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EXECUTIVE SUMMARY
Background: South Africa is burdened with a high prevalen¢édlV infection in pregnant
women (30.0%). Nevertheless, access to antiretroviral therapy (ART) has greatly increased,
leading to an expanding population of H&Xposeeuninfected children (CHEU). Adverse
birth outcomes, including intrauterine growthtrasion (IUGR), have been documented in
women living withHIV, even when on ART. Chil#HlV exposure, anaemia and IUGR due to
placental insufficiency carrsignificantrisks to early chd growth and neurodevelopmeiihis
study determined and compared wtio and neurodevelopmental outcomes, micronutrient
intakes and anaemia in CHEU compared to a control group of-tH¥xposedininfected
children (CHUU)stratified by history of placental insufficiency.
Methods: An abnormal umbilical artery resistance indéknA-RI) on pregnancy Doppler
ultrasound was used to detect placental insufficiency as a proxy for IUGR. Theectesal
study investigated71 motherchild pairs at 18months postnatajrouped into four subgroups:
CHUU with normal UmARI (CHUU/N-RI; control group), CHEU with normal UmRI
(CHEU/N-RI; single exposure), CHUU with abnormal Ust (CHUU/ADbN-RI; single
exposure) and CHEU with abnormal Urid (CHEU/AbN-RI; double exposure). Pregnancy
and birth information was availablg/orld Health Orgarsation sandard procedures were
followed to collect anthrapmetric data and computeseores International Guide for
Monitoring Child Development (GMCD) was used for developmental screenindBaytely
Scale of Infant and Toddler Developmdiit (Bayley-Ill) was used to test for cognitive,
language and ntor development. Premature birthigere corrected fomestationalage.
Previously used quesetnaires and quantified Zdour dietary recallere used to collect
sociodemogpphic variables andietary intakeFood Fi nder E 3. 0 was used
guantifying dietary intake of iron, zinc, and iodiBath maternal and children's haemoglobin

concentrations were tested usiHgmoCue® Hb201". Comparisonsvere performed using
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independent-test and MarhWhitney Utest Sp e ar ma n @ regressionenbdels i o n
wereused to determine associations.
Results: Lower lengthfor-age zscores (LAZ) were observed in CHEU than CHUU
(-0.71+1.23 vs0.0541.32 p=0.004) and children who had abnormal UrtQ than normh
counterparts -0.68+1.53 vs-0.1441.29; p<0.001). CHEU/AbMRI had the lowest LAZ
compared to CHUU/MRI (-1.3£1.3 vs0.03+1.30; p<0.001). The prevalence of stuntjh§Z
<-2) was higher in CHEU/ADbMRI (40.0%) and CHEU/MRI (16.0%) than in CHUU/NRI
(4.899; p<0.001 an®=0.016, respectivel{sMCD screening indicated a concern for delay in
gross motor development among 21.4% of CHEU/ARINBayley 1l test demonstrated lower
mean cognitive scores in CHEU/ABRI comparedo CHUU/N-RI: 93.9£12.9 vs 100£106;
p=0.04, with 21.4% of CHEU/AbNRI having mild delay in cognitive developmehtrther,
zinc intake and weigHbr-age zscores were positively associated with language (r=0.10;
p=0.042) and motor (r=0.19=0.028) developmentespectivelyAbove onethird of children
were mildly anaemic: CHUU/MRI: 44.4%, CHEU/NRI: 44.7%, CHUU/ADbNRI: 40.0% and
CHEU/ADbN-RI: 33.3%. Inthe CHEU group maternal Bemoglobin concentrations were
associated with childde mogl obin concentr at nce merval (BF0. 19,
(0.02,0.36); p0.028.There was no evidence to suggestamsociatiorbetween maternal or
child haemoglobin concentt®n and child neurodevelopmer@n further analysisognitive
development wspositivelyas soci at ed wi t I(1L18,254), P-6.@hBel, 95 %
CHEU group
Conclusion: Maternal HIV exposure and placental insufficiency are risk factors for stunting
and cognitive deficits, both independently armbmpounded. CHEU and chikelr who had
IUGR are a highrisk population in need of identification and appropriate inteieas within
child health andchutrition-sensitiveprogrammes. Childhood anaemia remanparamount

public health concern.
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Abnormal UmARI

Anaemia

HIV -exposeeuninfected

HIV -unexposedininfected

Intrauterine growth restriatn

Neuodevelopment

Normal UmARI

Placental insufficiency

Umbilical artery resistance index

GLOSSARY

Umbi |l i cal artery r'percestieanc e

and is regardedsahigh risk for placental insufficiency,
with previously proven increased risk of stillbirth, here
used as a marker for intrauterine growth restriction.

A blood condition diagnosed with haemoglobin levels
<11.0g/dL for children under 60 months antl.0g/dL
for nonpregnant women.

Child born to a woman living with HIV and not HIV
infectedhim/herself

Child born toan HIV -uninfected women and not HiV
infectedhim/herself

Failure of a foetusto reachthe genetically determined
growthpotential.

Child development of the neurological pathways of the
brain, which sway functioning or performance, including
social skills, attention or focus skills, ability read and
intellectual functioning

Umbilical artery resistance index value <"gercentile
and is regarded as low risk for compromised placental
function.

A conditionrelated to theailure of placental vascular
remodelling, followed by deterioration of placental
functioning and subsequentlyacidosis and detal
hypoxemia It results in reduced delivery of oxygen and
nutrients to the foetus.

Measurement produced by Doppler ultrasbeeflecting
changes in the blood circulation of the umbilical artery;
that iscirculation between the placental and the foetus.
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CHAPTER 1: INTRODUCTION AND PROBLEM STATEMENT
1.1CONTEXTUALIZATION

Placental insufficiency i®ne immediate cause of intreerine growth restriction (IUGR),
which canlead to stillbirth (Figure 1.10Audette and Kingdom, 2018Vardinger and Ambati,
202]). Intrauterine growth restrictiois the secondnost importancause of perinatal déh
following prematurity andffects3 to 9% of all pregnancie¢Audette and Kingdom, 20}8
ThelUGR is a clinical term describing a pathological inhibition @gthl growth preventing
the foetus (unborn baby)from growing according to its genetic growth potentthkerefore
being smaller than it should {Burton and Jauniaux, 20L80ther risk factors folUGR
includematernaHIV infection, undernutrition (mieupper arm eccumference (MUAC) below
23 cm or body mass index (BMlpelow 18.5kg/m) and short stature (below 145cm),
overweight, obesity, and irar other micronutrierdeficienciesluring early pregnandlack

et al, 2013 FloresGuillén et al, 2020. Maternal nutritional deprivation during pregnancy
leads to betal starvation andiltimately,IUGR. IUGRIis linked in its most severe form to low
birth weight (LBW) (birth weight less than 2500g) and born small for gestational age (SGA)
(birth weight less than the $@ercentile for gestational age (GA) and s@tpresGuillén et
al., 202Q Longoet al, 2014 Ndiranguet al,, 2012 Saleenet al, 2011 Vayssiereet al, 2015.
Appropriate for gestational age (AGA) babies with growth restriction and features of
malnutrition at the time of th are also regarded gsowthrestrictedin utero(Sharmeet al,
2016. Although SGA is used as a proxy for [IUGResavan and Devaskar, 20Xharmaet
al., 2016, this remaingroblematic because many SGA babies are not grosetinicted but
constitutionally small yet healthfHiersch and Melamed, 20;1Barlsenet al, 2016, while
additionally there are growdtestricted AGA babies wdse birth weight is above the 110
percentile for GA and sefHiersch and Melamed, 2018odromiti et al, 2017.

Globally, IUGR is present in about 30% of casespoéventable stillbirth (Audette and
Kingdom, 2018Flenadyet al, 2017%. Stillbirths remairan important health issReinebrant
et al, 2019, with approximately 2 millionthird-trimester stillbirths every year globally
(United Nations Inteagency Group for Child Mortality Estimation (UN IGME)020) The
World Health Assembly's Every Newborn Action Pkets the targeab reduce stillbirths to
012 per 1000 duntry byh2030 (WHO 20¥4¢ kow- ard middleincome
countries (LMICs) are the most burdened with a higlvalence(98%) of stillbirthsand

perinatal deathfLawn et al, 2016. About 75% of cases are reportaad subSaharan Africa



+
A
URIVERSITEIT AN FEEIORIA
UKIVEREITT OF PRLTORIA
TURIBLEITHI 1A FEETSRIA
— '

(SSA) and South Asiawhich is10-fold higherthan indeveloped countriesvith a stillbirth
rate of 26 pefl000being reported in SSAANu et al, 2019. Stillbirth secondary to IUGR can
be attributed taunrecognised placental insufficien@yavin et al, 202Q Lawn et al, 2016
Mufendaet al, 2015 Zohdi et al, 2019. In view of the above, screening for placental
insufficiency has become critical to identifyimgutero growthrestricted betuses ashey are

at higher risk of prematurity, perinatal death, poor neurodevelopmental outcomésgaithd
risk of reprogramming théoetusfor longterm diseasslike metabolic syndromgAudette and
Kingdom, 2018.

The Umb iDbpplerwdvices aprecise andow-costcontinuous Doppler ultrasound
devicethat can be used as a screening tool to detleciental insufficiency in lowisk
pregnanciegwithout medical complicationsfTheronet al, 2005. It measureghe blood
velocity within the umbilical atery, enabing the calculation ofheumbilical artery resistance
index (UmARI) (Mufendaet al, 2015. Placental insufficiency is detected by @normdly
highUmA-RI, as this is linked to vascular resistarand poorer blood flofvom the placenta
to thefoetus with insufficientsupply ofnutrients and oxygeto thefoetusand subsequently

foetal starvation and IUGR.

% Risk factors ) fg ) E A
L .|diopathic g Foetal nutritional 8 Foetuses are
é _Preeclampsia - starvation = born:
= -Older maternal age g Miscarriage O -IUGR
. . o . > .
§ - Maternal HIV infection > p’i‘g;g?ﬁoaosdy O SGA
-LBW/VLBW
- Alcohol and drug use, | | Z <
&E) tobacco smoke ) <z': ) F_’re_ventable 5 - Premature
1 _ o stillbirths ! _
0 -History of IUGR IE'\:J o -Stillborn
o
- Maternal malnutrition | | &
including anaemia and- |
short stature ~
Y -Other )

Figure 11: The maternal risk factors for placental insaf@incy and the consequences of
IUGR in the absence of the screening intervention for placental insufficiency

Abbreviations: AGA: appropriate for gestational age; LBW: low birth weight/GR:
intrauterine growth restriction; SGA: small for gestational &8W: very low birth weight



1.2 BACKGROUND

In South Africa about 31.6% ofwomen of reproductive age are living witthuman
immunodeficiency virus (HIV)Clouseet al, 2020. The World HealthOrganisation (WHO)
recommendshe useof antiretroviral therapy (ARTior all pregnantind breastfeeding women
for the preventon of motherto-child HIV transmission (PMTCT(WHO, 2013 WHO, 201§.
Accessto ART has increased over the yearsSouth Africa, with an estimate¢95% ART
coverage during pregnancy and delivéBlouseet al, 2020; this has led to a significant
decline invertical transnssion of HIV among children borno women living with HIV
(WLWH).

Maternal HIV infection has been associated with an increased risk of (BIGRsGuillén et
al., 2020 Ndiranguet al, 20129 and LBW (Xiao et al, 2015. It has been suggested that
maternaHIV infection maybe a&sociatedo IUGR, irrespective of ARTtreatmeniCanlorbe
et al, 2015. Moreover, increased prevalence of unfavourablé lmrttcomes such d9GR,
prematurity, LBWand stillbiths, have been reported in WLWIdompared to their HIV
uninfected counterpar{(€onroyet al, 2017 Pappet al, 2014 Zashet al, 2017. Studies have
indicated thatWLWH may have a higherisk of placental insufficiency, as infectigns
including HIV, have the potential to disrupt placental development and function, leading to
adverse birth outcomé€onroyet al, 2017 Weckmanet al, 2019. Kalk et al. (2017)have
pinpointed HIV as a risk factor for maternal vascular méilisgon anong South African
WLWH. Childrenwith a medical history ofUGR (in this studyto be referredo as children
with a history of ammbnormal UmARI during their foetal phajeare a higkrisk group with
short and longterm complications in terms of morbidiand mortality, differentiating them
from thenormal populationFurther, maternal HIV expase may potentialljaggravate then

uteroand postnatal growth and development defiaitshildrenwith abnormal UmARI.

Aroundone quarterZ7.4%) of South Afrian children undehe age ofive yearswere reported
to be stunted(lengthfor-age zscore(LAZ) below-2 on WHO Growth Standardsin 2016
(National Department of Health (NDoH} al, 2018. HIV infection in childrenis a welt
known risk factor for stuntindNonetheless, the number of Hikfected children is decreasing
resulting in anexpandingpopulation of HI\\exposeeuninfectedchildren (CHEU)globally
due tothe success of PMTCT programm&@handnaet al, 202Q Nearyet al, 202]). Even
thoughRamokoloet al. (2013)reported that th€HEU present similar growth patterns with
HIV -unexposedininfectedchildren(CHUU), CHEU are classified as a higisk group due to

in uteroand postnatal AR exposure, as well as pasure to pathogens from contacts with

3
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immunocompromised family membdSlogroveet al, 2009. Delicio et al.(2018)repoted a
high prevalence onaemia (25.7%andliver changes (36%attributed to ART imew-borns
of WLWH. Anaemia in itself is associated with stunting in @3emonth-old children(Malako
et al, 2019. Further,CHEU are at greater risk of impaired growth and neurodevelomnent
outcomeghanCHUU (Evans,2016 Wedderburret al, 20193. Jumareet al. (2019)reported
stuntingandwasting(weightfor-length zscore (WLZ) below2 on WHO Growth Standards)
amongCHEU during the first 18 monthascompared to theiCHUU counterpartsStunting
indicates chronic undernutriticandis associated witsuboptimalneurodevelopmenBlack
et al, 2015. Nearyet al. (2021)reported poorer growth outcoméstunting, underweight and
microcephaly in CHEU thanin CHUU in the context of high matern®RT coverage.
Underweight is defined asweight-for-age zscore (WAZ below-2, and microcephaly is the
head circumferenemr-agez-score(HCZ) below -2, according toWHO Growth Standards
(De Onis et al., 2006)

Black et al. (2013)stated thatUGR is associated with postnatzild wastirg and stunting.
FloresGuillén et al. (2020) reported a 21% prevalence of stunting associated with IUGR
among adascents from MexicdChildren withabnormal UmARI are not only prone to poor
physical growth but are also at increased risk of overweight and obesity during the adolescent
years, as well as intellectual and physical developmental modificdftoresGuillén et al,

2020. IUGR is also linkedwith long-term metabolic syndrome andeurodevelopmental
abnormalities, such as cognitive deficiteading to reduced school performantawer
economic productivity, andnental illness throughout lif§Baschat, 2011 Kesavan and
Devaskar, 201;35honkoff and Garner, 201¥%ayssiéreet al, 2015. In addition, [IUGR make

term and preterm infants more vulnerable to neurodevelopment impaiaseated by lower

neundevelopmental scores at two ye@slfort et al, 2011 Vayssiereet al, 2019.

Child neurodevelopn is a global health priorityfestimate are that over orghird of children
underthe age offive years are at risk of not attaininigeir full developmental potential,
particularly in LMICs(Johnet al, 2017%. Child development, including motor and cognitive
development, is highly influencdxy pre and posinatal circumstances and maternal and infant
exposure to environmental and biological rigRelfort et al, 2011 Hamadaniet al, 20139.
The first 1000 days of life (starting at conception to the age of two )yasgsa crucial
developmental window, with heightened susceptibilityptmor growth including stunting

(Rieger and Trommlerov4a, 20l common predictor of inadequate developniBtack et



al., 2013 Smutset al, 2019. Threemicronutrients, namely iron, zinc and iodjm@ave been

positively associated with child neurodevelopm@ohnet al, 2017%.

Globally, 30% of women of childbearing agee anaemic (haemoglobievel below 10g/dL
(Takuvaet al, 2013), and the prevalence of irateficiengy anaemia during pregnancy has
been estimatetb be 38% (Juulet al, 2019. The world is not ortrackto reachthe target o
reduction inthe prevalence of anaemia in womerthildbearingage by 2030 (SDG Indicator
2.2.3)(WHO, 2021) In SouthAfrica, the prevalence of anaemia in women has previously been
reported a28.1% with iron deficiency beinghte most common cau¢€unkyi and Moodley,
2018. The nutrient deficiencies are compoundeiVv settings with WLWH adversely
affected, especially in terms of iron deficien@akuvaet al, 2013. A higher prevalence of
anaemia iINWLWH thanin HIV-uninfected women was reported Bynkyi and Moodley
(2018) Pregnancy itself increases nutritional ne¢Nontgomery, 2008 likewise, HIV
infection, thereby compounding increased nutrient requirements in pratfh&vi, which is
essentialfor their own health outcomes and that of thesefusesMaternal anaemia is a risk
factor for IUGR (Figure 1.1)There is a known association betweaem deficiency anaemia
and impaired neurodevelopment in children, including suboptimal motetafement, even in
iron deficiencywithout anaemialPala et al, 2010. Delays in motor, cognitive, social
emotional, and neurophysiologic development have been attributed tieficiency anaemia

in 6- to 24monthold children(Engleet al, 2007 Hamadaniet al, 2012 Juul et al, 2019
Lozoff, 2007. Iron is contained in numerous proteins in the body, including haem proteins
such as haemoglobin, known to be the most bountifutémraining proteir{Miller, 2013).

The production, structure, and functadity of haemoglobindependon iron (Miller, 2013
Perutz, 198 Therefore, ggwth and development of th#oetal and children's brains
necessitate iron for haemoglobin; thus, insufficient production of haemoglobin, owing to iron
deficiency, is a risk factor for deficits in cogniti@fuulet al, 2019 Prado and Dewey, 2014
Further, zinc deficiency has been linked with poor cognitive and mental heaition(Black,
2011).

Additionally, a positive correlation existsetween breastfeeding and a child's growth and
developmentJumareet al. (2019)pointed out that exclusive breastfeeding (EBF) stimulates
growth amondgCHEU andCHUU, while Eidelman (2013jound that breastfeeding results in
enhanced cognitive developmetlitis believed that optimal breastfeeding can also stimulate
growth and development in childrewith abnormal UmARI. In an efort to ensure optimal



feeding practices and enhance favourable growth and developmental outcomes, the 2016 WHO
guideline updates on HIV and infant feeding recommend EBF for the first six mamths
continued breastfeedirfgr two years or longewith comgementaryfeedsfor both WLWH

and HIV-uninfectedmothers, witin the context othe provision of ART foWLWH (WHO

and UNICEF, 2016 TheWHO and UNICEF (20213trongly recommend EBF until the age

of six monthsExclusive breastfeeding defined abreast milk feeding without other food or
liquids, not even waterexcept oral rehydration solution, vitamins, mineralsmedicines

(WHO and UNICEF, 2021)

Adequate child nutrition is central for catap growth and brain development (Prada an
Dewey, 2014)lt is of great importance to better understand the outcomasstnatal growth
and development ahildren with abnormal UmARI and modifying factors within the settings

of high HIV prevalencén LMICs.

The presenstudy is centred on assessiagd comparinghe growth and developmental
outcomesand anaemia amgnl8monthold children with maternal HIV exposure and
placental insufficienchabnormal UmARI (IUGR) (Figure 1.2) Sincethere are important
confounders, such as soalemographic characteristics, maternal health and nutrition,
education, food security dralcohol and tobacco use, that are known to influence child growth
and neurodevelopmental outcasnhe comparison wit@HUU will be of great importance in
bettering our understanding of the impact of HXposure and placental insufficiency on child
outoomes(Richteret al, 2017 Springeret al, 201§. Lastly,due to the impact adhe COVID-

19 pandend, which included increases in existing family food insecurity of 32.3% and new
household food insecurity of 35.5% (Diao and Mahrt, 2020), the present study considered

COVID-19asa crucialpotential influenceof maternal and child health and nutritiosédtus.
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Screening for placental insufficiency - Umbiflow™ Doppler

WLWH and
< g device (Umbiflow International and Siyakhula studies) Hwﬂ
@ ey - Abnormal UmA-RI uninfected
=83 . Normal UmA-RI CTEILIEL

Birth outcomes (Umbiflow International and Siyakhula
studies):

- Intrauterine growth restriction marker

Birth weight < 10™ percentile

information

- Anthropometric measurements at birth

UmbiGodisa study

Normal UmA-RI vs Abnormal UmA-RI:
Anthropometric measurements

- Primary outcomes: WAZ, LAZ, WLZ, HCZ, MUACZ

Child neurodevelopment

- Cognitive, language and motor development

Madifiers: infant feeding
Maternal and child anaemia screening practices, socio-demographic

- Haemoglobin concentration levels characteristics and COVID-19
impacts
.

Figure 12: Conceptual framework of the study

Abbreviations: CHEU: HIV-exposeeduninfected  children; CHUU: HIV-
unexposeduninfected children; GA: gestational agémA-RI: umbilical artery resistance
index; WAZ: weightfor-age z score; LAZ: lengtfor-age z score; WLZ: weigHbr-length z
score WLWH: women living with HIV;HCZ: headcircumferenceor-age z scoreMlUACZ:
mid-upper arm circumferender-age z score; COVIDcoronavirugdisease.

1.3THE PROBLEM STATEMENT

SincelUGR is a crucial risk factor for child undernutrition and neurodevelopmental delays,
childrenwho havelUGR are known to be highrisk population possiblythroughout thi life
course(Baschat, 2011Kesavan and Devaskar, 20™®aniaet al, 2015. Similarly, exposure

to maternal HIV infection & potentially negative consequences on child growth and
developmentMalnutrition is more prevalentin CHEU and is known to negatively affect
neurodevelopment and incredbkerisk of morbidity and mortalityEven though the cause of
poorgrowth inCHEU remains uncertainand is likely multifactoriglimplicated factors include
lower economic backgroundsntiretroviral (ARV) drug exposure differences in infant
feedingand increased postnatal exposure to infectious patho@espite the expanding

populatian of CHEU, thegrowth differences betwe&@HEU andCHUU at thepopulation level
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are underinvestigated Additionally, the influence of HIV exposure on their growth and
neurodevelopment is not yet fully defin@éivans, 20160moniet al, 2017%.

Giventheabove HIV exposureand placental insufficiendyoth carrymajorrisks to early and
late child growth and development, possibly compounding each stbee\er, he postnatal
growth and neurodevelopment in children born to otherwiserisiv pregnancieswith
documentedabnormalUmA-RI measurements, indicatimgacental insufficiency leading to
IUGR, have not been intensively investigated, particularlyigh HIV burdensettings There

is still a lack of evidence on the nutritional management of chilréna history of placental
insufficiencyto optimise postnatal catebp growth, including the impacts of feeding practices
on the growth ofchildren with a hétory of placental insufficiencin the context of HIV
exposure. Additionally, the influence of maternal HIV infection on placental insufficiency and
the postnatal consequences thereof are not fully understioectfore, there is aeed to
investigate trs further.

Moreover starvationduring early life is knowro affect brain development negativébohn

et al, 2017 andmayeven lead to permanent impairment. It is well known that iron, zinc, and
iodine arevital nutrients for neurological development. Their low intakesl associated
conditins such as anaemidave been documented to be associated with poor child
development; however, such documentation is scarce in IUGR lahéxposedsettings. The
influence of HIV exposure on the intaiethe mentioned micronutrients, either due to finahci
constraints or suboptimal feeding practices, andstiisequentievelopmentaoutcomes of
children with abnormal Um/RI have not been adequately explored. Lastlyatralability of
UmA-RI measurement from the portable, loastUmbiflow™ Doppler, which can be used
atthe primary healthcare level in lefisk pregnancies and the present data on the falipw

this population are novel the study



1.4 AIM AND OBJECTIVES

This study, nametUmbiGodisa (Umbireferring to theumbilical cord and Godisheng an
Africanwordme ani ng dbr ilreg nmee uwr ow falonwdupafasuesétop 6) ,
of infantsat 18 monthstecruited fromthe South African arm of th&mbiflow International

study. Also, it includes children from a longitudinal study, thebiBaby studyywho werealso

recruited from the&South African arm of th&mbiflow International gidy. The UmbGodisa

study also includd participants from the Siyakhula studyefer to section 3.2ps they
complemented the study group and enabledinbkision of further WLWH who had an

abnormalUmA-RI in pregnancyFigure 1.2) Thethesisis meant for a PhD by publication.

1.4.1 Overall aim of the doctoral study

To study howin uterogrowth restriction, resulting from placental insufficiency, in additmn
in utero and early postnatal environments altered by maternal HIV infeeti@hanaemia
influence the child's growtand neurodevelopmerds well as anaemiat age 18 months

1.4.2 Hypotheses
A. CHEU with abnormal UmARI have suboptimajrowth outcores at ge 18 months
1 Rationale: Intrauterine stresses have been linked to disturbed health, growth and
development througlfioetal programming(Thompson and AHasan, 201@ the
programmed modifications of growth facsphormoneand enzyme concentrations
resultfrom epigenetic alteration of gene expresqiNiiskenet al, 201). Also,
exposue tomaternaHl V. i nf ecti on may disrupt a chi
growth(Prendergastt al, 2019 Wedderburret al, 2019a.
B. CHEU with abnormal UmARI have neurodevelopmental delayn at leastone of the
developmental domains at age 18 months
91 Rationale: Literature shows thatildren witha history of placental insufficiency
indicating IUGR have macrostructural alterationscluding reductions ierebral
cortical grey matter and sulcatigatypical brain developmentassociated with
microstructurahnd metabolic changes that incretiszisk of neurodevelopmental
deficits (Padillaet al, 201Q. This finding might le due to direct exposure to HIV
virions, ART toxicity, immune activation and indirectly through low

socioeconomic status, maternal psychosocial fagtaisiding maternal depression



resulting in lack of psychosocial stimulation/parent and child interaciod
maternal educatiofMofenson, 2015Wedderburret al, 20191).

C. Suboptimal infant feeding praces including low dietary iron, zinc and iodine intake at
age 18 months, are associated with delays in at least one functional domain of development,
particularly in CHEU with distory of ambnormal UmARI.

1 Rationale:During the period of rapid infantile growthbody andbrain growth
requirea high energy supply and metabolism, and the cellular energy metabolism
is dependent on oxygen supplyhich is reliant on adequate haemoglobin and iro
stores (Soliman et al, 2014. Zinc deficiency alters theproduction of
neurotransmittersellular replication and bone metaboli¢&algueircet al, 2002,
and nsufficient thyroid hormondinked to iodine deficiencympairs myelination,
cell migration, differentiation andonematuration(Zimmermann, 2011

D. The maternal HIV infection, anaemia and placental insufficiency are associated with child
anaemia and delayerturodevelopment at age 18 months

1 Rationale: High anaemia prevalenae HIV settings is due tonutritional
deficienciescompoundedy vulnerability toinfections, compromised immunity,
and the haematological consequences of chronic and systemic inflam{aiie
et al, 2007%. Maternal HIV infection andplacental insufficiencypredispose

children to anaemia.

1.4.3 Specific Aim

To assess and compareflet age 18 months, the growth and neurodgy@ental outcomes
of childrenwho hadlUGR due to placental insufficiency, as measured by aoraal UmA

Rl on Umbiflow™ Doppler screening during pregnanend asmodified by maternal HIV
infection together with the impact of anaenimmthe Tshwane District in the Gauteng Province
of South Africa.

1.4.4 Objectives
The following objectives were investigated in children who had normarmormal UmARI,
between CHEU and CHUU:

A. To determine the socidemographichousehold food securitgnd lifestyle factors, and
health and nition of motherchild pairs
B. To assess and compdhe anthropometric indices angeores atheage 18 months.

10



C. To assess and compare neurodevelopment aha® months, including cognitive, motor
and language development

D. To compare haemoglobconcentrabns,determingprevalence anthe impacobf maternal
anaemian child neurodevelopment and anaemia.

E. To determine and compare the feeding practices b¥enonthsand the dietary intake of

iron, zinc, and iodine at age 18 moné#mlrelate toneurodevelopmntal outcomes

15THE STRUCTURE OF THE THESIS
The present thésis prepared in articke The thesis comprises seven chapters: Chapter 1
covers the introductiomproblem statemengbjectives and impact of the study; Chapter 2
entails the literature veew; and a detailed description of ttreethodology is presented in
Chapter 3.Chapters 4, 5 and 6 areanuscriptsand the titles are listed below. The
manuscriptshave been prepared and presented according to guidelines to authors for
publicationin peerreviewed journals accredited by tBepartment of Higher Education
and Training (DHET).Chapter 7summariseghe key findings, study limitations and
conclusionsAnnexes have been attached at the end of this thesis.

Research paper publications

A. Chapter 4 Article 1: Early childhoodgrowth parameters iBouth Africanchildren with
exposure tomaternal HIV infectionand placental insufficiencylThis manuscriptwas
published inaninternational journatalledViruses.

B. Chapter 5Article 2: Growth, neurodevebmental outcomes and micronutrient intake in
18monthold South African children with maternal HIV exposure and placental
insufficiency: the UmbiGodisa crosectional studyThis manuscriptvas submittedor
publicationin anInternational Journal dPaaliatrics

C. Chapter 6; Article 3The impact of maternal HIV infection arahaemiatogether with
placental insufficiency on neurodevelopment andemian South African childrenThis
manuscriptvas submittedior publicationin aninternational journal cadid Anaemia.

1.6 IMPACT OF THE STUDY

Assessing growth and screening for developmental delays during the first 1000 days of life, a
critical period of child development is important for early detectiot iatervention. This

study provided high-quality primary data about the early postnatal growth and
neurodevelopment of CHEU with abnormal UrRA whichprovided substantiakévidence for

future nutrition management of these higgk children The generation of such valuable
information in the contebof matenal HIV exposure possiblyll edthe existing gaplt enabled

11
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comparisons betwedPHEU with histories oihormal or abnormal UmARI measurementnd
their CHUU counterparts. The study findings aressentialfor policymakersto provide

interventions and sygort futuresurveillance.

This study contributgto improvingnutrition knowledge involving the impact of nutrient intake

and feedng practices on growthvhich can then be translated into the clinical domain towards
improved nutrition and child health rea outcomesSouth Africa is amongthe countries

committed to achieving the United Nations Sustainable Development Goals (SDGSs).
Therefore, the presenstudyalso contributed towards achieving the United Nations SDGs,
precisely goal ralthynllvess and romotingwed e r nggf be al | a ¢
4, underscoringiunbiased quality education and promoting lifelong learning opportunities for

allo in South Africa (Hawkes and Popkin, 20L5Assessing early child developmental
milestones forms aBDG element that safeguardeeparedness for early educatidmnited

Nations, 2020).
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CHAPTER 2: LITERATURE REVIEW
2.1PLACENTAL DEVELOPMENT AND FUNCTION

The placentas described as transitory, highly speciad supprting organ of pregnancy
linking the mother and the embrgidembergeet al, 2020. The placental development begins
at embryonic days 5 to 6. The formatiortlod placenta involves locaed growth of chorionic
villi comprising of a mesenchymal core, each witetal blood vessels and layers of
cytotrophoblast (CTB) ah syncytiotrophoblast (STB) cells (outer layer) that are directly
bathed in the maternal bloqtHembergeret al, 2020 (Figure 2.1). The mentioned basic
structure of the complete placenta is usually formed around the fourth week of pregnancy
(Knofler et al, 2019). However, the establisient of blood supply frorthe maternaluterus

to the placenta occurs only at weék to 12 of the pregnan¢Burtonet al, 2002 Hemberger

et al, 2020. Maternal bloodforms uteroplacental circulation as it moves in and out of the
networlks within the STEGudeet al, 2004).

STB CTB
; Maternal blood
Myometrium i f
Dec I E Fetal blood
eC capillaries

Placental
villus

Chorionic
plate

Mature placenta

Figure 21: Basic structure of mature human placenta at embryonic day 35 or fourth week of
pregnancy

Abbreviations: CTB: cytotrophoblast; Dec: decidua; STB: syncytiotrophoblast.
Sourced fromHembergeet al. (2020)

The placental function canbe das f i ed as o6transport, protect
serves as an agent of human symbiosis faethl renal, gastrointestinal, respiratory, and

immune systems throughotetal development(Guttmacheret al, 2014. The placenta

supports the normal growth and development ofdbtisand forms the interface between the
foetusand its mothe(Burtonet al, 2016 Gudeet al, 2009. It provides nourishment to the

foetusby delivering oxygen, water, amino acids (ab@0t amino acids fofoetal protein
synthesis)]ipids, carbohydrates (mainly glucose), minerals, vitamins, and other protective
nontnutritive chemicals such as phytochemicals, waliminatingcarbon dioxide and waste

products, and additionally, providingotection against maternal infections and diseases, as
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well as some xenobiotic molecules that could be circulating in the maternal(Glodelet al,
2009). The placenta has a highly permeable membrane that permits exchange between the
mother and théoetusthrough diffusionand passive transpofturther, the placenta secretes
hormones into the blood circulation of the mother dadtus regulating the maternal
physiology to stimulate the maintenance of pregnancy and indiagteg growth and birthing
(Gudeet al, 2004 Knofler et al, 20193. The mentioned placental functions infer that the
placenta directly influences the intrauterine development ofdétis thus, the placental
growth and function needs to be monitored to ensure that the exchange af, oxyients
and waste products between the maternalfe@i@l circulatory systems functions efficiently.
The reduced ability of the placenta to efficiently performdbevemay bereferredto asa
poor placental funain or placental insufficienciWardinger and Ambati, 2021Placental
insufficiency isa welldocumented placental phenotypat leads to pregnancpmplicatons

22 THE AETIOLOGY AND PATHOPHYSIOLOGY OF THE
PLACENTAL INSUFFICIENCY

According toWardinger and Ambati (2021placental insufficiency islefined as @ondition
related to thebreakdown of placental vascular rerstichg, followed by deterioration of
placental functioningind subsequentlyacidosis andoetalhypoxemia.This procesdeadsto
reducedplacentaltransferof oxygen and nutriestto thefoetus(Gagnon, 2008 The foetal
growth and development depend on uteroplacental blood supply and placental villous
development to diver nutrients(Burton and Jauniaux, 2018~oetal hypoxemialeadsto
loweredmetabolic demands by the growifgetus leading taoreducedoetalgrowth, clinically
known aslUGR or foetal growth restriction (FGRjGagnon, 2003Wardinger and Ambaiti,
20217). Burton and Jauniaux (2018nhdBrosenset al.(2011)stressed thahe primary cause of
placentalderived FGR is the insufficient remodelling of the uterine spiral arteries that supply
the placenta irearly pregnancy, resulting in malperfusion of the placenta or uteroplacental
dysfunction Furthermore there areobstetric disordershat are associated witplacental
insufficiency,lUGR andpre-eclampsiawhich equally predispose to pretertabour, aglobally
known prominentcause of perinatal morbidity and mortal{®/ardinger and Ambati, 2021
Intrauterine growth restrictioand pre-eclampsiaoriginaie from the invasion of trophoblast

into the placenta which displaysatures ofdecidua during early pregnan¢ylandoet al,

2014). Histopathologt examination oplacental insuffiency shows the presencepbcental

infarcts chorionic villi fibrosis, fibrin depositsuteroplacental thrombosiand a redweed
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number and surface area of the villous capillary {Mazaricoet al, 202Q Wardinger and
Ambati, 202).

Wardinger and Ambati (2021)ointed out that theaetiology of placental insufficiencys
presentlypoorly understoo@ndrequires furthemvestigation Nonethelessmaternalkknown
lifestyle behavious, including alcohol consumptigncigarette smoke analse of drugspre-
eclampsia or other maternal hypertensive disordé&snaternal agenulliparity, andprevious
IUGR are maternal risk factors associated with placental insufficigaagnon, 2003Pintican

et al, 2019 Wardinger and Ambati, 2021In their systematic review that explored the effects
of maternal smoking on placentahscularisationPintican et al. (2019) documentedthat
Dopplerfindings revealedabnormalRI of the umbilical, uterine andioetal middle cerebral
arteriesandredu@dblood flow velocitywaveformsA different study indicatedn assaation
betweermaternal malnutritionincluding anaemia (contributing up to 40% of cases globally),
andthe development of IUGR neonatésudette and Kingdom, 20)8Genetic syndromes or
chromosomal aneuploidiesefoetalfactorsthat also lead to IUGRAudette and Kingdom,
2018. Figure 2.2 showcases the four causes that can lead to IUGR.

7]

g

-Maternal gened_eptin -Placenal weight .

underexpression <350g. :ﬁ%ﬂ?tigt'zg?;t?;?]a” -Infections
-Fetal genesLow nitric -Pre-eclampsia -Con peni?al infections -Preeclampsia
oxide. -Abnormal ngv infecti -Malnutrition
-Placental genes uteroplacental ©g- mection -Medication
placental growth factor vasculature -Drugs
underexpression.

Figure 22: Factors thatarelinked to IUGR.
Adaptedfrom Sharmeet al. (2016)
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Placental insufficiencgauses decreasdblood flowin the umbilial artery probably due to
high umbilicalplacental vascular resistancich & detected byn abnormalUmA-RI on
Doppler ultrasound(Gagnon, 2003Wardinger and Ambati, 2021Wardinger and Ambati
(2021) stated that thefoetus with suspectedlUGR can benefit from regular Doppler
monitoring, adDopple screeningallows detection of placental insufficiency througttching
in the uterine arteriesr high resistance in the umbilical arteag well as endtage placental
diseasepresented asbsent or reversed ewlhstolic flow (AEDF or REDF) Placental
insufficiency can becategorisednto maternal (indicated by RI of the uterine artefggtal
(indicated by UmARI) or maternal antbetalplacental insufficiencyLopezet al, 2015. The
present studyocuseson foetal placental insufficiencyln South Africa, several studies have
been carried oub measure placental insufficiencyigt he Umbi f | owE Doppl er
screenindool, which measures thémA-RI and indicates placental functiand risk of IUGR.

The use of this device is still in the implementation phaseaithcareentres.

2.3THE DETECTION , DIAGNOSIS AND DOWNSTREAM FOETAL
CONSEQUENCES OF PLACENTAL INSUFFICIENCY

Normal placental development and function are critical for a successful predRanogs and

Westwood, 2010 Doppler ultrasound serves as a proxy measure of the functioning of the
placentathroughthe blood flow velocity, and therefgriey proxy, the capability to transport

adequate oxygen and nutrients to floetus The Umbi f|-cowBandhedd a | 0\
continuous waveDoppler device that can detect compromised placental blood flow.

Umb i f lissuse& with a standard personal computer and ultrasound transducer, analysing

the flow velocity waveforms (FVWSs) of the umbilical artery (measuringstasce in the

umbilical artery); thisdevicewas developed bihe South African Medical Research Council
(SAMRC) and the Councilor Scientific and Industrial Research (CSiiRjugoet al, 2007

Theronet al, 2009. Mueller et al. (2021)stated that the Umilii o WE Do ppl er t echn
presently orConformitéEuropéenne (CHpsts for accessibility in markets.

Research on the use Dbppler technology has beearied outin various studiesn South

Africa and in five LMICs (South Africa, Ghana, India, Kenya, and Rwahda a WHO-
sponsored studyhe UmbiflowInternationalStudy. The present studsecruited mothechild

pairs from theSouth Africanarm of the Umbibw International StudyThedevicehas been
proven to be accurateosteffective and useifriendly, with the FVWs displayed on the screen

of the computer and the calculated RI from the waveform plotted on the suitable percentile
graph againghe approxinated GA(Hugoet al, 2007 Theronet al, 2005. Therecent South
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African study that evaluated the ability of continuous wave Doppler ultrasound of the umbilical
artery to detect IUGR in lowisk pregnancies reported thatreasedR| caneffectively detect

IUGR (Feuchtet al, 202). The Umbi fl owE cal cul atreldiastoibr ee i |
flow. These argheRI (calculated as systohdiastolic/systolic (D/S)), pulsatility index (P1)
(S-D)/mean velocity Vm), and systolictiastolic ratio (SDR) (S/DjMufendaet al, 2015.

There are reference valuescarding to GA in weeks fahe measurement of umbilical artery

RI, Pl andSDR published by Pattinson and-workersin the late 1980s, and recentihe
international reference valuegere establisheth alongitudinal prospective cohort study of

the INTERGROWTH21% Project(Drukker et al, 202Q Pattinsonet al, 1989. An RI less
thanthe 75" percettile is consideredbw risk for compromised placenta function, while an RI

O 75th percent i | eforplacentaléngufficiethayTtheramet al,[200§.h r i s k

Previously, SGA infantsierereportedfrom pregnancies witlanR| betweerthe 75" and 9%'
percentiles, as well as over thé"@ercentilgHugoet al, 2007. The increased RI (also known
asanabnormal Dopplgrhasbeen associated with placental insufficie(iElyeronet al, 20032,

as well as a higér percentage ofaesarean sections compared to pregnancies with a normal
Doppler (Hlongwane et al, 2021 Mufenda et al, 2015. For past decades, placental
insufficiency has been regarded asphienarycause of IUGRMufendaet al, 2015 Pardiet
al., 2002. The betuses wth IUGR are at risk of stillbirth, and hend®&/GR has been regarded
as the leading cause périnatal mortality and morbiditfParraSaavedrat al, 2013. IUGR
contributes up to 30%o0f cases of stillbith and has been documented assk factor for
preventable stillbirth(Audette and Kingdom, 20)8Evidencehas showrthat about one
guarter of stibirths are either SGAIUGR, or both(Hlongwaneet al, 2021 Lavin et al,, 202Q
Lavinet al, 2016. Lavin et al.(2016)andNkosi et al. (2019)statel that most perinatal deaths
in SouthAfrica are unexplained stillbirths, and theme mainly (about twhirds) macerated
stillbirths.

The WHO defines stillbirth as a "baby born with no sigh life, weighing more than0DO0 g

or at more than 28 completed weeks of gestadt1O, 2014. Stillbirths can be categorised
into macerated stillbirths due smtgpartum deatl{Gold et al, 2014 and fresh or intrapartum
stillbirths, refering to death following the onset of labquawnet al, 201§. Otherrisk factors
associated withstillbirths include congenital abnorriges, norcommunicable diseases
including diabetes and hypertensive disosdelder maternal age (>35 years), maternal
infections such as syphilis, placentafastalinfections(Lawnet al, 2016 Madhiet al, 2019,

lack of antenatal care, and maternal malnutriti@dmu et al, 2019. The we&ened
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psychological health and wdlleing of women are also linked with stillbirtfigadhi et al,
2019.

