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Objective: To assess the impact of HIV and antiretroviral exposure without infection on
lung growth and function over the first 2 years of life.

Design: Prospective observational study of an African birth cohort, Drakenstein Child
Health Study.

Method: Infants enrolled antenatally had lung function measured at 6 weeks, 1 and 2
years. HIV-infected women received antiretroviral therapy (ART) as per local guide-
lines. The association between HIV and antiretroviral exposure with lung function was
assessed using mixed effects modelling.

Results: Of 1143 infants born, two HIV-infected infants were excluded from analysis;
909 (80%) infants had lung function collected at 6 weeks [190 (21%) were HIV-exposed
uninfected (HEU)]; 782 (69%) at 1 year and 741 (65%) at 2 years. At 6 weeks HEU
infants had larger tidal volume compared with HIV-unexposed infants (1.13 ml, confi-
dence interval: 0.02–2.23, P¼0.045). High maternal viral load was associated with a
17% lower expiratory flow over 2 years (0.17, confidence interval 0.00–0.34,
P¼0.046). First-line ART initiated during pregnancy was associated with lower infant
tidal volume at 6 weeks compared with those who initiated ART before pregnancy
(�2.7 ml, �5.31 to �0.10, P¼0.042), and low maternal CD4þ cell counts associated
with lower infant tidal over 2 years (�11.1 ml, �18.58–3.58, P¼0.004).

Conclusion: HIV exposure is associated with altered lung function in early life, with a
vulnerable HEU subgroup based on maternal disease severity, immunological com-
promise and ART exposure. These data highlight the importance of ongoing surveil-
lance of respiratory health in HEU children.

Copyright � 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
AIDS 2020, 34:549–558
Keywords: antiretroviral therapy, HIV, HIV exposure, infant, lung function
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5 years compared with high-income countries [2]. In
South Africa, despite progress reducing other causes of
death including diarrhoea, little change has been made in
the proportion of deaths attributable to pneumonia [3].
Understanding those factors which contribute towards
paediatric respiratory disease in SSA is therefore critical to
improving public health outcomes.

SSA is at the epicentre of the HIV/AIDS epidemic. The
substantial reduction in perinatal transmission of HIV
following the introduction of antiretroviral drugs is
arguably the most significant success story of the
epidemic; however, the number of HIV-infected women
giving birth remains high, and has been reported as 1.4
million mothers each year for the past decade [4,5]. The
decreasing rate of paediatric infections means that there is
a growing population of uninfected children born
following HIV and antiretroviral exposure, estimated
around 15 million in 2017 [6]. HIV-exposed uninfected
(HEU) children are recognized as having a greater risk of
mortality and morbidity compared with unexposed
children early in life [7,8]. In HEU children, respiratory
disease is the primary cause of morbidity, with high
rates of infectious disease [9]. Studies from South Africa
have shown HEU infants have an increased risk of both
bacterial infections including invasive pneumococcal
disease [10] and viral infections such as respiratory
syncytial virus (RSV) [11]. HIV exposure has also
been found to be a key risk factor for pneumonia in
infants [12,13].

In addition to global risk factors for respiratory disease in
children such as poverty, maternal physical and psycho-
logical health, exposure to tobacco smoke and air
pollution; HEU children experience additional risks
through lower breast-feeding rates, living in HIV-affected
households with higher rates of infectious diseases,
exposure to altered immune environments in utero as well
as to antiretrovirals [14]. Limited data are available on the
impact of antiretrovirals; however, associations have been
made with adverse birth outcomes including prematurity
and low birth weight, and furthermore antiretrovirals
have been hypothesized to affect lung growth and
function through dysregulation of metabolic pathways
[15]. However, improved maternal health through
antiretroviral therapy (ART) initiation before pregnancy
has been shown to reduce infectious morbidity and
hospitalization in high-income countries [16].

Few studies have assessed lung function in SSA infants and
few have focussed on HEU children globally. Novel early
data from the Drakenstein Child Health Study (DCHS), a
population-based birth cohort study in South Africa,
showed differences in tidal volume aged 6 weeks between
HEU and HIV-unexposed children [17]. HEU infants
had higher tidal volumes on average compared with HIV-
unexposed children, which may reflect an effect on
breathing control. It is possible that the latter could be
mediated through either exposure to HIV, or antire-
trovirals taken by mothers and infants. An understanding
of the long-term implications of HIV and antiretroviral
exposure on uninfected child respiratory health in an SSA
context is critically important.

