (38.2) 300 (45.1)

≥4 612 (28.3) 168 (25.2)

Maternal CD4 T-cell count 

(cells/mL3)

<350 444 (20.5) 127 (19.0)

350-500 287 (13.2) 96 (14.4)

≥500 285 (13.2) 88 (13.2)

WHO HIV disease stage

I 1855 (85.6) 546 (81.9)

II 133 (6.14) 48 (7.20)

III 161 (7.43) 65 (9.75)

IV 18 (0.83) 8 (1.20)

cART Regimen

Tenofovir (TDF), Lamivudine 

(3TC), Efavirenz (EFV)
2141 (98.8) 662 (99.3)

Other 23 (1.06) 5 (0.75)
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Early learning and developmental domains 

*Marginal models with inverse probability weights. Covariates accounted for in the marginal models included: child sex, maternal CD4 T cell count (<350, 

350-500, ≥500 cells/µl), WHO disease stage (1,2,3,4), self-reported history of hypertension, any alcohol use (in the last month), body mass index at 

randomization (<18.5, 18.5-24.9, 25.0-29.9, ≥30.0 kg/m2), parity (0-1, 2-3, 4+), maternal age (18-24, 25-34, ≥35 years), maternal education (no formal 

education, primary, secondary, advanced), marital status (married, cohabitating, single), wealth quintile, clinic site, and whether mothers received vitamin 

D or placebo during pregnancy. 
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Anthropometric measures (z-scores)

No differences in growth and early learning outcomes among 

children born to women who initiated cART preconceptionally 
compared during pregnancy



*Marginal mean models with inverse probability weights were used. Covariate accounted for in the marginal models included: child sex, maternal CD4 T 

cell count (<350, 350-500, ≥500 cells/µl), WHO disease stage (1,2,3,4), self-reported history of hypertension, any alcohol use (in the last month), body mass 

index at randomization (<18.5, 18.5-24.9, 25.0-29.9, ≥30.0 kg/m2), parity (0-1, 2-3, 4+), maternal age (18-24, 25-34, ≥35 years), maternal education (no formal 

education, primary, secondary, advanced), marital status (married, cohabitating, single), wealth quintile, clinic site, and whether mothers received vitamin 

D or placebo during pregnancy. 
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Early learning and developmental domains 

Children born to women who initiated cART during pregnancy at <20 
weeks compared to ≥20 weeks gestational age, 

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

Height-for-age Weight-for-age BMI-for-age

M
e

a
n

 d
if

fe
re

n
c

e
 i
n

 z
-s

c
o

re
s

 

Anthropometric measures (z-scores)



Discussion of findings 

• Children born to women who initiated cART preconceptionally had similar 
growth and early learning and developmental outcomes compared to 
children born to women who started ART during pregnancy.

• Among women who started cART during pregnancy, children born to women 
who initiated cART at <20 weeks had lower socio-emotional and executive 
function scores compared to those born to women who initiated between 20-
27 weeks of GA; but no differences in growth.
• Effects on socioemotional development observed for atazanavir regimen at 1-year 

observed in the Pediatric HIV/AIDS Cohort Study in the US.

• Implementing the WHO “Option B+” guidelines to ensure women initiate ART 
as soon as HIV infection is detected and prior to conception remains ideal.
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Maternal characteristics 
did between the eligible 
cohort and at cohort that 

completed follow-up  

Characteristics 

Participants with 

livebirths

(n = 2167)

Mother-child dyad at 3-

6 years follow-up

(n = 667)

Maternal age (years)

18-24 344 (15.9) 71 (10.6)

25-34 1263 (58.3) 369 (55.3)

≥35 560 (25.8) 227 (34.0)

Maternal education1 

No formal education 242 (11.2) 65 (9.76)

Primary 1266 (58.5) 397 (59.6)

Secondary 506 (23.4) 162 (24.3)

Advanced 151 (6.97) 42 (6.31)

Marital status2

Married or Cohabiting 1640 (75.8) 536 (80.5)

Single 463 (21.4) 111 (16.7)

Widowed or divorced 59 (2.73) 18 (2.70)

Parity1

≤1 726 (33.5) 198 (29.7)

2-3 827 (38.2) 300 (45.1)

≥4 612 (28.3) 168 (25.2)

Maternal CD4 T-cell count (cells/mL3)6

<350 444 (20.5) 127 (19.0)

350-500 287 (13.2) 96 (14.4)

≥500 285 (13.2) 88 (13.2)

WHO HIV disease stage

I 1855 (85.6) 546 (81.9)

II 133 (6.14) 48 (7.20)

III 161 (7.43) 65 (9.75)

IV 18 (0.83) 8 (1.20)

cART Regimen7

Tenofovir (TDF), Lamivudine (3TC), 

Efavirenz (EFV)
2141 (98.8) 662 (99.3)

Other 23 (1.06) 5 (0.75)

Timing of antiretroviral 

therapy (cART) initiation

Participants with 

livebirths

(n = 2167)

Mother-child dyad 

at 3-6 years follow-

up

(n = 667)

Timing of cART initiation

Preconception 895 (41.3) 322 (48.3)

During pregnancy 1272 (58.7) 345 (51.7)

Trimester of cART initiation

First (≤13 weeks) 214 (9.88) 63 (9.45)

Second (>13 weeks) 1058 (48.8) 282 (42.3)

Initiation before or after 20 

weeks

<20 weeks 883 (40.8) 240 (36.0)

≥20 weeks 389 (18.0) 105 (15.7)
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