In the clinical management of pregnancies with suspected IUGR, the use of umbilical artery
Doppler has great value and potential to reduce perinatalsdgatiecreasing the prevalence

of stillbirths in uthAfrica (Nkosiet al, 2019. Researclinasshown that this technologgan
potentiallyreduce the perinatal mortality rate by at least 38% in the management-ogkow
pregnanciegAlfirevic et al, 2017 Hlongwaneet al, 202]). In 2019, the fpbal (about 195
countries)rate of stillbirth was estimated at 13.9 stillbirths per 1000 total birthvith SSA
estimated at 21.7 stilllilrs per 1000 totddirths(Huget al, 202). Hug and colleagues further
stated that the global ansureduction rate of stillbirth was estimated at 2.3% from 2000 to
2019.Saleem et al. (2018) pointed out that even though there are some declines in stillbirth
rates, there is a low possibiliotgf r eachi ng t he NewbotnAdionRlant i ons 6
goal of 12stillbirths per 1000 births by 2030 if adequate attention is not given to managing the
causes and risk factors of stillbirtimcorporating the detection of placental insufficiency can

ensure even more successful pregnaranelsdecrease the shitth rates

2.3.1 Defining intrauterine growth restriction (IUGR)

Burton and Jauniaux (2018) defined IUGR as the pathological inhibition of intrauiesiad
growth and failure to reach its genetically determined growth potential. The pathologi¢al IUG
cannot simply be distinguished from SGA (described in Chap(@dtiy et al, 2014. Insome
studies, LBW and/or SGA are regularly used as proxies for I(II&R Reiset al, 2015 Sania

et al, 2015 Schlaudeckeet al, 2017. ThelUGR can be classified d3 asymmetrical IUGR,
referringto somefoetal biometric measurementseing significantly lower than others and
below the 10ttpercentile. The&eommonly affected parameterabdominalcircumference?2)
symmetrical [IUGR involving all foetal biometric measurementsften fallsbelow the 10th
percentile for the GA, which is less than what would be expeRedlicegparametersclude
length and weightand3) mixed IUGR babies having clinical features of both symmetrical
and asymmetrical IUGRSharmeet al, 2016. The lUGR babiescan be detected througim
anthropometry index immediately after delivéGhauhan and Magann, 2QQ&ibchencoet

al., 1966. The symmetgal IUGR is characterised by weight, length and head circumference
(HC) below the 18 centilg while for asymmetrical IUGR, weight is below the"@ntile and

the length andHC are as peGA (Sharmeet al, 2016.
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24 EPIDEMIOLOGY OF PLACENTAL INSUFFICIENCY AND IUGR
GLOBALLY AND IN SOUTH AFRICA

Normal intrauterine growth redres a weldeveloped structure of the placenta, the umbilical
vessels antheentire cord, with sufficient placental perfusi@a Rocha, 202K r zy Uanows Kk i
et al, 2019 Su, 201%. According toPattinsoret al. (2019) major causes of perinatal deaths

are tied to placental insufficiency and HIV infectiétiacentainsufficiency can affect 10 to

15% of pregnancie@Vardinge and Ambati, 202)1 Placentalinsufficiency accourstfor about

60% of casesf IUGR in normally-formed betusegGagnon, 2008 In developing countries,
observationsshowed that24% of newborns thatis about 30 million, experienchkJGR
annually(Saleemet al, 2011). A recent Ethiopian study byesfaet al. (2020) statedthat

IUGR canaffect about 10 to 15% dll pregnant women and is seen in 23.80meonates,
accountingor almost 30 million neonates being affected worldwide every iyeidwe general
population. The Nigerian study report2@.0% and 50.0% of childremho werebornwith a
history ofl UGR and L BW, respectivel vy, i n the gene
women(Adefisanet al, 202Q. In Ethiopia, the prevalence of IUGR and SGA (IUGR was not

used as a proxy of SGA) was 23.5% al®l7%, respectivelfTesfaet al, 2020. The

evaluaion of the utilisation of uterine artery Doppler indices in the second trimester for
prediction of adverse pregnancy outcorpessente®0.8% of lowrisk pregnancies witlan

abnormal RI (above 0.58) at 22 to 26 gestational wék#tsfisanet al, 2020. Adefisan and
co-workersuseduterine artery Dopplerhile most countries use the umbilical artery Doppler

hencethis may be the reason fthre high percentage of abnormal RI.

A recent American study that assessed the progression rate of sevem@nsarWJGR in
singleton pregnancies at 28 weeks gestation reported 15.8% of pregnhancixsakitiormal
UmA-RI; however this studydefined abnormal Um/RI as above the $5percentile for GA
(Martins et al, 202). In India, the percentage of abnornmithA-RI was 19% in singleton
pregnancies at 28 to 30 weeks gestaf®ajpootet al, 2020. The Umbiflow International
Studyreported 6.9%overall (495 of 7151 screened women) with @mnormalUmA-RI, of
which 5.9% wa®bservedn SouthAfrica, 9.9% in Ghana, 8.3% in Rwanda, 5.6% in India and
4.6% in KenyaFigure 2.3)(Vannevelet al, 2022. The same study reporté&&EDF in 0.2%
overall (14 of 7151, of which 10 (0.7%) of these women wegservedin South Africa)
(Vannevelet al, 2022. Furthermore, stilln South Africa, Hlongwaneet al. (2021)reported a
high prevalence of abnormdmA-RI (13.0%) and AEDF (1.2%) among lewsk pregnancies

acrosseight provinces this prevalence is around ten times teglithan the previous reports
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from developed countries. Hlongwane andwawrkers also recorded a higher prevalence of
about 32.1% in SGA infants who hadabnormalUmA-RI compared to 23.1% of SGA infants
with a normalUmA-RI. Another South African study bykosi et al. (2019)reported 11.7%

of pregnancies with an abnorma#mA-RI in a single study site iRretoria

Prevalence of abnormal UmARI globally and in South Africa
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Figure 23: The prevalencef abnormal resistance ind@ft the umbilical arterfUmA-RI) in
five lowr and middleincome countries in the Umbiflow International study

Adapted fromVVannevelet al. (2022

25 MATERN AL HIV INFECTION AND CHILD HIV EXPOSURE

The astern and southern African regismeeply affected by HIV, particularly adolescent girls
and young women. In 2022, women accounted for 61.0% 20a&Imillionpeople living with
HIV (PLHIV) in the region(UNAIDS, 2023).Women are at increased risk of HIV due to
poverty and gender inequalities, which deny them economic opportunities and control over
their sexualelations(UNAIDS, 2023). Around 1.4 million WLWH are estimated teecome
pregnant glbally each yeafChandnaet al, 2020Q. SouthAfricais one of thesouthermAfrican
countriesthat ishighly burdened with HIV infection, with womdmeing moreaffected than
men. In 2017the South Afrcan National HIV Survey reporteah &1V prevalence of 33.3%
in women aged between 25 and 49 years and 26.3% in women aged 15 to {Siydmgiet
al., 2019. In the same surveyplack Africanwomen(16.6%)werefound to bemore affected
than Coloured (5.3%), White (24) or Indians(0.8%) per overall prevalencé-urthemore

South African statisticseported that more than 1 invlomenof childbearing age lie with
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HIV infection (2019 mi-year population estimates) (Soutkfrican Statstics, 2019).
According to SuthA f r i Natoak Strategic Plan for HIV, TB and STIs 202022, HIV
infection in pregnant women was estimated at 30%, with a 1.8% rate (as of 2014) of mother
to-child transmission at siweeks inSouth Africa (SouthAfrican National AICS Council
2018). The WHO 2016 onsolidated guidelines on the use of antiretroviral drugs for treating
and preventing HIV infectiorurgesthe provision of ART to all PLHIV (WHO, 201§. The
UNAIDS global AIDS updateof 2023 reported that in 2022, 82.0% pfegnant and
breastfeeding WLWHwere receiving ART globally, with high coverage in eastern and
southern African countries (93.0%)NAIDS, 2023).Approximately 65.5% of South African
WLWH were on ART in 201,7and tke HIV viral load suppression (viral load below 1000
copies/mL of HIVribonucleic acid (RNA)indicating successful ART) had been attained in
69.0% of women aged 25 to 44 years and in 75.0% of those aged 45 to 4&Gyebheyiet

al., 2019. Consequentiallya high prevance of HIV serdiscordance among 415 mother
child pairs was documenteih which 90.2%of WLWH had children under 24 months with
negativepolymerase chain reaction (PC&atug(Simbayiet al, 2019.

Globally, abouB.4 million HIV infections in children were preventeliring pregnang, birth
and breastfeeding, withrogrammes for preventing HIVertical transmissionsince 2000
(UNAIDS, 2023) Malawi and Botswana havemarkably succeeded in reducidty vertical
transmission rates by 74.0% and 83.0%, respegt(UNAIDS, 2023).In South Africa, he
PMTCT programmewas reported to have reduced new HIV infecgan children born to
WLWH, evidenced bythelow HIV prevalence in the childrgi€handnaet al, 2020 Rossouw
et al, 2016 Simbayiet al, 2019. Nonethelesspver 1.2 million newborns are exposed to
matenal HIV infection every yeamworldwide (UNAIDS, 2023). Gobally, the populationof
CHEU is increasing The global statistics forthe population ofCHEU wasestimated ai4.8
million in 2018 and 15.4 nlibn in 2020, an increase of Ondillion (Slogrove, 202,1Slogrove
et al, 2020. About 90% (3.2 million) of these CHEUived in SSA, and ahd 25%in
Southern African countrie€Slogrove, 202;1Slogroveet al, 2020. Slogroveet al. (2020)
reported that &uth Africa had the largest percentage of 23.8%5 million) of CHEU
compared toother SSA countries (21 countries) with high HIV burden(Figure 24). In
Southern Africa, Buth Africa wasrankednumber 3among countries witkhe percentage of
CHEU exceeding 15% of the general child population (Figusg (&logroveet al, 2020.
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Figure 24: The2018global prevalence o€HEU perAfrican country
Figure 24 above shows thevie countriescontribuing to 50% d the 14.8 million CHEU
populationglobally for 2018

Adapted fromSlogroveet al. (2020)

Southern African countries with prevalence of CHEU
above 15% of the general child population
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Figure 25: Thefive Southern African countries wittprevalence o€CHEU beyond 15% of
the entire child populatiofaged 014 years)for the year 2018
Adapted fromSlogroveet al. (2020)

2.5.1 Maternal HIV exposure andpregnancy orbirth outcomes

Maternal HIV infection during pregnancy negativefffects pregnancy outcomeshe
development of the foetusa subsequentlhythe health of the childAltfeld and Bunders,
2016. Children born to WLWHexperiene adverse exposureshich includepre-and post
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natalHIV and ART exposure; these are wkllown and unique exposures @HEU, as well
as other common exposuresthat can potentiallyaffect child growth and developmental
outcomesundesirablyFigure 26) (Slogrove, 2021 Slogrove(2021) anl Malabaet al.(2021)
stressed @ even in the era of ART, WLWHIre stillexperiencingadoubled risk of adverse
birth outcomes such as IUGB SGA preterm and stillbirthor pregnancy lossHigher
prevalence of pretm births (18.6% vs 8.0%) and neonatal deaths (3.6%196) have been
reported in WLWH compared to their Hihinfectedcounterparts, respective{Zanlorbeet
al., 20195. In addition,neonatal anaemiaBW, SGAand liver tesabnormalities were reported
to be associated with ART @HEU (Delicio et al, 2018. Theconsequences of maternal HIV
infection associated withmmune activationand ART, which lead to adversgregnancy
outcomes andthehealth of theCHEU, are summarised in Figuref2adapted fromiltfeld and
Bunders (2016)The adverse birth outcomes may be consequential from the interplay between

maternal HIV infection and placental insufficiency.

Exposure

Inadequate Social and
breastfeeding structural
practices inequalitieg

Maternal
morbidity
and

mortalit

Adverse
birth

outcomes

e.g. IUGR

Perinatal
HIV
exposure

Perinatal
ART
exposure

Figure 26: The uniqgue and common risks for inadequate health, growth, antbdesent in
CHEU

AbbreviationsART: antiretroviral therapy; CHEU: HAéxposeeuninfectedchildren IUGR:
intrauterine growth restriction;
Adapted fromSlogrove (2021)
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Figure 27: The onsequences of maternal HIV infecti@latedimmune activation on
pregnancy outcome ar€@HEU

AbbreviationsMTCT: motherto-child transmission
Adaptedfrom Altfeld and Bunders (2016)

2.5.2 Maternal HIV infection and placental insufficiency

MaternaHIV infection stimulates inflammation amdtersthe maternal andoetalequilibrium
(Altfeld and Bunders, 2016It has been related to inflammation and dysregulation of placental
vasculogenesis (the new formation of blood vessels) and amgsig (the branching and
remodelling of existing vasculature), which ultimately alters platéatetion and results in
poorbirth outcomes such &8GR (Conroy et al, 2017 Weckmaret al, 2019 Yampolskyet

al., 202). A Canadian studyhat explored the effects of HIV on placental morphology
(alterations in placental shape, thickness, and/or weight) observed lower placenta weight (less
than 350gramg and reduced placental area in IW&WH compared tdhe HIV-uninfected
counterpart¢Sharmeet al, 2016 Yampolskyet al, 202]. Yampolskyet al.(2021)concluded

that maternal HIV infection and ART exposure modified placental morphology, resulting in
higher rates of abnormal (velamentous or rmedy cord insertion (35% in WLWHs 13%in
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HIV uninfectedmothers). Abnormal (velamentous) cord insertltas been associated with
IUGR encompassing LBW and SGRaisaneret al., 2012. Abnormal R on umbilical artery
Doppler examination have been reported to be common among South AWid&H (33.2%)
(Hlongwaneet al, 202]). A study that described Doppler findings in a cohort of fififécted
pregnancies in Spain reported 66.7% of Doppler abnormalitiesnvethed with maternal
andfoetal placental insufficiencyLopezet al, 2015. In the same study, tHeetal placental
insufficiency was reported to be 50.08&other study from France reported a higher incidence
of abnormal uterine artery Doppleraveformsof 16.8% amag WLWH than their HIV
uninfectedcounterparts (12.5%(Canlorbeet al, 2015. Nonethelessan observatiom France
showedthat pregnant WLWHexperienced the same rate of vaepldcental problemssa

womenwho were HIV-uninfectedCanlorbeet al, 2015.

2.5.3 Prevalence of ntrauterine growth restriction in HIV -exposel settings

Maternal HIV infection is reported to contribute to 5 to 10% of IU@dbal et al, 2010
Schlaudeckeet al, 2017. Studies have reportédlV infectionas one of théoetalrisk factors
for IUGR or SGA(Albu et al, 2014 Cambreaet al, 2013. Yampolskyet al.(2021)observed
that small placental weight and areaNibWH was associated WitSGA births, while none of
the HIV-uninfected women had SGA babies. In India, IUGR was found to be more common
in WLWH (9.9%) than irthe HIV-uninfectedcounterpart$5.0%) (Dadhwalet al, 2017. In
their study that assessed the percentageHEU bornwith a history of IUGR in Romania
Cambreaet al.(2013)reported 22.8% of IUGK CHEU, 11.4% of children with symmetrical
IUGR andabout 58.5% bSGA children. Lopeand ceworkers (2015) also observed a high
percemage (23.4%) of IUGR among WLWiA Spain.Converselyalow rate of IUGR (4.4%)
was documented in Brazil among WLWH between 2000 aAd5 (Delicio et al, 2018§.
Canlorbeet al.(2015)reported similar percentages of IUGED.&%6 vs7.7%) between WLWH
and HIV-uninfectedwomen, respectively, in Frande. South Africa, two studies havehown
thatpregnant®WLWH areat greater risk of IUGR thaheir HIV-uninfected counterparts (4.7%
vs 0.0% and..0% vs 0.0%respectively(Allansonet al, 2018 Bodkin et al, 200§. Another
South African study reported a higher risk of SAAiQg birthweightfor-gestationabge,
which werenot necessarily IUGR) ilVLWH than HIV-uninfected women (18.1% vs 156;
of which 16.6% th&GA children were reported to be sealgrgrowth restrictedjNdiranguet
al., 2012. FurthermoreNdiranguet al. (2012)added thathere werehigherodds forsevere
growth restriction in children born /LWH than children born tél1V -uninfectedwomen.

The prevalence of IUGR itne studies mentioned abaaed countries is summarisedrFigure
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2.8. The above studies defined IUGR as a birthweight below tHepgfcentile for GA. All

mothers were receiving ART.

The global prevalence of IUGR in CHEU

25,0%
20,0% o S
,0%

15,0%

10,0%
9,9%

Prevalence per country

5,0%

0,0%

India Romania Spain Brazil South Africa
Country

Figure 28: The global prevalence of intrauterine growth restrictinrHIV-exposed
and-uninfected children

26 POSTNATAL GROWTH AND LATER LIFE OUTCOMES OF
CHILDREN WITH A HISTORY OF INTRAUTERINE GROWTH
RESTRICTION

It is well documented that IUGR is associatedhwhitgher morbidity and mortality rates during
perinatal and neonatal periodgortality rateandcases operinatal complicationkave been
reported tde8.0%and24.4% respectivelyin children withahistory oflUGR (von Beckerath

et al, 2013.The IUGR is further associated with postnatal shahd longterm risks
detri ment al t odhealthc @hildred Wit hisgory of lWWGR areatrhigher risk

of longterm healthrelated consequences such as the increased risk of developing obesity,
diabetes mellitus type II, hypertension, and metabolic syndrome, because of changes in the
foetal nutritional environmen{Figure 29) (Salamet al, 2014. Literature has shownthat
Americanschildren witha history ofIUGR experience catetp growth ata higher ratethan
children withouta history of IUGR in the first 12 month§BMI: 3.58kg/n? vs 2.36 kg/n)
(Crumeet al, 20149. Crumeet al.(2014)added hat at the adolescencstage these children

have higher waist circumferendeigherinsulin, andlower adiponectin leveldn addiion,
Beltrand et al. (2009) reported thatcatchup growth in children with a history of IUGR
promotesrestoration offat storesat 12 months of agdt has been documented that children
bornwith a history d IUGR are likely to be stunted arad risk ofdevelopmental origmof

32



health and diseaq&igure 29) (Sharmaet al, 2016. Salamet al. (2014) stated that IUGR
leads to wasting and stuntirandestimations are that a fiftf stunted childreimave ahistory

of IUGR in developing countriesA high percentage (21.2%) dklayed growth in children
with ahistory oflUGR atage 12 months was reportiaediustriaby von Beckeratlet al.(2013)

In their study that focesion the effects of LBW and SGA (the assumption was that SGA was
due tothe pathological process of IUGR) on postnatal growth and nutritional status at 12
monthsBlakeet al.(2016)reported high rates of stuntingastingand underweight ifrilipino
children bornSGA/IUGR, as well as in cldren born LBW Padillaet al. (2010) observed
perpetual lower weight, length, aRL in intrauterinegrowth-restrictedchildrenat 12 months

in Spain Padillaet al.(2010)pointedoutthat childrerwith ahistory ofl[UGR had lower catch

up growth than their counterparts with@uhistory of IUGR; thidinding is contraryto the
findings of Crumeet al. (2014)discussed in this sectiom the South Africarlongitudinal
study that included a comparison of anthropometry measurements betvwefmts with
abnormal Rls rormal Rl Feuchtet al. (2021)obsered lowerfat-free mass (FFM) anéfFM
z-scores (FFM) at 6, 10, 14 weekandsix monthsin abnormal Rthannormal Rlinfants as

well asin SGA vs AGA children at agax months Additionally, lower mean WAZLAZ, and

HCZ werefoundin SGAthan inAGA infants atagessix weeksandtenweeks.On the other
hand,Mazaricoet al. (2016)reported similar postnatal growth outcomastfropometry and
body compositioh at 12 months of age betweehildren with and without history of
abnormal Doppler measuremeriteuchtet al.(2021)reportedsimilar FFM and FFMZ in SGA

vs AGA infantsat agetenweeks

Adult male and female

-Metabolic syndrome
-Type 2 diabetes mellitus
-Obesity
-Hypertension
-Stroke
-Renal disease
-Depression, bipolar disorder
-Cancer
-Poor cognitive performance
-Immune dysfunction
-Osteoporosis

Figure 29: The longterm health implications that children born with IUGR neyperience.
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Adaptedfrom Sharmeet al.(2016)

2.7 POSTNATAL GROWTH OUTCOMES OF CHILDREN EXPOSED

TO MATERNAL HIV INFECTION
Southern Africas highly burdened with HIV infectignwhich isassociated witlthe risk of
suboptimal growthin CHEU (Fowleret al, 2029. Severalstudieshave reporteghoor growth
outcomesamongCHEU compared to thel€HUU counterpartsA South Africanstudy that
evaluated growth trajectories of normal breastfed children reported higher levels of stunting in
CHEU than inCHUU at threemonths (9.0% vs 5.0%3%ix months (D.0% vs 6.0%)nine
months (8.0% vs 2.0%gnd 12 month$10.0% vs 4.0%]le Rouxet al, 2019. The South
African and Zambiarstudiesthat evaluated growth patterns@fEU vs CHUU in these two
countriesalsoreported higheratesof stuntingin CHEU (29.5%)thanin CHUU (23.3%) atix
months the rates were higher in the South Africhanthe Zambian cohort(Nyembaet al,
2022. In their recentstudy that comparedgrowth outcomes betwedPHEU andCHUU in
Malawi and Ugandafowler et al. (2022) reportedlower LAZ and WAZ amongUgandan
CHEU at12 and24 months ofage Further,high stunting underweight and wastimates were
alsoreported inMalawianCHEU andCHUU (Fowleret al, 2029. A similar previousstudy
by Aizire et al. (2020) reportedlower LAZ, WAZ and HCZ at 24months of ge among
Malawian and Uganda@HEU comparedo the CHUU. The stunting rate was highUgandan
CHEU vsCHUU: 29.8% vs 13.3%t 12 months and 32.3% vs 18.2% at 24 mo(Aiwre et
al., 2020Q. Additionally, therr longitudinal generalisedestimating equations (GEEhodd
indicated thaCHEU hada higher riskof stunting andHCZ compared to thetHUU control
group(Aizire et al, 2020. Anotherstudyin Ugandathat determined the relationship between
growth faltering and neurodevelopmémtL70 CHEU from birth to 18 months of ageported
58.0% stuning and 150% underweght in CHEU at agel8 monthgSirajeeet al, 202]. A
Nigerian study that comparedhe growth patterns of CHEU to CHUU reported higher
percentages of stunting (28.4%) and wasting (7.8%) amenQifEU compared to the CHUU
control groupat birth (Jumareet al, 2019. Jumareet al. (2019) further foundthat rates of
stunting(44.3% vs30.9% andunderweigh{15.8% v.2%) werehigherin thefirst 18 months
in the CHEU comparedo the CHUU. The multivariable longitudinal analysigerformedby
Jumareet al. indicated that the odds ofustting and underweightere highin HIV-exposed
settings Further, &enyan studylocumente@0.0% stunting iNCHEU vs 10.0% inthe CHUU
and lowerHCZ in CHEU at agenine months(Nearyet al, 202]). Thar multivariate analyis
showed that maternHllV exposure wakighly associated witstunting at different timpoints

and lover HCZ and microcephalgt nine months(Nearyet al, 202]). In Zimbabwe,Omoni
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et al.(2017)observedhatCHEU have pooregrowthwith higherodds ofstunting and wasting
thanthe CHUU counterparts thefirst 12 monthof life.

A pilot study in Suth Africa reported lover HC in CHEU compared totheir CHUU
counterparts atightweeks but no significant differences in teraidength, weight and BMI
between the group®Vhite et al, 2019. Another South African study reported significant
growth differences betwee®HEU and CHUU, with a stuntingrate of6.7% n CHEU and
15.7% inCHUU andboth stunting and underweight or wasting were observed in 3.4% and
1.7% ofthe CHEU population(Springeret al, 2018. Figure 2.106summariseshe prevalence

of stunting in four African countries: South Ada, Uganda, Nigeria, and Kenyas discussed
above.

The prevalence of stunting in CHEU from four African
countries

Prevalence (%) per country

5,0

0,0
South Africa Uganda Nigeria Kenya

Country

Figure 210: Sunting prevalence amongsiV-exposed anduninfected childremged under
24 monthsn four African nations.

Adapted fromle Rouxet al, 2019 Aizire et al, 202Q Jumareet al, 2019 Nearyet al, 2021

The compagonbetweenthe fourmentionedAfrican countriesshows thatSouth Africahad
thelowestprevalence of stunting HIV settingsin CHEU aged 12 monthw/hile Uganda had
the largest prevalence of stuntiimg CHEU atage 12 monthsNumerousanthrommetry
measwements and their indices andéores are globally used assessinghec h i growdhs
and developmentvhich enabldghe determination of the prevalence of nutrition deficits and
planning interventions. Thesee discussed in the next section.
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2.8 ANTHROPOMETRIC INDICES AND Z -SCORES FOR
ASSESSMENT OFGROWTH IN CHILDREN

Casadei and i€l (2020)defined anthropometric measurements as a sequence of numerical
body measurements, including bone, muscle, and adipose tissue, used to assgssmlody

and composition The body measurements include weight, height, skinfold riegk and
MUAC, and these anthropometric elements are used as indicators of nutritional status, more
commonly in the form of indicesveightfor-age (WFA), weightfor-length WFL), length

for-age (FA), MUAC-for-age andoody mass indekor-age BMI-for-age z-scores These

indices signify critda for diagnosing stunting (2SD LFA), wasting (<2SD WFL),
underweight (xSDWFA), overweight(>+2SDWFA) and obesity{>+3SD WFA)in infants

and young childrefCasadei and Kiel, 202&artoriuset al, 2020Q. Length is used in children

from birth to two years of age as they cannot standy, andBMI-for-age zscore(BAZ) is

used for children two years of age and ol@&bson, 2005Sartoriuset al, 202Q. Child under

and ovemutrition arewell defined using th&VHO Child Growth Standarddeveloped using

data collected in th&/HO Multicentre Growth Reference Study (MGR& WHO Anthro

Survey Analyserto generate -scores. The InternationalFoetal and Newborn Growth
Consortium for the 2L Century(INTERGROWTH21%) is a postnatal growth staaudi for

term andpreterm infantsThe zscoremormalse the data for age and sex. Thecore cuff

point foroverweight anabesityis WLZO+2 f or chi l dren undAr 24 m
Or2 for children older than 24 montfGibson, 2005Sartoriuset al, 2020Q. Wasting is defined

as a WLZ of <12 f or faghthinneksaseBAZ uonfd e<tild2endwo ry eca r s
years and older anstunting is described an LAZ o f  Sardriuset al, 2020. HC is
commonly useas an indicator of growtdind by proxy for neutogical development, in which

HCZ less thari 2 may indicate suboptimal brain growth and development.

Globally andn SouthAfrica, anthropometric measuremeitsd body compositioare used to

assess and monitorn f eamtds & oung chi |l dr ends Koetaametah and r
(2018)used WAZ, LAZ, and WLZ to assess the prevalence of underweight among children
under the age of five years in the Free StatgiRcte ofSouth Africa. The researchers pointed

out that the indices EA, WFL, HCZ and MUAC are critical anthropometric measurements

that, when not documented in the Road ®atkh book (RTHB), result in undiagnosed child
malnutrition (Koetaanet al, 2018. In their study,Lesiapetoet al. (2010) utilised the
anthropometric indices and th¢HO Anthro software version®2o determinegisk factors of

poor anthropometridatus in children under fivgearsin theEastern Cape and KwaZuNatal
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provinces. Another study bylaunderet al. (2015) generatecheightfor-age zscore HAZ)
scores and WAZising the WHOAnNthro software for 1 tdb-yearold children. Recently,
anthropometric measurements aheé WHO 2007 Child Growth Sandardswere used to
determine stunting, wasting and obesity among children less than fiveoje@é8artoriuset
al., 2020. A South African study byNyati et al. (2019) investigated the prevalence of
malnutrition and growth percentiles for urban South African children usingureraents of
the height, weight and zares derived through WHO 2006 Child Growttarglards (G 5

years).

A study that evaluated the relationship between prenatal Dagpsoundneasurements and
postnatal anthropometric measurements imbathold children with normal and abnormal
Doppler made use ainthropometry and body compositioreasurement@Mazaricoet al,
2016. Beltrandet al.(2009)also used similar anthropometrical measurements, includvzg B

for investigatinghe postnatal growth of childrebornwith a histoly of IUGR. FurtherBlake

et al.(2016)used LAZ, WLZ and WAZo assess children's growth and nutritional stafitis
SGA/IUGR. Lastly, HCZ, WLZ and LAZ were used in the assessment of growth and
neurodevelopmental outcomes in childbemnwith and withouta history ofIUGR (Padillaet

al., 2010, as well asn CHEU vsCHUU (Springeret al, 2018 White et al, 2019.

2.9THE INFANT AND YOUNG CHILD FEEDING P RACTICES AND
POSTNATAL GROWTH

According tothe Convention on the Rights of the Child, every infant and child is entibled
the right toproper nutrition(WHO, 202). Nonetheless, in many countries, children receive
inadequate and unsafe complementary feeds a&¥s4of child deaths arassociated with
undernutritionglobally (WHO, 202). Optimal Infant and Young Child Feeding (IYCF)
practicescan potentiallyprevent and managhild malnutrition ad reducedeaths othildren
underfive years of ageconsequentlgontributing to attainingDGnumber 3 and its target of
endng preventable deaths of children undive years by 2030. The WHO's 2016
recommendations on HIV and infant feeding advocate simieadifeedingpractices for
WLWH, together withcomplete support for adherence to ARVHO and UNICEF, 2016
Breastfeeding should begwithin the first hour of lifeinfantsshouldbe exclusive} breastfed
for the first six months of life, thecontinuedbreastfeedindor two years or longer with the
introduction of appropriate complementary foods at six monthshesabtfeedinghouldbe
on demandWHO and UNICEF, 2016 The optimum IYCHs attributed to the optimal growth
and developmeat outcomes.The present section covers IYCF and growth outcofoes
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CHEU and CHUU,and children born witla history of IUGR, as well aghe combination of
the two groupsThe South African study that evaluatédte growth of CHEU vs CHUU who
were fed a acidified starter formulan thefirst six monthsreported similaanthropometric
measurementthat demonstrad optimal growth ratesof CHEU andCHUU (Cooperet al,
2010. Another South African study blg Rouxet al. (2019) reportediow (45.0%) rates of
EBF amongCHEU andwere also reported toave higler rates of stunting and underweight
than theirCHUU counterpartsin Uganda,a low rate of breastfeeding aralhigh rate of
stunting and underweighitere documented IGHEU at different tine pointsuntil five years
of age(Fowler et al, 2022. The nadequate breastfeedingtes and poor growtbutcomes
with ahigh rate of stunting have been documeitgdizire et al.(2020) Pooretbreastfeeding
practicesn CHEU compared wittCHUU (1.0% vs 16.1%lhave been documented in Nigeria,
with CHEU havingseverely impaired linear and ponderal grotiignCHUU atagel8 months
(Jumareet al, 2019. A study in Kenyaobservedlower rates of breastfeeding and peor
growth inCHEU thanthe CHUU controk, andsuboptimalbreastfeeding was associated with

beingunderweigh{Nearyet al, 2021).

In the Philippines higher rates ofEBF have been reported in n@&GA children(93.5%)
compared to SGA childrg(86.6%) findingsweresimilar for continued breastfeeding to12
months andincreased cases of stunting and undggit were observedin SGA children
(Blake et al, 2019. The assumption was that low maternal educational attainment was the
contributing factor to low rates of EFBIn the same studythe univariablegeneralised
estimating equation&GEE) analysesndicated thathe odds of stuntinguringinfancy were
increased when infants weapoern SGA andfed with abottle orweremixedfed but decreasd

when infants werexclusivey breastfedAdditionally, themultivariableGEE analyseshowed
astrong correlation betweehe odds of stunting and thgpe of feedingasreported byBlake

et al.(2016)

These findings indicate tht there isan association between breastfeedimgcticesand
postnatal growth o€HEU and children born witla history ofIUGR/SGA. Thebreastfeding
practices in HIV settings sen to be inadequgtéhe next sectiorhighlightsthe breastfeeding

statistics

2.9.1Prevalence of breastfeedingracticesincluding in HIV settings
The benefits of breastfeedirtg the mother and the child despite HIikfaction are well

documented in the literatu(Binnset al, 2016 Kornides and Kitsantas, 201%/hitney and
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Rolfes, 2015 Having to kalan@ the risk ofmaternalHIV vertical transmissiomagainstthe
well-knownand documentelenefits of breastfeedirntas made thielealchoice of feeding for
CHEU complexin developing countrie§Cooperet al, 2010Q. Globally, the rate of EBRks
estimated at 44.0% for infants-@® months of age ovehe period of 2015 to 2020 (WHO,
2021). The WHO has set goal for at least 5@% and 700% of infants to beexclusively
breastfedby 2025 and 2030 espectivelyMaserekeet al, 2022 WHO and UNICEF, 2018
South Africais also committed to this goals evidencety government strategissipporting
and promoting breastfeeding; these includerévesed2007Baby Friendly Hospital Initiative
(BFHI) or Mother Baby Fiendly Initiative and the2011 Tshwane declaration of support for
breastfeeding bthe Minister of Health

The early initiation of breastfeeding has been documented to be higBo(® 1000%) in
SouthAfrica since 201ZBudreeet al, 2017 Dohertyet al, 2012 Gooseret al, 2014 Siziba

et al, 2015. A South Africanstudy reportedower breastfeeding initiation (4@% vs 970%)

in WLWH than their HIMuninfectedcounterpart¢Dohertyet al, 2012. The low percentage

of EBF has been reportedoglally and in $uth Africa. In the United States of America, the
percentage of EBF a&ix months is reported tbe 25.0% and in the United Kingdom, i
below 1.0%while 37.0% of infants aged belosix months are being exclusivdyeastfed in
SSA (Maserekaet al, 2022. In Uganda, theate of EBF has been reported to 3&0%
(Nabunyaet al, 2020. A high percentage (91.0%) of continued breastfeeding at 12 months
has been reported in Malawian CHEU, and 64.0% was noted in Uganda @mBilgFowler

et al, 2022. Lower rates of continued breastfeeding among CHEU than CHI9W% vs
86.299 were reported at age 12 monthsfgire et al.(2020)in their Malawian and Ugandan
study. Hgh breastfeeding rates in HIV settings were reported in Nigeria from birth up to 12
months with EBF estimated at 80.3% the first six months of life, although there was a
decline to 1.0% at 18 montifdumareet al, 2019. Suboptimal rates of breastfeeding among
CHEU (72.0%) vs CHUU groups (98.0%) were also documented in Kdlegyet al, 2021).
Chaudhuryet al.(2017)observed that 99.5% of CHUU and 9.0% of CHEU were ever breastfed

by the age of 24 montha Botswana.

In South Africa, the percentage of any EBFas estimated at 32.0%hich is considered
superior to earlier statisti¢Sayed and Schonfeldt, 202ZBhisanaet al, 2013. Nyembaet al.
(2022)reported lower rates of EBB2.0% vs45.0%)andhigher rates oformula feeding only
(62.0% vs40.0%)in the CHEU vs CHUU groupin a combined studin South Africa and
Zambia Budreeet al. (2017)reported that continued breastfeeding frérto 24 montts is
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estimated a14.4% in SuthAfrica. A SouthAfrican study byle Rouxet al.(2019)presented
comprehensive findings on feedipgacticesn CHEU vs CHUU. The study reportetligher
rates obreasteeding pacticesin CHEU thanin CHUU: 54.0% vs 15.0% of EBF sitx months;
93.0% vs 83.0% of ever exclusively breastfed, and the duration of EBF was a maxifGum of
months vsthreemonths, respectivelyNonetheless, the predomindmeastfeeding9.0% vs
22.0%) andduration of any breastfeedirfguration:6 months vs 11 monthsates:41.0% vs
51.0% at 12 monthpwere lowerin theCHEU vs CHUU. Lastly, martial breastfeedingnd early
weaningwere alsocommon inthe CHEU. The suboptimal breastfeeding practices may
translate into nutritionstarvation and risk of malnutrition. The 2016 South African
Demographic and Health Survegporteda high percentag€32.3%)of stuntingin infants
underthe age 06 months(National Department of Health (NiB1) et al, 201§ and this finding
may bedueto the low rates of EBF indsith Africa.

2.9.2Complementary feeding practices of infants and young children

Complementary feeding involves introducing liquids other than breasandllappropriate and
nourishing soft, semsolid and solid foods at age six months, when the infant'aagitully
developed to handle foods additional to breastmilk. The WHO 2023 guideline for
complementary feeding imfants and young children-23 months old recommends contzalu
breastfeeding to 2 years or beyond, intake of falknula or animal milk for nosreastfed

infants and young children, consumption of diverse diets and avoidance of unhealthy foods and
beverages, as Was nutriensupplements and fortified food prazts in settings where nutrient
requirements are not mé¢¢vHO, 2023hH. WHO recommendsntroducing complementary
foods at six months, as the breastmilk alom®tenouglanymoreo supply adequate nutrition

to the infantsConsumgpbn of diverse dietgcludes daily intake of anima&ourcegoods, fruits

and vegetables and pulsésants and young children should not be given foods high in salt,
sugar and trans fat€hild nutrition is a priority in South Africaand the countrjrasadopted
theWHO recommendations diWCF practicesAdditionally, the South Africang over nment 6 s
strategies to improv@fant and young child nutritioare in place antohclude therevised2013

IYCF policy, the2012 Regulations relating to Foodstuffs fofants androung Childrenand
the2012 Roadmap for NutritioT his isagreatstep tavardsachievingimproved child growth

and development, as well & SDGnumber3 and the goal number 2 targetesfdng all

forms of malnutritiorby 2030.NonethelessSayed and Schénfeldt (2028)intedout thatthe
necessityof complementaryfeeding has not receivecenough attentignthis was also

documentedat the global leveimore thana decade agdy Piwoz et al. (2003) These
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researchers stressed that efforts to promote and advocaigtifoal complementary feeding

have been insufficierats attention isigen tothe promotion and suppodf breastfeeding.

As children transition from breastmilk to a complementary diet, they are at a greater risk of
malnutrition, including stunting, which necessitates promoting and advocating for appropriate
complementary feeding practicéBlack et al, 200§. The inappropriate complementary
feeding practices may include early or late introductibfoodsand lownutrientdensediets.
Children introduced to complementary foods late in life are more likely to become obese as
adults (Sayed and Schonfeldt, 2020Also, in HIV settings, early introduction of
complementary dietsnixed with breastfeedingnay increasdhe risk of maternalvertical
transmission of HIV.In South Africa, it is usual tointroduce foods odrinks other tha
breastmilk oiother milk at an early age. The evidence from different studies showed that in the
first month 2.6%o0f infantsstopped breastfeedimgpmpletely(Patil et al, 2015, about17.0%

of infantswereintroduced to foodSizibaet al, 2015 and CHEUwere intoduced to water
(91.0% and mabelle or maize meal soft porridge (83.7%) from as early as 16 weeks
(Tshiambaraet al, 2023. A high percentage of infant84.6%) are introduced to foodstuffs
before age six months (Seonandan and McKerrow, 2Q16shiambaraet al, 2023. The
common food items introduced to South African children are maize meal poouhyeerdal

infant cerealwater, gripe wateyrooibos teasoft drinksandsugar wate(Budreeet al, 2017
Faberet al., 2016 Patil et al, 2015 Tshiambareaet al, 2023. In their review,Sayed and
Schonfeldt (2020¢oncluded that the diets of South African children are lacking in variety and
do not match the standards famaimally acceptable dieT.hese may be the leading cause of
high (27.0%) rates of stunting for childremnderfive years(National Department of Health
(NDoH) et al, 2018. Inadequate nutrition causes not only stunted grobih also

neuralevelopmerdl impairmentsdue to nutrienteficiencies.

2.10 CHILD NEURODEVELOPMENT

Neurodevelopment is defined as the development of the neurological pathways of the brain,
which sway functioning or performance, including social skillspéitte or focus skills, ability

to read and intellectual functioningTognini, 2017) Tognini (2017) describes brain
development as a complex process that startise early weeks of pregnancy. The first 1000
days, referred to akecritical period br neurodevelopment, offer the windows of opportunity

for remodelling neural circuits based on response to experi@uagnini, 2017. Brain

development and function involve learning, communication, relating to people, vision and
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hearing, andhe use of hands and fingers. These are also known as 1) motor development and
skills, which relateo thedevelopment of muscles and bones of the child and the skills to move
and coordinate the muscles and manipulate the environment. Motor development is divided
into fine, referring to movements of small muscles such as hands and fiageski(ls of

holding a pencil), and gross motor development relating to movements of large muscles such
as arms, trunk, and legs.g.kicking, throwing, walking and standing alon@Yijnhoven et

al., 2009; 2) aognitive development involving memory, reasoning, intelligence, information
processing, and sustained attenti8h communication or language development involving
sounds, gestures, words, and sentences. Language development is divided into expressive
(involving asking questions and for objects, answering, and describing events) and receptive
language (understanding spoken words)d 4) relating to responsive belwr. Child
neurodevelopment progresses throughout growth and development, and at each stage or age,
there are developmental milestones that the child must perfdreninabilityto perform age

related activities may be an indicator of delayed neurodewedop

The iterature describes IUGR, GA, HC, and abnormal Doppler measurements as the impartial
contributing factors of child neurodevelopmern{Baschat, 2011 Therefore, the
neurodevelopment of children with aforesaid prenatal medical corglbioabnormalities

should be prioritised. It is of great importance to detect neurtmmwental deficits earlier in

life, and there are validated methods for assessment and monitoring of early child

neurodevelopment.