In this analysis of the DCHS cohort, we aimed to assess
the impact of HIV and antiretroviral exposure on lung
growth and function over the first 2 years of life.
Methods

Study design and participants
This is a study of HIV-exposed uninfected and HIV-
unexposed infants enrolled in the DCHS and who were
followed from birth through to 2 years, with lung
function measured at 6 weeks, 1 year and 2 years. The
DCHS is a birth cohort study situated in a peri-urban,
low socioeconomic area outside Cape Town in South
Africa [18]. Mothers were enrolled antenatally between
March 2012 and March 2015 and followed through
pregnancy at one of two primary care clinics with
mother–child pairs followed from birth. Infants attended
scheduled study visits at 6, 10, 14 weeks and 6, 9 and
12 months of age and 6 monthly thereafter. In addition to
these regular health assessments and monitoring, a strong
surveillance system was established for the detection of
lower respiratory tract illness (LRTI). Socioeconomic
status was assessed as a composite variable, placing
participants into relative quartiles. This score is derived
from employment status and standardized scores of
educational attainment, household income, assets and
market access [19]. The study was approved by the Faculty
of Health Sciences, Human Research Ethics Committee,
University of Cape Town (401/2009; 423/2012) and by
the Western Cape Provincial Health Research Commit-
tee. Parents gave informed, written consent in their first
language for their infants to participate.

HIV diagnosis and prevention of mother-to-child
transmission
Maternal HIV infection was assessed at enrolment
through self-report and routine prevention of mother-
to-child transmission (PMTCT) HIV testing. All HIV-
infected mothers received antiretroviral according to the
Western Cape Department of Health Guidelines for
PMTCT at the time. In 2012, the guidelines advised
zidovudine (ZDV) in all pregnant women and ART to be
initiated as per maternal clinical/immunological status.
From early-2013 onwards the current guidelines were
introduced which are triple ART irrespective of clinical
status, made up of one nonnucleoside reverse transcrip-
tase inhibitor and two nucleoside reverse transcriptase
inhibitors [typically efavirenz (EFV) and tenofovir (TDF)
and emtricitabine (FTC)/lamivudine] [20]. HIV data
were obtained from folder reviews of mothers and
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children and accessing electronic laboratory data from the
National Health Laboratory Service as well as self-report
interviews antenatally and postnatally. In the case of
multiple measures, the lowest recorded CD4þ cell count
(collected 1 year before to 3 months after birth to
maximise numbers) and highest viral load during
pregnancy were used. HIV-exposed children were tested
for HIVat 6 weeks (by PCR), 9 months (by PCR, ELISA
or rapid antibody testing) and 18 months (by rapid
antibody testing), as per provincial PMTCT guidelines.

Lung function measures
Lung function testing was undertaken first at 6 (5–11)
weeks of age corrected for prematurity (<37 weeks) and
then at 1 year (11–13 months) and 2 years (23–25
months). All testing was done in unsedated, behaviourally
assessed quiet sleep as previously described [21,22]. Lung
function tests included measures of tidal breathing (tidal
volume, respiratory rate, expiratory flow ratios) and
sulphur-hexafluoride (SF6) multiple breath washout
(MBW), which measures functional residual capacity
(FRC) and the lung clearance index (LCI). The tidal lung
volumes are a measure of lung growth. Low expiratory
flow ratio [time to peak tidal expiratory flow over total
expiratory time (tPTEF/tE)] reported here is associated
with airway obstruction, though is also affected by lung
size and breathing control [23]. The LCI is an early
measure of small airways disease and impaired ventilation,
it increases in disease states [24]. Measurements were
collected using the Exhalyser D with ultrasonic flow
meter (Ecomedics AG, Duernton, Switzerland) with 4%
SF6 for the MBW [21].

Statistical analysis
Analyses were conducted with STATA version 14.0
(College Station, Texas, USA). Descriptive data were
presented as means, SDs and frequencies (proportions), as
appropriate. Mann–Whitney rank sum tests was used to
test for significant differences between categorical and
continuous variables. Pearson chi-square test or Fisher
Exact tests were used to determine if significant
differences existed between categorical variables.

Lung function outcomes were modelled using linear
regression to assess the impact of HIVexposure, maternal
HIV disease severity and antiretroviral exposure on the
lung function attained at each time point. Maternal HIV
viral load was used as a categorical variable: undetectable
(<40 copies/ml), detectable (�40–1000 copies/ml) and
virally unsuppressed (>1000 copies/ml). Maternal CD4þ

cell count was categorized as more than 500, 350–500
and 350 cells/ml or less. BMI for age z-scores were
calculated using the WHO Child Growth Standards
‘Igrowup’ STATA package.