2.10.1 Neurodeveloprant of children with a history of normal or abnormal Doppler and
intrauterine growth restriction

Intrauerine growth restrictiors an imperative risk factor for impaired child neurodevelopment
(Baschat, 2011 It is mentioned thahtrauterinegrowthrestrictedchildrenare predisposed to
major and subtle neurodevelopmental limitati®lsarmeet al, 2016. According toMiller et

al. (2016) IUGR leads to foetal hypoxia and subsequently brain sparing (Figure il
associated witllecreased volumef total brainand cerebral cortexalong withalteredbrain
structureand function Figure 2.12). Further, Miller and colleaguestated thathe timing of

the onset and magnitude dUGR, as well as theGA at birth, determine the

neurodevelopmental outcomes.
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Brain sparing

S NENAN 7

Characteristics . _C_ause Functional deficits
-Asymmetric growth PIaceqtaI msufﬁmenc;andfoetd -Abnormal behaviour and
-Raisedumbilical/cerebral | | hypoxiacause an adaptive attention deficits
pulsatility index. fﬁédt;?;iscmar redistribution to suppof -Motor and cognitive impairment|

Figure 211: The characteristics, cause and functibdeficits of brain sparing in children

Adaptedfrom Miller et al.(2016)

Brain structure alterations
-Reduced head circumference _ _ _
-Decreased volume of total and grey Brain functional alterations

matter . -Poorcognitive am learningskills
-Decreased hippocampal and ] )
cerebellar volume -Poorgross and fine motor skills

-Decreased total number of cells -Abnormalityin behaviour
-Reduced myelin content and delayed

myelination

-Thinning cortex with altered

gyrification

Figure 212 The common alterationa brain structure and functioof intrauterine growth
restricted children

Adaptedfrom Miller et al.(2016)
Theevidencebased on theystematic reviewf early childhood neurodevelopment following
IUGR indicated that children born with a history 8GR were at risk for poorer
neurodevelopmentalutcomes from 6 months to 3 years of fdgevineet al, 2015. Another
systematic review biylurray et al. (2015)showed that intrauteringrowthrestricted children
had lower neurodevelopmental assessment scores than théid@Bncounterparts between
1 month to 12 years of ageross all neurodevelopmentidmains there was anndication
that IUGR intensifies the risk of delayed developmemhe evidence for impaired
neurodevelopment following placental insufficiency demonstrated abnormal motor
developmental outcomsén children witha historyof IUGR age&l 24 monthgBaschat, 2011
Bekedanet al, 1985. Additionally, theliteratureshowed that children who hath abnormal
Doppler were known to have lower scores for attention capacity, motor skills and social
interaction(CruzMartinezet al, 2009. Children withahistory oflUGR andborn prematurgi
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are mostly affected by an abnormal delay in neurological and motor develofiasohat,
2011J). ConverselyPadillaet al. (2010)assessed and compared neurodevelopmental outcomes
among preterm children aged t#nths with and withou& history of severelUGR and
reported no significant difference between these groups. As menéiboeel the determinants

of neurological and developmental impairmentimrauterine growth-restricted children
include bodyweight HC, GA at birth and waveforms of tladnormal umbilical and middle
cerebral artery blood floyBaschat, 201;lvon Beckerathet al, 2013. One studyobserve

that postpartum HC growth is a predictor of greater gross motor skills in male childcen age
24 months but not for fineotor and cognitive scoréBupontet al, 2018. The cephalisation
index (the ratio of the HC/brain to body weight) was reported to influence brain development.
The high cephalisation index was refgal to be common amordhildren witha history of
severelUGR, and it was associated with brain vulnerability and severe psychomotor delay
(Harelet al, 1985.

2.10.2 Postpartum influence of maternal HIV infection on early childhood
neurodevelopment

Thefindings of theSouth Africanstudy byWedderburret al. (2022)indicatedthe likelihood

of negative effects ahaternaHIV exposureon early structural brain developmesft CHEU.

In the same studysmall volumes oftotal grey matteand caudatewere reported in CHU
compared to theiCHUU counterpart¢Figure 2.13 (Wedderburret al, 2029. MaternalHIV
exposure pw children at risk of biological factors that ultimately affect their mental
development(Sherr et al, 2014. A South African stdy reported lowneurobehavioral
functioningamong HI\texposed neviborns(Renckenet al, 2022. Further,South African
CHEU and ARTFexposedchildrenwere found to have higbdds of receptive and expressive
language delays &4 monthsof age(Wedderburret al, 2019. Lower child developmerat
and vocabulary seces were reported inZimbabwean CHEU compared to theilCHUU
counterparts at ag& monthsvho reside in rural aregbltozini et al, 2020. A Kenyan study
reportedpoorer longterm neurocognitive outcom&s CHEU thanin CHUU (BenkiNugent

et al, 2029. In CanadaYounget al.(2022)found that CHEUhad lower neurodevelopntal
scoreghanCHUU. In addition,CHEU exposed to AR were also found to have suboptimal
cognitive and motor development compared with tA&TT -unexposegeergMcHenryet al,
2018. Association betweem utero ART exposureduring pregnancyand higher risk of

neurologic abnormalities in CHElAs been documented in the literaii@esowell et al., 2020.
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One metaanalysis reported thatCHEU and HIV-infected children had poorer
neurodevelopmental outcomes, mainly cognitive and motor development, compared to their
CHUU counterpartgMcHenryet al, 2018. A study onthe assessment of cognitive, motor,

and language in Indonesian Hinfected children aged-86 months reported lower scores
than theCHUU group(Apsai et al, 2029. Budiapsari and Supadma (20Z3owed that HIV

i nf ect e dpedommarcehrcagmti®es motor, and languag®mains is determined by

their CD4 level,age, ART duratiorand householdocioeconomic statu€®ther stuées have
indicated that HIV-infected clidren face a double rate of neurodevelopmental delays
compared tdheir HIV-uninfected counterpar{&andawasvikaet al, 2011 McHenryet al,

2018.

Nevertheless, studies hangportedsimilar neurodevelopmental outcomes between Cldadl
CHUU. In Zimbabwe and Zambialandawasvikaet al. (2011) and Ngomaet al. (2014)
observed no differences in motor, cdgr@ and language development betw&HEU and
CHUU at ags 12 and 15 to 36 months, respectivélySouth African study reported that
cognitive, motor and language development did not differ betvwzg#nU andCHUU at 12
months; however, there were minor differences in vocalisation and languagjeheent,
which decreased in mo§&HEU (Springeret al, 2018. Springer and cevorkers concluded

that assessment o€HEU should bedone routinely includingt 18 months. Another South
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African study byWhite et al. (2019)reported no differences betwe®HMEU andCHUU at

three mortts regarding expressive and receptive language, gross and fine motor skills, relating
and response behaviour, and play activifiésny factors, other than HIV exposure, contribute

to delayed child development and these include poor feeding practicesadeduate intakes

of micronutrients.

2.10.3Prevalence of neurodevelopment deficitsn HIV -exposedchildren who hada
history of intrauterine growth restriction

It has beerestablished in the literatutkatpre- andpostpartunHiV exposureand IUGR are
independent riskactorsfor poor neurodevelopmental outcomesearly childhood and later
life. The Canadian study that compared neurodevelopmental outcomes repbiitgter
(30.0%)prevalence of developmental delagsCHEU than CHUU group(13.4%) (Piskeet

al., 2019. Severeadelays in motor (14.3% and 28.6%) and cognitive development (40.0% and
60.0%) were observed in 18 to 72 months old CHEU and-iHfi&tted children in the
Democratic Republic of CongoespectivelyfVan Rieet al, 200§. A Botswana studyfound
similar poor neurodevelopmentalutcomesamong24-monthold CHEU vs CHUU, using the
Bayley Scale for Infant and Toddler Development (BSIMIp (Chaudhuryet al, 2017%. In
South Africa, the study that useBSITD-IIl to assess and compare developmental outcomes
amongCape TowrCHEU vsCHUU at age 12 mon#found thata higher percentage of CHEU
had pooer languageoutcomes (28.0%s 18.0%)than their counterpartshonethelesshoth
groups hadimilar percentages withsimilar poor motor outcome (6.9% vs 5.288pringer

et al, 2018. The same study showekat mae of CHEU hadmacrocephaly than CHUU
(13.8% vs 5.5%]Springeret al, 2018. Nonetheless he follow-up cohort study at ages 2 to

3 years by Springer et al. (2020) found no significant differenceanguage, motor and
cognitive developmental domairetweenthe CHEU and CHUU.Le Rouxet al. (2018)
observed delayed mot(®.0% vs 5.0%and cognitivg10.0% vs 5.0%j)levelopment domains
according to BSITBIIl, among South African CHEU compared with CH@ided 12 to 18
months respectively.Additionally, delayd neurodevelopment in domains sicialisation
(19.5%), language (9.8%) and motor skills (7.3%) were reported in South African CHEU with
low-incomebackgroundgDe Beeret al, 2020.

A study that investigated the assdmns between foetal Doppler parameters and
neurodevelopmentalethy reportedthat 52.8% of children with a history of IUGRad
neurodevelopmental delat two yearsof age(Baschatet al, 2009. Von Beckerathet al.

(2013)reported higher percentages (24.7%) of neurological impairment among children with
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a history of IUGR; aboul13.7% had a delay in psychomotor, 11.6% had delayed cognitive
development]15.1% and 8.9% had a delay in language and impaired vision, respectively.
Lastly, the study that evaluated the impact of IUGR on early neurodevehdpinoetcomes of

18 to24-monthold children stated that 35.4% and 13.4% of children born witistary of

IUGR had moderate and severe neurodevelopmental delays, respectiSalydirabig Al -
Qashatet al, 2018§.

2.10.4 Importance of early assessment of child neurodevelopment and assegs
techniques

It is well notedthat about 43% of children do not develop to their full potential globally
(Chandnaet al, 2020Q. Early neurodevelopmental assessmeamiich diagnose developmental
dowrsides earlier, calead towards correction theretffrough neurological physiotherapy
related interventions to ensure optimal development of the child. Late detection of
neurodevelopmental impairment may result in permanent damage since some delays may be
irreversible after the critical windoperiod of neurodevelopment. Thistical window period
involves a rapid increase or growth of brain volume, which reaches adult size at about 24
monthspostpartun{Dupontet al, 2018 Saccoeet al, 2015. Therefore, the assumption is that
the external stimulus can promote brain @elepment to achievethe desired child
developmental outcomeBadillaet al. (2010)stated that neurodevelopmental impairment in
childrenwith a history ofIUGR, mainlythose born premature, must be detected earlier in their
lives to ascertain early interventionsn LMICs, early diagnosis of neurodevelopmental
setbacks and appropriate intervention results in improved developmental aaittaihgoung

children, including those exposednaternal HIV infectionEngleet al, 2011).

The Bayley Scale for Infant Developmesgcond editiofBSID-11), BSITD-11I and Griffiths
scale and International Guide tdonitoring Child Development (GMCDO(screening toolare
tools commonly used for child neurological and developmental examindBaytey, 1993
Bayley, 2006aGortneret al, 2003 Padillaet al, 201Q White et al, 2019. There are three
editions of the Bayley test, namely BSICBSID-1I (Bayley, 1993 and BSITDIII (commonly
known as Bayleyll) (Bayley, 2006peditions and each edition is the revision of the previous
version. The revision of BSITI included developing five specific testognitive, language,
motor, socialemotional and adaptive behaviour tests, while BBI@nly included three tests
viz. mentd, motor and behaviouests(Albers and Grieve, 20Q'Bayley, 2006k. These tests
have been positively used in many studies thave assessed and anitored infant
developmentPadillaet al. (2010)andvon Beckerattet al. (2013) utilised BSIDII in their
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study that assessed the infant stéeHammgremith i v e
Infant Neurological Eamination HINE) for neurological examination. It was noted that the
BSID-Il, Griffiths scale and HINE test could not demamstrae the differences in
neurodevelopmental outcomes in children witfistory oflUGR (Padillaet al, 201Q. Dupont

et al.(2018)employed BSITDIII in their study to evaluate infant cognitive and fine and gross
motor development at 24 montbsagein Canada. ASouth African study also used Bayley

Il to assess and compattescognitive, motor and language developmenCsfEU vsCHUU
agedl12 monthgSpringeret al, 201§. The literature underscores that cognitive testintsski
of young children with Bayleyil weredifficult as infants show a wideanging variability of
behaviours; therefore, the tests are likely to give different r¢fulfzontet al,, 2018. Further,
Reuner et al. (2013) noted that Bayleyll overestimated motor performancgcores,
particularly in young childrerBayley1ll can be used together wittMCD, a novel method
for monitoring and early detection of neurodevelopmental d€Bstem et al, 2009. The
GMCD has been used in a South African pilot study amdfig&iU vsCHUU by White et al.
(2019)

2.10.5Correlations between child feeding practices, nutrient intakes and
neurodevelopment

The human brain's structural and functional development is largely supported by nutrition
hence,n the first two years of lifea period of rapid growth and developmetfe brain is
particularly susceptible to inadequate nutrit{@mjos et al, 2013. Proper and appropriate
feeding practices may ensure adequate child nutrition, ammhsequently, desired
neurodevelopmental outcomesThe effects of infant feeding practices on child
neurodevelopment have besrarcelydocumented in the literaturEidelman (2013showed

that human breastmilk has a positive effect on child neurodevelopment probably due to its
composition which includes thyroxine hormonesl dat, mainlycholesterol (myelin)which

are essential for neurodevelopme@handnaet al. (2020) recently documented that an
improved IYCF program was associated with better motorguage, and cognitive
developmental outcomagen coupled with improved water, sanitation, and hygiene (WASH)
among ZimbabweafHEU aged 24 monthddowever, it wasindicated that there was no
evidence othe impacts ofYCF alone(Chandneet al, 202Q. Further,Rochatet al. (2016)
reported thaEBF and its duratiomverenot associated with codive developmentn South
African children aged 7 to 11 yeasssystematic reviewoy Mohammecet al.(2022)showed

that there waso association between breastfeeding and cognitive dewelopn sub-Saharan
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African children The South African study bg Rouxet al. (2018)indicated thaCHEU may

be at high risk for cognitive and motor delay regardless of breastfeeding

Johnet al. (2017) stated that nutritional deficiencies are the major contributors to delayed
neurodevelopment in LMICs. The suboptimal infant feeding prestinay be the leading cause

of nutritional deficiencies, particularly iron deficiency, whibhs beerdocumented to be
common in HIV settingsDewey and Vitta (20133howed that the comginentary diets of
developing countries are poor in iron and ziflbe association between iron deficiency and
neurodevelopment have been well documented in thetliter@&ngleet al, 2007 Hamadani

et al, 2012 Juulet al, 2019 Lozoff, 2007 Palaet al, 201Q. Inadequate iron and zinc intake,
through either breastmilk or diet, during a critical period of rapid development adversely affect
infant neurodevelopment by impairing cognitive and moewetbpment. The evidence from
animal models studies showed that during critical windows of development of the brain, lack
or little iron results in alterations of neurotransmission, epigenetics, myelination brain
metabolism(Tranet al, 2009 and programming, neurotransmitter synthédisilet al, 2019

and neurotransmitter functiofolimanet al, 2014. Zinc plays a central role in neuron
formation, synapse generation, amégration, all involved in neurodevelopmetius zinc
deficiency has been linked to poor cognitive and motor development in chifdugrs et al,

2013. Trial studies onzinc supplementation providevidence ofa positive association
between child zinc supplementation and matkitlls and neuropsychologicaperformance
(Johnet al, 2017%. Bougmaet al.(2013)showed that mild ahmoderate zinc deficiendgads

to delayed cognitive developmentodine deficiencyhas anegative outcome orhe
neurodevelopment (cognitive) of children throulgipothyroidismeffect on theneur on 6 s
structure and functiorfAnjos et al, 2013. The negative impact of iodine deficiency on
neurodevelopment is via interference witie synthesis ofthyroxine and triiodothyronine
hormonegJohnet al, 2017.

The study that determined thesaciationetween racronutrientintake of breastmilk and
brain developmenamong verypreterminfantsreported thatrifantswho had highenergyand
proteinintake had large total brain wohe cortical grey matter, and white matter volu(Bell

et al, 2029. Georgieff (2007)used experimental evidence to show a relationship between
proteinenergy intake andorticalgrey matter, indicating that tleertexis sensitive to protein
energy malnutritionlt was also reported Belfort et al.(2020)that highintakes obreastmilk

fat and energyorrelatel with largeweight, fat mass, and fdtee mass, and high breastmilk

protein intakecorrelatel with largelengthin preterm infants. Greater length and weight may
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have a positive influence areurodevelopment, and convdysdower length or stunting may

have anegative impact on neurodevelopment.

2.11THE AETIOLOGY OF ANAEMIA

Anaemia remains a public health concern and the most common cause of illnesses and deaths
among children(Osterbaueret al, 2012. It is a haematological abnormalitgondition
characterised by insufficient number of red blood cells or their oxygen carrying capacity to
meet phym®logical need¢Newhallet al, 2020. The depleted body stores, particularly during
the period of intense growth ichildren, and inadequate nutrient intakesssibly due to
suboptimal feeding practices, result in anae(Weng, 2017. Literatue has showithat he
aetiology of anaemig multifactorial and uncertaingven in settings of HIV infection and
exposure, as well as backgrounds of poarutrition (Balarajaret al, 2011 Duffy et al, 202Q
Prendergastt al, 2019. Findings of the study bRrydenPetersoret al. (2011)showed that
child in uteroand postnatal exposure to matetmghly-activeART (HAART) andinadequate
feeding practices strongly incredséhe risk of anaemia.Nutrient deficienciesincluding
vitaminsA, C, Bz, iron and folateresulting froman inadequate diet, cause nutritional anaemia
Iron deficiency is the common nutritional cause adeamia in South AfricdDorsamyet al,
2022 Tunkyi and Moodley, 2018 Other risk factors odnaemia include infections such as
HIV and tuberculosis, which cause anaemiachronic diseases, as well sisle effects of
antiretroviral therapyTunkyi and Moodley, 2015 According toWHO (2023a) nutritional
deficiencies particularly iron deficiency and infectious diseases including lhé,the most
commoncause®fanaemiaPhiri et al.(2008)observed HIV as a crucial risk factor for anaemia
in children aged 6 to 60 monthsdditionally, other risk factors of severe anaemia in children
are low GA at birth and low household income and maternal and@métoPatronet al,
2018 Wong, 2017.

2.111 Prevalence ofmaternal and child anaemia

Anaemiais a major global health concern, particularly affecting women and young children.
Globally, it affects 30.0% of women of childbearing age, 37.0% of pregnant women and 40.0%
of young childrer(Juulet al, 2019 WHO, 202%). The LMICs are heavily affected, with 106
million women and 103 million children beingnaemicin Africa (WHO, 2023¢. The
prevalence of anaemia wésund to be higher in IndialVLWH than in HIV-uninfected
mothergDadhwalet al, 2017.
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The highest prevalence of anaemia.(?6) has been documented in Sub Saharan African
children aged 6 to 23 montt{PrietoPatronet al, 201§. In Brazil, Delicio et al. (2018)
reported a 25.7% dhe incidence of anaemia in Hihexposedininfectednew-borns, which

was associated witthe use of nevirapind®uffy et al. (2020)reported 53% and 210% of
prevalence of moderate and severe anaeraspectively, among 6 to 8onthold HIV -
infected and HIVexposedvlozambicarchildren. In Botswana, 7.4% of CHEU abgketween

0 and 6 months were found to have severe anaemia, and six infants (0.3%) were assumed to
have succumbed teevere anaemiéDrydenPetersonet al., 201]). In South Africa, the
prevalence ofanaemiain women and children has been reported as 28.1% and 61.3%,
respectively(Tunkyi and Moodley, 2018Turawaet al, 202J. Also, as of 2019, WHO
documented that 44.4% of South African children were ana@ittO, 20233 Another study

by Rothmanet al. (2018)reportedthat 36.4%of children aged six months were anaeinic
South Africanperiurbanareas. In contraso the highprevalence of anaemia in CHEU, the
Ugandan crossectional study findings imchted that CHEU had lower possibilities of
anaemia thatheir CHUU counterpart@sterbaueet al, 2019.

2.11.2 Childhoodanaemia and association with growth and neurodevelopment

Wong (2017)had stated that iron deficienapaemiadn children is a global health concern as
it can lead t@oor growth andheurodevelopmental impairmeRrendergastt al.(2019)noted
that amaemia coincide with stunting and the two are major risk factofsr impaired
neurodevelopmen children.They furtherarticulatedhat cases of anaemia and stuntirege
higher in CHEU tharin CHUU. Shorter length and reduced growth haverbeeported in
children with iron deficiency anaemia, amdprovementsvere observed following treatment
with iron therapy(Solimanet al, 2009. An animal study byFrethamet al. (2012) provided
evidence that anaemia has iareversible effect on neurological developmefhaemia in
children has been positively associated with irreversible cognitive impaiffPeetoPation

et al, 2018. The study that assessed the effect of iron deficiency anaemiehitth
neurodevelopment usingayleyll observed lower mean mental and psychomotor
developmental indes among children with anaemia and those wvatprevious history of
amaemia compared to their control counterpart grgigkamaet al, 2003. In the same study,
poormeanspeech development quotiemisre observed in anaemic settings, usivegEnjoji
Scale of Infant Analytical developmerAn American study byYang et al. (2021) that
evaluatedthe association between anaemia and neurodevelopmental disorders among US

children observed that anaemia wastively associated with developmental disordarsong
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anaemic childrerin UgandaSsematat al.(2020)reported deficits in cognitive, language and
motor domains usingayleylll in severelyanaemic childreminderfive years.Nevertheless,
Rothman and colleagug2018) found noassociations lieween anaemia and psychomotor
development scoras South African children

2.12CONCLUSION

South Africa has ahigh HIV prevalenceamong women of childbearing aged a high
percentage of LBW and SGrew-borns The present literature showed thdGR andante-

and postnatal HIV exposure areindependent risk factors for suboptimal growth and
neurodevelopmentahpairment Many international and locatudies have documentatiigh
prevalence of poor growth and developta¢delay in either IUGR or HIAéxpose children
AlthoughlUGR resulting from placental insufficiency has been inadequately documented, and
the subsequent adverse effects on postnatal growth and neurodeve)otraemtailable
literature provideevidence thalUGR poses a threattbechilddb s ear |y gr owt h,
health, and future complications related to-4sommunicable diseases originating from early
deprivation of adequate nutritiobow length measurement for agad delayed development
were the mostommonly reportedleficits inchildren withan lUGR history, as the literature
emphasisedMaternal HIV infections thought tonegativelyinfluence prenatal and postnatal
growth and neurodevelopment outcomkastly, the prevalence of anaemia childrenis
reported to be high glodgland in South African settings, with the CHEU group being at
increased risk. Anaemia has been documented as a risk factor for stunting and poor
neurodevelopmenthe present literature indicates the need for the study on early assessment
of growth, neurdevelopment and anaemia to inform clinicians and enable early detection and

interventions.
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CHAPTER 3: METHODOLOGY
3.1 INTRODUCTION

This chapter covera detailed description of the study segtistudy population, study design,

sample size, ethical considerations, and metheddfor data collection and their validity and

reliability. The information orthe data analysis methodsedand data management is also
included.

3.2 STUDY SETTING AND POPULATION

The UmbGodisa study is a followp to the Umbiflow International stugdyhich determined

the prevalence ofbnormal UmARI, as well asAEDF, in unselected, lowisk obstetric
populations at 28 34 weeks' gestation in Ghana, India, Kenya, Rwaadd $uth Africa,

using a single screeni ngouthAftich the gregnand wdmerd | o wE
receivingantenatakare at Laudiom Community Health Centr@CHC) were recruited from

March 2019 to March 2020. The Umbiflow International studylusprospective cohort study

design and the local 8uth African site recruited 1421 mothers during pregnancy, irrespective

of the maternal HIV status, with subsequent grouping intorlekv Umbiflow (Rl < 75"

centile) and highh i sk Umbi fYcentile).( RI O 75

In order to expand the study populatiorGHEU with abnormal UmARI indicating placental
insufficiency, the UmbGodisa studyalsoenroled participants from the Siyakhula study for a
onceoff visit atthe age of 18 months. The overall aim of the Siyakhula sitabto assess
factors affectingfoetal and infant immunity, grow, and neurodevelopment in HI\and
antiretroviratexposed uninfected children, with the study proceslwery similar to the

UmbiGodisastudy and with pregnancy Doppler data also available.

All patticipants from the two studiesowcombined into the UmKodisa study, erefollowed

up at the University of Pretoria's Research Centre for Matdfpata] Newborn and Child
Health Cae Strategies and South AfricktedicalResearch Council (SAMRCGMaternal and

Infant Health Care Strategies Research Unit, located at Kalafong Provincial Tertiary Hospital,
SouthWest Tshwane, Gauteng Province. Thealg population comprise@HUU and CHEJ

aged 18 monthisornwith and withouta history of IUGR as a result of placental insufficiency

as indicated by abnormal UmRI on Umbiflow™ Doppler sceening during pregnancy

The inclusion criteria of the Umlbdw International study were¢he low-risk singleton

pregnancies (as per South African basic antenatal care (BANGI s ) gui del i nes) |
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weeks 0 days dcaysestidmat enrelmdntsn women who were expected to
give birth at Laudium CHC, Pretoria West Hospital or Kalafong Pimal Tertiary Hospital

to facilitate followup of birth outcomes. Exclusion criteria included multiple pregnancies,
women expected to give birth outside the study area, and lack of infoonednt for any
reason. The UmKliodisa exclusion criterinad mothers with unknown HIV status, mothers
under the age of 18 years, inability to obtain informed consent, children older than 21 months
at the time of the studyisit, and babies with chromosomal or structural abnormalities or other
severamedical conditionsLastly, SiyakhulaWLWH, who had abnormal Um:RI at 28 to 34
weeks of pregnancy, wascluded in the Umltsodisa study Written informedconsent (Annex

A) wasobtaired from the mothers befonmgclusion in the Umliodisa study.

3.3 STUDY DESIGN

The presendlescriptive crosssectional study exploragte growth ad developmental outcomes
of 18-month-old children with abnormal UmA&RI as a marker for IUGR compared to a simila
group of children with normal Um&RI, as mediated by maternal HIV infectiond&re 31).
The study desigwas choseibecause this was aservatnal studyand mothefinfant pairs
wereonly followed up once at 18 monthsing the availablerpgnancy and birth information.
The descriptive crossectional domain alloedthe classification fothe prevalence of growth
and developmental outcomes betwdaHEU and CHUUpopulations with and withoua

history of IUGR resulting in achieving the secondary study objectives.

/At 28 - 34 weeks of ) /At birth ) /Postnatalr at 18 )
pregnancy Aborn IUGR months: child
Alnitial Umbiflow™ AHIV exposure assessment
screening (Rl and AAnthropometric AOutcome variables:
risk classification: measurements of the anthropometric
abnormal or normal child at birth indices, neurological
Doppler) AMaternal health status development and
anaemia
APerinatal and medical
diagnoses
- J o 4 o J

Abbreviations: [IUGR: Intrauterine growth restrictiomRl: resistance indeX8GA: small for
gestational age

Figure 31: Flow diagram summarising the background of the present study
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The double exposumgroup involvel CHEU with abnormal UmARI (CHEU/AbN-RI) and
CHUU with normal UmARI (CHUU/N-RI) servel as thecontrolgroup

3.4 VARIABLES

The mainoutcome variables are shownHigure 3.2

_ Outcome
- Foetalin utero variables

Main
variables

- Child anthropometric
indices

growth restriction
(abnormal - Child neurological
Doppler) development

- Prenatal and
postnatal child
HIV exposure
status

- Maternal and child's
haemoglobin and
anaemia status

Figure 32: The mainexposureand outcome variables measured in the study.

3.4.1 Modifiers
A. Infant feeding practices includingreastéeding over 18 months: duratiom BBF,
supplementarpreastfeeding, cessation of breastfeeding, the timitigeahtroduction
of complementary foods, and the child dietiatgake of iron, zinc, and iodiret age 18
months.

B. Maternal olesity or undernutnion usingBMI and MUAC at 18 months postpartum

3.4.2 Covariates

As many factors contribute to child growth and development, data on potential confounders
wascollected, including maternal soeitemographic information, health and obstetric history,
nutritional status, food security, and lifestyle factors (tobacco, alcohol, and drug use) (Section
3.6.1).Data onCOVID-19 exposure was collected as well

3.5 SAMPLE SIZE AND SAMPLE SIZE DETERMINATION

The sample size calculation using power analysis stiawat a sample size of 280asv
required overallvith a split of 80%/20% for HIMuninfected and HIMnfected womenThe
anticipated sample frortine Umbiflow International study wa311, although46 participants
did not attendor their study visitFour paticipants were subsg@ently excluded either because
of age above the set upper limit of 21 mor{ths: 1), acute child illness at the study vigit=

2) or parental choice to not complete the study ¥isit 1) therefore, this study included 261
partiagpants from the Umbiflow International cohort and an additional 10 gaatitsfrom the
Siyakhula study, giving #otal of 271 motherchild pairs Figure 33 showsthe number of

investigatedstudy participants
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Anticipated sample size from
Umbiflow International study:

N=311

Participants
excluded from
analysisN=4

Child illness at study
visit: N=2

Participants didhot

) attend the study
Ageexclusion N=1 visit: N=46

Withdrawal: N=1

Umbiflow total samplé
size: N=261

v

Siyakhula study: N=1

O

UmbtGodisa study:
N=271

Figure 33: Flow diagram ofstudy participants

The study population as groupedinto four sulgroups based on HIV exposure status and

medical history ohormal or abnormal UmRI (Figure3.4).

/HIV exposed settings and medica\l 4 HIV unexposed settings and\
history of UmA-RI medical history of UmA-RI
CHEU with normal UmARI CHUU with normal UmARI
(CHEU/N-RI) (CHUUIN-RI)
CHEU with abnormal UmARI CHUU with abnormal UmARI
(CHEU/AbN-RI) (CHUU/AbN-RI)
- AN J

AbbreviationsCHEU: HIV -exposeeuninfectedchildren CHUU: HIV -unexposedininfected
childrenn UmA-RI: umbilical artery resistance index

Figure 34: The four study groups based on HiXposure anglacental insufficiency, as
measured by aormal or abnormal UmARI.
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3.6 DATA COLLECTION METHODS

Mothers verecontacted telephonically and booked for a study vishe@Researchéhtre. The
researcher or trained study staff introdiittee study to potential participants and adminesder
the consent form. When conducting the study visit, the reseatfhware blinded to the
Doppler category in which this mothehild pair falls. The researcher and trained study staff
facilitatedthe data collection process usitgta collection sheets. The faweface interviews
with the mother and the child developm@ssessmentexeconductedy the researcher and
trained study staff ireither English Pedi, Setswana, South Sotho, Venda, Zulu or Xhosa
languages The nurse and the researciperformedthe mother andchild's anthropometric
measurements. The researcperformed data quality assessments of the completed data

collection sheets.

3.6.1 Maternal sociedemographic information and impact of COVID-19

The participant identification quiésnnaire (AnnexB) wasused to identify eligible mother
child pairs and gatered maternal and child's date of birth, sex of the child, GA at birth and
residential data. Thenformation relating to maternal age, marital status, employment,
pregnancy history, educational level, housing, access to water, internet, and elecérigity w
colleded using astructured questionnaire (AnneR). Furthermore, data on the impact of
COVID-19 on health, income, and household food secuvitye collected using a short
structured seltlesignedCOVID-19 questionnaire (Annex )D The maternal and irant
postpartum questionnaifAnnex B includedassesment ofthe household food securiiatus
usingthe United StateHousehold~ood Security Survey Module, which comprisesetiof 10
guestionsaskingon the perceptions of ihadequate household fodmidget or suppt 2)
inadequatequality of food consumed and 3)ccurrences of reduced food intake and
consequencefColemanJenseret al, 2014. The limitation of this toold that it des not

provide specific information on food security of children

3.6.2Child feeding practices anddietary intake

The descriptive qualitative breastfeeding data over the first 18 months of life and data on the
timing of the introduction ofiquids, soft, semsolids, and solids @re collected ging a
adaptivestandardised and previously usethternal and infant pgstrtum questionnaire
(Annex F), based on adapted WHO questionnaires (WHO, R00ie quantified single 24

hour dietaryrecall questionnaire (AnneX) based on previous studieasutilised to gather a
child's dietary intakeeported by the mothdgFaber, 2005Smutset al, 2005. The period

covered by th 24hour recall includd Sunday, Tuesday and Thursday, as the interviesve w
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performed on Mondays, Wednesdays and Fridays

hour dietary recall wsavailable for guidanc@~aberet al, 2014. The standardised dietary kit
containing samples of food and food containers, family unit utensils, and photograyghs w
used to estimate and record the reported quantity of food consukssdssorsvere trained

based on the Manual

Additionally, for recording prepared food, dry oatere used to dish up and measure the
estimated quantity consumed by the child. The portion of leftoversneted and factored in
the determination of the estimatedwsdtconsumption, and the breast milk substitutes (BMS)
and infant cereals everecorded per dry amount and liquid in grafgsand millilitres (mL)
(Faber 2005; Swanepel et al, 2019 (Faber, 208). The intake of breastmilk was not

guantified.The 24hour recallwasnotdonefor children who were unwell in the past 24 hour

The validity and rehbility of 24-hr recall

The 24hour recall nethod of data collean is commonlyused in nutrition surveys to gather
dietary data of a particular population.eT®24hour recalltool has been validated for accurate
measurement of energy intake in children, and interviewing parents to report a child's dietary
intake is themost accurate procedure at the group level for chilMalkeret al, 2018. The

24-hour recall tool has been validated and adapted for use with mothers in LMICs to report
their own and their child's intakArsenaultet al, 2020). The 24hour recall has also been used

to assess South Af r i (Eaber, 200bFaberdt ale201@ Swadepaelt ar y
et al, 2019.

3.6.3 Maternal and child's medical history

The structured and pre infant fmh-up questionnaire (Annes) was used to gathePCR
results and data f@HEU and current HIV status for mothers whose HIV status was negative
during recruitmenfWHO, 2010) In addition, maternal medical history relating to tub&rsis
status and treatmengpe of ART for WLWHand postpartum infections and treatmestav

also collected. This questionnaire also degdihe child's medical history, including diarrhoea,

breathing difficulties, any chronic iliness, and visits to health facilities due to iliness.

3.6.4Haemoglobin testing

Thehaemoglobirconcentration is an dicator used in the biochemical assessment of anaemia
and by proxy for iron deficiencfinstitute of Medicine, 2001he WHO definecanaemiaas
ahaemoglobirconcentration <11 g/din children aged to 59 months, <11.5 g/din 5to 11
years oldchildrenand<12 g/dLin 12 to 14 yeaold children (WHO, 201). In nonpregnant
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women, anaemia is deid asahaemoglobin level <12g/d(Takuvaet al, 2013. Tunkyi and
Moodley (2015)classified he haemoglobirlevels into the following categoriessevere
anaemidO 7 Lg; maderate anaemia ¢B.9 g/dL); mild anaemia (1:010.9 g/dL) andnormal
(11 g/d.). The data regarding theaternaland child haemoglobirconcentratioa was
collected usinghe HemaCue® Hb 201" SystemAnalyzer About 10uL of blood wasdrawn
from the mother andchild's middle fingemusing aHemoCuesterile safety lancet (2.25mL
depth) andhaemoglobin201 microcuvettes This system habeen reported to be standard
haemoglobin point-of-care testing and provides laboratoaccuacy for determimg
haemoglobirin whole bloodvith ameasuring range 6f- 25.6 g/d. and provideesults within

1 minute(Hemocue, 202). Further, the system is easy to use and has outstanditogldbt
reproducibility. It is precisely calibrated from the factamyexpectation othe International
Council for Standardization in Haematology (ICS) determininghaemoglobin(utilise a
modi fication of V a n z ant azidedethenroglod)igared ncanssiore a mp | oy
maximum of 600 test resulémd their date and tim{élemocue, 2021 Thereareno further red
cell indices availablen the present studyvhich is a drawback, and in this it differs from a full

blood count done at the laboratory.

3.6.5 Anthropometric measurements

In terms of the modifing factors,maternal weight and heightene measured using a digital
body weight scale (Mellerware Bodymax Body Scale, type: 20551) and stadidi®eter
216), respectively. The BMivascalculated as welg (in kilograms (kg)) / height(in metres
squaredm?)), and the derived valueasexpressed ikg/m2. The BMI classificatio used was
asfollows:s e v e r e ma 17@kg/mr underiveight: 17 8.4kg/n?; normal: 18.524.9
kg/n?; overweight: 29-29.9kg/m?; obese: >3M kg/m? (WHO, 1995) Maternal MUAC was
also measured (similar procedure as in childresith aMUAC of <23 cm used aghe cutoff
to identify wastingwhich is also similato BMI < 18.5 kg/nf (WHO, 1995).

Height was measured without shoes, bulkiothes,and hats. The patientostd against the
stadiometer with eyes looking straight ahead, legs straight, heels together, ades ahd
shoulders relaxed, and the four points of contact being the head, shoulders, buttocks, and heels
touching the surface of the stadiomgfidreman, 2019 The measuremenmtastaken to the

nearest 0.1cm. The weighasmeasured with the scale placed on a hard surface, without shoes
and bulky clothesThe patient lookdstraight ahead, arms at sides and stand on the scale until
the weight stabilisedl'he readingvasrecorded to the nearest 0.01ktpasurements were done

twice and the mean was computed and recorded.
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The child's length in centimetresny, weight (kg), HC in cm, MUAC and triceps skinfold
(TSF) in cmweremeasured and recorded on the infeoitow-up questionnaire (Anne®) ard

the Roaeo-Health book For intra and inter-observer reliability, a complete set of
anthropometric measurementere donetwo consecutive timegStomfaiet al, 2011 and
mean valuevas calculated and recorded the case where the two measurements differed by
0.5cm or 0.05kg, the third measurement was takbka.zscoredor birth anthropometry data
were generated by thétNTERGROWTH21% (InternationalFoetaland Newbom Growth
Consortium for the 21st Centyrgtandard version 1.0.6257.25111, which israernational
standardfor size at birth(https:/intergrowth21.tghn.ory/ The INTERGROWTH21% is
limited to a maximumGA at birth of 42 week$ days At the age of 18 months, thgHO

Anthro Survey Analysersoftware (http://www.who.int/childgrowth/software/en/ WHO,

2011, Geneva, Switzerlandias used to computbe z scores. These softwapovide sex

and agenormalised data for further analysis.

Length
Length vasobtained using amfantometer (Seca 416, Birmingham, UK) to meashiklren

The measurementastaken with the child in the horizontal positioihe head against the
backboard, the crown securely against the headboard, and the Frankfort plane perpendicular to
the backboardNieman, 2019 The child's bodyvaskept aligned with the centreline of the
backboard, the child's shoulders and buttocks securely touching the backboard, and the
shoulders amh hips at right angles to the long axis of the body. The child'svegs kept
straight, and against the backboard, the footboard slides against the bottom of the feet (without
shoes or socks) with thtees pointing upward anthe measurementas read Length was
recorded to the nearest G&cth and plottedon the WHO MGRS Growth Charts in the child's
Roadto-Health bookNieman, 2019 The LAZ scores less that2 and-3 standard deviations

(SD) were regarded as an indicator of poor linear grogtunting) and severe stunting,
respectivelyDe Oniset al, 2006)

Weight

The child's body weight as measuredising a partype paediatric electronic scale; digital
liquid-crystal display (LCD) baby weighing scale EB2A (Zhongshan Jinli Electronic
Weighing Equipment Co., Ltd). The chidasweighed nakedThe dild wasset lying down
in the middle of the pafNieman, 2019 Weightwasrecorded tohie nearest 0.01 kg and plotted
onthe WHO MGRS Growth Charts in the chilReadto-Health book A WLZ score below
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2 SDindicated wasting while the WAZ scores belov? and-3 SDindicatal undekveight and

severe undeveight, respectivelyDe Oniset al, 2006)

Head circumference

This is a crucial screening technique for detecting abnormalities of the head and brain growth
(Nieman, 20192 The HC vasmeasured using a flexible, natretchable measuring tape. The
lower edge of the tap@as positioned above the eyebrovwahove (not over) the ears, and
around the back of the head to measure the maximum circumference. Tlwagpphked close

to compress the hair, and the measuremeastead to the nearest 0.1 ¢hMieman, 2019 An

HCZ score belowl SD may be a sign of developmental delays or impairment.

Mid upper arntircumference (fafree mass/muscle mass)

Nieman (20193efined MUAC as "the circumference of the upper arm at the midway between
the shoulder tip and the elbow tip on the left arfiife MUAC wasmeasured at the midpoint

of the upper arm on the left sideithvthe arm relaxed and bent3d°. The midarm point is
determined by measuring the distance from the shoulder tip to the elbow and divioyng i
two. A special tape waased for measuring the MUAC of a child. The -offt reading
measurements are <Dlcm, which indicates severe acutaalnutrition (SAM), <12.5 cm
indicating moderatea c ut € mal nut r i 2.5 om indicMiagviprinal rautnittbnalO
status.The MUAC is an easyto use screening tool for SAM and MAM amoagarge
populationsize of children. MUAGfor-age zscoredMUA CZ) weredeterminedDe Oniset

al., 2006)

Triceps skinfold
The TSF measurememtasdone twice on the right arm using a Harpenden skinfold calliper

(Baty International, Burgess Hill, UK). The measuremgastaken with the child sitting on
the mother's lapThe midpoint of the upper armas marked on the posterior surface of the
triceps during MUAC measurement. The skin and subcutaneouswissgiginched 1cm from
the marked site, and the tips of the callipgeseapplied to the marked area. The readvasg
taken after 3 seconds, and readingserecorded to the nearest 0.2mm. The triceps skinfold

for-age zscore (TSFZ) wsdetermined.

3.6.6 Assessment of developmental indicators
The child's cognitive, motor, and language developmestcailectedusing he GMCD and
the Bayleylll tools The research staffereappropriately trained to test and assess a child's

75



e
ek

“ URITERBITEIT WA FEEISEIA
. UNIFLEEITT OF pELIORIA

TURIBLEITHI & FPELTSRIA
Wl

developmentvith the mentioned tools. THBMCD informationwascollectedbefore Bayley

lll by a differentresearch statb reduce bias.

The GMCD is a interview method designed to assess children's brain develdpme
particularly in LMICs, ancentails a series of opeanded questions th#tie child's caregiver
answera bout t he c hi(Whieetal, 2029 Thé GML Dnassessdabe postnatal

brain development of children from age one month to three hall geargErtem, 201Y. The
functional domains assesse@dGMCD involve expressive and receptive language, gross and
fine motor skills, relating and response behaviour, play, anchekdfactivities(\White et al,

2019. The assessmemasestablshed with respect to the child age categatyich includes
milestones for each age category. The researcher recognises which specific standardised, pre
coded milestones the child has attainesdal on the motheriesponseqErtem, 201Y.
However,other examining questions were asked if the mother's feedback did not suffice to
enable deducing attained milestondge reliability and validity osMCD have been reported

by preliminary studiesni Turkey (Ertem et al, 2008. The GMCD is a standardised and
validated method that has been used internationallgdesa the brain development of about
12 000 children from countries such as Turkey, Argentina, India, anth 8frica andhas

been reported to have appropriate accuracy for the identification of children with
developmental delafOzturk Ertemet al, 2019.

Bayleylll is a standardised and welkccepted toglwhich was developeth 2006, and it is
intended to assess the development of children from 1 month up to 42 month¢Bdlget

al.,, 2017%. It is an individually administered method designed to evaluate the functioning of
developmental domains of infants and toddlers, thus detecting developmental(ddiays

and Grieve, 2007Bayley, 2006 Dupontet al, 2018§. The methodallows assessemt of
cognitive, languag®r communication (containingxpressive and receptive communication
subtests) and motor development (containing fine and gross motor su(@estsy, 2006.

The Bayleylll fine motor subtest comprises 66 items assessing skills related to eye
movements, perceptualotor integration, motoplanning and speed. The Bayldlf gross
motor subtest encompasses 72 items measuring limbs andnovementgBayley, 2008.

The Bayleylll cognitive scale covers 91 items gauging conceptual resources, information
processing, and perceptual ski{Bayley, 200§. The Bayleylll receptive language subtest
entails 49 items assessing preverbal behaviours involving recognising sounds and receptive
vocabulary, morphological develoent and markers, and social referencing and verbal

comprehensioifWeisset al, 2010. TheBayleylll expressive language subtest contains 48
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items assessireverbal communication, vocabulary use, armiphaesyntactic development
(Weisset al, 2010Q. Thereare milestones for each age category, and a child within a certain
age category should attain all milestones of his or her age. Thexsmabxministratedased
onthemanuab guidelinesA complete Bayleytll kit comprising technical and administrative
manualsa stimulus book, 25 record forms, three manipulative sets andfbahyly, playful
activities were used (Figure 3.5) The composite scoreseve obtained for the mentioned
domainswhich werethen scaled to a metric that has a mean of 100 naasth deviation of

15, and a range of 40160 (Ballot et al, 2017%. The scaled composite scoresrainterpreted
based on Bayleyll guidelines The methodis easyto administer,allows caregiver
involvement and data collected on the child have imprdwvethcidence of clinickdiagnosis;
nevertheless, Baylefl may be timeconsuming, taking abodts i 60 minutes to complete,
and also it may overestimate, particularly, the motor performance among young children
(Reuneret al, 2013.

Rolling Case

Administration
Stimuli Book S v Manual

Stepping Path S
Large Ball P e . | , —— LIS ., -
Blocks R
Pegboard oy ;a;:‘:e‘cam
ace

and Pegs

—— Record Form

Blue Puzzie -
Board & Block Set

(Del Rosaricet al, 2027)
Figure 35: BayleyScale for Infant and Toddler Development third ediidn

3.7 DATA MANAGEMENT

The study data ascollected from the mother artle child by the researcher and study staff
using standardised data calien sheetdrom February to December 202antil no more
eligible participantavere available due to ageing out. The data collection sheets filed,

and data \as managed anthdependently double entered on the online electronic platform,

namely Reseah Electronic Data Capture (REDCap.3.5, by the researcher and trained
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study staff(Harriset al, 2019 Harriset al, 2009. REDCaps asecureveb-based application

for capturing data in clinical research areas and creating databases and (Fajeictge and
Bardyn, 2018 developed by Vanderbilt University anwsted bySAMRC. REDCap is
designed to offer a securevetonment for researchers to collect and store highly sensitive
information (Patridge and Bardyn, 2018t offers an intuitive interface for validated data
capture; automated data @xp procedures with downloads tmmmory used statistical
packages; audit trails for tking data manipulation and export procedures and procedures for
data integration and interoperability with external sou(etmris et al, 2019 Harris et al,
2009. The researcher ensdra smooth data capturing and cleaning proeasksensurethat

data waof high quality.Checking and addressing missing or inaccurate dasdealt with
immediately upn completing the interviews. Through comparing data entry 1 with data entry
2 (on REDCap), inconsistenciegmresolved by referring to the original data collection sheet.

Data wasexported from REDCap to Microsoft Excel for further processing and analys

3.8DATA PROCESSING AND STATISTICAL ANALYSIS

The study's main outcomegere 1) child anthropometric measurements: wejganhgth, HC,
and MUAC and thendicesWAZ, LAZ, WLZ, HCZ, MUACZ; 2) The neurodevelopmeat

domains cognitive, motor and languagemposite scoregand3) anaemiaThe children born

preterm were corrected for age using the following formula:

Anthro Preterm babiescorrecting for age:
1. Actual age (AA)in days =Date of visiti Date of birth
2. Dayspremature (DP) ¥40weeksi GA in weekg *7
3. Corrected Age (CAIn days=AA i DP
4. Corrected age in monthsGA/365*12

Modifiers includel phenotypes associated with poor growth and development, including infant
feeding practices and dietantake of iron, zinc, and iodir& 18 months; mateal over and
undernutrition, matenal and child haemoglobin concentration ley&ifant iliness and socio
demographic factors. These clinical and phenotype data ealldar a comprehensive
assessment of potential confounders, including, but not linhiteshfant sex, maternal age,
education, ethnicity, parity, smoking, and alcohol consumption at the tite sfudy visit.
Statistical analyses to assess associations beti&&R and subsequent infant growth and
developmerdl outcomes, as altered by reatal HIV exposure, eredoneusng Spearman

correlation
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Quality control wasconducted tensure data integrityoutliers werereviewed and corrected

in case of data capturing errors, includingcores outside the reference population rgree
and >+3). Absolutemeasurements arzgscoreghat were clinically implausible weexcluded
from the analysis. As per WHO guidelinessares below5 and above 5 were also excluded
from the analysisThe studyutilisedWHO guidelines to definstunting, underwight, wasting
and moderate ateimalnutrition as LAZ, WAZ, WLZAnd MUACZ<-2 SD. Zscores <3 were
classified asa severe conditionThe birth anthropometry measurements included weight,
length HC, and the z-scores WLZ, LAZ and HCZ were determined usinghe
INTERGROWTH-21%new-born size at birth standarthe highest GA that INTERGROWTH
allows, which is 42 weeks 6 days, was used for the 12 participanta vattorded GA at birth
from 43 to 46 weeks sinceGA at birth of 43weeksand above is unlikelyOne child witha
birth weight zscore above 3 was excluded from the analysis of birth anthropometry
measurements but included in #realysis othe 18-monthanthropometry measuremerfsve
motherswerepregnant and 2hildren werebrought to tle study vig by the caregiverhence

maternal anthropometry was not collected on these participants.

In terms of neurodevelopmental outcomi® composite score for Bayldl is calculated
based on a comparison of the child to a normativenaatehed sample estigshed by the

assessment arnglinterpreted as followsor any of the five domain@®el Rosaricet al, 2021):

- Mid average functioning: composite score of 100 $Istandardised man scorg

- Mild i mpairment/ at O0riské of devel opment a
the mean)

- Moderate impairment: composite score<@d (2 SD below the mean)

- Severe impairmentcomposite score of <55

The reportedhousehold fod intake measureemts wereconverted to weighti grams using

the SAMRC Food Quantities Manual published by SAFOON&18). The SAMRC
FoodFi nd eas@sed 3o. adalysghe food intake of groups of individuals, thereby
quantifying thedietary intake of iron, zinc, and iodindonetheless, SAMRC FoodFind¥r
program has been recorded to have inadequate quality of iodine data and this may affect the
iodine intake analysis resuliBhe nutritional adequacy of the mentioned micronutrieriekes
wereassessed using Dietary Reference Intakes (DRI) published by the Institéeslicine

(2001). The Estimated Average Requirement (EAR) and adequate intaked&lused to
estimate the prevalence of inadequate intakes within a group, and the dietary intake for the
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groupwasconsidered nutritionally adequate if the median intake fgtioupwasat or above
the Al or EAR(Faber, 200b The EARSs for iodine, iron, and zinc for 1 to 3 years old children
are 65 pg/day, 3.hg/day and 2.5 mg/day, respectively (Instint®&ledicine, 2001)Anaemia
was defirrdas discussed in section 3.§H1unkyi and Moodley, 2018VHO, 201).

The food security status wdsfined into four categories namely:
- Raw score zereHigh food security among households
- Raw score 2 - Marginal foodsecurity among households
- Raw score & - Low food security among households
- Raw score €.0- Very low food security among households
The assessment dbod security status wasased on the sum of affirmative responses (raw
score) to the 10 questiomsnswerstony es, 0 Aoften, 0 fisometi mes, O
Asome days but makedasafiirmatiye (Colemamlensemeteal, 2014
Saedimaret al, 2019.

3.9 ETHICAL CONSIDERAT ION

Permissions for the Umbifloimternationaktudywerein place from the Wiversity ofPretoria
Ethics Committee (Ethics Referenddumber 228/2018), Kalafong Provincial Tertiary
Hospital, Pretoria West Hospitahnd Laudium Community Health CentreSimiarly,
permissions (including amendment for alignment of themb8th study visit with the
UmbiGodisastudy)werein place for thdongitudinal UmbiBaby an&iyakhula stugksfrom
the UP Bhics Committee (Ethics Referenblimber283/2019 and®94/2017 resgectively),
Kalafong Provincial Tertiary Hospital adghwane District Research Commét@ll attached
under Annexl). Further ethical approvalas obtained fromthe Faculty of Natural and
Agricultural Sciences anthe Faculty of Health Sciences Ethics Cmitteesfor the study
towards the degresf Doctor of fhilosophywith Ethics Reference iNimber NAS2522021

3.9.1 Informed Consent

Mothers from the Umbiflownternationalstudy weregiven all the relevant information about
the followrup study by the resedrers or study staff and adequate time to ask questions and
discuss the study with significant others if they so wish. Mothersagked to provide consent

on behalf of themaves and their infants (AnreA: Participant information leaflet and

informed camsent form).
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3.9.2 Potential Risks

Drawing a drop of blood for anaemia screening poses minimal risk to the study participants.
However, some participants mhagvefelt uncomfortable or distressed in response to some of
the questions asked in the quest@nes. Study participantgerefree to refuse to answer any
guestions anavereencouraged to contact the study temmytime However, the study team
had a lot of experience working with mothers and their babies aaslow hand to offer
counselling and refeals if needed. Clinical data extracted from medical recoels/ery data

and questionnaire dathd not contain any personal identifiers. Datasidentified only with

the study identificatiomumber.

3.9.3 Potential Benefits

Therewasno direct benefito participating in the proposed study. However, mothers bedefit
from the child's additional screening for growth and neurodevelopmentnainiional
counsellingandreferrals for any further health care interventions)eéédedWe diagnose
anaemiaand any problems with development early and subsequeafdyredchildren for
further assessmerilothers verereimbursed for transport costs agidenlight refreshments
Knowledge gained from this studgrovided a better understanding of optimising the
management oifh utero growthrestricted infants postpartum in terms of their nutrition and

neurological development.

3.9.4 Voluntary participation

Participants wre recruited free of manipulation or coercion by trained research staff who
carefully explanedthe study and gee potential participants time to consider their participation
and ask any questions. Participation in the studgvoluntary, and participants didhe right

to refuse to participate in any aspect of the study or withdraw from pattaipat any time.
Refusal to participatdid nothave any negative consequences for the mother or the infant.
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ABSTRACT

Maternal HIV exposure and intrauterine growth restriction (IUGR) due to placental
insufficiency both carry may risks to early child growth. We compared the growth outcomes

of children aged 18 months who had abnormal umbilical artery resistance indicesR)mA

as a marker of placental insufficiency, with a comparator group of children with normal UmA

RI during pregnancy, as mediated by maternal HIV infection. The ees8onal study
included 271 children, grouped into four subgroups based on HIV exposure and history of
normal/abnormal UmARI, using available pregnancy and birth information. Standard
proceduresvere followed to collect anthropometric data, argtares computed as per World

Healh Organization growth standards. Lower lenfjtikage zscores (LAZ) were observed in

children who were HiVexposedu ni nf ect ed ( CHPpUED.004) artl wiohadN 1. 2
abnormal UmAR | findings p¢€0.01).6cCHEUNithlabr®Bnal UmRI had

lower LAZ ( ip¥0.001) Mnd Weigdfpor-age zs cor es ( WAZ) peET 0. 64
0.014) compared to the control group. The prevalence of stunting was 40.0% in CHEU with
abnormal UmARI and 16.0% in CHEU with normal UmRI (p < 0.001;p = 0.016,
respedwely). In conclusion, maternal HIV exposure and placental insufficiency are
independent risk factors for childhood stunting, with this risk potentiated when these two risk

factors overlap.

Keywords: children who are HIvexposeduninfected (CHEU); placentansufficiency;

intrauterine growth restriction; child growth
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1.INTRODUCTION

South Africa (SA) is burdened with a high prevalence (31.6%) of HIV infection in women of
childbearing ag¢l] and pregnant women (30.09®]. Nonethéess, access to antiretroviral
therapy (ART) has increased over the years, with a >95% ART coverage during pregnancy and
delivery[1], leading to an expanding population of children who are-ei{goseeuninfected
(CHEU). Adverse Ibth outcomes including intrauterine growth restriction (IUGR) and
stillbirths have been documented in women living witiVHWLHIV) compared to their
HIV-negative counterparts, even when on ART7]. IUGR is a dhical term describing a
pathological inhibition of fetal growth preventing tleefus from attaining its genetic growth
potential[8]. In SA, it is reported tiaCHEU have similar growth patterns with children who

are HIV-unexposeduninfected (CHUU); however, CHEU have been reported as arisigh
group due toin utero and postnatal ART exposure, as well as exposure to pathogens in
immunocompromised family memisd®,10].

International literature has indicated that CHEU are more likely than CHUU to experience
impaired growth and neurodevelopmental outcomes, even in the context of high maternal ART
coveragg11li 14]. In the face of maternal HIV exposure as a risk for poor nutritional status,
Black et al. stated that IUGR was associated with postnatal child wasting and JtLiitithg
agreement, FloreSuillén et al. reported a 21% prevalence of stunting associated with IUGR
in the HIV-negative populatiom Mexico[7].

Placental insufficiency is one immediate cause of IUGR, which in its extreme can lead to fetal
demise/stillbirths[16,17] IUGR, present in up to 30% of pregnancies, may be the most
significant populatiorbased attributable risk factor for preventablelstilh [17,18] Research

has shown that preclampsia, IUGR, and stillbirths linked to placental insufficiency
complicate 10 to 15% of all pregnancj&§]. In developing countries, up to 24% of newborns,
approximately 30 million, experience IUGR annuddl9]. Low- and middleincome countries
(LMICs) carry the highest burden of stillbirths (98%) and perirdgathg20]. Children born

with IUGR are a highriisk group with shortand longterm morbidity and mortality. IUGR is

a crucial risk factor for child undernutritig@l], coupled with an increased risk of overgle

and obesity during adolescence, suboptimal intellectual and physical development, and other
long-term chronic diseases in adult yepr22].

The Umbi f | o wE -castcaniinnoesvaivesDogplerlsavesning tool for the detection

of placental insufficiency in otherwise lemsk pregnancie$23]. Placental insufficiency is

detected by an increased umbilical artery resistance index {RAalso known as an
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abnormal RI. South African studies have reportddga prevalence of abnormal RI: 11.7%

[24]; 13.0%[25]; 5.9%][26].

In view of the above, HIV exposure and placental insufficiency both carry major risks to early
and late child growth and development, possibly compounding each other. However, the
postnatal growth in children born to otherwikev-risk pregnancies with abnormal RI
measurements, indicating IUGR, have not been intensively investigated, particularly in high
HIV burden settings. Further, it is well known that adequate child nutrition is central for catch
up growth[27], with a positive correlation between
development. Exclusive breastfeeding (EBF) stimulates growth among CHEU and CHUU
[13], as shown by Jumaes al Additionally, there is still a lack of evidence on the nutritional
management of children born with IUGR to optimize patthcatchup growth, including the
impacts of feeding practices on the growth of children born with JUGR in the context of HIV
exposure.

We therefore investigated and compared, at age 18 months, the growth outcomes of children
born with and without IUGRuk to placental insufficiency, as measured by an abnormalUmA

RI using Doppler screening during pregnancy, and as modified by maternal HIV status, in the

Tshwane District in the Gauteng Province of SA.

2. MATERIALS AND METHODS
2.1. Study Settings and Partiipants

This study followed up participants from the SA arm of the Umbiflow International study,

which studied the prevalence of raised WiRF in lowrisk pregnantwomen atP8 4 wee ks 0
gestation in Ghana, India, Kenya, Rwanda and SA, using a singlenisgregith the

Umbi fl owE device between October 2018Rland Ja
was defined as <75th centile and O75th cent
Pattinson graphf28]. The mothérchild pairs were recruited at 18 months of age into the
present study from a prospective longitudinal study and from an additioeaffdollow-up

from the Umbiflow International study, using the available pregnancy and birth information,

at the University of Pretoriabdés Research Cen
Care Strategies, located at Kalafong Provincial agrtHospital, Tshwane District, Gauteng
Province, SA. Additional participants were recruited from the Siyakhula study, a longitudinal

study on the effects of maternal HIV infection on child outcomes, with an otherwise similar

study design and at the sanite sto increase the number in the CHEU group with an abnormal

UmA-RI. The study population included children who had abnormal RisA during
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pregnancy, as a marker for IUGR, compared to a similar group of children with normal UmA
Rls, as mediated by mated HIV infection.

2.2. Study Design

This crosssectional study explored the growth outcomes of children at the age of 18 months.
Exclusion criteria included multiple pregnancies, inability to obtain informed consent, babies
born to underage mothers, anabies with chromosomal or structural abnormalities or other
severe medical conditions known to impact infant growth and development. The study
population was grouped into four subgroups based on HIV exposure and history of normal or
abnormal UmARI: (1) mahers who are HIV negative with normal Unrf (no exposure
variable of interest; control group), (2) maternal HIV infection and normal {Rh#{single
exposure), (3) HIvhegative mothers with abnormal UnrfA (single exposure), and (4)
maternal HIV infectionwith abnormal UmARI (double exposure). The outcome variables
were child growth parameters. The modifiers were infant feeding practices and other factors
known to contribute to child growth; data on potential confounders was collected, including
maternalsocicdemographic information, medical and obstetric history, nutritional status and

lifestyle factors.

2.3. Sample Size Determination

The sample size calculation using power analysis indicated that a sample size of 280 was
required overall, with a splitfdB0/20% for CHUU and CHEU. The anticipated sample from

the Umbiflow International cohort was 311; however, 46 participants did not attend their study
visit, meaning 265 participants were enrolled. Four participants were subsequently excluded
either becaus of age above the set upper limit of 21 months, acute child illness at the study
visit or parental choice to not complete the study visit; therefore, this study included 261
participants from the Umbiflow International cohort and an additional 10 pantisifrom the
Siyakhula study. The sample size per group for the infant falipsvwas as follows: CHUU

with normal UmARI: n = 186; CHEU with normal UmRI: n = 50; CHUU with abnormal
UmA-RI: n = 20; and CHEU with abnormal UraRI: n = 15 (Figuret.1).
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Figure 41: Theflow diagram for study participants.

Abbreviations: CHEU: children who are Hi&kposeeuninfected; CHUU: children who are HIV
unexposedininfected; UmARI: umbilical artery resistance index.

2.4. Data CollectionMethods

Mothers were contacted telephonically and invited to this study, after which written informed
consent was obtained by the trained study staff. Data were collected between February and
December 2021 using standardized data collection sheets, amtibre eligible participants

were available due to ageing out. The faméace interviews with the mothers were performed

in either English or local languages. The child anthropometric measurements collected
included weight, length and head circumfereft¢€), mid-upper arm circumference (MUAC)

and triceps skinfold thickness (TSF); similar measurements were collected from the mother
except for HC. For intr@bserver reliability, the anthropometric measurements, performed as
per standard procedures, werleta twice and the mean value was recoi{@8¢B0]. Maternal
socicdemographic information was collected using a structured questionnaire, while the
descriptive qualitative feeding practices data were collected using a standardized maternal and

infant postpartum questionnaire, it is based on adapted World Health Organization (WHO)
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guestionnaires. A structured infant follayp questionnaire was used to collect maternal and
child medical history, al ong wit hto-Health or mat i
booklet, which incldes information from clinic visits. For CHEU, HIV antibody testing was
performed as per national SA guidelines. One birthweigdttioze of >+3 was excluded from

the analysis of birth anthropometry measurements (n = 1). Five mothers were pregnant, and a
child was brought to the study visit by the caregiver resulting in missing maternal

anthropometry data for these mothers.

2.5. Data Processing and Statistical Analysis

The data were independently double entered on the online electronic platform, Research
Eledronic Data Capture (REDCap) v9.3.5, which is a secure-vasled application for
capturing data in clinical research projel@%]. The outliers were reviewed and corrected in
case of error in data capturing, includingcores outside the range of the reference population
(<173 and >+3). A b s o-kcoresethatrvera clinically melalesvera nd  z
excluded from the analysis. Theseores for birth anthropometry data were generated using
the INTERGROWTH21* Newborn Size tool (International Fetal and Newborn Growth
Consortium for the Z1Century, Oxford, UK) standard version 1.0.6257.25Thkre were 12
participants with gestational age (GA) at birth ranging from 43 to 46 weeks, which is clinically
unlikely; therefore, the highest GA of 42 weeks 6 days on the INTERGRG®RT'tbol was

used for these birth anthropometrga@res. WHO Anthrgoftware was used to compute the
z-scores for the Eonth anthropometric data and children born premature were corrected for
gestational age. Both INTERGROWTMS and WHO Anthro provide sexand age
normalized data. This study utilized WHO guidelinedd€ine stunting, wasting, underweight,
microcephaly and moderate/severe acute malnutrition as l&rgdge zscore (LAZ), weight
for-length zscore (WLZ), weighfor-age zscore (WAZ), HCfor-age zscore (HCAZ),
respectively. The-s c or e s <1 fled assaveze sgbbptirsabnutritional stafitse BMI
classification used was as f onHerweight 17884 ver e
kg/m?; normal: 18.524.9 kg/nf; overweight: 25.€29.9 kg/nt; obese: >30.0 kg/mThe R
statistical program wassed for statistical analysis, for which each of the three test groups
(with single and double exposure) was compared against the control group to determine if
significant differences existed. In all instances, the Shia\irk test was used to determirfe

the data were normally distributed. For normally distributed data, the indepertdentvias

used to compare each test group against the control group, andvwayeNOVA for

comparing all four groups. For the nranrmally distributed data, the MaiWhitney U tests
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was used to compare each test group against the control group, and thei KvafilsaH test

for comparing all four groups. All tests were performed at a 5% level of significance.

2.6. Ethical Considerations

Ethical approval for this study ag obtained from the Faculty of Natural and Agricultural
Sciences and Faculty of Health Sciences Ethics Committees of the University of Pretoria with
reference number: NAS259/2021. The mothers were given all the relevant information about
the follow-up study prior to recruitment. Mothers provided informed consent on behalf of

themselves and their children.

3.RESULTS

3.1. The SocieDemographic and Medical Characteristics of the Mothers of the Study
Children

A total of 271 mothers were enrolled in this studgth anthropometric measurements not
performed in 6 mothers due to repeat pregnancy (n = 5) or because the child was brought by a
caregiver (n = 1). The maternal characteristics are presented inlabWLHIV with an
abnormal UmARI were significantlyolder (36.6 + 6.1 yearg;< 0.001). A high percentage of
women had attained any secondary education (80.0%) and 66.7% of WLHIV with abnormal
UmA-RI were unemployed. Half of the mothers had access to running water inside the yard
and had flushing toiletd/lore mothers in the control group (29.6%) consumed alcohol at least
once a month, compared to other groups. Cigarette smoking was uncommon in all groups.
WLHIV with abnormal UmARI had lower weight, BMI and MUAC than their counterparts

in the other thregroups. Further, higher gravidity was reported in WLHIV than their-HIV
uninfected counterpartp € 0.018). Twethirds of women delivered vaginally, but amongst
women with history of an abnormal UriRl, caesarean section rates were high, with 50.0%

of WLHIV and 46.7% of HIVuninfected women requiring a caesarean section, respectively
(Table4.1).
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Table 41: The maternal socidemographic and medical characteristics

CHUU with CHEU with CHUU with CHEU with
Variables Normal UmA- Normal Abnormal Abnormal p-Val
RI UmA-RI UmA-RI UmA-RI
Sample size (n) (%) 186 (68.6%) 50 (18.5%) 20 (7.4%) 15 (5.5%)
Mean age (years) 30.1+51 31.3x55 285+45 36.6+6.1 <0.001
Single 79 (42.5%) 21 (42.0%) 6 (30.0%) 4 (26.7%)
Marital status Married 69 (37.1%) 17 (34.0%) 10 (50.0%) 8 (53.3%) n/a
Co-habiting 38(20.4%) 12 (24.0%) 4 (20.0%) 3 (20.0%)
Any primary schooling 13 (7.0%) 4 (8.0%) 3 (15.0%) 2 (13.3%)
Educational level  Any secondary schoolin 127 (68.3%) 40 (80.0%) 13 (65.0%) 12 (80.0%) n/a
Postschool education 46 (24.7%) 6 (12.0%) 4 (20.0%) 1 (6.7%)
Unemployed 112 (60.2%) 29 (58.0%) 11 (55.0%) 10 (66.7%)
Employment status 0.118
Employed 74 (39.8%) 21 (42.0%) 9 (45.0%) 5 (33.3%)
R O/ R 2000 37(20.1%) 7 (14.0%) 0 (0%) 4 (26.7%)
R 2001 R 4000 43 (23.4%)  15(30.0%) 8 (40.0%) 0 (0%)
Monthly household R 4001 R 6000 39 (21.2%)  13(26.0%)  5(25.0%) 6 (40.0%)
income® R 6001 R 8000 11 (6.0%) 5 (10.0%) 1 (5.0%) 2 (13.3%) na
R 8000+ 45 (24.5%) 9 (18.0%) 6 (300%) 1 (6.7%)
Dondt kn 9(4.9%) 1 (2.0%) 0 (0%) 2 (13.3%)
Inside house 68 (36.6%) 10 (20.0%) 7 (35.0%) 4 (26.7%)
Inside yard 89 (47.8%) 27 (54.0%) 10 (50.0%) 8 (53.3%)
Access to running wat n/a
Communal tap 21 (11.3%) 9 (18.0%) 3 (15.0%) 3 (200%)
Water tank 8 (4.3%) 4 (8.0%) 0 (0%) 0 (0%)
Flushing toilet 131 (70.4%) 30 (61.2%) 16 (80.0%) 9 (64.3%)
Access to toilet n/a
Pit latrine/bucket 55 (29.6%) 19 (38.8%) 4 (20.0%) 5 (35.7%)

Drinks alcohoF Yes 54 (29.2%) 11 (22.0%) 2 (11.1%) 1(7.1%) n/a
Smokes cigarettes Yes 3 (1.6%) 2 (4.0%) 0 (0%) 1(6.7%) n/a
Latest CD4 count Cells/mms N/A 463 + 310 N/A 416 +295  0.147

Latest HIV viral load Copies/mL (log)? N/A 0.0]0.0, 4.0] N/A 0.0[0.0,0.0] 0.277
TDF/FTC/EFV N/A 31 (&.0%) N/A 8 (53.3%)
Current ART Other ART" N/A 10 (20.0%) N/A 6 (40.0%) n/a
Not recorded N/A 9 (18.0%) N/A 1 (6.7%)
Obstetric history Parity' 2[1,3] 21, 3] 210, 2] 3[3,3] 0.006
Gravidity 21[1, 3] 312, 3] 212, 3] 3[3, 4] 0.018
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Previous pregnaty

lossed 0[O0, 0] 00, 1] 0[O0, 0] 0[O0, 1] 0.372
Preeclampsia/eclampsi 2 (13.3%) 0 (0%) 0 (0%) 0 (0%) n/a
umotlical artery - UmARIvalue at2B3% - 0641005 0.63+0.04 0743006 076004 <0.001
oppler weeksbd BYe
Mode of delivery Vaginal delivery 127 (68.3%) 31 (62.0%) 10 (50.0%) 6 (40.0%)
Assisted delivery 3 (1.6%) 0 (0%) 0 (0%) 0 (0%) n/a
Caesarean section 56 (30.1%) 19 (38.0%) 10 (50.0%) 9 (60.0%)
Weight (kg) 776+196 775+250 69.7£20.2 63.1+154 0.016
Height (cm) 160.2+6.2 161.3+8.9 157.8+5.3 158.3+5.3 0.402
Body Tﬁ;i‘é;if"ems a BMI (kg/m?) 30.3+7.7 295+84  279+7.4  251+52  0.043
MUAC (cm) 32.1+5.0 31.8+57 30.7+5.0 28.0+4.0 0.025
TSF (mm) 199+5.1 214+74 200+5.3 185+ 3.6 0.243

Values in bold font indicate significantvalues. Abbreviations: CHEU: children who are HIV
exposeduninfected; CHUU: children who are Hifhexposedininfected; UmARI: umbilical artery
resistance index; CD4: clusters of diffetiation 4; ART: antiretroviral therapy; TDF/FTC/EFV:
tenofovir/emtricitabine/efavirenz; BMI: body mass index; MUA@d-upperarm circumference; TSF:
triceps skin fold; n/ a: not applicabl e. Compa
above 5 were included in these investigations as smaller groups lead to volatility of results. n/a implies
no comparisns were performed due to low courit®ne South African Rand equates to 0.056 United
States Dollars® Missing information: CHEU with normal Um#&RI (n = 1); CHEU with abnormal
UmA-RI (n = 1).¢ Mother drank alcohol at least once in a month, since thewabyorn® Mean and
standard deviation (SD) reportéd/edian and interquartile range [IQR] reportétindetectable viral

load is reflected as zer8.Includes tenofovir (TDF), lamivudine (3T@)us lopinavir/ritonavir or
dolutegravir! Total of 265 nothers were measured at the study visit, 5 were pregnant and 1 child was
brought by the caregiver.

3.2. The Characteristics of the Study Children

A total of 271 CHUU and CHEU aged 18 months with and without a history of an abnormal
UmA-RI in uterowere inwestigated, and the findings are presented in Té4BleThe study
population had more females than males across the groups, except for CHEU with normal
UmA-RI. The GA at birth was lower (36.8 + 2.5 weeks) in CHUU with abnormal UrRhA

than in the other gr@s @ < 0.001). A history of malnutrition was reported in CHUU with
normal UmARI (6.0%) and CHEU with normal UmRI (12.0%), and a history of diarrhea

was common in the study population. Findings on feeding practices showed that CHEU with
normal UmARI had a lower percentage of early initiation of breastfeeding (within one hour
after birth) than the other groups € 0.001). Lastly, exclusive breastfeeding was lowest in
WLHIV with abnormal UmARI, while mixed feeding (24.3%) was common in the control
group Percentages of current (supplementary) breastfeeding up to age 18 months were

observed to be low in HRéxposed settings.
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Table 42: The medical background of children from birth to age 18 months

CHUU with CHEU with CHUU with  CHEU with
Variables Normal Normal Abnormal Abnormal p-Val
UmA-RI UmA-RI UmA-RI UmA-RI
Sample size (n) (%) 186 (68.6%) 50 (18.5%) 20 (7.4%) 15 (5.5%)
Mean age (months) 186+09 185+0.8 18.2+0.2 18.8+0.9
Male 01 (48.9%) 28 (56.0%) 8 (40.0%) 4 (26.7%)
Sex n/a
Female 95 (51.1%) 22 (44.0%) 12 (60.0%) 11 (73.3%)
MeanGA at birth (weeks) 30.3+£19 394+13 36825 38.3+1.0 <0.001
Born premature 15 (8.1%) 2 (4.0%) 7 (35.0%) 1 (6.7%) n/a
APGAR score 1019, 10] 919, 10] 99, 10] 919, 9] 0.069
Neonatal hospitalization 35(18.9%) 6(12.0%) 7 (35.00) 1(7.1%) n/a
Respiratory distress 7 (3.8%) 3 (6.0%) 3 (15.0%) 0 (0%)
Neonatal diagnosis Jaundice 18 (9.7%) 2 (4.0%) 2 (10.0%) 0 (0%) n/a
Other 10 (5.4%) 1 (2.0%) 1 (5.0%) 1 (7.1%)
Prevention of vertical HI\ Single drug (NVP) N/A 41 (82.0%) N/A 7 (46.7%) a
transmission Dual drug (NVP and AZT)  N/A 3 (6.0%) N/A 6 (40.0%)
HiStory of childhood Malnutrition 11 (60%) 6 (120%) 0 (O%) 0 (0%) na
llinesses Diarrhoea 57 (30.6%) 13 (26.0%) 4 (20.0%) 2 (13.3%)

Hospital admission . 0 o o o
(postneonatd) Any illness 18 (9.7%) 5 (10.0%) 0 (0%) 1 (6.7%) n/a
Breastfeeding Ever breastfeed 178 (95.7%) 47 (94.0%) 20 (100.0%) 15 (100.0%)

Early initiation of Within 1 h after bith 124 (78.5%) 21 (48.8%) 9 (52.9%) 8 (61.5%) 0,001
breastfeeding After 1 hof birth 34 (21.5%) 22 (51.2%) 8 (47.1%) 5 (38.5%)

Exclusive breastfeeding 122 (65.9%) 32 (64.0%) 14 (70.0%) 8 (53.4%)
Formula feeding 11 (5.9%) 3 (6.0%) 0 (0%) 0 (0%)
Infant feeding from birth Mixed feedin 45 (24.3%) 8 (160%) 4 (20.0%) 2 (13.3%
until 6 monthe" g (24.3%) ( 0) (20.0%) (13.3%)  0.750
Formula feeding only at 6
months, but previous 7 (3.8%) 7 (14.0%) 2 (10.0%) 5 (33.3%)
exclusive breastfeeding
Current breastfeeding 50 (27.0%) 3 (6.1%) 4 (22.2%) 2 (14.3%) n/a

Values in bold font indicate significant-yalues. Abbreviations: CHEU: children who are H#&Xposed

uninfected; CHUU: children who are HiWfhexposeeuninfected; UmARI: umbilical artery resistance index;
GA: gestational age; IQR: interquartile range; NVP: nevirapine; AZT: Zidovudine; n/a: not appbcab
Comparisons involved all groups. Only variables with groups above 5 were included in these investigations as

smaller groups lead to volatility of results. n/a implies no comparisons were made due to lowddedian
interquartile range [IQR] repted. ¢ Missing information: CHUU with abnormal UmRI (n = 1).¢ Unknown

information for CHUU with normal UmARI (n = 28); CHEU with normal UmARI (n = 7); CHUU with abnormal

UmA-RI (n = 3); CHEU with abnormal Um&RI (n = 2).¢ Missing information: CHUU vth normal UmARI (n

=1).f Comparison was performed for exclusive breastfeeding vs. all other feeding methods.
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3.3. Growth Parameters of Study Children

Firstly, investigations involved comparisons of growth outcomes in-édposed vs.
unexposed and norinas. abnormal UmARI settings for the entire study population of 271
children (Table4.3). When comparing between CHEU and CHUU, lower LAZ was observed
in CHEU (1 ©=0D®). Similar findlidgs were observed in abnormal URIAvhen
compared toormal UmMARI group (p<00.0&B N 1.53;

Table 43: The comparisons of mean growth outcomes at age 18 months iaxpbsed vs.
unexposed settings and normal vs. abnormal umbilical artery resistance indexRIYmA
settings

Growth Normal Abnormal
Indicator CHUU CHEU  p-Value AR umA-r] PValue
n =206 (76.0%)n = 65 (24.0% n=236(87.1%n =35 (12.9%
WAZ 0.04+1.19 1T0. 24 0.122 0.01+119 10. 29 0.122
LAZ T0.05 F10.73 0.003 1T0.149 1171 0. 68 <0.001
WLZ 0.08+1.21 0.14+1.33 0.710 0.10+1.26 0.04+1.10 0.710

HCZ 0.93+1.18 0.71+1.15 0.198 0.88+1.16 0.85+1.27 0.141
Values in bold font indicate significant-values. Abbreviations: CHEU: children who are H¥posed
uninfected; CHUU: children who are HRUnexposeduninfected; UmARI: umbilical artery resistance index;
WAZ: weightfor-age zscore; LAZ: lengtHor-age zscore; WLZ: weighffor-length zscore; HCZ: head
circumference & ¢ o r e -normalize&dl enthropometriadicators at age 18 months were computed using the
World Health Organization (WHO) Anthro software of 2011, corrected for gestational age for preterm infants.

Further findings on growth outcomes across the four groups are reported as the means and
standad deviations (SD) (Tabld 4). Investigations involved comparisons of the three test
groups against the control group, respectively. CHEU with abnormal-Bhirad lower WAZ

at birth than the control group € 0.003). Additionally, lower LAZ was observéad CHEU

with normal UmARI than the control grougp(= 0.023). Findings at 18 months showed that
when comparing CHEU with abnormal UrfAl against the control group, there was a
significant difference in weight, length and HC. Further, CHEU with abnorma\{Rinhad
significantly lower LAZ ¢ < 0.001), as well as WAZ and HC% & 0.014;p = 0.016,
respectively) (Figure 2). Furthermore, the findings showed that there were no significant
differences for growth outcomes in groups with single exposure, mateiviadxXposure or
abnormal UmARI, respectively, against the control group. The prevalence of stunting was
higher (40.0%) in CHEU with abnormal UraRl, than with single exposure, 16.0% in the HIV
exposure and abnormal UrdRl group, respectivelyp(< 0.001;p = 0.016). Wasting (8.0%)

and underweight (6.0%) were observed in CHEU children with normal BMmAThe
sensitivity analysis excluding children born preterm showed similar growth outcomes in which
CHEU with abnormal UmARI had lower LAZ, WAZ and HCZ than ¢hcontrol groupp =
0.003;p = 0.029 angp = 0.029, respectivelydata not shown The rate of stunting remained
high among the CHEU with abnormal UrtA group (35.7%).
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Table 44: The mean anthropometric measurements andatai® of study children at birth

and age 18 months, as per groups of control, single exposure and dual exposure to maternal
HIV plus abnormal UmARI

. ) . CHEU with
. CHUU with CHEU with CHUU with
Variables Normal UmA-RI Normal UmA-RI Abnormal UmA -RI Abnormal pval u
UmA-RI
Sample size (n) (% 186 (68.6%) 50 (18.5%) 20 (7.4%) 15 (5.5%)
At birth
Weight () 3187 + 483 3108 + 433 2649 + 566 2704+408 <0. 0|
Anthropometry
(mean + SD) Length (cm) 50.7 + 3.0 49.9+2.3 48.8+2.9 49.1+2.6 0.00
HC (om) 345+17 345+15 33.0+19 339+15 0.00
WAZ 1T0.30 N 170.514 1T0.48 N 171.04 | 0.003
Indicators
(mean + SDJ LAZ 0.68 + 1.66 0.15+1.32 0.64+1.24 0.36 + 1.28 0.023
HCZ 040+ 1.34 0.35+1.24 0.20 + 0.95 0.48 + 107 0.778
At age 18 months
Weight (kg) 109+ 1.5 10.7+1.8 10.8+1.9 9.9+1.0 0.079
Length (cm) 81.9+3.8 80.6 +3.3 81.1+4.1 78.2+35 <0.001
Anthropometry
(mean + SD) HC (cm) 48.1+1.6 48.1+1.9 485+1.9 47.1+1.2 0.011
MUAC (cm) 16.0+1.4 16.2+1.7 16.4+1.7 16.0+1.4 0.825
TSF (mm) 8.7+2.0 8.4+22 8.7+27 8.6+1.3 0.869
WAZ 0.05+1.15 1T0.11 1T0.02 N 7T0.64 | 0.014
Indicators LAZ 7T0.03 N 10.56 T0.21 N 71.30 | <0.001
(mean + SDf WLZ 0.07+1.20 0.19 + 1.46 0.09 +1.32 T0.02 | 0662
HCZ 0.89 +1.15 0.83+1.23 1.26 + 1.47 0.33+0.73 0.016
Underweight 4 (2.2%) 3 (6.0%) 1 (5.0%) 0 (0.0%) n/a
Nutritional L o 0 o o
classificaions (n: %) Stunting 9 (4.8%) 8 (16.0%) 2 (10.0%) 6 (40.0%) <0.001
Wasting 6 (3.2%) 4 (8.0%) 0 (0.0%) 0 (0.0%) n/a

Values in bold font indicate significant-yalues. Abbreviations: CHEU: childrenha are HI\fexposed
uninfected; CHUU: children who are HiWhexposeeuninfected; UmARI: umbilical artery resistance index;
HC: head circumference; MUAC: migbperarm circumference; TSF: triceps skinfold; WAZ: weidbt-age z

score; LAZ: lengthfor-age zscore; WLZ: weighffor-length zscore; HCZ: head circumferenceseore; n/a: not

applicabl e. Compari sons -Rlgtuw e aontr@ gr&up. Omyi variables Wwith o r ma |
groups above 5 were included in these investigations as smaller tgadfe volatility of results. n/a implies no
comparisons were made due to | ow counts

. Compari s
Comparison between CHUU with normal Uai vs. CHEU with normal UmARI groups.? The birth sex
normalized antlopometric indicators were computed using INTERGROWZIH software, using gestatien
adjusted age for preterm infarft3.he sexnormalized anthropometric indicators at age 18 months were computed
using World Health Organization (WHO) Anthro software of 20lising gestaticadjusted age for preterm

infants.f Additionally, comparison between CHUU with normal Us vs. CHEU with normal UmARI: p =
0.016.

98



e

i
URIVERSITEIT WAN FEETORIA
USIVEESITT OF FRETOEIA

aly TURIBLIITHI BA FELTSEIA

(a) Weight-for-age z-score b) Length-for-age z-score

p-value = 0.0140% p-value =0.0002%

€
¥
i
[
i

Welght-forage k- iore

(c) Weight-for-length z-score (d) Head circumference-for-age z-score

prvalue = 0.0163%

mE ++-

Weight for-bengthZ-soom
Headci umference-for age 2-soore.