Base models were first constructed using Directed Acyclic
Graphs (DAGs) for confounder selection. DAGs minimal
adjustment set of variables [socioeconomic status (SES),
race, sex, BMI for age, maternal smoking] were used to
assess the impact of exposures on lung function outcomes
at each time point (6 weeks, 12 months and 24 months).
In addition, mixed effects models were used to assess
the impact of HIV and antiretroviral exposure on lung
growth over 2 years. In this model LRTI episodes during
2 years was included given the documented impact
of LRTI on lung function outcomes in this cohort [25].
For antiretroviral exposure, analyses were performed
comparing all those children exposed to maternal triple
ART, compared with ZDV, only. However, for timing of
ART initiation we limited to the first-line regimen that
the majority of women were receiving in the study
(TDF/FTC/EFV) which is currently WHO recom-
mended first-line in our setting (dolutegravir is not yet
widely available), and by limiting to one regimen we were
able to better examine the effects of timing without the
confounding effects of different antiretroviral drugs.
Estimated coefficients, 95% confidence intervals (CIs)
and P values were recorded for each early life exposure
of interest.

In addition, diagnostic checks were conducted. These
included checking for normality in the residuals using
histograms, standardized probability (P–P) plot, Quan-
tile–Quantile (Q–Q) plots, as well the Shapiro–Wilk W
test for normality. Further, homoscedasticity was
checked using scatter plots and the presence of multi-
collinearity was explored using the variance inflation
factor. Three of the lung function measures (FRC, ratio
of time to peak tidal expiratory flow over total time of
expiration and respiratory rate) were found to be
nonnormal, and thus log-transformations were per-
formed on these outcomes.
Results

Due to the successful PMTCT programme only two of
the 1143 infants born in the DCHS were HIV-infected,
and these children were excluded from this analysis. Of
the 1141 infants, 909 (80%) infants had lung function
measured at 6 weeks; 190 (21%) were HEU; 473 (52%)
male, 477 (53%) black African ancestry, 294 (33%)
mothers smoked during pregnancy, 653 (72%) had
household tobacco smoke exposure, Table 1. At 1 year
782 (69%) infants and at 2 years 741 (65%) infants had
lung function measures collected, testing success rates
shown in Fig. 1. HIV exposure prevalence was similar
between those who were tested at 12 and 24 months and
those who were not, Tables S1 and S2, http://
links.lww.com/QAD/B588. The majority of HEU
infants were black African (93 vs. 42% HIV-unexposed,
P< 0.001), HEU infants had less household smoke
exposure (68 vs. 81%, P< 0.001) and fewer HEU infants
mothers smoked during pregnancy (26 vs. 35%,
P¼ 0.03); HEU infants had shorter breastfeeding

http://links.lww.com/QAD/B588
http://links.lww.com/QAD/B588
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Table 1. Demographics and exposures of cohort at 6 weeks.

Total, n¼909 HIV exposed, n¼190 HIV unexposed, n¼719 P valuea

Sociodemographic characteristics
Male sex 473 (52.0%) 97 (51.1%) 376 (52.3%) 0.093
Ethnicity

African-ancestry 477 (52.5%) 177 (93.2%) 300 (41.7%) <0.001
Mixed-ancestry 432 (47.5%) 13 (6.8%) 419 (58.3%) –

SES quartiles
Lowest SES 218 (24.0%) 59 (31.1%) 159 (22.1%) 0.006
Low–mod SES 237 (26.1%) 56 (29.5%) 181 (25.2%) –
Mod–high SES 234 (25.7%) 43 (22.6%) 191 (26.6%) –
High SES 220 (24.2%) 32 (16.8%) 188 (26.2%) –

Preterm (<37 weeks) 140 (15.4%) 30 (15.8%) 110 (15.35) 0.879
BMI z-score 0.15 (1.17) 0.24 (1.21) 0.12 (1.16) 0.096
Maternal cotinine resultsb

Nonsmoker 202 (22.8%) 42 (22.5%) 160 (22.9%) 0.026
Passive smoker 391 (44.1%) 97 (51.9%) 294 (42.0%) –
Active smoker 294 (33.1%) 48 (25.6%) 246 (35.1%) –

Infant cotinine resultsb

No smoke exposure 183 (21.9%) 57 (32.2%) 126 (19.1%) <0.001
Moderate smoke exposure 585 (70.0%) 113 (63.8%) 472 (71.6%) –