Figure 42: The box plots showing the significant differences for wdimhage zscore,
lengthfor-age zscore, weighfor-length zscore and H&for-age zscore between the study
groups.

The zscores were computed using World Health Organization (WHO) Anthro software of 2011, using corrected
age for premature childrera)(WAZ for CHEU abnormal UmARI is below the median line and lower than the
three groups;k) LAZ for CHEU abnormal UmARI is very far below the median and lower than the three groups;
(c) WLZ for CHEU abnormal UmARI is the only group below the median lind) HCZ for CHEU abnormal
UmA-RI is low compared to their counterparts in the different groApbreviations:CHEU: children who are

HIV -exposeeuninfected; CHUU: children who are HiMhexposedininfected; UmARI: umbilical artery
resistance index; WAZ: weghtfor-age zscore; LAZ: lengtkfor-age zscore; HCZ: head circumferenceseore;

HC: head circumference.

Additional findings indicated that there were no significant differences between the growth
indicators and child feeding practices during the fisshsonths of life and up until 18 months
of age (Tablet5).
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Table 45: Comparison of mean child growth indicators between breastfeeding practices

Feeding Practices during the First Six Months of Life Continued Breastfeeding & Age 18 Months
Formula Feeding No
Exclusive Formula Mixed Only, but p-Value @ Supplementary Supplementary p-Value @

Breastfeeding Feeding Feeding Previously Exclusive Breastfeeding

Breastfeeding Breastfeeding

Sample siz€ 176 (65.2%) 14 (5.2%) 59 (219%) 21 (7.8%) 59 (21.8%) 212 (78.2%)
WAZ¢ 10.13 003+123031+12f 710.14 N 0105 003+1.25 171004+120 0.672
LAZ® 10.34 028+133010+14 710.32 N 0067 710.01 | i10.27 | 0225
WLZ®  0.04+119 7 0. 11880.34+1.2¢  0.01+1.13 0335 005+121 0.10+1.25 0.768

HCZ® 0.86+1.17 0.83+1.121.07 +1.0; 0.60 + 1.39 0.506 1.04+1.10 0.83+1.19 0.220

Abbreviations: WAZ: weighfor-age zscore; LAZ: lengtHor-age zscore; WLZ: weighffor-length zscore;

HCZ: head circumferencescore Sexnormalized anthropometric indicators at age 18 months were computed
using World Health Organization (WHO) Anthro software of 2011, using gestadijusted age for preterm
infants. 2 Comparison between the studyogps.® Sample size in numbers and percentages f%@rowth
indicators are reported as the means and standard deviations (SD).

4.DISCUSSION

Our study shows that infants who had a diniaiteroexposure, namely maternal HIV infection
and placental insuffiency as measured by an abnormal URIAhad a significantly lower
LAZ and higher rates of stunting at 18 months (40.0%), compared to the control group. This
finding indicates that maternal HIV infection compounded by unrelated placental insufficiency
is an additive risk factor for stunting in SA childtérhe high percentage of stunting in CHEU
contributes to the body of existing knowledd8,14,32 36], and the finding regarding the
high percentage of stunting ®HEU with a history of placental insufficiency and IUGR is
novel in the SA context. The prevalence of placental insufficiency and abnormalRJmnA
SAis high (12%), as reported by Nkesal.and Hlongwanet al, and far exceedbenumbers
previouslyreported in studies from highcome countries. Thetiologyis unknown, more so
because women included in the SA studies were consilbeverisk and healthy at the time of
screening during their pregnancies.

Lower weight, length and HC reported in thregent study among the CHEdlbnormal UmA

RI group at 18 months implies a higsk group requiring closer followp and optimum
nutrition care.

Advanced age in WLHIV with abnormal UmRI and maternal lifestylbehaviouisuch as use

of alcohol were observad the study population, which have been previously identified as risk
factors for placental insufficiency and abnormal WRA by previous studiefl6,37,38]
Adequate mean CD4 T cell counts and low viral loadsaobserved in the studied WLHIV.

A high rate of caesarean section deliveries among theisdpopulation has been reported in
the Tshwane area, JA9].
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A history of diarrhea was common in the study children, even though most of the mothers self
reported having access to running water and flushing toilets, and diarrhea is known to be a
common condition in earlyhdldhood. The reported high vertical HIV transmission prophylaxis

in the CHEU group points to the success of the prevention of mother to child transmission of
HIV (PMTCT) program in SA40i 42], with the high percdages of exclusive breastfeeding
across the study groups showing improved support and promotion of breastfeeding in SA.
Nonetheless, mixed feeding was observed in the present study population, including in CHEU,
despite their risk of vertical HIV acquisith. Low adherence to breastfeeding guidelines have
been documented in a South African cohort of CHEU and CHUU followed up until 18 months
ofage[40. The WHOG6s 2016 recommendations on HIV
breastfeeding practices for all women irregpe of maternal HIV status, within the context

of support for adherence to ART for WLHIM3]. A high stunting rate was observed in the
CHEU-abnormal UmARI group, with more than half being exclusively breastfed. A
systematic review in LMICs statdthat limited evidence exist between breastfeeding and
growth outcome$44]. Contrarily, previous studies, including studies from S#yereported

a positive association between exclusive breastfeeding and child ¢i3,88,34,45]

Findings on low mean LAZ at 18 months of age in CHEU compared to CHUU counterparts
were similar to reports from loeér African countries, with high stunting rates reported in
Ethiopian (27.8%]46], Nigerian (44.3%)13] and Kenyan CHEU (20%)L4]. Many other
studies have also reported suboptimal growth outcomes in CHEU compared to [BAUU

36]. Szanyi et al., reported an asgtion between stunting and maternal pand postnatal

HIV exposurg/46]. The present findings differed to those reported by Ramokolo et al. in SA
[9] and in Malawi[47], as lower LAZ was observed in CHEU than CHUU. The findings on
comparisons of growth outcomes between normal vs. abnormat®RImAere similar tollose
reported in Mexico, which showed a | ow mean
percentage of stunting in participants born with IUBR5,48] Inadequate growth outcomes

in children born with IUGR haveeen documented in the Philippines and Austria, with a
reported association between stunting and IUGR&8,49] According to StranixChibanda et

al. (2020), predictive factors fauboptimalgrowth trajectoies, which aremost pronounced

for LAZ, include IUGR low birth weight and lengtfb0].

Research on the growth parameters of CHEU with abnormal -Bini& limited, with no
published reports on the growth outcomes of children exposed to these dual insults. At 18
months of age, CHEU with abnormal Uri had lower mean anthrometric measurements
(weight, |l ength and HC) and indicators (WAZ,
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normal WLZ and BMI suggest that CHEU with abnormal UiRRAwere symmetrically growth
restricted and, as a result, would not be obviously visiltlemprimary healthcare services if

not well plotted on growth charts.

A lower mean weight, BMI and MUAC were also observed in the mothers of the CHEU with
abnormalUmARI1 , i mpl ying that maternal nutrition
and mnderal growth. Previous findings indicated that maternal financial situation, BMI,
nutrition, education, and age positively correlate with the health of their chilgli¢nThe
combination of the dual insult maarry a huge risk of suboptimal child growth, specifically
length growth. Advanced age of WLHIV with abnormal UsAmay also be attributed to low
growth indicators as it may influence childcare and feeding practices. Nevertheless, Fall and
col | e adng®is @normal population showed that children born to older mothers have
less risk of stuntin¢b2].

This study determined and compared the growth outcomes of CHEU with abnormaRUmA

a population that was previously unsedl Study limitations include the small sample size of

the subgroups of concern, particularly CHEU with abnormal tR1£6.5%). Further, the high
caesarean section rate for a {ask pregnant population might indicate bias in obtaining a
study populatiorborn to women with otherwise levisk pregnancies. The caesarean section
rate for the whole Umbiflownternational study (SA arm) group was 28%, which is similar to
the rate of 30.1% in this subset. The fact that the children were investigated asfleabiage

18 months meant that longitudinal data analysis was not possible; therefore, a lack of evaluation
of growth over time was a drawback. Additionally, a history of childhood illnesses and
breastfeeding practices were based on maternal recall. Fasgarch should investigate
CHEU with abnormal UmARI over a longer duration in order to better understand their long
term growth trajectories.

5. CONCLUSIONS

The present study determined and compared the growth outcomesmminil®old children

born withand without IUGR due to placental insufficiency, modified by maternal HIV status.
CHEU with abnormal UmARI had lower WAZ, LAZ and HCZ, and are especially at a
significantly increased risk of stunting. Maternal HIV exposure and placental insufficiency are
independent risk factors for childhood stunting, with this risk potentiated when these two risk

factors are compounded.
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CHAPTER 5: MANUSCRIPT 2

Article 1, discussed in Chapter 4, demonstrated exposure to maternal HIV and placental
insufficiency wereaisk factorsfor suboptmal growth, especially stuntintiis then necessitated
also investigatingneurodevelopmentgdue to the known assodias between childhood
stunting and subajnal development. Additionally, the stuayxploredthe dietary nutrient
intake ofthesechildren, with a pecific focus on micronutrientto better understand whether

the identified differences between the growmgsepossibly assciated with differences in diet.

Therefore, the present chapteeports on child neurodevelopmental outcomes and
micronutrient intakes, anthe associations between micronutrient intakes gravth vs
neurodevelopmeat domainsThe stidy population waslsocategorized into four subgroups
as inArticle 1 butwith added abbreviations fgroup namesCHUU with normal UmARI
(CHUUIN-RI; control group), CHEU with normal UmRI (CHEU/N-RI; single exposure),
CHUU with abnormal UmARI (CHUU/AbN-RI; single exposure) and CHEU with abnormal
UmA-RI (CHEU/AbN-RI; double exposure)he findings included comparisons between the
groups.

The chapter is presented in article fornzstper theauthor'sguidelines of thdnternational
Journal of Paedidcs, to whichit has beersubmitted to be considered fpublication The

font, line spacing and spelling were kept the same in the thesis for uniformity.
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ABSTRACT

Background Exposure to matnal HIV-infection and intrauterine growth restriction (IUGR)

are both associated with subopainchild growth and neurodevelopment. \W&sessed and
compared growth and neurodevelopmental outcomes and micronutrient intakes in children who
are HIV-exposeeuninfected (CHEU) and children who are HiMexposedininfected
(CHUU), stratified by history oplacental insufficiencyMethods.An abnormal umbilical

artery resistance index (UmRI) on pregnancy Doppler ultrasound was used to detect
placental insufficiency, asproxy for IUGR.At 18-months postnatally, 264 mothehild pairs

were followedup and categorized into four subgroups: CHUU with normal WRA
(CHUUIN-RI; control group), CHEU with normal UmRI (CHEU/N-RI; single exposure),
CHUU with abnormal UmARI (CHUU/AbN-RI; single exposure) and CHEU with abnormal
UmA-RI (CHEU/AbN-RI; double exposujeA quantified single24-hour dietaryrecall was

used tocollectdietary intake. Anthropometry measurements asdares were performed and
computed according to standard procedures. Baillescalesto test for cognitive, language

and motor developmerd t corrected age. FoodFinderE 3.
guantifying dietary intake of iron, zinc, and iodi@omparisons were performed using the
independenttestandthe ManiWh i t ney U test. Associations we
correlation.Results. CHEU/AbN-RI had significantly lower scores when compared with
CHUUIN-RI: lengthfor-age zscore {1.4+1.4 vs 0.0£1.3; p=00Q) andveightfor-age zscore
(-0.6+1.0 vs 0.0£1.2; p=0.024Dn Bayley testsCHEU/AbN-RI hadlower mean cognitive
scoes comparedto CHUU/N-RI: 93.9+12.9 vs 100.1+10.8; p=0.04%ith 21.4% of
CHEU/AbN-RI havinga mild delay in cognitive developmen®verall,the mean language
composite score was low in this population. Further, zinc intake and werghge zscore

were positively associated with language (r=0.10; p=0.042) and motor (r=0.10; p=0.028)
developmentallomains, respectively.r@wth parameters of CHEU were positively associated
with cognitive and motor developmental domafsnclusionCHEU/AbN-RI had suboptiral

growth, particularly stunting, and delay in cognitive development compared to CHRILJ/N
indicating a higkrisk population in need of identification and appropriate interventions within

Child Health/Nutrition programs.

Keywords: Growth, neurodevelopmé HIV-exposure, placental insufficiency,

micronutrient intake
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1.INTRODUCTION

Nutrition plays a critical role in early growth and brain development, and nutritional
deficiencies are major contributors to delayed neurodevelopment irafwvmiddleincome
countries (LMICs]1, 2]. Suboptimal infant feeding practices are a leading cause of nutritional
deficiencies[2]. The association between iron deficiency and neurodevelopment has been
documented in the literatuf@-8], with complementary diets fed to infants in developing
countries previously found to contain suboptimal amounts of iron an¢PZinnadequate iron,

zinc and iodine intake during critical periods of rapid development is known to lead to impaired

cognitive and motor development in animal model studie$0, 11]

Child neurodevelopment is a global public healtioniy. Estimates are that almost half
(43.0%) of children under five years are at risk of not fully attaining their developmental
potential, particularly in LMIC$2, 12]. Child neurodevelopment is influenced bgnaltitude

of pre- andpostnatal maternal and child factors and exposures to environmental and biological

risks, including HIV infection, placental insufficiency and suboptimal nutriiori 3].

In South Africa, the prevalence of HIV infection in pregnant woiseapproximately 30.0%

[14]. The provision of antiretroviral therapy (ART) has resulted in improved maternal health,
as well as the successful prevention of matbeshild transmission (PMTCT) of HIY12, 15,

16]. Therefore, the number of children who are Fxposeeuninfected (CHEU) is increasing,
estimated at 15.4 million in 2020 globally7] and 3.5 million in South Africa alor{@8]. Pre

and postnatal exposure to maternal HIV infectteord ART potentially affects growth and
neurodevelopmental outcomes in CHHEUY], who have in several studies been shown to have
poorer growth and neurodevelopmental outcomes, compared to children who are HIV
unexpaeduninfected (CHUUJ19-23]. Furthermore, Wedderburn and colleagues reported the

risk of maternal HIV exposure anh i kadydssuctural brain developmegd].

Placental insufficiency can be detected by an ahabmumbilical artery resistance index
(UmA-RI) on Doppler ultrasounf®5]. South African women, even those with seemingly-low

risk pregnancies, have previously been found to have an unexpectedly high prevalence of
abnormal UmARI of between 6% and 1326-28]. Placental insufficiency is associated with
raised umbilicalplacental vascular resistance and suboptimal blood flow, resulting in fetal
starvation[29], and hence causes intrauterine growth restriction (IJ&5)30] which in turn

is strongly associated witlusoptimal child neurodevelopment due to intrauterine hyg@éa

28]. Additionally, maternal HIV infection has been reported as a risk factor for [3GR32]
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due to inflammatin and dysregulation of placental vasculogenesis and angiogenesis, resulting

in altered placental functidi33-35].

The first 1000 days of life are a period of incredible potential and enormous vulnef&6Hity

38]. Despite the huge risks posed by HIV infection and placental insufficiency to early and late
child development, the postpartum neurodevelopmental outcomes of children with both of
these risk factors have beenetwoked. Additionally, there is a lack of information on the
effects of feeding practices, particularly iron, zinc and iodine intakes on neurodevelopment,
especially in the context of HIV exposure and placental insufficiency. This study therefore
assessedcompared and determined associations between iron, zinc and iodine intakes and
growth and neurodevelopmental outcomes in CHEU and CHUU born with and without IUGR

in the Tshwane District in the Gauteng Province of South Africa.

2. MATERIALS AND METHODS
2.1. Study setting

The UmbiGodisa study followed up children born to mothers recruited from the South African
arm of the Umbiflow International study, which determined the prevalence of abnormal UmA
RI in unselected lowisk women at 28 34 weeks' gestatiairough a single screening with
the Umbifl owE Doppler device in South-Africe
off centiles for normal and abnormal UnfA were <7%'a n d ™ forthe gestational aga9,
respectively, previousg linked to risk of suboptimal pregnancy outcomes like stillbirths. The
South African study participants were screened from October 2018 to January@ezpand

the study population of CHEU with abnormal Uri#, the current study enrolled additional
paticipants from theSiyakhula study, carried out in the same locality, which assessed growth
and neurodevelopment of CHEU, with similar study procedures and with pregnancy Doppler
data availableThe study participants were followed up at the Universifyretoria's Research
Centre for Maternal, Fetal, Newborn and Child Health Care Strategies, located at Kalafong

Provincial Tertiary Hospital in the Gauteng Province of South Africa.

2.2.Study design

UmbiGodisa was a descriptive cresectional study, whichollected information on feeding
practices, micronutrient intake and developmental outcomes of children with abkbrmAal
RI, as a marker for IUGR, compared to their counterparts with ndgma#-RI, mediated by
maternal HIV infection. The study outcome tbis manuscript was child neurodevelopment,

namely cognitive, motor and language development, while the modifying factors included
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infant growth parameters, dietary iron, zinc and iodine intake and feeding practices. The
motherchild pairs were only asssed once, at 18 months postpartum. Participants were
classified into four subgroups according to HIV exposure and normal/abnormalRImA
CHUU with normal UmARI (CHUU/N-RI; control group), CHEU with normal UmRI
(CHEU/N-RI; single exposure), CHUU withbaormal UmARI (CHUU/ADbN-RI; single
exposure) and CHEU with abnormal Uatd (CHEU/AbN-RI; double exposure).

2.3.Study participants

Mothers with lowrisk singleton pregnancies, with known HIV status and URlAat 2834

weeks, who delivered in local fadiés with available pregnancy and birth information, were
included in the study. Exclusion criteria included multiple pregnancies, lack of informed
consent for any reason, minors, children with abnormalities or severe medical conditions and
children aged laove 21 months ahetime of study. Power analysis indicated that an overall
sample size of 280 was sufficient with a split of 80/20% for CHUU and CHEU groups. The
anticipated sample size was 311 from the Umbiflow International cohort, however, 46
participants were not interested to join the study, others had aged above the set upper limit
(n=1), had severe medical conditions (n=2) or had withdrawn (n=1). Therefore, 261
participants were recruited but 7 participants were excluded from analysis due tasobvio
developmental abnormalities such as encephalopathy (n=3) and incomplete questionnaires or
Bayley assessmenfn=4). Overall, 264 participants were included in the analysis, which
included the additional 10 participants from the Siyakhula study. The @uyisyrsize:
CHUU/N-RI: n = 181; CHEU/NRI: n = 50; CHUU/AbNRI: n = 19; and CHEU/AbMRI: n =

14 (Figureb.1).
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Lack of interest: n = 46
Aged 021 mon
Medical conditions: n = 2
Withdrawal: n =1

Recruited:
n=261

Analysis exclusions:
Obvious developmental
abnormalities: n =3
Incomplete questionnaire
or Bayley: n=4

Umbiflow study cohort:
n =254

Siyakhula study cohort:
n=10

Umbi-Godisa stdy
cohort: n = 264

CHUU/IN-RI: CHEU/N-RI: CHUU/AbN-RI: CHEU/AbN-RI:
n=181 n=>50 n=19 n=14

Figure 51: Study cohort

2.4.Data collection
Mothers were booked telephonically for a study visit. Trained stadfyatitained the informed
consent and facilitated the data collection process from February to December 2021.-The face
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to-face maternal interviews and child growth and development assessments were conducted in

local languages or English.
Sociodemographidgeding practices and dietary intake data

A structured questionnaire was used to collect matetmld sociodemographic variables and

medical history. The household food security status was assessed using the adopted United
States Household Food Secui@yrvey Modulg40]. The limitation @ this tool is that it does

not provide specific information on food security of children. The breastfeeding data over the

first 6 months of life was collected using a standardized and previously used questionnaire
based on maternal recg#41]. The validated and quantified single-Bdur dietary recall
guestionnaire was administered by trained study staff to gather the childe¢sr’'y mhtake, as

reported by the mothgd2-44]. A det ai l ed manual for adminis
was available for guidancgl5] and a standardized dietary kit was utilized. Breast milk
substitutes and infant cereals weecorded per dry amouoitgrams (gJ42, 46]

Growth and neurodevelopmental assessment

Child weight, length and head circumference (HC) measurements were performed according

to standard procedures, and meastneécke and the mean value was used. We used calibrated

digital scale (Seca 354); mechanical infantometer (Seca 416) arsiretahable tape measure

for weight, length and HC measurements, respectively. The developmental screening was
performed using the tarnational Guide for Monitoring Child Development (GMCD) at the
corrected age for prematurity, which entails a series of-epded questions, according to the

chil dés age, on functional domains including
movements, relating and respofbedaviouy play, and sethelp activities, that were answered

by the child's caregivg@7]. The reliability and validity of GMCD have been reported by

studies in Turkey and other LMIC setting8]. An individually adninistered Bayley Scales

of I nf ant and Toddl er D e v-#) wap nsedntd Bssesshhier d e
cognitive, language (expressive and receptive) and motor (fine and gross) domains at the
corrected age, using the Bayikit. Bayleylll is a standardized and wediccepted tool that

takes about 4560 minutes to complete, and it may overestimate child perfornjd@cé0]

GMCD was performed first, then Bayldl, and they were completed using different trained

study staff to avoid bias. Bayldil was assessed when the child was in an alert state.
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2.5.Data processing and statistal analysis

All data was managed using the Research Electronic Data Capture database v9.3.5. Outliers
were examined for plausible values and/or errors in data captiihegreported household

food intake measurements were converted to weight in gfahjs South African based
FoodFinderE 3.0 was used for meal anal ysi s o
iron, zinc, andiodinefFood Fi nder E 3.0 is programmed accor
South Africa. Thé&stimated Average Requirement (EAR) of 1 to 3 year old children for iodine,
iron, and zinc are 65 mcg, 3.0 mg, and 2.5 mg per day, respe¢d2¢lyrhe World Health
Organization Anthro software was used to computscares using corrected ages.
Underweight, stunting, wasting and microcephaly were defamedvéght-for-age zscore

(WAZ), lengthfor-age zscore (LAZ), weighffor-length zscore (WLZ)and HC-for-age z

score (HCZ) of <2, respectively, and the eaff of <-3 was used as severe classifications.
GMCD was classified amgeappropriate development iflathilestones were attained; delay if

one or more milestones were not attained in the appropriate age group and a significant delay
if the child did not attain milestones in the appropriate age group and the previous age group.
The Bayleylll composite scag was calculated based on a comparison of the child to a
normative agenatched sample established by the assessment and were interpreted as follows
for any of the five domains, namely a) raderage functioning: composite score of 100 (15

SD standardized ean score); b) mild impairment/at risk of developmental delay: <85 (1 SD

< mean); ¢) moderate impairment: composite score of <70 (2 SD < mean); d) severe
impairment: composite score of <{E3].

All statistical analysis was performed using R Statistical Softwargion4.3.0.The Shapiro

Wilk test was used to determine if the data was normally distributed. The four groups were
compared for descriptive statistics using ANOVA tests for the normally distributed data and
the KruskalWallis H test for the nomormally distributed data, for all conuous variables.

For each of the variables which were significantly different, a posthoc analysis which included
the Bonferroni correction was performed to determine which groups differed from which and
the adjusted walues were used. The CGéguaredtet and Fi sher 6s exact
categorical variables-or the micronutrient intake, anthropometry measurementBayidy

[, the three exposure groups were compared against the control group, where the independent
t-test was used for normallystributed variables and the Maiwhitney U test was used for
variables with a nomormal distributionGroups with very low cell counts were excluded in
the analysis as smaller groups |l ead to vol at

correlation was used to determine associations and their significances betweenlBayldy
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other variables. The correlation coefficient can be betwderand +1, with stronger

associations closer to the outer boundsafd +1).

3. RESULTS

About 36.8% ofCHUU/AbN-RI wer e born prematurel w1l <37
The mean birth weights were significantly different between the four groups (p<0.001). A
posthoc analysis indicated that CHUURN hada higher mean birth weight than CHEU/AbN

RI (p=0.004) and CHUU/AbNRI (p<0.001). Furthermore, CHEU/RI had a higher mean

birth weight compared to CHUU/AbRI (p=0.002). A smaller mean HC was observed at birth

in CHUU/AbN-RI when compared to CHUUARI (p=0.004) and CHEU/MRI (p=0.009). All

CHEU were on AR prophylaxis and their mothers sedfported being on ART, with an overall
latest mean CD4 count of 448 + 298 cellsfniMaternal mean age differed significantly
between the four groups; p<0.001. A posthoc analysis showed that mothers of the
CHEU/ADbN-RI were the oldest (37.1 = 5.9 years) compared to mothers of the CHULRAbN
(28.8 + 4.2 years; p<0.00IGHEU/N-RI (31.5 = 5.4 years; p=0.00@nd the control group

(30.1 £ 5.1 years; p<0.001). Median gravidity and paispdiffered significantly between

the four groups; both p=0.007. Further analysis demonstrated that CHEXYRAb&H higher
median gravidity (p = 0.028) and parity (p = 0.010) than the control group. More than 50% of
mothers of CHEU/AbNRI delivered by caesarean section. Further, most nsihall groups

were single, unemployed, resided in formal townships and had attained some form of secondary
schooling. Overall, 48.8% of mothers were classified as being food insecure according to the
US Household Food Security Survey Module. More thajuarter (30.0%) of mothers of
CHUU/N-RI were drinking alcohol after pregnancy and 4.0% of mothers of CHEUARbN
were smoking cigarettes after pregnancy.
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Table 51: Participant and maternal characteristics and medical history

CHUU/AbN - CHEU/ADbN -

Measures Subgroup Statistic CHUU/N-RI  CHEU/N-RI RI RI P-v al
(controlgroup (single (single (double
exposure) exposure) exposure)
Sample size N 181 50 19 14
Age (months) Mean + SD 18.6 £+ 0.9 185+08 182+0.2 188x1.0 0.422
Sex Female n (%) 92 (50.8) 22 (44.0) 11(57.9) 10(71.4) 0.305
Premature birth n (%) 15 (8.3) 2 (4.0) 7 (36.8) 1(7.1) n/a
Birth weight (g) 3194 + 480 3108 £433 2650 £581 2742 +396 <0.001
Head circumference at birth (cm) 345+1.7 345+15 329+19 340+1.6 0.006
Birth weight zscore Mean £50 — 0 30£ 116  -054£0.96 043 1.08 -0.98 £ 0.75 0.105
Head circumference-gcore 0.37+132 035+1.24 0.23+0.97 0.50+1.11 0.865
Apgar score at 5 minutes Median [IQR] 10.0[9.0, 10.0] 9.0 [9.0, 10.C 9.0 [9.0, 9.0] 9.0 [9.0, 9.0° 0.045
Hospital admisen during neonatal peris n (%) 33 (18.3) 6 (12.0) 6 (31.6) 1(7.7) n/a
HIV prophylaxis NVP only N/A 41 (93.2) N/A 6 (42.9)
n (%) n/a
started® NVP and AZT N/A 3(6.8) N/A 8(57.1)
Child ever had any form of malnutrition 11 (6.1) 6 (12.0) 0 () 0 (0) n/a
Child ever had diardea n (%) 57 (31.5) 13 (26.0) 4 (21.1) 0 (0) n/a
Child ever hospitalized for any illness 18 (9.9) 5(10.0) 0 (0) 0 (0) n/a
Maternal age (years) Mean £SD 30.1+5.1 31.5+54 288+42 37159 <0.001
Obstetric history Gravidity 211, 3] 31[2, 3] 212, 3] 413, 4] 0.007
Parity Median [IOR] 21, 3] 2[2, 3] 22, 3] 3[3, 3] 0.007
Previous pregnancy 0[0, 0] 0[0, 1] 0[0, 0] 0[0,1] 0.383
losses
Preeclampsia/ 2 (13.3) 0(0) 0(0) 0(0) nia
eclampsia n (%)
Postpartum 23 (12.7) 5(100) 2 (10.5) 0(0) na
complications
Umbilical artery - UmA-RI value at 28 064+01 06300 075+01 0.76+0.0 0.001
Doppler 34 weeksO6 MeanzSD
UmA-RI z-score 0.03+£0.7 -0.10+06 1.81+09 1.78+0.7 <0.0
Mode of delivery Vaginal delivery n (%) 126 (69.2) 31 (62.0) 9 (47.4) 5(35.7) <0.001
Caesareasection 54 (29.8) 19 (38.0) 10 (52.6) 9 (64.3)
Latest CD4 count cells/mn¥ Mean +SD N/A 463 + 310 N/A 416 £295 0.965
t)a;jSt HIViviral - piesimL tog) Median [IQR] N/A 0.0[0.0,00] NA  0.0[0.0,0.0° 0.798
Current ART TDF/FTC/EFV N/A 31 (62.0) N/A 7 (50.0)
Other ART n (%) N/A 10 (20.0) N/A 6(42.9) 0.251
Not recorded N/A 9 (18.0) N/A 1(7.1)
Marital status ~ Single 114 (63.0) 33(660) 10(52.6) 7 (50.0)
- — n (%) 0.592
Married/cahabiting 67 (37.0) 17 (34.0) 9 (47.4) 7 (50.0)
Educational level Any primar
cho‘;”ng y 13 (7.0) 4 (8.0) 3(158) 2 (14.3)
Any secondary n (%) 124 (68.5)  40(80.0) 12(632) 11(786) O-2%%
schooling
Postschool educatior 44 (24.3) 6 (12.0) 4 (21.1) 1(7.1)
Unemployed n (%) 110 (60.8) 29(58.0) 10(52.6) 10 (71.4) 0.736
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gﬂma;elgr;iem <t EMPIOVEd 71 (39.2) 21(42.0) 9(47.4)  4(286)
Par t ner 6 Unemployed n (%) 29 (16.9) 7 (14.3) 3 (15.8) 2(14.3)
employment statuAny type of 143(831)  42(857) 16(842) 12(857) °°°7
employment
Monthly householR 0- R 2000 36 (20.1) 7 (14.0) 0 (0) 4 (28.6)
income(in ZAR) © 2 5601- R 4000 42 (235)  15(30.0) 8 (42.1) 0 (0)
R 4001- R 6000 n (%) 38 (21.2) 13(26.0)  5(26.3) 5@57) .
R 6001- R 8000 11 (6.1) 5 (10.0) 1(5.3) 2 (14.3)
R 8000 + 43 (24.0) 9 (18.0) 5 (26.3) 1(7.1)
Dondt knoy 9 (5.0) 1(2.0) 0 (0) 2 (14.3)
Household adult Food secure 0 89 (49.2) 25 (50.0) 11 (57.9) 10 (71.4)
food security stattFood insecure n (%) 92 (50.8) 25 (50.0) 8 (42.1) 4 (28.6) 0-560
Description of  Formal township 114 (63.0) 27 (54.0) 14 (73.7) 7 (50.0)

. n (%) 0.348
neighbourhood  |nformal settlement 67 (37.0) 23(46.0)  5(26.3) 7 (500)
Postnatal lifestyle Any alcoholdrinking 54 (30.0) 11 (22.4) 2 (12.2) 1(7.7) 0.167
behaviour Any cigarettes n (%) na

smoking® 3(1.7) 2 (4.0) 0 (0.0) 1(7.7)
Maternal mental health assessnient
Little interest or
pleasure in doing 41 (22.9) 15 (30.0) 1(5.9) 2(15.4) 0.419
things n (%)
Feeling down,
depressed or hopele 53 (29.6) 20 (40.0)  2(11.8) 2(15.4) 0.623
Maternal seHassessed genetatalth
rating
Well 165 (91.1) 44 (88.0) 18(94.7) 14 (100.0)
Fair n (%) 13 (7.2) 6 (12.0) 0 (0) 0 (0) n/a
Poor 3(1.7) 0 (0) 1(5.3) 0 (0)

Notes AbN-RI: abnormal umbilical artery resistance index; ART: antiretroviral therapy; AZT: zidovudine; CD4:

acluster of differentiation 4; CHEU: children who are H&¥poseeuninfected,CHUU: children who are HIV

unexposedininfected; IQR: interquartile range:RI: normal umbilical artery resistance index; NVP: nevirapine;
SD: standard deviation; TDF/FTC/EF¥nofovir/ emtricitabine/ efavirenz; UmRI: umbilical artery resistance

index ZAR: South African Rand.

aComparison was made between the four groups. The ANOVA test was used for the normally distributed data
and the Kruskal Wallis H test was used for the data that was not normally distributed, for continuous variables.
e X a c All testeewere pevicenmee at a 59,e d
level of significance. Significant difference is indicated by a beldipe.

TheChisquar ed test

®CHEU/N-RI: n=44

and

Fi sher 6s

¢One South African Rand equates to 0.056 UniteceStabllars.
dQuestion asked: Since your baby was born, did you drink alcohol?
€Question asked: Since your baby was born, did you smoke cigarettes?

fCHUU/N-RI: n=179; CHUU/AbNRI: n=17; CHEU/AbNRI: n=13

On maternal recall, a high percentage of child®&n8%) were ever breastfed across the groups

(Table5.2). Early initiation of breastfeeding within one hour after birth wasttvimls or above

in the CHEU/AbNRI and CHUU/NRI groups. The percentage of exclusive breastfeeding

(EBF) in the first 6 monthaas high among CHEUARI (40.0%) and CHEU/AbMRI (42.9%)

while percentage of mixed feeding was high in CHUWN(58.0%) and CHUU/ADbRRI
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(52.6%). CHEU/N-RI stopped breastfeeding earliet mean 7.1 + 5.1 monththan
CHEU/AbN-RI (8.2 £ 5.2 months), CHUU/A%¥-RI (8.8 + 5.3 monthsand CHUU/NRI (11.4
+ 5.5 months); p<0.001. The me introduction ofc o wod s mi | k was
recommended twelve months of age in three of the gr¢GpHJU/N-RI: 11.6 + 3.4,
CHUU/AbN-RI: 9.6 + 5.5 and CHEU/AbMRI: 10.4 + 2.9months). CHEU/AbNRI were
introduced to protetnich foods later at 11.2 + 3.1 months than other gropp@;048. There
were no significant differences for the intake of iron, zinc and iodine between CHRIU/SI
CHEU ADbN-RI. lodine intake was lower amoi@HUU/N-RI when compared to CHEU/RI

ear |

(p=0.033) and CHUU/AbMRI (p=0.005). Generally, the iodine intake was below the EAR

across all the groups.

Table 52: Child feeding practices based on maternal recall and micronutrient intake

CHUU/AbN - CHEU/AbN -

Measures Subgroup Statistic CHUU/N-RI CHEU/N-RI RI RI P-v al
(control (single (single (double
group) exposure) exposure) exposure)
Sample size N 181 50 19 14
Ever breastfed Yes n (%) 173 (95.6) 47(94.0) 19(100.0) 14 (100.0) 0.601
Early initiation of Within 1 hour 121 (78.1) 21 (48.8) 8 (50.0) 8 (66.7)
breastfeedingtfter birth®  After 1 hour n (%) 34(21.9) 22(51.2 8 (50.0 4@ag o0t
(21.9) (51.2) (50.0) (33.3)
Feeding practices in the EBF 58 (32.0) 20 (40.0) 7 (36.8) 6 (42.9)
first 6 months Formula feeding 11 (6.1) 3(6.0) 0 (0) 0 (0)
Mixed feeding n (%) 105 (58.0) 20 (40.0) 10 (52.6) 3 (21.4) n/a
;gflﬁﬂfaﬁse':diahgegm 6 (3.3) 7(140)  2(105)  5(35.7)
Currently breastfeeding Yes n (%) 48 (26.7) 3(6.1) 4 (23.5) 2 (15.4) n/a
Age atweaning (in months) Mean+SD 11.4+55 7.1+5.1 8.8+5.3 8.2+52 <0.001
Introduction of food and timing of introduction
Formula milk 56+5.2 51+£3.8 6.1+4.0 7.6+83 0.815
Water 41+£21 46+22 44+1.8 46+2.2 0.318
Tea, juice 9.7+3.9 9.0+40 8.9+3.6 11.4+£43 0.235
Co W é-s mi | k Age (month Mean +SD 11.6+34 12727 9.6 55 104+29 0.150
Semisolids, e.g. cereals, 52+16 52+17 55+10 57+17 0.388
porridge
Solids, e.g. vegetables, fri 8.8+3.5 8.3+£33 7722 10.1+4.4 0.474
Protein rich foods, e.g. eg 9.7+34 8.9+£37 85+2.6 11.2+3.1 0.048
Dietary nutrients intake Iron (mg) 6.4+5.1 6.9+4.3 7873 6.3+3.3 0.510
Zinc (mg) Mean+SD 51+52 55+34 55+28 46+26 0.871
lodine (mcg) 26.2+153 41.7+23.9 4541164 36.0+£185 0.094

Notes AbN-RI: abnormalumbilical artery resistance indeBF: exclusive breastfeedinGHUU: chidren who
are HIV-unexposedininfected; CHEU: children who are HI\éxposeeuninfected; mcg: micrograms mg:
milligrams; N-RI: normalumbilical artery resistance indeRD: standard deviation

aComparison was made between the four grolihe. ANOVA tests was used for the norigalistributed data
andthe KruskalWallis H test was usefbr the datathatwasnot normaly distributed The Chisquared test and
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Fi sherdés exact test we rAHtestsssverd peffoomed at aSkeefod significante. var i ab
Significant difference is indicated labold p value.

® CHUU/N-RI: n=155; CHEU/NRI: n=43; CHUUADN-RI: n=16; CHEU/AbNRI: n=12

¢Comparison was made between CHURN(control group) vs CHEWbN-RI (double exposure group) h&é

MannWhitney Utestwas usedAll tests were performed at a 5% level of significari@ietary nutrientintake
reportedexcludes any intake via breastmilk for the children who were still breastted 48month study visit

In general, the CHEU/AbMNRI (double exposure) group had significantly lower anthropometric
measurements and growth indices at age 18 months when contpatteel CHUU/NRI
(control) group (Table 3). These include weight (kg) (9.9 + 1.1 vs 10.9 + 1.6; p=0.015), length
(cm) (78.1 £ 3.7 vs 81.9 £ 3.8=0.002 and HC (cm) (47.3 £ 1.1 vs 48.1 + 1.6; p=0.024) and
z-scores: WAZ{0.6 £ 1.0vs 0.0 £ 1.2; p=0.024)AZ (-1.4 £ 1.4 vs 0.0 £ 1.3; p=0.001) and
HCZ (0.4 £ 0.7 vs 0.9 £ 1.2; p=0.035), while the WLZ were similar (0.0 + 0.8 vs 0.1 + 1.2;
p=0.843).

The findings of the GMCD screening indicated that 21.4% of CHEU/RIbNdouble
exposure) and 10.0% of CHEUMRI (CHEU single exposure) had a delay in gross movements.
The Bayleylll assessment showed that the CHEU/ABN(double exposure) group had

lower mean cognitiveecomposite scorg¢han the control group®3.9+12.9 vs 100.1+10.8;
p=0.042,and lower motor compdge scorecompared tohte control group, but this wamsot
significant. Further, 21.4% of CHEU/ABRI showed a mild delay in the cognitive
developmental domain. Overall, the mean language composite score was low in this population
(overall mean was 89.4 £213) (Table5.3). In the total study population, zinc intake was
positively associated with the language domain (r=0.10; p=0.042), while WAZ was positively
associated with the motor (r=0.10; p=0.028) developmental domain, and while statistically
significart the correlations were not strong (Tabld). In this cohort, iron intake was not
significantly associated with any developmental domains. In the CHEU group we found that
cognitive development was significantly positively correlated with WAZ (r=0.15;0240

and LAZ (r=0.35; p=0.009), while motor development was significantly positively correlated
with WAZ (r=0.32; p=0.007), LAZ (r=0.26; p=0.017), WLZ (r=0.27; p=0.044) and HCZ
(r=0.24; p=0.021). In the abnormal UrfA group, the motor developmental domavas

significantly positively correlated with the HCZ (r=0.43; p=0.038).
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Table 53: Anthropometric measurements, GMCD screening and Bdillegsults at age 18

months
CHUU/AbN- CHEU/ADbN-
Measures Subgroup Statistic CHUU/N-RI CHEU/N-RI RI RI P-v al
(control (single (single (double
group) exposure) exposure) exposure)
Sample size N 181 50 19 14
. Weight (kg) 109+16 10.7+18 10.8+20 9.9+11 0.015
Anthropometric
Length (cm) Mean (SD) 819+3.8 806+33 81.0+42 78.1+37 0.001
measurements -
Head circumference (cm) 481+16 481+19 487+x1.7 473+11 0.024
Growth indiced  Weightfor-age zscore 00+12 -0.1%13 0.0+16 -0.6+1.0 0.024
Lengthfor-age zscore 00+13 -06*12 -0.2+16 -14+14 0.001
Weightfor-length zscore Mean (SD) 01+1.2 0215 02+1.3 0.0+08 0.843
Head circumferencéor-age 09+12 08+12 14+14 04+07 0.035
z-score
GMCD Screeningesults,as reported by the caregiver
Had concerns about ch n(%) 6 (3.3 4(8.0) 3(15.8) 2 (14.3) n/a
Relatin Del 0 (0.0 0 (0.0 1(5.6 0(0.0
g elay n (%) (0.0) (0.0) (5.6) (0.0) a
Significant delay 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Play activities Dela 2(1.1 0 (0.0 0 (0.0 0 (0.0
y elay n (%) (1.1) (0.0) (0.0) (0.0) /A
Significant delay 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Self-help activities Delay 3(1.7) 0 (0.0) 1(5.6) 0 (0.0)
— n (%) n/a
Significant delay 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Expressive languacDelay 5 (2.8) 0 (0.0) 1(5.6) 1(7.1)
— n (%) n/a
Significant delay 5(2.8) 1(2.0) 0 (0) 1(7.1)
Receptive languageDelay n (%) 0 (0.0) 0 (0.0) 1(5.6) 0 (0.0) a
Significant delay ’ 0 (0.0) 0 (0.0) 1(0.6) 0 (0.0)
Grossmovement  Delay n (%) 12 (6.8) 5 (10.0) 1(5.6) 3(21.4) a
Significant delay ’ 1(0.6) 1(2.0) 1(5.6) 0 (0.0)
Fine movement Dela 6 (3.6 1(2.2 1(5.6 0 (0.0
: y n (%) (3.6 (2.2) (5.6 0.0 n/a
Significant delay 2(1.2) 2 (4.3) 0 (0.0) 0 (0.0)

Bayley-1ll compositeCognitivecomposite score

scores

1001+ 108 1004+ 103 982+117

939+129 0.042

Languagecomposite scoré Mean 6D) 894+ 125 887+114 906+10.6 90.9+15.8 0.327
100.0+11.799.4+128 979+11.6 956+ 14.2 0.189

Motor composite scorés

Cognitive domain Normal development 175 (97.2) 46 (92.0) 18 (94.7) 11 (78.6)
Mild delay n (%) 4(2.2) 4 (8.0) 0 (0) 3(21.4) n/a
Moderate delay 1(0.6) 0 (0) 1(5.3) 0 (0)
Language domafn Normal development 108 (60.0) 31 (62.0) 14 (73.7) 10 (71.4)
Mild delay n (%) 67 (37.2) 18(36.0) 5 (26.3) 3(21.4) n/a
Moderate delay 5(2.8) 1(2.0) 0 (0) 1(7.1)
Motor domaird Normal development 170 (94.4) 44 (88.0) 18 (94.7) 13 (92.9)
Mild delay n (%) 10 (5.6) 6 (12.0) 0 (0) 0 (0) n/a
Moderate delay 0 (0) 0 (0) 1(5.3) 1(7.1)

Notes AbN-RI: abnormal umitical artey resistance indexCHUU: children who are HIMinexposed
uninfected; CHEU: children whare HIV-exposeéduninfected cm: centimetreGMCD: International Guide for
Monitoring Child Developmentkg: kilogramsN-RI: normal umbilicalartery resistance indexD: standard

deviation
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aThe results presented are for the comparison between CHBU(bbntrol group) vs CHEWbN-RI (double
exposure group). Farormaly distributed datathe independenttest was usedandthe MannWhitney U tests

was used in the nemormaly distributed dataAll tests were performed at a 5% level of significarRignificant
differences areindicated by bolded-palues.