High smoke exposure 68 (8.1%) 7 (4.0%) 61 (9.3%) –
Duration of exclusive breastfeeding (months) 2.08 (1.96) 1.55 (2.15) 2.22 (1.88) <0.001
LRTI during 2 years 363 (39.9%) 93 (49.0%) 270 (37.6%) 0.004
Maternal TB 41 (4.5%) 24 (12.6%) 17 (2.4%) <0.001

Maternal HIV variables
Maternal CD4þ cell countb

�500 cells/ml 72 (8.0%) 72 (40.9%)
350–500 cells/ml 39 (4.4%) 39 (22.2%)
<350 cells/ml 65 (7.3%) 65 (36.9%)

Maternal VL in pregnancyb

Lower than detectable limit (<40 copies/ml) 69 (8.3%) 69 (61.1%)
VL detectable (�40–1000 copies/ml) 26 (3.1%) 26 (23.0)
Virally unsuppressed (>1000 copies/ml) 18 (2.2%) 18 (15.9%)

ART regimen during pregnancyb

PMTCT prophylaxis (ZDV) 29 (3.3%) 29 (15.5%)
ARTc 158 (17.4%) 158 (84.5%)

First/second/third-line ART
First-line ART 147 (16.2%) 147 (93.0%)
Second/third-line ART 11 (0.1%) 11 (7.0%)

ART initiation timepoint limited to current WHO first-line ARTd

Before pregnancy 48 (5.3%) 48/123 (39.0%)
During pregnancy 75 (8.5%) 75/123 (61.0%)

Infant prophylaxis
NVP alone 165 (18.2%) 165 (87.8%)
NVPþZDV 23 (2.5%) 23 (12.2%)

ART, antiretroviral treatment; D4T, stavudine; EFV, efavirenz; KAL, kaletra (lopinavir/ritonavir); LRTI, lower respiratory tract infection; NVP,
nevirapine; PMTCT, prevention of mother-to-child transmission; SES, socioeconomic status; TB, tuberculosis; TDF, tenofovir; VL, viral load; ZDV,
zidovudine.
aUnpaired t test used for continuous variables (means and SD presented); Chi-squared for categorical variables (n and % proportions presented).
bMissing data: maternal cotinine results had 22 missing values – three HIV exposed, and 19 HIV unexposed; infant cotinine results had 73 missing
values – 13 HIV exposed and 60 HIV unexposed; maternal HIV diagnosis time point had two missing values; maternal CD4þ cell count had 14
missing values; maternal viral load in pregnancy had 77 missing values; ART regimen had 25 missing values; first/second/third-line therapy had
three missing values; infant prophylaxis had two missing values.
cART¼3TC/EFV/TDF (n¼123); 3TC/ZDV/EFV (n¼3); 3TC/ZDV/KAL (n¼5); 3TC/ZDV/NVP (n¼6); 3TC/ZDV/RIT/ATV (n¼1); 3TC/KAL/TDF
(n¼5); 3TC/NVP/TDF (n¼11); 3TC/D4T/EFV (n¼2); 3TC/D4T/NVP (n¼2).
dRestricted to WHO recommended first-line ART the majority of mothers received either separately or as fixed dose combination: 3TC/EFV/TDF.
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duration, although both groups were low [1.55 (2.15) vs.
2.22 (1.88) months; P< 0.001] and lower SES (lowest
SES 31 vs. 22%; P¼ 0.006) at 6 weeks compared with
HIV-unexposed; other demographics were similar, Table
1. More HEU infants had a LRTI during the first 2 years
of life than HIV-unexposed (49 vs. 37.6%, P¼ 0.04).

The majority of mothers, 158 (85%), were on triple
therapy ART at the time of delivery [147 (93%) on first-
line therapy, of which 123 (78%) were on 3TC/EFV/
TDF, WHO recommended first-line therapy]. Of these
75/123 (61%) were started on therapy during pregnancy,
Table 1. Twenty nine (18%) mothers were on ZDVonly as
per the PMTCT guidelines at the time. Seventy-two
(41%) of mothers had CD4þ cell counts at least 500 cells/
ml, 65 (37%) had low CD4þ cell counts (<350 cells/ml)
and the rest between 350 and 500 cells/ml. Of those with
viral load taken during pregnancy, the majority of
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Infants tested at 6 weeks: TBVL* and MBW** 
N=909 

Tests successful:  
TBVL n = 857 (94%), MBW n=809 (89%) 

Tested at 1 year: TBVL and MBW 
N=782 

Tests successful: 
TBFVL n=729 (93%), MBW n=688 (88%) 

Tested at 2 year: TBFVL and MBW 
N=741 

Tests successful:  
TBVL N = 646 (87%), MBW N= 621 (84%) 

1143 infants born on Drakenstein 
Child Health Study 

Excluded: 
HIV infected n=2 

1141 infants eligible for inclusion 

Fig. 1. Flow chart of cohort (include number included at
each time point with successful testing).
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mothers (69, 61%) had a suppressed HIV viral load; 18
(16%) mothers had high viral loads of more than 1000
copies/ml.

Effects of HIV exposure on lung function
At 6 weeks of age HEU had a larger tidal volume
compared with HIV-unexposed, mean (SD) 35.9 (6.3) vs.
34.6 ml (6.4); present after adjusting for confounding
factors, (1.13 ml, CI: 0.02–2.23, P¼ 0.045), Table 2 and
S1, http://links.lww.com/QAD/B588. This effect did
not sustain over 2 years, with similar tidal volumes
between groups over 2 years, Table 3.

The LCI was higher in HEU compared with HIV-
unexposed at both 12 (6.8 vs. 6.7, P¼ 0.032) and 24
months (6.8 vs. 6.7, P¼ 0.003); this was an average 0.12
(CI 0.02–0.23, P¼ 0.020) turnovers higher at 2 years
compared with HIV-unexposed, Table S1, http://
links.lww.com/QAD/B588. However, this trend was
not statistically significant over 2 years in the multivariate
model, Table 3. HEU had a higher average respiratory
rate compared with HIV-unexposed at 12 months (30.6
vs. 29.5, P¼ 0.007) which was not seen at 24 months,
Table S1, http://links.lww.com/QAD/B588. The FRC
and tPTEF/tE were similar between groups.

Effects of maternal HIV disease and antiretroviral
exposure on lung function
Impact of maternal CD4R cell count
Compared with HIV-unexposed, infants whose mothers
had a CD4þ cell count more than 500 cells/ml had higher
tidal volumes at 6 weeks, average 2.0 ml (CI 0.46–3.56,
P¼ 0.01), Table 2 compared with those less than 500
cells/ml. Over 2 years, a low maternal CD4þ cell count
(<350 cells/ml) was associated with a higher LCI (0.1, CI
0.02–0.21, P¼ 0.02), however, this was NS when
adjusted for potential confounders. Maternal CD4þ cell
count during pregnancy had no effect on FRC,
respiratory rate nor tPTEF/tE measures at 2 years.
However, in those children exposed to first-line triple
ART, low maternal CD4þ cell counts were associated
with lower infant tidal volume over 2 years, average
11.1 ml lower (CI �18.58–3.58, P¼ 0.004), Table 4.

Impact of maternal HIV viral load
Having a mother with an unsuppressed HIV viral load
(>1000 copies/ml), was associated with a 17% lower
expiratory flow ratio time to peak tidal expiratory flow
over total expiratory time (tPTEF/tE) at 6 weeks, CI�0.34
to �0.01, P¼ 0.044, Table 2. Over 2 years, a high
maternal viral load (>1000 copies/ml) was associated
with an increased LCI (0.17, CI 0.00–0.34, P¼ 0.046)
and a 13% lower tPTEF/tE (CI �0.26 to �0.01,
P¼ 0.037), Table 3. Maternal viral load was not
associated with respiratory rate, tidal volume nor FRC
over 2 years.

The impact of antiretroviral exposure on lung function
Compared with HIV-unexposed infants, infants exposed
to ZDV had a higher tPTEF/tE (0.17, 0.04–0.30,
P¼ 0.009) and higher tidal volumes (2.37, CI 0.08–
4.67, 0.043) at 6 weeks, Table 2. Among the HEU, those
exposed to triple ART, had lower tPTEF/tE at 6 weeks
compared with infants exposed to ZDV (�0.30, �0.45–
0.14, P< 0.001), an effect that was not sustained over 2
years, Table S2, http://links.lww.com/QAD/B588. In
analyses limited to infants exposed to current WHO first-
line triple ART (Table 4), ART initiated during
pregnancy was associated with lower infant tidal volumes
at 6 weeks compared with those who had ART initiated
prior to pregnancy, average 2.7 ml lower (�5.31 to
�0.10, P¼ 0.042).
Discussion

The current article provides novel data on the impact of
HIV and antiretroviral exposure on the developing lung
function trajectory over the first 2 years of life in an

http://links.lww.com/QAD/B588
http://links.lww.com/QAD/B588
http://links.lww.com/QAD/B588
http://links.lww.com/QAD/B588
http://links.lww.com/QAD/B588
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African birth cohort from a high HIV prevalence area. We
show that HIV exposure is associated with altered lung
function soon after birth and at 2 years of age. Overall
these effects were mild. The study identified both
uncontrolled maternal HIV disease (as measured by high
HIV viral load), immunological compromise and ART
initiation during pregnancy as factors associated with
poorer lung function outcomes.