®Corrected for prematurity.

¢No significance tests coulcelperformed due to small cell counts

dLanguage deslopmental measure comprises of expressive and receptive subdomains. Motor developmental
measuréncludes fine and gross motor subdomains.

Table 54: Associations between different measurements and Balylegmposite scores

Measures Cognitive developmental Language developmenta] Motor developmental
domain domain domain
Associatio?  P-valu@ | Associatiod P-valu¢ | Associatiod P-value
Total study population
Daily iron intake (mg) 0.05 0.472 0.06 0.973 0.02 0.777
Daily zinc intake(mg) 0.08 0.0&2 0.10 0.042 0.08 0.128
Daily iodine intake (mcg) -0.02 0.944 -0.05 0.400 0.01 0.567
Weightfor-age zscore 0.4 0426 -0.06 0.759 0.10 0.08
Lengthfor-age zscore 0.05 0.284 0.00 0.797 0.07 0.13
Weightfor-lengthz-score 0.02 0.756 -0.06 0.596 0.10 0.063
Head circumferencéor-age zscore 0.03 0.928 0.00 0.974 0.09 0.137
CHUU group
Daily iron intake (mg) 0.03 0.844 0.00 0.679 0.01 0.726
Daily zinc intake (mg) 0.06 0.174 0.05 0.093 0.06 0.153
Daily iodine intakg(mcg) -0.05 0.177 -0.06 0.130 0.04 0.530
Weightfor-age zscore -0.04 0.598 -0.11 0.247 0.02 0.426
Lengthfor-age zscore -0.04 0.789 -0.03 0.919 -0.01 0.821
Weightfor-length zscore -0.04 0.627 -0.11 0.148 0.06 0.376
Head circumferencéor-agez-scae -0.02 0.499 -0.03 0.614 0.03 0.776
CHEU group
Daily iron intake (mg) 0.12 0.088 0.19 0.389 0.04 0.977
Daily zinc intake (mg) 0.18 0.019 0.22 0.190 0.10 0.549
Daily iodine intake (mcg) 0.13 0.796 0.02 0.410 -0.04 0.801
Weightfor-age zscore 0.15 0.021 0.04 0.196 0.32 0.007
Lengthfor-age zscore 0.35 0.009 0.07 0.510 0.26 0.017
Weightfor-length zscore 0.21 0.166 0.14 0.185 0.27 0.044
Head circumferencéor-age zscore 0.32 0.359 0.12 0.429 0.24 0.021
Normal UmA-RI group
Daily iron intake (mg) 0.07 0.125 0.04 0.766 0.00 0.745
Daily zinc intake (mg) 0.11 0.035 0.08 0.044 0.06 0.123
Daily iodine intake (mcg) 0.00 0.598 -0.08 0.241 0.01 0.746
Weightfor-age zscore 0.01 0.407 -0.06 0.707 0.07 0.129
Lengthfor-age zscore 0.01 0.747 -0.01 0.738 0.02 0.458
Weightfor-length zscore 0.01 0.993 -0.06 0.497 0.10 0.152
Head circumferencéor-age zscore -0.01 0.879 -0.01 0.811 0.04 0.441
Abnormal UmA-RI group
Daily iron intake (mg) -0.23 0.203 0.03 0.441 0.04 0.935
Daily zinc intake (mg) -0.13 0.488 0.14 0.737 0.15 0.931
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Daily iodine intake (mcg) -0.10 0.630 0.16 0.435 0.09 0.894
Weightfor-age zscore 0.16 0.237 0.01 0.837 0.26 0.077
Lengthfor-age zscore 0.16 0.252 0.06 0.916 0.35 0.126
Weight-for-length zscore 0.11 0.367 0.02 0.737 0.17 0.121
Head circumferencéor-age zscore 0.31 0.093 0.03 0.657 0.43 0.038

Notes CHUU: chidren who are HIVunexposedininfected CHEU: children who are HIexposeeuninfected;
mcg: microgram; mg: milligramymA-RI: umbilical artery reistance index

a8The Spearmas correlation measurevas used.The correlation can be betweeh and+1 with stronger
associations closer to the outer boundsahd+1).

bThe sgnificance testvas performedo determine if thassociatiowas significanty different from 0, if thisvas

not the case then themasno significant associatioithe pvalues that are <0.05 have significaissociatios,

indicated in bold font.

4.DISCUSSION

The present study successfully investigated the overlooked popult@Ed) childrenwho
additionally had been exposed to placental insufficienayterg and found that comparative

to their unaffected counterparts, these children had lower growth indicedefiods in
cognitive developments well asisk of delayedmator developmentThis was a lowrisk
population in terms of the pregnancy history, apart from the exposure to maternal HIV in the
CHEU group. Over a third of CHUU who had IUGR (as measured by an abnormaRJmA
were born premature, this being a risk faétw suboptimal growth and development. At birth,
children who had IUGR had relatively lower mean birthweights, which is akweivn
contributing factor for further poor growth and development. The higher maternal age in the
CHEU/AbN-RI group mayalsohave impacted their growth outcomes as advanced maternal
age has previously been related to childhood stufhy The percentage of EBF in the first

six months reported in HIV exposed groups is betten tthe previously reported percentage

of 37.0% in South African women living with HIV and this may indicate the success of ART
programs in protecting, supporting and promoting breastfed@blg In this cohort, water

was, on average, given to children from as early as four months, similar to the finding reported
in a South African reviey6]. Al so, cowds mil k was introduce
Although the WHO 2023 guideline for complementary feeding of infants and young children
recommendshe intake of animal milk for notbreastfed infants agedi611l monthsc o wd s
milk interferes with iron absorption due to the high calcium content, increasing the risk of iron
deficiency amemia[57]. Proteiar i ch f oods, cruci al f avere a chi
introduced late in the CHEU/ABRI group, at eleven months, placing these children at even
higher risk of subptimal growth and health. In the present study, the dietary intake of iron and
zinc were adequate, while tiwine intake was lower than the EAR. lodine deficiency is the
preventable cause of irreversible neurodevelopmental deficits in cHilde®alt fortification

with iodine is the most effective intervention for addressing iodine deficigm&outh Africa,
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iodization d table salt is mandatory, however, iodization of salt used in food production is
voluntary[59]. Therefore, with increasing nutrition transiti¢ghifts in diet) the low inake of

iodine in this study population may be due to the declining consumption of discretionary salt
and increasing consumption of ndiscretionary sal60].

In this cohort, the double exposure (CHEU/ABYW group fad suboptimal growth indicated

by the lowest mean LAZ, WAZ and HCZ, with stunting predominating at 18 months of age.
Similar findings for CHEU were reported in previous studies in Ethiopia, Malawi and Uganda
that determinedhe growth of children exposea tmaternal HIV infection and ART61-63],
although IUGR caused by placental insufficiency was not examined as a covariate in these
studies.

In general, the findings from GMCD screening showed a cause for conadrifdiren in terms

of the gross movement subdomain and that the CHEU/RbIgroup was most affected
(21.4%). Similarly, CHEU/AbNRI had lower mean cognitiv&eomposite scores than the
control group orthe Bayley test. However llagroups had mean composieoresthat were

within the normalfunctioningrangein the three developmental domaimnsdicatingoptimal
neurodevelopment. These findings were in line withShechi et al. report that children who

had IUGR had lower cognitive scorgl], and differed fronDe Beeret al. who found that
CHUU and CHEU had similar developmental outconjéS]. Nonetheless, additional
categorical analysis dhe Bayley test revealed that 2% of CHEU/AbNRI had milddelays

in the cognitive domain. Moreover, we observed that mild delay in the language domain was
common across the groups. Similar findings on language delays in CHEU have been reported
in South Africa[19, 66] potentially linked to the fact that South Africa is a multilingual
country. Other causes of developmental delays include preventable causes such as inadequate
nutrition and lack of an adequate care environment and stimu[&ii¢rOur findings on low
cognitive and motor composite scoemasong CHEU and chdlen who had IUGR were in line

with the previously reported neurodevelopmental outcomes of CHEU vs JRQJ22, 23,

66, 68]and children with &istory of abnormal Doppld69-71].

Additionally, our study determined associations between several variables and three
neurodevelopmental domains, although only weak positive associations were found, likely
becawse childhood growth and development are multifactorial. Zinc intake was significantly
associated with language development in the total study population, in line with previously
reported positive associations between zinc and neurodevelopgjerfturthermore, we

observed positive associations between growth parameters and cognitive and motor
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development in CHEU. Similarly, studies have shalat stunting is associated with poor
cognitive developmerj2, 72]. Also, associations between LAahd motor development were
reported in South African childrdii3].

This study investigatethe growth and neurodevelopment of an overlookedsit population

born with a history of placental insufficiency and exposure to maternal HIV infecadso

taking into account their micronutrient intake. The enffeinvestigation at 18 months is a
limitation of the study as we could not determine changes in growth and neurodevelopmental
outcomes over time for our study population. Also, the smalpkagize of children who had

placental insufficiency (abnormal UmRI cohort as a proxy for IUGR) was a drawback.

5. CONCLUSION

CHEU are at risk of suboptimal growth outcomes, particularly stunting, which are worse when
HIV exposure is compounded by IUGHRtributed to placental insufficiency, as measured by
an abnormal UmARI in pregnancy. This group of children is furthermore at risk of deficits in
cognitive development. The study findings advocate for the -sggke implementation of
antenatal Dopplercseening, including on lowisk pregnant mothers #ite primary health care
level, to identify betuses at risk of IUGR, in order to implement strategies, including early
nutritional intervention and followap care, to enhance catap growth and addressgnitive
delays, especially in geographical areas with high maternal HIV prevalence. Future research
should include largscale longitudinal studies far better understanding of the growth and
neurodevelopmental trajectories in this vulnerable popula#dso, we recommend the
determination of iron, zinc and iodine status of childusmg quantified food frequency

guestionnaire

List of Abbreviations

ADbN-RI : Abnormal resistance index

ART - Antiretroviral therapy

CHEU . Children who are Hiexposeeuninfected

CHUU : Children who are HIVunexposedininfected

EAR : Estimated Average Requirement

GMCD - International Guide for Monitoring Child Development
HC : Head circumference

HCZ : Head circumferencéor-age zscore

126



e

Bad

“ UNIHEREITEIT WAN PEEIOEIA

o UMIFLESITY OF FRETORIA
TURIBLEITHI B8 FRELTEEIA

Wl

HIV : Human immunodeficiencyinus

IUGR . Intrauterine growth restriction

LAZ : Lengthfor-age zscore

LMICs : Low-and middleincome countries

N-RI : Normal resistance index

PMTCT : Prevention of motheto-child HIV transmission
UmA-RI : Umbilical artery resistance index

WAZ : Weight-for-age zscore

WLZ : Weightfor-length zscore

Ethics Approval and Consent b Participate

Ethical approval for the study was obtained fromuinéversity of Pretoridraculty of Natural
and Agricultural Sciences and Faculty of Health Sciences £@anmittees with reference
number: NAS259/2021. The study was conducted in accordance with the Declaration of

Helsinki. Informed and written consent was obtained from all study participants.

Consent for Rublication

Not applicable
Data Availability

The daasets generated during and/or analysed during the current study are available in the
University of Pretoria repositorittps://doi.org/10.25403/UPresearchdata.24754485.v1

Conflicts of Interest
The authors declare that there is no conflict of interest regarding the publication of this paper.
Funding Statement

The project received funding from the South African Medical Research Council (SAMRC),
UNDP-UNFPA-UNICERWHO-World Bank Special Pgramof Research, Development and
Research Training in Human Reproduction (HRP) @otaborative Initiative for Bdiatrics

HIV Educationand Research (CIPHER) of the Internatioh)S Society (grant ID: 2017/560
FEU) for the Siyakhula study. The fundesgre not involved in the study design, collection,
analysis, and interpretation of data and in writing the manuscript.

Authors' Contributions

127



e

Bad

“ UNIHEREITEIT WAN PEEIOEIA

o UMIFLESITY OF FRETORIA
TURIBLEITHI B8 FRELTEEIA

Wl

UF, RP, HM and MN contributed to project design and administration. HM and MN facilitated
data collection. HM, TBand MN validated data for analysis. TB performed all data analysis
and visualizations. MN and HM performed data curation. MN wrogefitist draft of the
manuscript.MN, UF, MH, HM, RP and VVcontributed toreviewing and editing of the

manuscript. All autbrs read and approved the final manuscript.

Acknowledgements

We acknowledge the hard work of our research assistants namely Maryjane Ntima, Sheilla
Sono, Lidisa Mathiba, Sicebile Sibiya and Kedibone Matshai, during data collection. Thanks

to the mothers ahtheir children who participated in this study.

128



e

Bad

“ UNIHEREITEIT WAN PEEIOEIA

o UMIFLESITY OF FRETORIA
TURIBLEITHI B8 FRELTEEIA

Wl

6. REFERENCES

1. Anjos T, Altméae S, Emmett P, Tiemeier H, Clddanasterolo R, Luque V, et al.
Nutrition and neurodevelopment in children: focus on NUTRIMENTHE project. European
Journdof Nutrition. 2013;52(8):18282.

2. John CC, Black MM, Nelson CA. Neurodevelopment: the impact of nutrition and
inflammation during early to middle childhood in leesource settings. Pediatrics.
2017;139(Suppl 1):S5871.

3. Engle PL, Fernald LC, Alderan H, Behrman J, O'Gara C, Yousafzai A, et al.
Strategies for reducing inequalities and improving developmental outcomes for young children
in low-income and middkéncome countries. The Lancet. 2011;378(9799):1339

4. Hamadani J, Tofail F, Hilaly A, ¥hrin F, Shiraji S, Banu S, et al. Association of
postpartum maternal morbidities with children's mental, psychomotor and language
development in rural Bangladesh. Journal of Health, Population, and Nutrition.
2012;30(2):193.

5. Juul SE, Derman RJ, Auerbia®. Perinatal iron deficiency: implications for mothers
and infants. Neonatology. 2019;115(3):269

6. Lozoff B. Early iron deficiency has brain and behavior effects consistent with
dopaminergic dysfunction. The Journal of nutrition. 2011;141(4):6®S

7. Lozoff B. Iron Deficiency and Child Development. Food and Nutrition Bulletin.
2007;28(Suppl 4):S56871.

8. Pala E, Erguven M, Guven S, Erdogan M, Balta T. Psychomotor development in

children with iron deficiency and iredeficiency anemia. Food andublition Bulletin.
2010;31(3):43%5.

0. Dewey KG. The challenge of meeting nutrient needs of infants and young children
during the period of complementary feeding: an evolutionary perspective. The Journal of
Nutrition. 2013;143(12):205@.

10. Tran PV, Fréham SJ, Carlson ES, Georgieff MK. Lotgyrm reduction of hippocampal
brainderived neurotrophic factor activity after fetedonatal iron deficiency in adult rats.
Pediatric Research. 2009;65(5):483

11. Soliman AT, De Sanctis V, Kalra S. Anemia and vgilm Indian Journal of
Endocrinology and Metabolism. 2014;18(Suppl 1):S1.

12. Chandna J, Ntozini R, Evans C, Kandawasvika G, Chasekwa B, Majo FD, et al. Effects
of improved complementary feeding and improved water, sanitation and hygiene on early child
dewelopment among HI\éxposed children: substudy of a cluster randomised trial in rural
Zimbabwe. BMJ Global Health. 2020;5(1):e001718.

13.  Belfort MB, RifasShiman SL, Sullivan T, Collins CT, McPhee AJ, Ryan P, et al. Infant
growth before and after term: effts on neurodevelopment in preterm infants. Pediatrics.
2011;128(4):e892906.

14.  South African National AIDS CounclSANAC). Let our actions count: National
Strategic Plan on HIV, TB and STIs (202022) 2018. Available from:
https://sanac.org.za/wpcontent/uploads/2018/09/NSP_FullDocument_ FINAL.Adtessed

on 22 May 2021.

15. Rossouw ME, Cornell M, Cotton MF, Esser MM. Feeding practices and nutritional
status ofHIV-exposed and H\Inexposed infants in the Western Cape. Southern African
Journal of HIV Medicine. 2016;17(1).

16. Simbayi L, Zuma K, Zungu N, Moyo S, Marinda E, Jooste S, et al. South African
National HIV Prevalence, Incidence, Behaviour and Commupite8iurvey, 2017: towards
achieving the UNAIDS 9®0-90 targets. 2019. Available from:
http://hdl.handle.net/20.500.11910/15038&cessed 17 June 2021.

129



17.  Slogrove AL. It is a question of equity: ten t o t al k abou't chil dr
exposed and AHIV freeo. Journal of the Inter
18.  Slogrove AL, Powis KM, Johnson LF, Stover J, Mahy M. Estimates of the global
population of children who are HFexposed and uninfecte2)0Q 18: a modelling study. The
Lancet Global Health. 2020;8(1):e&75.

19. Wedderburn CJ, Evans C, Yeung S, Gibb DM, Donald KA, Prendergast AJ. Growth
and neurodevelopment of Hi&xposed uninfected children: a conceptual framework. Current
HIV/AIDS Repats. 2019;16(6):501.3.

20. Ntozini R, Chandna J, Evans C, Chasekwa B, Majo FD, Kandawasvika G, et al. Early
child development in children who are HBkposed uninfected compared to children who are
HIV-unexposed: observational setudy of a clusterandonized trial in rural Zimbabwe.
Journal of the International AIDS Society. 2020;23(5):e25456.

21.  McHenry MS, McAteer CI, Oyungu E, McDonald BC, Bosma CB, Mpofu PB, et al.
Neurodevelopment in young children born to HRifected mothers: a metmalysis.
Pedatrics. 2018;141(2).

22. BenkiNugent SF, Yunusa R, Mueni A, Laboso T, Tamasha N, Njuguna |, et al. Lower
Neurocognitive Functioning in HAExposed Uninfected Children Compared With That in
HIV-Unexposed Children. JAIDS Journal of Acquired Immune DefajeSyndromes.
2022;89(4):4417.

23.  Young JM, Bitnun A, Read SE, Smith ML. Neurodevelopment of -diposed
uninfected children compared with Hi¥hexposed uninfected children during early
childhood. Developmental Psychology. 2022;58(3):551.

24.  WedderburnCJ, Groenewold NA, Roos A, Yeung S, Fouche JP, Rehman AM, et al.
Early structural brain development in infants exposed to HIV and antiretroviral therapy in utero
in a South African birth cohort. Journal of the International AIDS Society. 2022;25(1):e25863.
25. Pardi G, Marconi AM, Cetin |. Placentfdtal interrelationship in IUGR fetusg@sa

review. Placenta. 2002;23:S138 1.

26. Baschat A. Neurodevelopment following fetal growth restriction and its relationship
with antepartum parameters of placental dysfion. Ultrasound in Obstetrics & Gynecology.
2011;37(5):50414.

27.  Miller SL, Huppi PS, Mallard C. The consequences of fetal growth restriction on brain
structure and neurodevelopmental outcome. The Journal of Physiology. 2016;59428):807

28. Malhotra A, Allison BJ, CastilleMelendez M, Jenkin G, Polglase GR, Miller SL.
Neonatal Morbidities of Fetal Growth Restriction: Pathophysiology and Impact. Front
Endocrinol (Lausanne). 2019;10:55.

29. Wardinger JE, Ambati S. Placental Insufficiently. StatPeds [Internet]. Treasure
Island (FL): StatPearls Publishing; 2024ailable from:
https://www.ncbi.nim.nih.gov/books/NBK563171. Accessed on 22 January 2024.

30. Mufenda J, Gebhardt S, Van Rooyen R, Theron G. Introducing a roavileected
umbilicaldoppled evi ce (Umbi FI owE) into a primary car
unnecessary referrals to specialised care? results of a pilot study in Kraaifontein, South Africa.
PloS One. 2015;10(11).

31. Albu A, Anca A, Horhoianu V, Horhoianu I. Predictivactors for intrauterine growth
restriction. Journal of Medicine and Life. 2014;7(2):165.

32z Cambrea SC, Tbknase DE, I'1i e MM, Di aconu
infection during pregnancy cause an intrauterine growth restriction? BMC Infectious Diseases.
2013;13(1):%.

33. Conroy AL, McDonald CR, Gamble JL, Olwoch P, Natureeba P, €dhaet al.
Altered angiogenesis as a common mechanism underlying preterm birth, small for gestational

130



@ sy s

age, and stillbirth in women living with HIV. American journal of Obstetrics and Gynecology.
2017;217(6):684. elel?.

34.  Weckman AM, Ngai M, Wright McDonald CR, Kain KC. The Impact of Infection in
Pregnancy on Placental Vascular Development and Adverse Birth Outcomes. Frontiers in
Microbiology. 2019;10(1924).

35. Yampolsky M, Shlakhter O, Deng D, Kala S, Walmsley SL, Murphy KE, et al.
Exploring the mpact of HIV infection and antiretroviral therapy on placenta morphology.
Placenta. 2021;104:162

36. Rieger M, Trommlerova SK. Agspecific correlates of child growth. Demography.
2016;53(1):24167.

37. Black RE, Victora CG, Walker SP, Bhutta ZA, ChastP, De Onis M, et al. Maternal

and child undernutrition and overweight in lemcome and middkencome countries. The
Lancet. 2013;382(9890):441.

38. Smuts CM, Matsungo TM, Malan L, Kruger HS, Rothman M, Kvalsvig JD, et al. Effect
of smallquantity ipid-based nutrient supplements on growth, psychomotor development, iron
status, and morbidity amongté 12mo-old infants in South Africa: a randomized controlled
trial. The American Journal of Clinical Nutrition. 2019;109(1}65%

39. Pattinson RC, Then GB, Thompson ML, Lai Tung M. Doppler ultrasonography of
the fetoplacental circulatiemormal reference values. S Afr Med J. 1989;76(11)%23

40. ColemanJensen A, Gregory C, Singh A. Household food security in the United States
in 2013. USDAERS Ecoomic Research Report. 2014(173).

41.  World Health Organisation. Indicators for Assessing Infant and Young Child Feeding
Practices: Part 2: Measurement [press release]. Geneva: World Health Organisation; 2010.
42.  Faber M. Complementary foods consumed b¥Zmonthold rural infants in South
Africa are inadequate in micronutrients. Public Health Nutrition. 2005;8(48373

43.  Smuts CM, Dhansay MA, Faber M, van Stuijvenberg ME, Swanevelder S, Gross R, et
al. Efficacy of multiple micronutrient supplementatifor improving anemia, micronutrient
status, and growth in South African infants. The Journal of Nutrition. 2005;135(3)%%3S

44. Arsenault JE, Mour si M, Ol ney DK, Becquey
recall for estimating nutrient intakesd adequacy in adolescents in Burkina Faso. Maternal &
Child Nutrition. 2020:e13014.

45.  Faber M, Kunneke E, Wentz¥lljoen E. Dietary intake assessment manual: Babies 6
to 12 months old, 2&our recall. Tswaka study. 2014.

46. Swanepoel E, L,IRathmamMy lbanbscNee R, Matsungo TM, Smuts CM,

et al. Contribution of commercial infant products and fortified staple foods to nutrient intake
at ages 6, 12, and 18 months in a cohort of
South Africa. Matenal & Child Nutrition. 2019;15(2):e12674.

47.  White M, Feucht UD, Duffley E, Molokoane F, Durandt C, Cassol E, et al. Does in
utero HIV-exposure influence infant development and immune outcomes? Findings from a
pilot study in Pretoria, South Africa. mediRx2019:19003889.

48. Ertem 10, Dogan DG, Gok CG, Kizilates SU, Caliskan A, Atay G, et al. A guide for
monitoring child development in Iloand middleincome countries. Pediatrics.
2008;121(3):e58%&9.

49. Reuner G, Fields AC, Wittke A, Lopprich M, PietZCbmparison of the developmental
tests Bayleylll and Bayleyll in 7-monthold infants born preterm. European Journal of
Pediatrics. 2013;172(3):3980.

50. Ballot DE, Ramdin T, Rakotsoane D, Agaba F, Davies VA, Chirwa T, et al. Use of the
Bayley scale®f infant and toddler development, to assess developmental outcome in infants
and young children in an urban setting in South Africa. International Scholarly Research
Notices. 2017; 1631760. doi: 10.1155/2017/1631760.

131



e
ek

“ URITERBITEIT WA FEEISEIA
. UNIFLEEITT OF pELIORIA

TURIBLEITHI & FPELTSRIA
Wl

51.  South African Food Data Systef@AFOODS) SAMRC Food Quantities Manual for
South Africa. Cape Town: South African Medical Research Council. 2018. Available from:
http://safoods.mrc.ac.zAccessed on 24 March 2021.

52. Institute of Medicine. Dietgr reference intakes for vitamin A, vitamin K, arsenic,
boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium,
and zinc. The National  Academies Press. 2001.  Available  from:
https://doi.org/10.17226/1002@ccessed on 26 November 2020.

53. Del Rosario C, Slevin M, Molloy EJ, Quigley J, Nixon E. How to use the Bayley scales
of infant and toddler development. Archives of Disease in Childimhetation and Practice.
2021;106(2):104.2.

54.  Myrskyla M, Fenelon A. Maternal age and offspring adult health: evidence from the
health and retirement studyemography. 2012;49(4):123&[.

55. West NS, Schwartz SR, Yende N, Schwartz SJ, Parmley L, Gadarowski MB, et al.
Infant feeding by SoutiAfrican mothers living with HIV: implications for future training of

health care workers and the need for consistent counseling. International Breastfeeding Journal.

2019;14(1):11.

56. Sayed N, Schonfeldt HC. A review of complementary feeding practiGsuth Africa.
South African Journal of Clinical Nutrition. 2020;33(2):38.

57.  World Health Organisation. WHO Guideline for complementary feeding of infants and
young children &3 months of age. Geneva: World Health Organization; 2023.

58. Bougma K, Abaid FE, Harding KB, Marquis GS. lodine and mental development of
children 5 years old and under. a systematic review and -amedssis. Nutrients.
2013;5(4):138416.

59. Jooste P, Zimmermann M. Progress towards eliminating iodine deficiency in South
Africa. South African Journal of Clinical Nutrition. 2008;21(118.

60. Charlton K, Ware LJ, Baumgartner J, Cockeran M, Schutte AE, Naidoo N, et al. How
wi || South Africads mandatory sal't reduct
crosssectionalanalysis from the WHEAGE Wave 2 Salt & Tobacco study. BMJ Open.
2018;8(3):e020404.

61. SzanyiJ, Walles JK, Tesfaye F, Gudeta AN, Bjorkman P. Intrauterine HIV exposure is
associated with linear growth restriction among Ethiopian children in the finstob8hs of

life. Tropical Medicine & International Health. 2022;27(9):823

62. Toledo G, Landes M, van Lettow M, Tippett Barr BA, Bailey H, Thorne C, et al. No
Difference in Growth Outcomes up to 24 Months of Age by Duration of Exposure to Maternal
Antiretroviral Therapy Among Children Who Are HiExposed and Uninfected in Malawi.
Frontiers in Pediatrics. 2022;10.

63. Aizire J, Sikorskii A, Ogwang LW, Kawalazira R, Mutebe A, Familiapez |, et al.
Decreased growth among antiretroviral drug and -eXycsed uninfected versus unexposed
children in Malawi and Uganda. AIDS (London, England). 2020;34(2)25L5

64. Sacchi C, Marino C, Nosarti C, Vieno A, Visentin S, Simonelli A. Association of
Intrauterine Growth Restriction and Small for Gestational AgeuStat/ith Childhood
Cognitive Outcomes: A Systematic Review and Matalysis. JAMA Pediatrics.
2020;174(8):7781.

65. De Beer CC, Kruger E, Van der Linde J, Eccles R, Graham DrRvelopmental
outcomes of HIVexposed infants in a loimcome South African adext. African Health
Sciences. 2020;20(4):1734..

66. Wedderburn CJ, Yeung S, Rehman AM, Stadler JA, Nhapi RT, Barnett W, et al.
Neurodevelopment of HAéxposed uninfected children in South Africa: outcomes from an
observational birth cohort study. Tharcet Child & Adolescent Health. 2019;3(11):80&

132

O |



67. Devaney R, Nathan D. Child development. BMJ. 2009;339:b2999.
doi: https://doi.org/10.1136/sbmj.b2999

68. Rencken G, Govender P, Uys CJ. Neurobehasiochallenges experienced by HIV
exposed infants: a study in South Africa. BMC Pediatrics. 2022;2212):1

69. von Beckerath A, Kollmann M, RotkyFast C, Karpf E, Lang U, Klaritsch P.
Perinatal complications and lotgrm neurodevelopmental outcome affants with
intrauterine growth restriction. American Journal of Obstetrics and Gynecology.
2013;208(2):130. e&6.

70. Levine TA, Grunau RE, McAuliffe FM, Pinnamaneni R, Foran A, Alderdice FA. Early
childhood neurodevelopment after intrauterine growthtrigion: a systematic review.
Pediatrics. 2015;135(1):1261.

71. Al-Qashar F, Sobaih B, Shajira E, Saif S, Ahmed I, Alshehri H, et al. Impact of
intrauterine growth restriction and birth weight on infant's early childhood neurodevelopment
outcome. Jouta of Clinical Neonatology. 2018;7:1.

72.  Sudfeld CR, Lei Q, Chinyanga Y, Tumbare E, Khan N, Dagiakwan F, et al. Linear
growth faltering among HI\éxposed uninfected children. Journal of Acquired Immune
Deficiency Syndromes (1999). 2016;73(2):182.

73. Rothman M, Faber M, Covic N, Matsungo TM, Cockeran M, Kvalsvig JD, et al. Infant
development at the age of 6 months in relation to feeding practices, Iron status, and growth in
a periurban community of South Africa. Nutrients. 2018;10(1):73.

133



e

|2
UNIVERSITEIT WAN FEEIORIA
USIFLESITY OF PEETORIA
TUR| ITHI B FELTSEI|A

Tl 1%} L}

CHAPTER 6: MANUSCRIPT 3

In the previous chapter, the findings of manuscript 2 indicatedhiidten with dual exposure

to maternal HIV and placental insufficiency were at risk of cognitive deficits, in addition to the
risk of stunting reported in Artie 1. However, there were no associations found between
growth parameters and micronutrient intake vs neurodevelopment in children with dual
exposure. Thistimulated an investigation of tipeevalence of maternal and child anaeamd

theimpact of materal anaemia on child neurodevelopment and anaemia.

Thus this chapter reports orthe prevalence of anaemia among motbleild pairs, and
associabns between maternaind child haemoglobin veeurodeveloment The present
chapter sought to establish whatmaternalhaemoglobirhas impact on child haemoglobin
and neurodevelopmental outcome&dditionally, the manuscript reported associations
between neurodevelopmental outcomes and stunfimg.study population wasategorized
into four subgroupbased orHIV exposure and history of placental insufficier{tty find the
condition that poses a risk to childreR)}V -unexposedininfected children (CHUWs HIV-
exposeeuninfected children (CHEWNd normal UmARI (N-RI) childrenvs abnormal UmA

RI (AbN-RI) children Also, as in apters 4 and 5HUU/N-RI (control) vsCHEU/AbN-RI

(dual exposure)

Thechapter is presented in article fornagper theauthor'sguidelines of thgournal Anaemia
to whichit has beersubmitted to be considered fpublication Thefont, line spacing and

spelling were kept the same in the thesis for uniformity.

@ Hindawi
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ABSTRACT

Anaemia is a primary globaldalth concern affecting women and children, and is known to be
associated with delayed neurodevelopment in children. We compared and determined
associations between materraalaemiaand child neurodevelopment amthaemiaamong
18monthold children exposedo maternal HIVinfection and placental insufficiency.
Placental insufficiency was detected by an abnormal umbilical artery resistance index
(UmA-RI) on Doppler ultrasound during gestation. The csesgional study was conducted
among 260 motheehild pars grouped into HIVunexposedininfected children (CHUU):
n=198 vs HIVexposeeuninfected children (CHEU): n=62 and normal UfRA (N-RI):

n=225 vs abnormal UmARI (AbN-RI): n=35. Also, CHUU/NRI (control): n=178 was
compared to CHEU/AbMRI (dual exposuren=15. Both maternal and childrenaemoglobin
concentrations were tested using the Hem8Cdb 20T. Bayleylll assessed children's
cognitive, motor, and language development at the corrected agequzined and Fisher exact
tests were used to comparatcomes between groups, and regression models were used to
determine associations. Above eth@d of children across the groups were mildly anaemic:
CHUU: 43.9%, CHEU: 41.9%, MRI children: 44.4%, and AbiRI children: 37.1%, and
CHUU/N-RI: 44.4% and CHEIADbN-RI: 33.3%. About 25.7% of mothers the AbN-RI

group were mildlyanaemig¢ significantly moreghan the NRI mothers (9.8%); $0.027. In the
CHEU group, maternaldgemoglobin concentrations were associated with chaiitoglobin
concentrations: noeiatendl9(Cl) (0.(R%36)c9.028.i Bhyeyll
assessment demonstrated significantly lower mean cognitive composite scorestiaenong
AbN-RI group compared tdghe N-RI group: 96.4+12.2 vs 100.0+10.5=@.017. Also,
significantly lower mean cognitive scores were observed in CHEU/RbNMompared to
CHUU/N-RI: 93.9£12.9 vs 100.0+10.6; p=0.04%here was no evidence to suggest an
association betweenatmoglobin concentration and child neurodevelopment, however, in
CHEU, cognitive development was associated withZLA b =3 . 34, 95% CI
p=0.004. Child health and nutritiesensitive programs need to prioritize CHEU and children

with placental insufficiency as-aisk groups for cognitive delays.

Keywords: maternal HIV exposurgnaemiaplacental insufficieng neurodevelopment
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1.INTRODUCTION

Anaemiais a primary global health concern, particularly affecting women and young children.
Globally, it affects 30.0% of women of childbearing age, 37.0% of pregnant women and 40.0%
of young childreri1, 2]. Low- and middleincome countries (LMICs) are heavily affected, with

106 million women and 103 million children beiagaemian Africa [2]. In South Africa, the
prevalence ofanaemiain women and children has been reported as 28.1% and 61.3%
respectivelyf3, 4]. It has been associated with impaired physical health, stunting, and delayed

neurodevelopment in-6o0 24-monthold children[1, 4-7].

Nutrient defigencies including vitamin A, B, C, iron, and folate, resulting from inadequate
diet, are causes of nutritiorethaemialn South Africa iron deficiency is a common nutritional
cause ofanaemid3, 8]. Other riskfactors ofanaemianclude infections such as HIV and

tuberculosis, which caussmaemiaof chronic diseases, as well as side effects of thdedpy

Nutrient deficiencies are most common in people living with HIV as they are prone to food
and nutrition insecurity. South Africa is a country highly burdened by HIV infection,
particularly among women and girls (53.0¢4). Estimates showed that 30.0% of South
African pregnant wmen are living with HIV, with amnaemigrevalence of 60.6% to 71.3%

[4, 10]. Nonetheless, these women give birth to Hil®e infants due to the successes of the
prevention of vertical transmission of HIV prografh$, 12] Notwithstanding the fact that the
population of HI\Afree children born to women living with HIV, referred to as children who
are HIV-exposeeuninfected (CHEU), are classified asrisk for inadequate nutrition, poor
growth and neurodevelomnt. Delicio et al[13] reported a significant prevalenceasfaemia
(25.7%) in CHEU in Brazil.

Another factor affectingchild neurodevelopment and growth is placental insufficiency.
Placental insufficiency is one of the immediate causes of intrauterine growth restriction (IUGR)
and can be detected by an abnormal umbilical artery resistance indexRUmA Doppler
ultrasound during pregnancjl4]. Lower neurodevelopmental scores have previously been
described in children with a history of IUGR5-18]. Child neurodevelopment is a public
health concern; estimates are that overthirel of children under fivgrears are at risk of not
attaining their full developmental potential, particularly in LM[TS]. Placental insufficiency

may additiondl expose children tanaemia
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In view of the abovetiis of great importance to better understand the associations between
maternal and childnaemiaand neurodevelopmental outcomes of children who had placental

insufficiency in the context of high matel HIV prevalence in the LMIC setting.

2. MATERIALS AND METHODS
2.1 Study Setting, Design and Population

The studyis a followrup to the South African arm of the Umbiflow International study that
determined the prevalence of abnormal URK as a markefor placental insufficiency in
unselected, lowisk obstetric populations at 284 weeks' gestation in Ghana, India, Kenya,
Rwanda, and South Afrid20]. Abnormal UmARI s wer e defined #s resi
centilefor-gestational age, previously described to indicate a high risk for suboptimal clinical
outcomes, including stillbirths and lower birth weigfds-gestational age, linked to placental
insufficiency[21]. To expad the study population of children with both placental insufficiency

and maternal HIV exposure, the present study also enrolled participants from the Siyakhula
study, which investigated growth and neurodevelopment in CHEU from the same geographical

area ad similar study population.

The crosssectional UmbiGodisa study was conducted in 2021 amongdighold CHEU

and HIV-unexposedininfected children (CHUU) with normal or abnormal UsRA with
available pregnancy and birth data, at the University obRast Research Centre for Maternal,
Fetal, Newborn and Child Health Care Strategies at Kalafong Provincial Tertiary Hospital.
Children with chromosomal or structural abnormalities or other severe medical conditions
known to impact child neurodevelopmerdgne excluded. The anticipated sample was 311 from
the Umbiflow International study. However, 46 participants did not attend the planned study
visit, two participants subsequently withdrew, and two children had severe medical conditions.
A total of 271 paitipants were recruited, including 10 participants from the Siyakhula study.
Eleven participants were excluded from the current analysis, as they had incomplete
guestionnaires (n=4), had an obvious developmental disability (n=1), had acute medical
conditions resulting in an inadequately alert state (n=2) or had missiegidylobin
concentrations as they were not tested due to the temporary malfunctioning of the instrument
on the day of their study visit (n=4). We, therefore, investigated 260 rnadtiidrpars,
grouped based on Hhexposure status (CHUU: n=198; CHEU: n=62) and normal (n=225) or
abnormal UmARI (n=35) during pregnancy. In further analysis, the grouping was as follows:
CHUU with normal UmARI (CHUU/N-RI; control group; n=178), CHEU with normamA-
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RI (CHEU/N-RI; single exposure; n=47), CHUU with abnormal UfRA (CHUU/AbN-RI,
single exposure; n=20) and CHEU with abnormal URINCHEU/AbN-RI; dual exposure;
n=15).

2.2 Questionnaires

The faceto-face maternal interviews were conducted by trastady staff in either English or

local languages, using structured and previously used questionnaires to collect maternal and
child sociodemographic data and medical history, as well as descriptive qualitative

breastfeeding data over the first 18 monthlif®, which was based on maternal recall.

2.3 Measurements

The reemoglobin concentration is used as an indicatoaraiemiaand by proxy for iron
deficiency, withanaemiadefined by the World Health Organization (WHO) as@rhoglobin
concentration <1@/dL in children aged 6 to 59 months and <12 g/dL in-pmgnant women
[22, 23] Maternal and child&moglobin concentrations were measured using the HerffoCue
Hb 201" System Analyzer. About 10uL of blood was drawsing a HemoCue sterile safety
lancet (2.25mm depth) and Hb 201 micro cuvettes. This system has been reported to be the
standard Bemoglobin poinof-care test, which provides laboratory accuracy for determining
haemoglobin in whole blood with a measugirange of 0 25.6 g/dL and delivers results within

1 minute[24]. Further, the system is easy to ,usas been adjusted for up to 2000 m height
above the sea levahd has outstaling lotto-lot reproducibility. The International Council for
Standardization in Hematology (ICSH) calibrates it from the factory for determining

haemoglobin[24].

Child neurodevelopment outcomes were measured using the Bayley Scales of Infant and
Toddl er Devel op me n t-1f), whibhiisradtandaildizeédiamd nveltceBtady | e y
tool for developmental assessment of children aged 1 to 42 months and assessasirchildre
terms of cognitive, motor, and language domdi®s]. The Bayleylll assessment was
conducted at the corrected age, with the motor domain including the fine and gross motor

domains and expressive and receptive languagyeded in the language domain.

The anthropometric measurements of the methdd pairs were performed following
standardized WHO procedur§a6]. Two trained assessors carried out measurements two
consecutive times, and if the measurements were sithiéamean value was record@d]. A

third measurement was done if two measurements differed by 0.5cm or 0.05kg. There were
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missing anthropometric measurementssi@ven mothers because of repeat pregnancies (n=5)

or children were brought by the caregivers (n=2).