The impact of HIV exposure on tidal volume at 6 weeks
has been previously published [17]. The 6-week lung
function reflects in part the impact of the antenatal
environment when the foetus is more directly exposed to
their mother’s immunity, antiretrovirals and potentially
the HIV virus. The average increase in tidal volume was
small, but statistically significant even after correcting for
somatic growth and other predictors. We had previously
hypothesised that the increased tidal volume could be
related to breathing control affected by antiretrovirals,
although respiratory rate and expiratory flow ratios were
not different. ZDV exposure in children can cause
anaemia and lactic acidosis, both may affect breathing
pattern [26]. However, we did not have data to assess this
in our cohort; in addition the numbers of children
exposed to ZDV was small and should be interpreted with
caution. This association warrants further investigation,
although with current PMTCT recommendations HEU
infants are unlikely to be exposed to ZDV antenatally in
the future; however, they continue to have postnatal
exposure prophylaxis [20].

The early effects of HIV on tidal volume were not
sustained over 2 years and, in fact, HIV exposure had no
independent effect on any lung function outcomes over 2
years. This is interesting in the context of current
literature emerging around HEU children. A recent study
found an association between HIV exposure without
infection and early child growth trajectories [27]. In
addition, another study from the DCHS found HEU
children were at increased risk of hospitalized LRTI in
the first 6 months of life [12]. It is likely all of these
variables are interlinked, and we corrected for LRTI and
child growth in the multivariate models. Although we did
not find an effect of maternal HIV alone, we found
associations with maternal viral load and CD4þ

cell count.

In this study, HEU infants whose mothers had high HIV
viral loads, had higher LCI at 2 years, evidence of the
association between maternal disease status and infant
respiratory health. A high maternal viral load was also
associated with reduced expiratory flow ratios (tPTEF/tE)
at 6 weeks, which persisted over 2 years. This effect was
present even after correcting for early life LRTI and other
predictors. These data suggest that a subgroup of HEU
children whose mothers have more advanced HIV disease
may be most vulnerable to lung function impairment and
require closer follow-up.
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Assessing the impact of antiretrovirals on lung function
was affected by our cohort being a heterogeneous group,
which is similar to other SSA settings. The PMTCT
guidelines, as well as adult ART initiation guidelines,
changed during the early stages of the cohort follow-up
and hence not all infants were exposed to the same
maternal ART regimens; however, the majority of
mothers were on WHO recommended first-line triple
therapy reflecting current PMTCT guidelines. When
analysing this group separately, initiation of ART during
pregnancy and low CD4þ cell counts were associated
with lower tidal volume at 6 weeks and over 2 years,
respectively. This suggests that earlier ART initiation in
mothers is beneficial to infant lung growth, highlighting
the importance of maternal health in influencing child
respiratory outcomes. This is similar to a recent study
from Belgium which showed that maternal ART
initiation before pregnancy reduced the infection-related
hospitalization risk and had associations with the HEU
infant immunological status [16].

The current study has many strengths. It is a large birth
cohort within a high HIV prevalence area, followed
longitudinally through to 2 years with good retention of
86%. Comprehensive lung function measures were
collected at birth and annually, allowing the assessment
of exposure impact over time. There was robust
collection of other risk factor information such as
tobacco smoke exposure and early life LRTI, allowing us
to account for these factors in analysis. The fact that ART
treatment protocols were not consistent during the early
study, meant that there was heterogeneity of ART
exposure and maternal disease markers which is reflective
of many other SSA countries and hence speaks to the
generalizability of this data. A limitation of the study is
that we had a large amount of missing viral load data,
which reduced our statistical power to assess the impact of
HIV viral load on outcomes and further work is needed to
replicate our findings. In addition potential confounders
excluded may have an impact on our analysis, but we feel
that the covariates included reduce residual confounding.

Conclusion
This is the first study to comprehensively assess the impact
of HIV exposure and ART on infant lung function and
growth during early life. It shows that HIV exposure has
mild impacts on lung function and growth during early
life and that maternal disease severity as measured by low
CD4þ cell count and high HIV viral load increases risk of
lung function impairment. These findings need to be
validated in other cohort studies, where HIV and
respiratory disease risk factor prevalences differ. The
impact of antiretrovirals and timing of ART initiation
support the current WHO guidelines; however, the
longer term implications of these findings require further
investigation, which we are undertaking. This study
highlights the importance of monitoring and follow-up
of HEU infants, particularly those whose mothers have
poor disease control.
Acknowledgements

We thank the mothers and children for participating in
the study and the study staff, the clinical and adminis-
tartiove staff from the Western Cape Department of
Health at Paarl Hospital and the clinics for the support
of the study. The study is funded by the Wellcome
Trust (#204755/Z/16/Z, #098479/Z/12/Z, #203525/
Z/16/Z), Bill and Melinda Gates Foundation (OPP1017641),
Worldwide University Network Research Mobility Award,
University of Cape Town equipment grant and Thrasher
Foundation (#9207).

Conflicts of interest
There are no conflicts of interest.
References

1. WHO. Causes of child mortality, 2017. Geneva, Switzerland:
WHO; 2017, Available at https://www.who.int/gho/child_
health/mortality/causes/en /.

2. WHO. Children: reducing mortality. Geneva, Switzerland:
WHO; 2018, Available at https://www.who.int/news-room/
fact-sheets/detail/children-reducing-mortality.

3. Bamford LJ, McKerrow NH, Barron P, Aung Y. Child mortality in
South Africa: fewer deaths but better data are needed. S Afr
Med J 2018; 108:s25–s32.

4. UNICEF. Statistical update 2015. Available at https://data.uni-
cef.org/resources/children-aids-2015-statistical-update-2/

5. UNAIDS. 2015 Progress report on the global plan: towards the
elimination of new HIV infections among children by 2015 and
keeping their mothers alive. Geneva, Switzerland: UNAIDS
Publications; 2015.

6. UNAIDS. AIDSinfo. See https://aidsinfo.unaids.org/
7. Newell ML, Coovadia H, Cortina-Borja M, Rollins N, Gaillard P,

Dabis F, et al. Mortality of infected and uninfected infants born
to HIV-infected mothers in Africa: a pooled analysis. Lancet
2004; 364:1236–1243.

8. Taron-Brocard C, Le Chenadec J, Faye A, Dollfus C, Goetghe-
buer T, Gajdos V, et al. Increased risk of serious bacterial
infections due to maternal immunosuppression in HIV-exposed
uninfected infants in a European country. Clin Infect Dis 2014;
59:1332–1345.

9. Yeganeh N, Watts DH, Xu J, Kerin T, Joao EC, Pilotto JH, et al.
Infectious morbidity, mortality and nutrition in HIV-exposed,
uninfected, formula-fed infants: results from the HPTN 040/
PACTG 1043 Trial. Pediatr Infect Dis J 2018; 37:1271–1278.

10. von Mollendorf C, von Gottberg A, Tempia S, Meiring S, de
Gouveia L, Quan V, et al. Increased risk for and mortality from
invasive pneumococcal disease in HIV-exposed but uninfected
infants aged <1 year in South Africa, 2009–2013. Clin Infect
Dis 2015; 60:1346–1356.

11. Cohen C, Moyes J, Tempia S, Groome M, Walaza S, Pretorius M,
et al. Epidemiology of acute lower respiratory tract infection in
HIV-exposed uninfected infants. Pediatrics 2016; 137:1–8.

12. le Roux DM, Nicol MP, Myer L, Vanker A, Stadler JAM, von
Delft E, et al. Lower respiratory tract infections in children in a
well-vaccinated South African birth cohort: spectrum of dis-
ease and risk factors. Clin Infect Dis 2019; 69:1588–1596.

13. Slogrove AL, Goetghebuer T, Cotton MF, Singer J, Bettinger JA.
Pattern of infectious morbidity in HIV-exposed uninfected
infants and children. Front Immunol 2016; 7:164.

https://www.who.int/gho/child_health/mortality/causes/en
https://www.who.int/gho/child_health/mortality/causes/en
https://www.who.int/news-room/fact-sheets/detail/children-reducing-mortality
https://www.who.int/news-room/fact-sheets/detail/children-reducing-mortality
https://data.unicef.org/resources/children-aids-2015-statistical-update-2/
https://data.unicef.org/resources/children-aids-2015-statistical-update-2/
https://aidsinfo.unaids.org/


558 AIDS 2020, Vol 34 No 4

D
ow

nloaded from
 http://journals.lw

w
.com

/aidsonline by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 06/03/2024
14. Slogrove AL, Powis KM, Bettinger JA, Cotton MF. Considera-
tions in evaluating infectious morbidity and mortality in HIV-
exposed uninfected infants. AIDS 2018; 32:2855–2856.