2.4. Data Processing and Analysis

Data was managed and independently deehtered on the online electronic platform,
Research Electronic Data Capture (REap) v9.3.5. Missing or inaccurate data was dealt with
immediately upon completing the interview3he study classified the aBmoglobin
concentration into the following categories for children: seveserara (<7.0 g/dL); moderate
areemia (7.09.9 g/dL);mild areemia (1061 0. 9 g/ dL) and naemogiobih ( O11 .
concentration classification for ngogregnant women was as follows: severeeama (< 8.0

g/dL); moderate aaemia (8.010.9 g/dL); mild amemia (1161 1. 9 g/ dL) and nor
g/dL) [9]. Bayleylll composite scores were defined as 100 for-andrage functioning, <85

for mild impairment, <70 for moderate impairment and <55 for severe impairment. Maternal
body mass index (BMI) was computed, with subsequent claassificas follows: underweight:

<18.5 kg/n%; normal: 18.5824.9 kg/n¥; overweight: 28299 kg/nt;, obese:2 T30 k g/
child birth anthropometric-gcores were computed using the INTERGROWZE¥ Newborn

Size tool (International Fetal and Newborn Growth Consortium for tfeC2htury, Oxford,

UK), and the WHO Anthro Survey Analyzer was used to asphildhood zscores: weight

for-age (WAZ), lengtHor-age (LAZ), weightfor-length (WLZ), head circumferender-age

(HCZ), and midupper arm circumferender-age (MUACZ). Premature births were corrected

for age. The study utilized WHO guidelines tdfide stunting, underweight, wasting and
moderate acute malnutrition as LAZ, WAZ, WLZ and MUAC2 &D. The zscores <3 were

classified as a severe condition. The anthropometriesalores outside the range of the
reference population (8 and >+3) were réewed and corrected in the event of an error in data
capturing. R statistical software (versidr8.0 was used for descriptive statistical analysis.

The variables were assessed for normality using the SHafiikotest. Frequencies and
percentages wereported for categorical data and significances were determined using the
chi-squared test, and Fishers exact test as an alternative where group counts were less than five.
For continuous data, means and standard deviations were reported and significaneces w
determined using the independent t test. Associations were determined using univariable and
multivariable linear regression models. Multivariable models were adjusted forRIratatus,

maternal HIV status, sex, LAZ and WLZ:MRlues < 0.05 were congired to be statistically

significant.
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2.5. Ethical Consideration

Ethical approvals were obtained from the Faculty of Natural and Agricultural Sciences and
Faculty of Health Sciences Ethics Committees with ethics reference numbers NAS259/2021
and 283/2019%espectively, in accordance with Declaration of Helsinki guidelines. Participants
were given relevant information about the folloyy study, and participation was voluntary.
Mothers provided consent on behalf of themselves and their inTdreee were mimal risks

for participation in the study. Mothers were reimbursed for transport costs and given light

refreshments.

3.RESULTS

3.1 Baselinecharacteristics

A total of 260 mother/caregivahild pairs participated in this study, and their baseline
charateristics are presented in Taléid. In terms of the birth outcomes, we observed that the
percentage of premature births was significantly higher among children who had abnormal
UmA-RI (AbN-RI), as a proxy for IUGR (22.9%), in conmmon to their normal bhA-RI
(N-RI) counterparts (7.1%);3$0.007. Also, children who had AbRI had sgnificantly lower
mean length (= 0.049) and mean heaircumference (HC) at birth (i 0.034) than NRI
children. Further, CHEWad a lower mean birth length £10.037) andirthweight zscore (p

= 0.031) than CHUU. For the feeding practices during the first six months, percentages of
exclusive breastfeeding were significantly higher in CHR&h in CHUU (43.5% vs 34.3%;
p=0.004) and in children who had ABRI than in NRI children (42.9% vs 36.0%;$0.015).
More than 50% of CHUU and 4RI children were mixeded. Current or continued
breastfeeding was found in.886 of CHUU and 11.3% in CHEU;$0.038. When comparing
maternal factors between the groups, it was obseahatdnothers of CHEU (p 0.0094 and
children who had AbMRI (p= 0.015) were significantly older than their counterparts. Mothers
of CHEU had higher medianayridity (3 [2, 3] vs 2 [2, 3]; = 0.054), and significantly higher
median parity (2 [2, 3] vs |1, 3]; p= 0.040), atenatal iron (38.7% vs 12.1%:40.001) and
folic acid supplementation (30.6% vs 9.1%%xp.001) than mothers of CHUU. Further, it was
found that mothers of children who had AN had significantly lower body weight, BMI and
MUAC compared to their NRI counterparts, and sigrsantly higher (28.6% vs 12.0%;
0.022) percentage of antenatal folic acid supplementation than motherRIlo€idren. A
significantly higher percentage (28.9%) of mothers-d@Ihildren drank alcohol sieajiving

birth than AbN-RI counterparts (5.7%); # 0.008. Across all the groups, most mothers were

married or cohabiting, had attained secondary schooling, and were unemployed.
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Table6l:Par ti ci pant so6 b adhethinformatian basad arcHIVeekpossire i ¢ s ¢
and normal or abnormal umbilical artery resistance index

Variables CHUU CHEU P-value N-RI AbN-RI P-value
Sample size (n) 198 62 225 35
Child factors
Child age (months), mean +SD 18.5+0.8 18.6+0.8 0.180 18.6 +0.9 18.5+0.7 0.930
Child sex: Female, n (%) 101 (51.0) 33 (53.2) 0.770 114 (50.7) 20 (57.1) 0.590
Premature birth, n (%) 20 (10.1) 4 (6.5) 0.460 16 (7.1) 8 (22.9) 0.007
GA at birth (weeks), mean +SC 39.0+2.0 39.2+1.7 0.720 39.2+1.8 38.3+25 0.045
Birthweight (g), mean + SD 3073 +482 3183 +558 0.090 3107 +469 3048 + 682 0.860
Birth length (cm), mean+SD 504 +3.1 49.6+23 0.037 50.4+29 49.2+3.1 0.049
Birth HC (cm), mean + SD 343+17 343+x15 0.780 344+1.6 33.5+£2.2 0.034
Birthweight zscore, mean+SC -04+11 -0.7+1.0 0.031 -04+1.1 -0.7+1.0 0.420
Birth length zscore, mean + SC 0.6+ 1.6 0.2+1.3 0.058 05+16 05+1.2 0.150
Birth HC zscore, mean + SD 04+1.3 03+1.2 0.440 04+1.3 0.4+1.0 0.240
Child received multivitamins or
supplements, n (%) 42 (21.2) 9 (14.5) 0.350 47 (20.9) 4 (11.4) 0.300
&‘; child was ever breastfed, r 195 950) 59(952) 0730  214(95.1)  35(100.0)  0.370
Infant feeding from birth to 6
months, n (%) 0.004 0.015

EBF 68 (34.3) 27 (43.5) 81 (36.0) 15 (42.9)

Formula feeding 10 (5.1) 4 (6.6) 14 (6.2) 0 (0.0)

Mixed feeding 112 (56.6) 20 (32.3) 118 (52.4) 14 (40.0)

Formula feeding but

oreviously EBF 8 (4.0) 11 (17.7) 12 (5.3) 6 (17.1)
Continued beastfeeding 53 (26.8) 7 (11.3) 0.038 53 (23.6) 7 (20.0) 0.900

Maternal factors at 18 months postpartum

Age (years), mean + SD 30.0+£5.1 325+58 0.004 30.3+5.2 32.1+6.5 0.015
UmA-RI z-score, mean + SD 0.2+0.9 0.3+1.0 0.320 0.0+ 0.6 1.7+ 0.8 0.012
Gravidity, median [IQR] 22, 3] 32, 3] 0.054 22, 3] 22, 3] 0.770
Parity, median [IQR] 21, 3] 22, 3] 0.040 2[2, 3] 2[2, 3] 0.830
(F:,/roe)"'ous pregnancy l0sses, n 45 x99y  19(30.6) 0110 54 (24.0) 5 (14.3) 0.440
Weight (kg), nean + SD? 76.9+19.8 75.6+239 0430 78.1+20.8 67.1+18.1 0.002
Height (cm), mean + SB 159.9+6.1 161.3+8.1 0.200 160.6+6.8 158.0+5.2 0.090
BMI (kg/m2), mean + SD 30.1+7.7 28.8+8.1 0.470 30.3+7.9 26.8 £ 6.5 0.009
MUAC (cm), meant SD? 32.0+5.0 31.1+5.7 0.530 32.1+5.2 29.6 £ 4.6 0.009
Iron supplementatiof) n (%) 24 (12.1) 24 (38.7) <0.001 34 (15.1) 10 (28.6) 0.096
'(:OZ')'C acid supplementationn 14 9 1) 19(30.6) <0.001 27 (12.0) 10 (28.6) 0.022
Maternal TB status; (%) 0.410 0.580

Previously had TB 2 (1.0 2(3.2) 4 (1.8) 0 (0.0)

Never had TB 187 (94.4) 53 (85.5) 208 (92.4) 32 (91.4)

Unknown 9 (4.6) 7 (11.3) 13 (5.8) 3(8.6)
Latest CD4 count (cells/mm?), 0 4594294 nla  455+311  336+32 0510
mean = SD
l(_ceggise;[s\;lrfll_l)l,crﬁg dian [IOR] n/a 0[0, 0] n/a 0[0, 0] 0[0, 0] 0.540
Drinks alcohoF, n (%) 51(25.8) 16(25.8) >0.999 65 (28.9) 2(5.7) 0.008
Smokes cigarettésn (%) 4 (2.0) 2(3.2) 0.950 6 (2.7) 0 (0.0) 0.720
Marital status, n (%) 0.490 0.260
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Single 82 (41.4) 23(37.1) 95 (42.2) 10 (28.6)
Married/cohabiting 116 (58.6) 39 (62.9) 130 (57.8) 25 (71.4)

Education level, n (%) 0.570 0.310
Any primary level 19 (9.6) 5(8.1) 22 (9.8) 2(5.7)
Any secondary level 133 (67.2) 46 (74.2) 151 (67.1) 28 (80.0)
Any tertiary level 46 (23.2) 11 (17.7) 52 (23.1) 5 (14.3)

Employment status, n (%) 0.880 >0.999
Any employment 79 (39.9) 24 (38.7) 89 (39.6) 14 (40.0)
Unemployed 119 (60.1) 38 (61.3) 136 (60.4) 21 (6Q0)

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; BMI: body mass index; CHUU:
HIV -unexposedininfected children; CHEU: HI\éxposeeduninfected children; cm: centimeter; EBF:
exclusive breastfeeding; HC: head circumference; IQR: inttide range; GA: gestational age; kg:
kilogram; n/a: not applicable;-RI: normal umbilical artery resistance index; MUAC: ruidper arm
circumference; SD: standard deviation; TB: tuberculosis.

Notes: A P-value less than 0.05 indicates that the resudt® statistically significantAnthropometry
measurements were carried out on 253 mothers: CHUU: n = 192; CHEU: n =R81pN 219; and
AbN-RI: n = 34> Antenatal supplementation of iron supplemeisitenatal supplementation of folic
acid.? Quesion asked: Since your baby was born, did you drink alcdr@lestion asked: Since your
baby was born, did you smoke cigarettes?

3.2 Haemoglobin concentrations andBayley-1ll developmental conposite scores

Table 6.2 presents the findings on child anghoonetric outcomes, maternal and child
haemoglobin and Bayle¥ll findings between the CHUU vs CHEU as well as thdRNvs
AbN-RI groups. The comparisons between groups indicated significantly lower LAZ among
CHEU vs GHUU (-0.7 £ 1.2 vs0.1 £ 1.3; p= 0.04) and in children who had ABRI vs N\

RI children 0.7 £ 1.5 vs0.1 + 1.3; p= 0.020). Significantly lower cognitive composite scores
were observed among children who had ARNwhen compared to their-RI counterparts

96.4 + 12.2 vs 100.0 = 10.5;90.017. More than a third of children across the compared
groups presented with milthaemiawhile around one quarter (25.7%) of mothers of ARN
children were mildlyanaemiovhen compared to ntieers of NRI children (9.8%); = 0.027.
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Table 62: Comparisons of gestational agerrected anthropometry and Baylgly mean
composite scores as well agemoglobin concentrations in H¥gxposed vs HIVMunexposed
children and children with normal vs abnormal umbilical artery resistamex in utero, and
their mothers

Measures,mean + SD CHUU CHEU P-value N-RI AbN-RI P-value
Sample size (n) 198 62 225 35
Childrends anthropometric measur ement
Weight (kg) 109+16 105+1.7 0.130 10.8+1.6 104 +1.7 0.045
Length(cm) 81.8+3.8 80.2+34 0.023 81.7+£3.7 79.8+4.1 0.006
MUAC (cm) 16.1+15 16.2+1.6 0.900 16.1+1.5 16.2+1.6 0.740
HC (cm) 48.1+16 479+138 0.240 48.1+1.7 479+ 1.7 0.460
Weightfor-age zscore 00+£1.2 -02+1.3 0.170 00+£1.2 -0.3+1.3 0.110
Lengthfor-age zscore -0.1+1.3 -0.7+1.2 0.014 -0.1+1.3 -0.7+x15 0.020
Weightfor-length zscore 01+£1.2 01+1.3 0.950 01+1.3 00+1.1 0.770
MUAC-for-age zscore 1.1+£1.1 1.1+£1.2 0.790 1.1+1.1 12+1.2 0.570
HC-for-age zscore 09+1.2 0.7+1.2 0.230 09+1.2 08+13 0.700
Childrenbés Bayl ey composite scores,

Cognitive development 99.8+10.7 985+11.1 0910 100.0+10.5 96.4+12.2 0.017

Language development 805+122 88.8+124 0.120 80.1xPR2 90.7+12.8 0.660

Motor development 99.7+11.7 984+135 0.180 99.7+12.0 96.9+12.6 0.530

Chi | d raemogaobin doncentration and classification

Haemoglobin value (g/dL) 110+12 110+11 0800 110+12 11.0+13 0.170
Haemoglobin legl classification n (%)

?'Og'la'lmergog'gb/'” gofc)e””at'on 100 (50.5) 33 (53.2) 115 (51.1) 18 (51.4)

Mild anaemig10.0- 10.9 g/dL) 87 @3.9) 26(419) 290 “100@aa 13@rn) 2210

Moderateanaemig7.0-9.9 g/dL) 11 (5.6) 3 (4.8) 10 (4.4) 4 (11.4)

Maternal haemoglokin concentration and classification

Haemoglobin value (g/dL) 128+15 12316 0.081 12715 124+1.4 0.430

Haemoglobin level classification, n (%)

Normal reemoglobin concentration

4 152 (76.8 40 (64.5 171 (76.0 21 (60.0
(612.0 g/dL) (76.8) (64.5) 0100 (76.0) (60.0) Sorr
Mild anaemig11.011.9 g/dL) 22 (11.1) 9 (14.5) ' 22 (9.8) 9 (25.7) :
Moderateanaemig8.0-10.9 g/dL) 24 (12.1) 13 (21.0) 32 (14.2) 5(14.3)

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; CHUU: Hiivexposed
uninfected childrenCHEU: HIV-exposeéduninfected children; g/dL: gram pelecilitre HC: head
circumference; MUAC: midipper arm circumference;-RI: normal umbilical artery resistance index;
SD: standard deviation.

Note: A P-value less than 0.05 indicates that resultewtatistically significant, and suckvBlues are
in bold.

Further analysis included participants grouped into CHURINCHEU/N-RI, CHUU/AbN-

RI and CHEU/AbNRI. Table 6.3 presents child anthropometric outcomes, indices,
haemoglobin and neurodevelopmeimdings among CHUU/MRI (control) vs CHEU/AbNRI

(dual exposure) groups. Results on anthropometric measurements and indices showed that the
CHEU/ADbN-RI (dual exposure) group had lower anthropometric measurementssandes

than the control group. Findiagf the Bayleylll test demonstrated that CHEU/ABRI had a

significantly lower mean cognitive composite score than the control group (93.9 £ 12.9 vs
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100.0 + 10.6; p= 0.045. About 44.7% of CHEU/NRI and 40.0% of CHUU/AbMNRI were

mildly anaemic

No staistically significant differences existed between the mean chdchbglobin values and

haemoglobin classifications when comparing the exposure groups to the control group.
However, CHUU/AbNRI had a meand@moglobin value of 10.9 + 1.4 g/dL, indicatingleni

anaemiain these children. Mothers of CHEU/ABRI had significantly lower mean
haemoglobin concentrations than mothers of CHUMRN12.0 £ 1.3 vs 12.8 + 1.5;90.024).
The findings on the maternaédmoglobin classifications differences between thetrol and

dual exposure groups were not statistically significant. However, it was observed that more
mothers of CHEU/AbMNRI were mildly (20.0%) or moderateanaemiq20.0%), compared to

mothers of the control group (9.6% and 12.4%, respectively). Furtmeparative analysis

showed that a significantly higher percentage (30.0%) of mothers of CHUUR\bMere

mildly anaemiccompared withcontrol group mothers (9.1%); 3 0.020). Also, mothers of

CHEU/N-RI had significantly lower meanabmoglobin values #n their counterparts in the
control group: 12.4 £ 1.7 g/dL vs 12.8 + §§/8L; p= 0.022, and more (21.7%) of these mothers
were moderatelyanaemiccompared to mothers in the control group (12.0%), althowaih

statistically significant.

Table 63: Gestational ageorrected anthropometry and Bayli#lycomposite scores as well
as fmemoglobin concentrations and classifications at then@Bth study visit: control vs dual
exposure infant groups, as well as their mothers

Measures,mean + SD CHUU/N-RI CHEU/ADbN- RI P-value
(control) (dual exposure)
Sample size (n) 178 15

Childrends anthropometric measur €
Weight (kg) 109+1.6 99+1.0 0.009
Length (cm) 81.9+3.38 78.2+35 0.017
MUAC (cm) 16.1+14 16.0£ 14 0.540
HC (cm) 48.1+1.6 47.1+1.2 0.011
Weightfor-age zscore 00+£1.2 -0.6 £ 0.9 0.019
Lengthfor-age zscore -0.1 £1.3 -1.3+1.3 0.001
Weightfor-length zscore 01+£1.2 0.0+0.8 0.800
MUAC -for-age zscore 1111 1.0+£1.0 0.330
HC-for-age zscore 09+1.2 0.3+0.7 0.020

Maternal anthropometric measurements

Age (years) 30.1+5.1 36.6 +6.1 <0.001
Weight (kg) 77.5+19.7 63.1+15.4 0.004
Height (cm) 160.1 + 6.2 158.3+5.3 0.490
BMI (kg/m?) 30.3+7.7 25.1+5.2 0.009
MUAC (cm) 32.0+5.1 28.0+4.0 0.003

Childrenbés Bayl ey composite s
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Cognitive development 100.0 £10.6 93.9+12.9 0.045
Language development 89.4+12.4 90.9+15.8 0.352
Motor development 99.9+11.7 95.6 £ 14.2 0.205
Chi | d raemogabin doncentation and classification
Haemoglobin value (g/dL) 11.0+1.2 11.1+1.1 0.350
Haemoglobin level classification n (%)
Normalltee mogl obi n concen 91 (51.1) 9 (60.0) 0.690
Mild anaemig10.010.9 g/dL) 79 (44.4) 5(33.3)
Moderateanaemig7.0-9.9 g/dL) 8 (4.5) 1(6.7)
Maternal haemoglobin concentration and classification
Haemoglobin value (g/dL) 128+15 12.0£1.3 0.024
Haemoglobin level classification, n (%)
Normalltee mogl obi n concen 139 (78.0) 9 (60.0) 0.230
Mild anaemig11.011.9 g/dL) 17 (9.6) 3 (20.0)
Moderateanaemig8.0-10.9 g/dL) 22 (12.4) 3 (20.0)

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; BMI: body mass index; CHEU:
HIV -exposeelninfected children; CHUU: HIMunexposedininfected children; crmcentimetre HC:
head circumference; kg: kilogram; MUAC: mighper arm circumference;-RI: normal umbili@al
artery resistance index; g/dL: gram plecilitre SD: standard deviation.

Note: A P-value less than 0.05 indicates that results were statistically significant, andsaicie®are
in bold.

3.3 Association between maternal and childhaemoglobin conentration and child
neurodevelopment

In univariableregression analysis of the total population, matermaimoglobin was not

significantly associated with chillle mo gl obi n (b = daintedv8 (C()®9.62% conf i

0.17); p= 0.113), but further atgsis showed that in the CHEU group, a significant association
wasf ound (b = 0. 1=90.028)0 Th® ZignificAnt &sé@tign remained on
multivariableregression analysis, adjusted for umbilical artery resistance index status, maternal
HIV status, sex, LAZad WLZ (b = 0.=0®93)0.01, 0.37); p

In univariable and multivariable regression analysis, we found no indications to suggest an
association between the child or maternagérhoglobin and child neurodevelopment. In
particular, we obs&ed no evidence of the association betwesamtoglobin concentration and
cognitive development in the ABRI and CHEU/AbNRI groups. As a result, we further
determined the association between child neurodevelopment, LAZ and stunting. In the CHEU
group, theunivariable and multivariable regression analysis indicated a significant positive
association between cognitive and motor development and increasing LAZ, and a significant

negative association between cognitive development and stunting clékaied Take 6.5).

146



Table 64: Univariable linear regression findings for the association between child LAZ and
stunting and Bayleyll composite scores at I8onths

LAZ Stunting
Univariab PwvaludUnivariab Pwvalu
b (I % b(95%1 )
Tot al popul ati on

Cognitiv O0.600. 33,
Language 0. 30. g4,
Mot or do 0. 50. 9,
CHUU

6. 550 (1555 0.0
. 88. (0, 20.2
7. 262 (2310 0.0

o|o|o
(@)}
N O|©
1
N

Cognitiv 0. 113. 9, 0. 83 1. 98. §3, 40.5
Language 0. 313. I8, 0. 84 -0. 3&%. 6, 7 0.9
Mot or do 0. 21. 5, 0.73 2. 298. 14, 50.5
CHEU

Cognitiv 3.34 (1.: 0.00 -9. 12106 .(820 0.0
Language 0. 8R2. §4, 0. 54 -4, 8172 (95, 0.2
Mot or do 3.53 (0.¢( 0.01 -10.4494.Q423 0.0
N-R |

Cognitiv 0.3®. A7, 0.56 6. 051.(B555 0.0
Language 0. 40. §6, 0.53 -2.58. 92, 3 0. 4.
Mot or do 0. 6®. 57, 0. 28 6. 743 (0544 0.0
AbMNRI

Cognitiv 1.610. 19, 0.25 4. 218442, 5 0.3
Language 0. 1%. §5, 0.91 -5. 2155 .(8 8, 0. 3
Mot or do 2. 20. 6, 0. 12 -7 . X187 (49, 0.1
CHEU/ ARIN

Cognitiv 1. 44. 48, 0.60 -1. 046 (81, 08 8 ¢
Language -2.49 .65, 0. 46 -1. 6230.(93, 0.8
Mot or do 1. 3%. A3, 0. 66 -6. 0283 .(10, 0. 4

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; CHUU: Hikexposed and
uninfected children; CHEU: HIexposeeuninfected children; n/a: not applicable; CI: confidence
interval, LAZ: lengthfor-age zscore; NRI: normal umbilical artery resistance index.

Note: A P-value less than 0.05 indicates that results were statistiogtiifisant, and such-Ralues are
in bold.
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Table 6.5: Multivariable linear regression findings for the association between child LAZ
and stunting and Baylelyl composite scores at 18 months

LAZ Stunting
Mul tivaria Pval tMultivaria Pval.
b (I % b (9%

Tot al popul ati on
Cognitiwv 0. 206. 93, 0. 66 4. 49. 37, 00.0
Language 0. 48B. 2, 0. 42 2.04. 12, 3 0.4
Mot or do 0. #®@. 44, 0.22 -4 .261(0. 16 0. 1
CHUU
Cognitiwv -0. 119. 34, 0.75 1. 08B. 95, 5 0. 7
Language 0. 4. 18, 0. 83 0. 0B. 44, 7 0.9
Mot or do 0. 01B8. (7, 0.89 -1.18%. 1, 60.7
CHEU
Cgnitive 2.93 (0.4 0.01 -9.5B7.(3669 0.0
Language 0. 912. K0, 0.52 5. 2154 (55, 0.2
Mot or do 3.39 (0.4 0.02 9. 2138 .(97, 0.0
N-R |
Cognitiywv 0. 2@. 90, 0.69 5. 1191 .(09, 0.0
Language 0. 3M. 99, 0. 64 0. 92. 10, 5 0.7
Mot or do 0. 40L. 96, 0.52 -3. 9120 .(6 0, 0. 2.
AbMNRI
Cognitiywv 1. 012. 93, 0. 48 0. 4180 .(32, 0.9
Lanaggue dc¢ 0. 03. 38, 0. 96 -6. 2128 (47, 0. 3
Mot or do 2. 28B. 40, 0.14 -5. 5186 .(99, 0. 3
CHEU/ ARIN
Cognitiwv 0. 286. 96, 0. 95 1. 4198 (41, . 0.8
Language -4. 6176 .(8 2, 0.40 -3.63%0.(87, 0.7
Mot or do 2.39. 38, . 0.66 -7.83%#2.(67, 0. 4

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; CHUU: Hikexposed and
uninfected children; CHE: HIV-exposeeduninfected children; n/a: not applicable; Cl. confidence
interval, LAZ: lengthfor-age zscore; NRI: normal umbilical artery resistance index.

Note: Multivariable models were adjusted for umbilical artery resistance index status/placental
insufficiency, HIV gatus, child sex, prematurity and maternal hemoglobin-\ValBe less than 0.05
indicates that the results were statistically significant, and swethuies are in bold.

4. DISCUSSION

Our study aimed to determine if there was an association between rieldchbaemoglobin

levels, exposure to maternal HIV infection and placemtslifficiency in utero and child
neurodevelopment. Findings indicated lower cognitive scores among children with a history of
placental insufficiency, as a marker for IUGR, an@relower cognitive scores in the dual
exposure group (CHEU/ADBIRI). However, there was no evidence that lower cognitive scores
were associated with either child or maternal hemoglobin. Nearly a quarter of children who
had AbNRI were born premature; a sian finding has been previously reportgdd]. The

high number of premature births may be attributed to the fact that once the clinicians had
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identified the abnormal Doppler, the mothers were referred for obstedriagement, and if

the risk of stillbirth was deemed to be too high then the pregnancy was delivered. Many of
these premature births were therefore iatrogenic. Regarding breastfeeding practices, a high
percentage of CHEU and children who had ARNwere reprted to be exclusively breastfed
during the first six months of life. In children who had ABN a high percentage of exclusive
breastfeeding may be due to the fact that many of these children were born prematurely, and
their mothers were counselled asupported on breastfeeding through the Kangaroo Mother
Care programme in the local geographic area. The high percentage of exclusive breastfeeding
in CHEU on the other hand may be attributed to the success in the promotion of breastfeeding
in the context b HIV [28, 29] Furthermore, a similar high percentage of exclusive
breastfeeding has been recently reported in South African CI3EJJ On the other hand,
current or contiued breastfeeding percentages were low in all groups, despite the known
importance of promoting growth and development during the critical period of transitioning
from exclusive breastfeeding to complementary feedB@. Across all the groups, the
reported percentage of mothers who received antenatal iron and folic acid supplementation was
very low. Nonetheless, a significant percentage of mothers of CHEU had antenatal iron and
folic acid supplementation. Microtrient deficiencies, including iron deficiency, are known to

be common in pregnant women living with HIV due to increased requirements as a result of
pregnancy and HIV infection. Still, irrespective of maternal HIV status, all pregnant women
should be give multiple micrautrient supplementations as a standard of care for prevention
and treatment31].

The study found that there were no statistical significances in termaeofoglobin levels
(except for mothers of CHEU/ABRI vs CHUU/NRI) and classification between groups for
mothers (except for mothers irRI vs AbN-RI groups) and their children. Observations were
that across the groups, mothers and children had nmessnolglobin values on or above the
standard cubff values except for CHUU/AbMNRI children, who were mildlanaemic Also,
above a quarter ghothers of AbNRI were mildlyanaemic These findings of mildnaemia

in children who had AbMRI and their mothers were in line with the literature that maternal
anaemids related to the occurrence of childhcatbemigd32]. Another possible risk factor
for mild anaemian children with previous imtero growth restriction may be a high percentage
of premature birth in this group, with prematurity a known risk factor for childlaoegmia

[32]. Further, more than a quarter of children across all the groups were amiaiiynic
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However, the reported percentages were lower then61.3% prevalence of childhood

anaemigreviously reported in a South African systematic review by Turawal|di al.

CHEU who had AbNRI had low anthropometric measurements anat@y] particularly mean
LAZ, indicating a risk of stunting. Similar poorer growth parameters have been reported in
South African CHEU compared to CHUBO]. Other researchers have shown that IUGR does
not impact athropometric measuremenf33], perhaps these may depend on theetpf
anthropometric measurement used. Furthermore, children who hadRAahd CHEU/AbN

RI had significantly lower Bayley{ll mean cognitive composite scores. Lower cognitive scores
were reported among children who had IUGR by Sacchi §&llin their systematic review
and metaanalysis involving 60 studies that included 52,822 children, as well as by von
Beckerath et al[15]. The was nasignificantdifference in mean cognitive scores between
CHEU vs CHUU, similar to previous studies in South Africa Botswana, in which similar
cognitive development was described in CHEU and CHIBA36].

Our univariable and multivariablegression analyses indicated that no associations existed
between maternal or childédmaylobin and child neurodevelopment. These findings align with
many reports in the literatuf87-39]. However, the findings differed from those of Olney et
al. [40] and a systematic review and metaalysis by Larson et g41], which showed an
association between childhdmoglobin and motor development. Nonédls, studies in the

literature did not focus on the dual exposures of HIV and placental insufficiency.

The lower cognitive scores among children who had A&Nnd CHEU/AbNRI were not
associated with child or materna@dmoglobin concentrations, and tiiredings differed from
another report, although HIV exposure and URRAwere not investigatef@?2]. Observations

were that these children who were HéXposed and had AbRI also had lower LAZ;
however, further investigatns showed a significant association between cognitive, and motor
development and LAZ among CHEU only. This may suggest that poor linear growth is not a

risk factor for cognitive deficin children who had UmARI.

Limitations of the study include the kaof a full blood count for assessiagaemiasuch as
ferritin values which will determine iron deficiency anaendiso, the maternaldemoglobin
at 18month postpartum may not fully indicate the maternaenmoglobin during
pregnancy/early postpartum, igh is likely more important in terms of its impact on child

neurodevelopment. Another limitation was that we had a small dual exposure group sample
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size. Nonetheless, this study investigated the overlooked population of children exposed to

HIV and placerdl insufficiency.
5. CONCLUSIONS

The prevalence @naemiaemains alarmingly high among South African children irrespective

of their medical backgrounds. This study's findings add to the existing knowledge that children
who had IUGR, as measured by gpter ultrasound in pregnancy in otherwise {ogk
pregnancieshave lower cognitive scores, with the dual exposure group with added in utero
HIV exposure, having the lowest cognitive scores. The findings indicate that maternal HIV
exposure and placentasufficiency leading to IUGR are risk factors for impaired cognitive
neurodevelopment. However, there was no evidence to suggest that child neurodevelopment
was associated with maternalaemoglobin concentration in IM- and placental
insufficiencyexposed groups. Child health and nutritiesensitive programmes should
prioritize CHEU and children who had placental insufficiency assitgroups for cognitive

delays.
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CHAPTER 7: GENERAL DISCUSSION AND CONCLUSION

General discussion, limitations, conclusions and recommendations

7.1 INTRODUCTION

In the present chapter, the summary of the key findings from the literature review and research
articles related to this thesis are discussed. Thetlitereeview explored in Chapter 2 covered

the areas of placental insufficiency and IUGR, maternal HIV infection and child HIV exposure,
growth and neurodevelopment, anaemia and feeding practices. The findings of the UmbiGodisa
study have been presenteddimapters (Chapter 4, Chapter 5 and Chapter 6), as per study
objectives. The summary of study limitations, public health perspective, conclusions and future
research recommendations are presented in this chapter.

The present literature showed that IUGR amdternal HIV exposure are risk factors for
suboptimal growth and neurodevelopmental impairmanthildren Many studies have
reported poor growth and/or neurodevelopmental delay in either children who had IUGR
(Blakeet al, 2016; Feuchet al, 2021; Levineet al, 2015; Salanet al, 2014; von Beckerath

et al, 2013)or children exposed to maternal H{(Xizire et al, 2020; Fowlert al, 2022; le
Rouxet al, 2019; Nyemhet al, 2022; Springeet al, 2018; Wedderburat al, 2019; Young

et al, 2022) Low lengthfor-age z-scoreand delayed development were the most reported
deficits in children who had IUGR emphasised by the literature. However, IUGR resulting
from placental insufficiency has been inadequately documented. There were no studies
reporting growth and neurodevelopmental outcomes in children who had [IUGR compounded
by maternal HIV exposure. Maternal HIV infection is thought to negatively influence prenatal
and postnatal growth and neurodevelopment outcomes. Furthermore, the prevalence of
maternal and childhood anaenhas previously beereported to be alarmingly high, both
globally and in South Afric@uulet al, 2019; Tunkyi and Moodley, 2015; Turawéal, 2021;

WHO, 2023) Various studies have shown poor growth and neurodevelopment associated with
anaemigSolimanet al, 2009; Ssematet al, 2020; Yanget al, 2021) Studies reporting on
anaemia in children whalsohad IUGR are lacking.

For that reason, the present study investigated how IUGR, resulting from placental
insufficiency, in addition tan uteroand early postnatal environments altered by maternal HIV
infection, influences the child's growth and neurodevelopment, as well as anataga 18

months. The specific objectives were as follows:
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A. To assess and compare the anthropometric indicesstateas at age 18 months in children
with normal or abnormal Um/RI, between CHEU and CHUU.

B. To assess and compare neurodevelopment at age 18 months, including cognitive, motor
and language development of children with normal or abnormal-BmAetween CHEU
and CHUU.

C. To compare haemoglobin concentratioasd determine pevalence and the impact of
maternal anaemia on child neurodevelopment and anaemia in children with normal or
abnormal UmARI between CHEU and CHUU.

D. To determine and compare the feeding practices over 18 months and the dietary intake of
iron, zinc, andodine at age 18 months in CHUU and CHEU with normal or abnormal

UmA-RI, and relatehisto neurodevelopmental outcomes.

The key findings are discussed below as per the research manuscripts. Findings on feeding

practices were reported within the papbegkground characteristics for the study population.

7.2 EARLY CHILDHOOD GROWTH PARAMETERS IN SOUTH
AFRICAN CHILDREN WITH EXPOSURE TO MATERNAL HIV
INFECTION AND PLACENTAL INSUFFICIENCY

The study investigated and compared, at age 18 months, the grovdimestaf children born
with and without [IUGR due to placental insufficiency, as measured by an abnormaRUmMA
using Doppler screening during pregnaraoryd as modified by maternal HIV status. The study
population was grouped based on HIV exposure and homaanormal UmARI (as a marker

of IUGR). When comparing growth parameters between CHEU and CHUU, significantly
lower LAZ was observed in CHEUQ.73 + 1.23 vs0.05 = 1.32; p = 0.003). Many other
studies have reported suboptimal growth in CHEU compiar€&@HUU (Aizire et al., 2020;
Fowler et al., 2022; le Roux et al., 2019; Nyemba et al., 2022; Sirajee et al., R321)
significantly lower LAZ was observed in abnormal UrRA compared to the normal UmRl
group(-0.68 + 1.53 vs0.14 £ 1.29; p < 0.001). Further, CHEU/ABN had significantly lower

LAZ (-1.30 = 1.32 vs0.03 + 1.30; p < 0.001), WAZ(@.64 £ 0.92 vs 0.05 + 1.15; p = 0.014)
and HCZ (0.33 + 0.73 vs 0.89 £ 1.15; p = 0.016) than the control group WNHRI). A
higher percentage of CHEU/ABRI (40.0%) and CHEU/MRI (16.0%) were stunted than the
control group (4.8%); p < 0.001 and p = 0.016, respectively. These findings indicate that
maternal HIV infection compounded by unrelated placental insufficiemeyadditive risk

factors for stunting among South African children. The high percentage of stunting in CHEU
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adds to the body of existing knowled@ezire et al., 2020; Fowler et al., 2022; Jumare et al.,
2019; leRoux et al., 2019; Neary et al., 2021; Nyemba et al., 2022; Sirajee et al., 2021)
the finding regarding the high percentage of stunting in CHEU with a history of IUGR due to
placental insufficiency is novel in the South African context. Other pesssluses of stunting

may be suboptimal feeding practices, inadequate nutrition and care and social stimulation.

7.3 GROWTH, NEURODEVELOPMENTAL OUTCOMES AND
MICRONUTRIENT INTAKE IN 18 -MONTH -OLD SOUTH
AFRICAN CHILDREN WITH MATERNAL HIV EXPOSURE AND
PLACENTAL INSUFFICIENCY: THE UMBIGODISA CROSS -
SECTIONAL STUDY

The study assessed, compared and determined associations between iron, zinc and iodine
intakes and growth and neurodevelopmental outcomes in CHEU and CHUU born with and
without IUGR.The percentagef @BF in the first six months reported in H&kposed groups
(CHEU/N-RI: 40%; CHEU/ADNRI: 42.9%) is better than the previously reported percentage

of 37.0% in South African women living with HIV and this may indicate the success of ART
programmes irbette protecting, supporting and promoting breastfeedignetheless, the
rates of EBF are still below the 50% average. Breastmilk intake promotes optimal growth and
development. CHEU/ADbMRI (thedouble exposurgroup had lower LAZ than CHUU/MRI,

as also rported in article 1. Across all the groups, iodine intakes were below EARiiAdigy

was unexpecteds in uth Africa, the policy on iodation of table salt has been in place for
years with the iodised salt available in markets. The possible reastmwfiodine intake in
children may be the consumption of small quantities of food with added salt. lodine is essential
for the growth, development, health and wie#ing of children. The persistent low iodine
intake may result in iodine deficiency antimiately, growth and developmental abnormalities
(Pem, 2015)

The findings of the GMCD screening indicated that 21.4% of CHEUARIbMNd 10.0% of
CHEU/N-RI (CHEU single exposure) had a delay in gross movements. BHlyBssessment
demonstrated that the CHEAbN-RI had lower mean cognitiveomposite scores compared

to the control grou®3.9 £ 12.9 vs 100.1 £ 10.8; p = 0.04&2rthertheBayleylll assessment
indicated that 21.4% of CHEU/ABRI had a mild delay in cognitive developmeiftis

finding was simliar to theSacchi et al. report that children who had IUGR had lower cognitive
scoregqSacchiet al, 2020) The findings suggest that CHEU/AHRI are at risk of cognitive

deficits. The lower cognitive development may be related to lower LAZA&igh prevalence
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of stunting (as reported in article 1) in CHEU/AIRN. Overall, the mean language composite
score was low in this population (overall mean was 89.4 + 12.3), poteftiélyl to the fact

that South Africa is a multilingual countr@€hildren graving up in a multilingual community

or family learn and use several languages, so some of their language development aspects or
awareness differs from monolingual childréhtagi, 2017) mainly because their learning
experience is divided between diverse languages. Thus, triggers mental stress and
consequently, challenges of language processing and represe(Batsovorthet al, 2021,

Shook and Marian, 20})2Factors that influence child neurodevelopmental delape first

1000 daysnay be multifactorial anohcludepoverty,poor nutrition(suboptimal breastfeeding
practices and inadequate complementary feedaa)) of stimulationand careand maternal
stress(Pem, 2015)

In the CHEU group, it was found that cognitive development was significantly positively
correlated with WAZ (r = 0.15; p =0.021) and LAZ (r = 0.35; p = 0.009). It is well known that
lower LAZ or stuntings linkedto deficits in cognitive evelopment. In the same group, motor
development was significantly positively correlated with WAZ (r = 0.32; p = 0.007), LAZ (r =
0.26; p =0.017), WLZ (r = 0.27; p = 0.044) and HCZ (r = 0.24; p = 0.&d)ilarly, studies
have shown that stunting is assded with suboptimal cognitive developmédbhnet al,
2017; Sudfelcet al, 2016) These findings of CHEU may suggest that child HIV exposure
influences growth and motor development. Also, associations between LAZ and motor
development were reported in Soutfrigan children(Rothmanret al, 2018) Zinc intake was
significantly associated with language development in the total study poptati@l0; p =
0.042) in line with previously reported posig associations between zinc and
neurodevelopment (Jolat al, 2017).

7.4 THE IMPACT OF MATERNAL HIV INFECTION AND ANAEMIA
TOGETHER WITH PLACENTAL INSUFFICIENCY ON
NEURODEVELOPMENT AND ANAEMIA IN SOUTH AFRICAN
CHILDREN.

The aim was to determinine prevdence of anaemia and associations between maternal
anaemiaand child neurodevelopment aadaemiaamong 18monthold children exposed to
maternal HIV infection and placental insufficiency. For breastfeeding practices, a high
percentage of CHEU and childreiiho had AbNRI were reported to be exclusively breastfed
during the first six months of life. In children who had ABN a high percentage of exclusive
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breastfeeding may be because many of these children were born prematurely, and their mothers
were couselled and supported on breastfeeding through the Kangaroo Mother Care
programme in the local geographic area. Lower rates of continued breastfeeding were reported
in CHEU (11.3%) than in CHUU (26.8); p = 0.038. This may be due to the perceived risk of
vertical transmission of HIV. Continued breastfeeding supplement the child diet, ensuring
adequate nutrient intake. It may be even more important in the conteitVpfas nutrient
deficiencies arenorecommon. A higher percentage (30.0%) of mothers of CHWMNARI

were mildly anaemic compared to mothers of the control gp(un%); p = 0.02p Further,
findings showed that mothers of CHEUR and CHEU/AbNRI had lower mean
haemoglobin values than their counterparts in the control group: 12.4 + 1.7 g/di84s113

g/dL; p = 0.022 and 12.0 + 1.3 g/dL vs 12.8 £ 1.5 g/dL; p = 0.024, respectively. Abheve

third of children across the groups were mildly anaemic: CHURINcontrol): 44.4%,
CHEU/N-RI (CHEU single exposure): 44.7%, CHUU/AHR (AbN-RI single expsure):

40.0% and CHEU/AbMRI (dual exposure): 33.3%; furthermore, CHUU: 43.9%, CHEU:
41.9%, NRI children: 44.4% and children who had AlN: 37.1%. These findings, although
alarmingly high, were lower than the 61.3% prevalence of childhood anaemiaugstgvio
reported ina South African study(Turawaet al, 2021) Contrarily, in article 2, the findings
indicated that dietary intake of iravas adequate and above EAR among the study population,
but in this article, a high prevalence of mild anaemia was observed. The possible cause of mild
anaemia in this study population may be nutrient deficiencies other than iron, such as vitamin
B12 (causng pernicious anaemia) and vitamin C (which improvesmaem iron absorption),
resulting from inadequate feeding practices. Another possible cause of mild anaemia in this
study may be iron malabsorption, which can be influenced by various faotdusing high

calcium intake from milk feeds.