15. Bailey H, Zash R, Rasi V, Thorne C. HIV treatment in preg-
nancy. Lancet HIV 2018; 5:e457–e467.

16. Goetghebuer T, Smolen KK, Adler C, Das J, McBride T, Smits G,
et al. Initiation of antiretroviral therapy before pregnancy
reduces the risk of infection-related hospitalization in human
immunodeficiency virus–exposed uninfected infants born in a
high-income country. Clin Infect Dis 2019; 68:1193–1203.

17. Gray D, Willemse L, Visagie A, Czovek D, Nduru P, Vanker A,
et al. Determinants of early-life lung function in African infants.
Thorax 2017; 72:445–450.

18. Zar HJ, Barnett W, Myer L, Stein DJ, Nicol MP. Investigating the
early-life determinants of illness in Africa: the Drakenstein
Child Health Study. Thorax 2015; 70:592–594.

19. Myer L, Stein DJ, Grimsrud A, Seedat S, Williams DR. Social
determinants of psychological distress in a nationally-repre-
sentative sample of South African adults. Soc Sci Med 2008;
66:1828–1840.

20. WHO. Updated recommendations on first-line and second-line
antiretroviral regimens and postexposure prophylaxis and re-
commendations on early infant diagnosis of HIV. Geneva,
Switzerland: WHO; 2018, Licence: CC BY-NC-SA 3.0 IGO.

21. Gray D, Willemse L, Visagie A, Smith E, Czovek D, Sly PD, et al.
Lung function and exhaled nitric oxide in healthy unsedated
African infants. Respirology 2015; 20:1108–1114.
22. Willemse L, Visagie A, Jacobs CD, Zar HJ, Hall GL, Gray DM.
High success rate of lung function testing in healthy, unsedated
1- and 2-year-old South African children. Ann Am Thorac Soc
2016; 13:2099–2101.

23. Stocks J, Dezateux CA, Jackson EA, Hoo AF, Costeloe KL, Wade
AM. Analysis of tidal breathing parameters in infancy: how
variable is TPTEF:TE? Am J Respir Crit Care Med 1994; 150 (5
Pt 1):1347–1354.

24. Subbarao P, Milla C, Aurora P, Davies JC, Davis SD, Hall GL,
et al. Multiple-breath washout as a lung function test in cystic
fibrosis. A Cystic Fibrosis Foundation workshop report. Ann
Am Thorac Soc 2015; 12:932–939.

25. Gray DM, Turkovic L, Willemse L, Visagie A, Vanker A, Stein
DJ, et al. Lung function in African infants in the Drakenstein
Child Health Study. Impact of lower respiratory tract illness.
Am J Respir Crit Care Med 2017; 195:212–220.

26. McKinney RE Jr, Maha MA, Connor EM, Feinberg J, Scott GB,
Wulfsohn M, et al. A multicenter trial of oral zidovudine in
children with advanced human immunodeficiency virus dis-
ease. The Protocol 043 Study Group. N Engl J Med 1991;
324:1018–1025.

27. le Roux SM, Abrams EJ, Donald KA, Brittain K, Phillips TK,
Nguyen KK, et al. Growth trajectories of breastfed HIV-
exposed uninfected and HIV-unexposed children under con-
ditions of universal maternal antiretroviral therapy: a prospec-
tive study. Lancet Child Adolesc Health 2019; 3:234–244.


	Impact of HIV and antiretroviral drug exposure on™lung growth and function over 2 years in™an™African Birth™Cohort
	Background
	Methods
	Study design and participants
	HIV diagnosis and prevention of mother-to-child transmission
	Lung function measures
	Statistical analysis

	Results
	Effects of HIV exposure on lung function
	Effects of maternal HIV disease and antiretroviral exposure on lung function
	Impact of maternal CD4&plus; cell count
	Impact of maternal HIV viral load
	The impact of antiretroviral exposure on lung function


	Discussion
	Conclusion

	Acknowledgements
	Conflicts of interest