The Bayleylll assessment showed that children who had IUGR resulting from placental
insufficiency (AbNRI group) and CHEU/AbMRI (dual exposte) had deficits in cognitive
developmen(as reported in manuscripgmongCHEU/AbN-RI). These findings indicate that

child HIV exposure and IUGR resulting from placental insufficiency are independent risk
factors for deficits in cognitive development. Tihaiteroand postnatal exposure to ART and
maternal HIV infectionmay influence cognitive developmernithere were no significant
associations between maternal haemoglobin and child neurodevelopment in CHEU and
abnormal UmARI groups, differing from other previous findinf&/ainstocket al, 2019) In

particular, we observed no evidence for the association between maternal and child
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haemoglobin concentration and the reported lower cognitive development in thie lAjsblup

and CHEU/AbNRI. In the similar groups, lower LAZ was found, however, further
investigations showed a significant association between cognitive, and motor development and
LAZ in CHEU only. This may suggest that poor linear growth is not a risk factor for cognitive
deficit in children who hadAbN-RI. Observations were that many (22.98btheseAbN-RI

children were alsborn premature, so the possibilitythgt cognitive deficits may be attributed

to premature births.

7.5 LIMITATIONS OF THE STUDY

The limitations of the studiyncluded a small population size of the subgroup of -higk
children, particularly the dual exposure group of CHEU with abnormal {Rhf£.5%). The
Umbiflow International study found 5.9% and 0.7% of higgk foetuses determined by the
abnormal UmARI and absent endiastolic flow (AEDF), respectively in South Africa
(Vannerel et al, 2022) Since children were investigated only omdkat age 18 monthshis

meant that longitudinal data analysis was not possible; therefore, a lack of evaluation of growth
and neurodevelopment over time was a drawpaickhe other handhis also meant thahe

study staff did not intervene in any of the measwfegrowth and developmental outcomes
Other study limitations included unmeasured confounders, the poterdtalnalmemory
biases underreportingand over reporting of th24-hou recall. However, previous studies
showed that in children younger than 23 months, a single quan@fidebur recall had
sufficient correlation with typical intakes of micronutrients such as zinc andMarphy et

al., 2006; Padilha&t al, 2017) Also, the feeding practices including breastfeeding were based
on maternal recall, which has a limitation in accuracy, also due to the possibility of social
desirability bias. Further, the lack of full blood coymtsluding ferritin andC-reactive protein

for the comprehensive assessment of anaemia was a limitation of the study. Additionally, the
maternal haemoglobin at 18 months postpartum may not be fully indicative of the maternal
haemoglobin during pregnancy aarly postpartum, which is likely more important in terms

of its impact on child neurodevelopmenhstly, delimitations of the study included only
children who were aged 18 months at the time of the study and those who had a medical history

of placental isufficiency resulting from blood flow resistance in the umbilical artery

7.6 CONCLUSIONS
Compared to the normal populatidigth groups oCHEU and AbNRI children are higrisk

populatiors for suboptimal growth outcomes, mainly stunting. The risk is wadsen the
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exposure to maternal HIV is compounded by IUGR attributed to placental insufficiency, as
measured by an abnormal Unrt during pregnancy. Furth@ore both groups of children

are also at risk of deficits in cognitive developmédn the other hah the findings were
reassuring and suggested that child neurodevelopment was not associated with maternal
haemoglobin concentration in children who had IUGRvertheless, the prevalence of mild
anaemia in children remained high in South Africa regardiE®e reported adequate dietary

iron and zinc intake. Additionally, even though breastfeeding praetiessfoundo be better

as compared to previous percentages, Weeg still belowthe50% averagel he adverseffect

of maternal HIV exposure and &R resulting from placental insufficiency on child growth

and development has the potential to be irreversible, especially in the absencey of earl
intervention during the first golde®00 days of life. The study findings advocate for the large
scale implenentation of antenatal Doppler screening, including onrisiwpregnant mothers

at the primary health care level, to identify foetuses at risk of IUGR, in order to implement
strategies, including early nutritional intervention and folapvcare, to enhae catchup

growth and better address cognitive delays, especially in geographical areas with high maternal
HIV prevalence.

7.7 PUBLIC HEALTH VIEWPOINT

HIV infection among childbearing and pregnant women is a global public heaittern
because of its mative impact on maternal nutrition, health, wsding and related suboptimal
pregnancy outcomes, including IUGR.-@dections such as tuberculosis are also common in
HIV settings. Maternal HIV infection unfavourably affects the growth and development of
CHEU possibly due to direct contact withckose family member (i.e. the mothex)th a
compromised immune system, potential pathogensrantéroexposure tdhe virus itself as

well as toART. Also, HIV infection isoftenlinked with poverty and foochsecurity, thus the

risk of poormaternalnutrition, including nutrient deficiencie$eading to conditions such as
anaemia. Child HIV exposure and poverty are
because of possible food and nutrition insemsitPoor feeding practicesmcluding short
duration of breastfeedingre common in WLWH. Breastmilk provides infants with optimal
nutrition for growth and development, therefore, poor breastfeeding practices increase the risk
of suboptimal growth and gelopment. Theverallpopulation of CHEU is increasingut it

is anoverlookedgroup, despit¢heir vulnerability to inadequate nutrition, suboptimal growth,

particularly stunting, and neurodevelopment.
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Maternal HIV infection and undernutrition are algtked to IUGR, which is considered an
important determinant of child stunting and developmental d8layttaet al., 2013; Blacket

al., 2013) IUGR is relevant to public health because of its adverse effectsildrgrowth and
development. Stunting, developmental delay and anaemia in children remain significant public
health concern§lohnet al, 2017; Juukt al, 2019; WHO, 2023)Stunted children are likely

not to each their potential physical growth and cognitive development. In factladtirst

1000 days of life, stunting and neurodevelopmental impairment may be irreversible. The
present study reported associations between child growth parameters and retopotEv.
Stunting has shoraind longterm effectsincluding poor neurocognitive development, learning
and working capacity (productivity), risk of obesity and chronic disegsetcularly non
communicable diseases, which ultimately impaginan livesandthe economy negatively.
Similarly, childhood anaemia can adversely affect neurodevelopreauting to reduced
learning capacity and low productivity during adulthood. Also, anaemia, particularly iron
deficiency anaemia, is a known risk factor for it

The high prevalence of stunting, mild anaemia and lower cognitive developmental scores
reported in this study among South African children is alarming and signifies a need for public
health action to improve maternal and child health and nutritiwimgl the first 1000 days.

Also, low iodine intake reported in this study population is relevant to public health nutrition.
Children have the right to develop to their full physical, emotional and cognitive potential.
Child health and nutrition programmesed to identify and prioritize CHEU and children who
have placental insufficiency asrk populations needing interventions tailored to ameliorate

potential stunting, anaemia and cognitive delays.

For South Africa to achieve and sustain improved matend child nutrition, the focus should

be broadened to both nutritkapecific and nutritiorsensitive programmes. Reinforcement of
IYCF, micronutrient supplementation and fortification (home fortification with micronutrient
powders and industrial footbrtification, particularly policy on iodisation of table salt)
programmes, as well as promoting dietary diversity have the potential to improve low iodine
intake, stunting and anaemia rates in children. Optimal feeding practices ensure adequate
nutrition pivotal for catchup growth.Besides, South Africhasimplementedocial safety net
programmes for childresocial grants) to protect childragainst poverty and food insecurity

and alleviate malnutrition. However, child undernutrition is still a eimgié, this may signify

the need for reinforcement and regulaaleation of this programme. Moreoyérere is a need
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for consolidation of early childhood development policy to ensure that all children develop to

their full cognitive and physical potential

Interventions aimed at reducing new HIV infections among womeadoldscengirls should

also consider strengtheningpwme n6s e mpower ment component .
paramount to combating the HIV epidemic because it stimulates and builds confialetice
enables participation in informed decisioraking regarding their sexual behaviour, HIV
testing, management and prevention from mother to ¢(Bashemerat al, 2013; Schierkt

al., 2023)

7.8 RECOMMENDATIONS FOR FUTURE STUDIES

In the context ofour study findings, future studies should consider the following

recommendations:

A Largescale longitudinal studies to develop a better understanding of the growth and
neurodevelopmental trajectories of CHEU andildecen who had placental
insufficiency.Considering théargescale study will ensure adequate representativity
of subgroups, particularly groups of children who had placental insufficiency. Also, a
largescale study has the capacity to reveal even miffiecteor differences between
control and test groupsnvestigating childhood growth and neurodevelopment over
time on a large sample size will provide insightful and genetalefindings that will
better inform policymaking and nutritiorsensitive prgrammes.

A Investigate tie biochemical assessment of iron, zinc and iodine status of children and
its correlation with neurodevelopmennformation on full blood count will include
ferritin levels that will be used to determine iron deficiency anaeamiaell as markers
of inflammation such a€-reactive proteinAssessing nutrient intake through only
taking adietary history may not reflect the actual amount of nutrients absorbed and
utilised by the bodydue tovarious physiological factors affectimutrient absorption.
Therefore, including biochemical testinigthe researclban providethe actual status
or levels of nutrients in the bodyhich are bioavailable for utilisatiorirhis can then
be correlated with a c¢hi dedefogingavelencemfdhev el op
relationships.

A Investigate the barriers to exclusive breastfeeding practices aationgthers with a
special focus on motheo$ N-RI children and CHUUto inform the national policy on
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infant and young child feeding praad& The present study findings showed poor
exclusive breastfeeding and mixed feeding practices among group&btiNidren
and CHUU. Therefore, this calls for research to investigate the barriers to optimal
feeding practices.

A The findings of the presestudy showed a high percentage of prematuredartiong
children who had IUGR. For future studies, it will be of importance to determine the
association between premature higitacental insufficiendyUGR and maternal HIV
infection, as there is limitediterature on this topic.

A The literatureverviewshowsthat the aetiology of placental insufficiency is not clearly
understood. However, assumptions are that lifestyle habits during pregeacdicyas
smoking and alcohol consumptiomay be important rks factors for placental
insufficiency. In the present study, the percentage of mothers who smoked (cigarettes
to be specific) and drank alcohol during pregnancy was very low; particularly in groups
of children born with placental insufficienctherefore his study could not associate
the mentioned lifestyle habits with the risk of placental insufficiefcyure studies
shouldthus consider exploring maternal nutrition anfistyle behaviour anfiabits
other than smoking and alcohdyring pregnancy anttheir relationship with placental

insufficiency.

The findings of this crossectional study wereand will continue to be, disseminated to
policymakers, health professionals and science and related communities through conference
presentations and proceegls, and publication in peeeviewed journals accredited by DHET
Viruses, International Journal of Paediatriesid Anaemia.Presentations were made at the
conferences and workshops and the abstracts were published, these include (1) a poster
presentatio at the International Workshop on HIV & Paediatrics 2023, on 21 to 22 July in
Brisbane, Australia (attended in person), (2) oral presentation at South African Paediatric
Association Conference 2023 oni810 September, Sandton, Johannesburg and (3) oral
presentation at thé"\nternational Developmental Paediatrics Association Congress 2023, on
28 November to 1 December, Johannesburg (in person). The published abstracts have been
included @& Annexes. Also, the abstract has been accepted for postmtion at the
International Workshop on HIV & Paediatrics 2024 to be held in Munich, Germany in July
2024. Lastly,an abstract has been accepted for oral presentation at the Nutrition 2024 to be
held in Durban, South Africa in October 2024.
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ANNEX A: INFORMED CONSENT FORM

PARENTAL OR LEGAL GUARDIAN INFORMATION & INFORMED
CONSENT

STUDY TITLE: Early child outcomes of in utero growth restricted and premature
babies - a prospective cohort study in South Africa

Principal Investigator: Dr Helen Mulol
Co-investigators: Prof. Ute Feucht, Dr Valerie Vannevel, Prof. Robert Pattinson
Institution: University of Pretoria

DAYTIME AND AFTERHOURS TELEPHONE NUMBER(S):

Daytime number/s: 012 945 2015

Afterhours number: 083 7062543
DATE AND TIME OF FIRST INFORMED CONSENT DISCUSSION:

date month year Time

Dear Parent or Legal Guardian
Dear Ms. |/ Kegéééééeéééceecééceeéée.
1) INTRODUCTION

We invite your child to participate in a research study. This information document will help you to
decide if your child may want to participate. Before you agree that your child may take part, you should
fully understand what is involved. If you have any questions that this document does not fully explain,
please do not hesitate to ask the researcher.

2) THE NATURE AND PURPOSE OF THIS STUDY

169



e
Bad

“ UNIHEREITEIT WAN PEEIOEIA
o UMIFLESITY OF FRETORIA
- - ’ HI WA FELTSE|A

The aim of this study is to continue to follow ap your baby who \as part of the Umbiflow study so
that we can monitor the growth and development of your baby at the age of 18 months.

3) EXPLANATION OF PROCEDURES AND WHAT WILL BE EXPECTED FROM
PARTICIPANTS.

We are inviting women from the Umbiflow study to partakethis followup study. We will pay for

your transportation to Kalafong Hospital for the study. If you agree to take part in the research we

will ask you to come for one visit when your infant is 18 months old at Kalafong Hospital. We would

like permissigy G2 GF 1S | LK23G23INI LK 2F &2dz2NJ OKAf RQa w2l
the measurements of your child from birth. The following procedures will be done:

3.1 Procedures for the mother

Awe will ask you to come to Kalafong Hospital withrylaby for one visit when your
baby is 18 months old.
AAt the visit we will ask you questions about how you are feeling and if you are coping
with the infant.
AAt the visit we will ask you if Covi® has affected you or your family.
AAtthe visitwe will 31 @2dz (2 FyagSNI a2vyYS |jdSadAizya
health, diet and how you feed your infant.
Awe will look at your fat and muscle mass which is measured by a machine which
passes a very small amount of electricity through your body and wilhmtor harm
you in any way.
Alf your answers to the questions show that you are not coping well with your infant,
we will refer you to Kalafong Hospital Family Medicine, who will give you further
guidance.

3.2 Procedures for the child

AThe child visiwill be when the baby is 18 months old.

Al i GKAAa Grarita ¢S oAttt 6SAIAK yR YSI adz2NB @
his / her Road to Health chart.

Awe will check to see if your infant can do the usual things expected of a infant at that

age, br example, walking.

AAt the study visit we will check for iron levels by taking a drop of blood from your
AYFLryGQa FAYIASNI g6KAOK gAftf IABS @2dz 6KS NB
A2S GgAtt ftaz2 RSUSNNYAYS GKS FY2dzyid 2F T
visit. In order to do this we use a test, which is used in many countries. This test involves

the child drinking a few teaspoons of heavy water, which is safe for your child. It is found

Ay avYltt FY2dzyda It NBFRe Ay dAIZNKOKROQBRQH S
This heavy water mixes with the normal water in your body and we will take a saliva

sample using some cotton wool from your child before and 2.5 hours after drinking the

heavy water. These saliva samples are then taken to a laboratayevthe amount of

heavy water in the saliva samples is measured which tells us the amount of fat and
Ydza Ot S Yl aa Ay @2dz2NJ OKAf RQAa 02Re®

ALT GKSNB IINB Fye LINRofSYa gA0K GKS OKAfRQ
child for further care to a speciat doctor.
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3.3 Testing of Samples

A Most of the tests will be done at the University of Pretoria. We also ask your permission
to store all leftover samples that we have collected, free of cost, for future testing. We
will first get approval from thé=aculty of Health Science Research Ethics Committee,
University of Pretoria before doing any more tests on these samples.

4) POSSIBLE RISK AND DISCOMFORT INVOLVED

There is only minimal risk or possible discomfort involved with providing a blood wa salnple and
YSFadz2NAy 3 @2dzNJ OKAf RQa 3AINRSGK YR RS@OSt2LIYSyio

5) POSSIBLE BENEFITS OF THIS STUDY

The benefits for your child is that the research team will give you an assessment on the development

of your child based on the measurements performed la tL8month visit. Your child will have
FRRAGAZ2YIE OKSOla 2y KA&a k KSNIANRGGK YR ONIAY
levels are low and any problems with development early and your child can be referred for treatment.

6) YOUR CHI LD6S RI GHTS AS A PARTI CI PANT?

,2dzNJ OKAf RQa LI NIAOALI GA2Yy Ay (GKAAa &adGdzRe Aa Syl
not. Whether you choose to participate or not, all the necessary services at this clinic or hospital will
continue and nothing will change. If you choose not to participate in this research project you will be

offered the treatment that is routinely offered in this clinic or hospital. You are allowed to withdraw

from the study at any time and you will still recethe treatment that is routinely offered in this clinic

or hospital. Any information or samples we collect from you as part of this study before you withdraw

will remain part of the study. There will be no further information or samples collected fromryoei o

you withdraw from the study.

7) ETHICS APPROVAL

Approvals will be obtained frorthe Faculty of Health Sciences Research Ethics Committee,
University of Pretoria, Medical Campus, Tswelopele Building, Lea@| fielephone numbers
012 356 3084 / 01356 3085 and written approvalill begranted by that committee. The study
will be structured in accordance with the Declaration of Helsinki (last update: October 2013),
which deals with the recommendations guiding doctors in biomedical research involving
humans. A copy of the Declaration may be obtained from the investigator should you wish to
review it.

8) INFORMATION AND CONTACT PERSONS

If you have any questions concerning this study, you should contact:

1. Dr Helen Mulol: 083 706 2543
2. Prof Ute Feulat: 072 428 0465 or Dr Valerie Vannevel: 072 998 8704
9) COMPENSATION

You child will not be paid to take part in the study. However, any costs you and your child have
because of taking part in the study, for examgtansport costs to Kalafong Hosgi for your
follow-up visit, will be paid back to you.

10) CONFIDENTIALITY
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All information about your child will be kept strictly confidential. Participants will be identified for
study purposes with a unique study number. Your personal identifyif@ynnation will not be
connected to the information collected for this research study. Information collected about you and
your child during the research will be stored safely and will only be available to the approved
researchers. Research reports anddets in scientific journals will not include any information that
may identify your child.

11) CONSENT TO PARTICIPATE IN THIS STUDY

Al confirm that the person requesting my consent for my child to take part in this study has told
me about the nature ath process, any risks or discomforts, and the benefits of the study.

Al have also received, read and understood the above written information about the study.

Al have had adequate time to ask questions and | have no objections for my child to participate
in this study.

Al am aware that the information obtained in the study, including personal details, will be
anonymously processed and presented in the reporting of results.

Al understand that my child will not be penalised in any way should | wish tdnaithmy child
FNRBY G(GKS &dddzRe FyR GKFG GKS GAGKRNI gt gAtft y
Al hererby volunteer to take part in this study.

Al have received a signed copy of this informed consent agreement.

t F NByGdk[ S3Ff DdzZ NRAIFYyQa yIYS 6tfSFaAS LINAYyGO

t I NBydk[ S3It Ddzr NRAI

wSaSI NOKSsEEepringf | YS ot Date

wSaSIkNOKSNRa aAdayl ddz

Witness name (Please print) Date

Witness signature
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AFFIRMATION OF INFORMED CONSENT BY AN ILLITERATE PARTICIPANT (if suitable)

LY GKS dzy RSNEATYSRI XXXXXXXXXXXXXXXPDOXZE KIFFS NBI
YEYSR XXXXXXXXX XantZinfoimitidn dbdurheltAvdith_describes the nature and
LJdzN1J2aS 2F (GKS adGddzRé Ay 6KAOK L KIF@S |alSR GKS
explanation | have given has mentioned both the possible risks and benefits of the study and the
alteNy I G A @S GNBFGYSyda | @rAtroftS F2NJ GKS OKAf RQa A
that she will be free to withdraw from the study at any time for any reason and without jeopardizing

GKS OKAftRQ&a aidlyRIFINR OF NB®

| hereby certify that tle patient has agreed to participate in this study.

t F NBydk[ S3Ff DdzZ NRAIFYQa yIYS 6tfSFaAS LINAYyGO

t F NBydk[ S3Ff DdzZr NRAFYyQa aAr3ayl GdzNB

Researcher's Name (Please print) Date

Researcher's Signature

Name of the person who witnessed
the informed consent (Please print) Date

Signature of the Witness
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ANNEX B: PARTICIPANT INDENTIFICATION QUESTIONNAIRE

Before enrolment, please confirm the following: YES NO

o

1. Baby has no severe medical conditions or chromosomal or structural

abnormalities
Participant identification Study number: UMB
a2l KSNRa v

Date of Birth

Area of residence*

Phone number*

Hospital Number

Clinic*

Home language

Physical address*

Postal address*

Work address*

BEmail address*

t F NIy SNRa

Cell number*

Work telephone*

Email address *

bSEG 2F 1A

Cell number*

After delivery of infant:
. FoeQa ylI YSF

Date of Birth

Sex

Hospital Number

Place of birth*
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Gestational age according to &bto
Health Book __ __weeks
Form completed by Form checked by
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ANNEX C: POSTNATAL FORM FIRST VISIT

Postnatal form: First Visit

UmbiBaby Study no:

Date: First postnatal visit

(DD MM YYYY if unknown 01-01-1900)

MATERNAL CHARACTERISTICS

Maother: Date of Birth

(DD MM YYYY if unknown 01-01-1900)

Mother: Age

{00 () if unknown})

Gravidity (number of pregnancies including current
pregnancy)

(0; 99 if unknown)

Parity (number of all previous births = 28 weeks)

(0; 99 if unknown)

Abortions, miscarriages, TOP

{0; 99 if unknown)

Comment: Previous pregnancy losses

DEMOGRAPHIC CHARACTERISTICS

Mother: Home language () Afrikaans
O English
O Ndebele
() Northern Sotho/Sepedi
O South Sotho
() Swazi
O Tsonga
() Tswana
) Venda
O Xhosa
O Zulu
O Other
(O Unknown

If Other, please specify:

(Specify other home language)
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Mother: Population group

Black/African O Indian/Asian
Coloured O White
O Other (O Not recorded

If Other, please specify

Mother: Highest level of education (completed) O No schooli O Grade 1

O Grade 2 Grade 3

QO Graded4 (O Grade5
OGrade 6 (O Grade 7

O Grade8 (O Grade9

(O Grade 10 (O Grade 11
(O Grade 12 (O Certificate
O Diploma (O Degree

O Not recorded

Mother: Marital status

QO Single O Married O Co-habiting
O Widowed O Divorced

(O No partner ( Other

(O Not recorded

If Other, please specify

Mother: Current employment

ONo QYes Q Notrecorded

Mother: Type of employment

QO Full-time O Part-time
O Piece jobs O Unknown
O Self-Employed

Mother: Social grant
(Multiple answers possible)

[J None [ Medical grant [ Foster care [ Child support [ Care dependency [ Pension

[] Not recorded

Partner: Highest level of education

(O No schooling (O Grade 1
O Grade2 (O Grade3
OGraded4 (O Grade5

(O Grade6 (O Grade?7

(O Grade8 () Grade?9

O Grade 10 O Grade 11
O Grade 12 O Certificate
(O Diploma () Degree

O Unknown O No partner
O Not recorded

Partner: Current employment

ONo QYes QO Nopartner () Notrecorded
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Partner: Type of employment

O Full-time O Part-ime (O Piece jobs O Not recorded (O Self-employed

How much is the income in your household each month? (IR O0-R2000
(R 2001 - R 4000
(O R 4001 - R 6000
() R 6001 - R 00O
R 8000 +
O Don't know
() Prefer not to answer

Mather: HIV status () Positive

O Negative
) Unknown

Partner: HIV status () Positive

O Negative
) Unknown

HOUSEHOLD

Description of neighbourhood: (O Urban/City (O Formal township
O Informal settlement) Squatter
(O Rural O Other (O Mot recorded

If Other, please specify

Adults (18 years and over] living in home (including
participant):

(999 if unknown)

Children (under 18 years) living in home (including
infant in this study)

(999 if unknown)

Access to running water: 3 None (O Communal tap
() Inside yard (O Inside house
)y Other ) Not recorded

If Other, please specify:

Access to toilet Oy None () Pit latrine
() Flushing toilet ) Other
() Not recorded

If Other, please specify:

Electricity at home: COrNe O Yes (O Mot recorded

Functional fridge at home: OrNe O Yes (O Mot recorded
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Television at home:

O No

OrYes (O Not recorded

Telephone available at home:

O No

(O Yes (O Not recorded

Do you have a cell phone?

O No

O fes (O Not recorded

Computer at home:

) No

) Yes (O Mot recorded

Do you have access to the internet:

Mo [ ¥Yes, at home

[ Yes, at other places

(] Mot recorded ] Yes, on my phone

Do you/ your family own a car?

) No

O Yes (O Not recorded

Is your house made of brick & cement?

) No

(O Yes (O Not recorded

Do you rent?

O No

(O Yes (O Mot recorded

Do you stay in a RDP house

O No

O Yes (O Not recorded

Date of next appointment

(DD MM YYYY if unknown 01-01-1900)
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FOOD COST QUESTIONNAIRE
What is the averge income for the household per month?
RG2000
R2000¢ R4000
R4000¢ R6000
R6000¢ R8000
More than R8000
What is the average income of the main source of income of the household per month?
RG2000
R2000¢ R4000
R4000¢ R6000
R6000¢ R8000
More than R8000
Does your household receive any income from grants?
Yes
No
What kind of grants? (Please answer the question by ticking in the brackets, tick all grants your
household receive ahthe number of each.
Child Support Grant

Grantin-Aid

Care Dependency Grant
Foster Child Grant
Social Relief of Distress
Grant for older persons
Disability grant

War veterans grant
Pension

Other:

How many people are receiving grants in your household?
How many people are earning an income per month in your household?
One
Two
More than two
None
Other:
What is your partnership status?
Living with a partner
Not living with a partner
How many children (under 18 years) are residing in your household?
How many are your own childrén
Do you have any dependent individuals (above 18 years) living with you?
Yes, have dependent individuals living with me
No dependent individuals living with me.
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How many dependent individuals are living with you?
Who usually does the grocery shopping in the house?
Me
My partner
Children
Other, specify:
Do you buy in bulk or on a daily basis when food is needed?
Bulk
Daily
Other:
Do yai only buy food when the food is on special?
Yes
No
Sometimes
To which of these shops do you go to buy food?
Local producer (on street)
Big Hypermarket
Local Shop (e.g. OK/Shoprite/Boxer)
Other:
Not recordel
Why do you mostly choose these shops?
Distance from home
Prices
Quality
Other:
Not recorded
What can you say about the freshness of products i.e. fruits and vegetables at a local producer on the
streets?

Fresh most of the times
Sometimes
Never
Other:
What is your main mode of transport?
Walking
Public transport
Own car
Other:
How often do you use public transpod.§. taxi) to the shops to buy food?
Most of the times
Sometimes
Never
Other:
What is the estimate taxi fare you pay to buy food?
Do you give your child any milk feeds?
Yes
No
Sometimes
What kind of milk feeds do you give to your child?
/| 26Qa YAft]l 2yfte
Formula milk only
/| 26Qa YAf{1 FYR F2NX¥dzZ I YAt ]
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Other:
What is the name of the formula milk you give to your child?
Nan pelargon
Infacare classic
Lactogen
Nan
NIDO
Milk powder (Klim)
Other:
Why do you choose this kind of formula milk?

How much are you spending on (any) milk, either for the chilidiothe household per month?
Below R50.00
R100.00 to R150.00
R150.00 to R200.00
Above R200.00
Do you buy the formula in bulk, on a daily basis when needed, when on special?
Bulk
Daily
When on special
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ANNEX D: COVID-19 QUESTIONNAIRE

Impact of COVIEL9 Questionnaire
1. Thinking from the time of the start of COMIB, have you, the study child, or other household
member tested positive for COVID?
I Yes
I No TIbSkip to question 5
I Prefer not to answer MSkip to queson 5
2. How many household members tested positive for CE1GID
I One member
Two members
Three members
More than three members
Prefer not to answer
, Which person(s) tested positive for COMP (Multiple answers possible)
The study child
Mother of the study child
Father of the study child
A grandparent
Other child
Other household member(g)please specify:
Prefer not to answer
4. For each of the persons who tested positive for [DENG, please complete the following table:

3. Ifye

(o (= o —( —( ) e —( —( —( —

Household member Age When did the Was the Did the person fully
(please identify, e.g. household person recover from
grandparent, tenant, member test hospitalized covip
etc.) COVIDBpositive? with COVID?
A. Study child Years In last 3 Yes Yes
Months| months  3-6 No No, not yet
months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
specify
Prefer not to Prefer not to
answer answer
B. Mother of study child Years In last 3 Yes Yes
months  3-6 No No, not ye
months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
specify:
Prefer not to Prefer not to
answer answer

183



C. Father of study child Years In last 3 Yes Yes
Unsure months  3-6 No No, not yet
months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
specify:
Prefernot to Prefer not to
answer answer
D. Other child 1 Years In last 3 Yes Yes
__Months months  3-6 No No, not yet
Unsure months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
- specify:
Prefer not to Prefernot to
answer answer
E. Other child 2 Years In last 3 Yes Yes
___Months months  3-6 No No, not yet
Unsure months Unsure No, lorg-term
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
specify:
Prefer not to Prefer not to
answer answer
F. Other child 3 Years In last 3 Yes Yes
___Months months  3-6 No No, not yet
Unsure months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
- specify:
Prefer not to Prefer not to
answer answer
G. Other adult Years In last 3 Yes Yes
household member Unsure months ~ 3-6 No No, not yet
1 - please specify: months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other,please
specify:
Prefer not to Prefer not to
answer answer
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H. Other adult Years In last 3 Yes Yes
household member Unsure months  3-6 No No, not yet
2 - please specify: months Unsure No, longterm
6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
specify:
Prefer not to Prefer not to
answer answer
I. Other adult Yars In last 3 Yes Yes
household member 3 Unsure months  3-6 No No, not yet
pleas_e months Unsure No, longterm
specify: 6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, plase
specify:
Prefer not to Prefer not to
answer answer
J. Other adult Years In last 3 Yes Yes
household member 4 Unsure months  3-6 No No, not yet
pleas_e months Unsure No, longterm
specify: 6-9 months Prefer complications
>9 months not to No, demised
Other (specify): answer Other, please
specify:
Prefer not to Prefer not to
answer answer

5. Did you / another household member lose your / their job due to CQ9D

I Y& I /2y {AydzS

I b2

M { 1AL (G2 |

I Prefer not to answer
6. Who was the person(s) who lost the job? (Multiple answers possible)

I Mother
I Father

2 ljdSairzy c

d2Sadrzy

I Other household member (s):
I Prefer not to answer
7. Whatimpact did COVH29 have on your household income?
I Household income reduced to zero
I Reduced household income
I Increased household income
I No impact on the household income
Prefer not to answer
COVINR9 related assistance did yolousehold receive (or currently)? COVIEgrant
Increased child support grant due to COVID
UIF
Food parcels
I Other COVID relief: specify
I None
I Prefer not to answer

8. Wha
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9. Thinking of the period of the COVID pandemic, digou and your household members have
enough food to eat?
I Always
I Most of the time
I Sometimes
I Never
I Prefer not to answer
10. How often are you and your family members eating food that you used to eat before the COVID
19 pandemic?
I Always
Most of the time
Sometimes
Never
Prefer not to answer

— — — —
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ANNEX E: MATERNAL AND INFANT POSTPA RTUM
QUESTIONNAIRE

Maternal and Infant Postpartum Questionnaire: First Visit

UmbiBaby Study No.: umB
Visit Date (DD/MM/YYYY): / /
Infant Date of Birth (DD/MM/YYYY): / / Infant Gender:

INFANT FEEDING AND PERINATAL HISTORY
1. Did you ever breastfeed or try to breastfeed your baby, even if only for a single feed?

YesA Skip b Question3 No  Prefer not to answerA Skip to Question 5
2. If No, why was this? Select all that apply

Personal choice A Skip to Question 5
Personal circumstances (e.g., other demands, return to work)a Skip to Question 5
You were unvell A Skip to Question 5
Baby was too small or unwell A Skip to Question 5
,2dz RARY QiU GKAYy1l @&2dz KIR Sy A& @&&pko Qudstioh 5
Lack of support / resources A Skip to Question 5
Other reason. Please specify: A Skip to Question 5
Prefer not to answer A Skip to Question 7
3. How soon after birth was your baby first put to the breast?  (Skip if NO to Question 1)
ImmediatelyA please specify the tim&nce birth minutes or hours

Never (baby was fed pumped milk)
Prefer not to answer
4. Has your baby ever been fed breast milk from a bottle or a cup?
Yes No Prefer not to answer
5. At how many weeks or months postnatal (after bigthig first visit occurring?
6 weeks 10 weeks 14 weeks 6 months 9 months 12 months 18 months 24
months
6. How did you feed your baby in the first 6 months?
Breast milk onlgirectly from the breastno expressed breast nkilandno formula feeding) from
OANLK (G2 oloeéQa OdzZNNByd F3S
Breast milk only with some feeding directly from the breast and some expressed breast milk , but
nTF2NXdzZ I FSSRAYy3I dzLJ G2 o0FoeéQa OdaNNByd F3AS
Breast milk (directly from the breast/ expressed &semilkand donorbreast milk), buno
F2NNdzE I FSSRAY3I dzLJ G2 oloeQa OdzZNNByd | 3S
Breast milk and formula feeding (baby received some formula before current age but also received
direct/expressed breast miknd donormilk)
Breast milk and formula feed (baby received some formula before his/her current age but still
received some direct or expressed breast milk at his/her current age)
C2NNdzZ I YAf| 2yteéx odzi LINB@GAz2dzate Ifaz2 oNBIlai
Formula feeding only (baby did not receive any breast milk eetwbirth and his/her current age)
7.Has your baby had any liquids other than breast milk or formula since his/her birth (even if it was a
temporary supplement)? Other liquids include water, glucose water, donor breast milk,
SOIFILR NI ISR YATQaAZQA2YAQAZ YRSHE NRB2A624a (S 2NJ
Any semiolids like yoghurt, cerelas. Any solids, like porridge, vegetables?
YesA If Yes, please specify:
No
Prefer not to answer
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8. Was your baby admitted to the neonatal unit in the first week of life?
Yes
No A Skip to Question 12
9. How old was your baby dlays?
10. What was the diagnosis?
Respiratory Distress Syndrome (RDS) / Hyaline Membrane Disease (HMD)
Congenital pneumonia
Neonatal sepsis
Jaundice
Convulsions
Other reason. Please specify:
11. Information from Hospital File: If neonate was admitted, which of the following interventions did
the infant receive?
Continuous Positive Airway Pressure (CPAP)
Ventilation
Surfactant
Cooling
Other Please specify:
Unknown

11.1 If Ventilation was used, for how many days:

12. Has your baby ever taken any prescribed medications?

YesA If Yes, please specify:
No
Prefer not to answe

13. The following questions are only to be asked if the mother ipdditve. Since birth:

NVP started? Yes No Dose: Still given? Yes No
AZT started? Yes No Dose: Still given? Yes No
Other drugs started? Yes No Dose: Still given? Yes No
Time/s dven:
Birth PCR Result Positive Negative Indeterminate
ah¢l owQ{ 19! [ ¢l !''b5 5L9¢!w, {tt[9a9b

Now we would like to ask some general questions about your health and lifestyle since your baby was
born.
14. How would you currenthate your general health
Excellent
Very good
Good
Fair
Poor
Prefer not to answer
15. What is your current weight? kilograms
52y Qi (y29
Prefer not to answer
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16. Did you have any infections post partum?
Yes
NoA Skipto Question 17
If YesPlease specify:
Date(DD/MM/YYYY):
Treatment given:
17. Did you have any complicatioribnesses post partum?
Yes
NoA Skip toQuestion 18
If YesPlease specify:
Date(DD/MM/YYYY):
Treatment given:
18. Are you taking any prescribed medication?
Yes
NoA Skip toQuestion 19
If YesPlease specify:
Date(DD/MM/YYYY):
19. Since your baby was born, have you tanvitamins, minerals or other dietary supplements?
Yes
NoA Skip toQuestion 20
Prefer not to sayy Skip toQuestion 20

How often have you used the followisigce you gave birth
Prenatal vitamirfbefore baby is bory  Never

and possibly during breas#ding) Less than 1 per month
1-3 days per month
1-3 days per week

4-6 days per week
Every day

52y Qi 1y2¢
Prefer not to say
Note: Some pregnant women are Has this dose and intake routine been prescribed by y
prescribed a Pgamal Tablet and | health care provider? Yes No
asked to take 2 tablets per day
during pregnancy and breastfeedinl Are you adhering to this prescription (are you following {
instrudions)? Yes No 52y Q0 1Bfekesnot
to say

Multivitamin Never If Yes, please list the brand
Less than 1 per month | hameand specific type:

1-3 days per month

If Yes, please list the brand
name and specific type:

1-3 days per week Does your multivitamin
4-6 days per week contain minerals (like iron,
Every day zinc, etc.)?

52yQu 1y2¢ Yes No

Prefer not to say 52y Qi 1y26

Prefer not to say
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Folic acid or folaté\NOT as part of a| Never Dose:
multivitamin or prenatal Less than 1 per month less than 400 mcg (0.4mg)
multivitamin) 1-3 days per month 400799 mcg

1-3 days per week 800999 mcg

4-6 days per week

1000 (1mg) or more, up to

Every day 4000 mcg (4 mg)
52y Qi 1y29 5000 (5mg)
Prefer not to say 52y Qi 1y2¢6
Prefer not to sg
Iron (NOT as part of a multivitamin| Never Dose:
or prenatal multivitamin) Less than 1 per month Less than 10 mg
1-3 days per month 10-14 mg
1-3 days per week 1539 mg
4-6 days per week 40 mg or more
Every day 52y Qi 1y26
52y Qi 1y26 Prefer not to say

Prefer not to say

Note: Some pregnant women are
prescribed a Gulf Ferrous Sulphate
Compound Tablet and asked to tal
2 tablets per day during pregnancy

Has this dose and intake routine been prescribed by y

health care provider? Yes

Are you adhering to this prescription (are you following t

No

(Examples Vitamin C, Zinc, Vitamir
D, Probiotics, Cod liver oil, Other
Fish oil or Omega 3 fatty acids

Name:

and breastfeeding. instructions)? Yes No 52y Qi {Pfeksnot
to say

Calcium supplements or calcium Never Dose:

containing antacidé\NOT as part of § Less than 1 per month less than 500 mg

multivitamin or prenatal 1-3 days per month 500599 mg

multivitamin) 1-3 days per week 600-999 mg
4-6 days per week 1000 mg or more
Everydayc ] 52y Qi 1y26
52yQu 1y2s Prefer not to say
Prefer not to say

Other, Please specify: Never Dose:

Less than 1 per month
1-3 days per month
1-3 days per week

4-6 days per week
Every day

52y Qi 1y2¢
Prefer not to say

FOOD SECURITY

The following questions ask about your access to food over the past 12 months
20. Which of the following statements best describes the food eaten in your housémahe past

12 months?

You and other household members always had enough of the kinds of food you wanted to eat.

You and other household members had enough to eat, but not always the kinds of food you

wanted.

Sometimesyou and other household membedid not have enough to eat.
Often@2dz ' YR 20KSNJ K2dzaSK2f R YSYOSNB RARYQ
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Prefer not to answer
The following statements may be used to describe the food situation for a household. Please indicate if
the statement wasften true, sometimes true, or never true for you and other household members in
the past 12 months.

21.You and other household members worried that food would run out before you got money to buy
more. Was that often true, sometimes true, or never truthpast 12 months?

Often true

Sometimes true

Never true

52y QG 1y2#6

Prefer not to answer
22¢KS F22R GKIG @2dz YR 20KSNJ K2dzaSK2f R YSYoSNA
money to get more. Was that often true, sometimes true, or never true in thel@asonths?

Often true

Sometimes true

Never true

52y Qi 1y29

Prefer not to answer
230 , 2dz YR 20KSNJ K2dzaSK2f R YSYOSNRAR O2dz RyQi F F7F2
was that often true, sometimes true, or never true?

Often true

Sometimes true

Never true

52y Qi 1Yy26

Prefer not to answer
If the participant responds { 2 YS G A Y S &té6 Quadidn @hORIftényfrée"or "Sometimes true”
to ANY ONE of QuestionsZ3then continue to Question 2dtherwise, skip to the nexdcion
(Question 30).

The following questions are about the food situation in the past 12 months for you or any other adults
in your household.

24.1n the past 12 months, did you or other adults in your household ever cut the size of your meals or
skipmed & 0SOl dzaS (GKSNB ¢l ayQid Sy2dzZaK Yz2ySe F2NJ F22
Yes
No A Skip to Question 26
52y Qi 1y26¢ A Skipto Question 26
Prefer not to answer A Skip to Question 26
25.How often did this happen?
Almost every month

Some months but not every month
Only 1 or 2 months

52y Qi 1y26

Prefer not toanswer
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26.1n the past 12 months, did you personally ever eat less than you felt you should have because
GKSNB 461 ayQli Sy2dzaAK YzySe G2 o6dz2 F22RK

Yes

No

52y Qi 1Yy26

Prefer not to answer
27.1n the past 12 months, did you personally lose weight le&wu & 2 dz RARY Qi KI @S
food?

Yes

No

52y Qi 1y2¢9

Prefer not to answer
If the participant respondedl , SaaQuestions 24, 26 or 27, continue to Question 28; otherwise, skip
to the next section (Question 30).

28.1n the past 12 months,id you or other adults in your household ever not eat for a whole day
0SOIFdzaS GKSNB gl ayQid Sy2daAK Y2ySeée F2N F22RK
Yes
No A Skip to Question 30
52y Qi 1y26 A Skipto Question 30
Prefer not to answer A Skip to Question 30
29.How often did this &ppen?
Almost every month
Some months but not every month
Only 1 or 2 months
52y Qi 1Yy26
Prefer not to answer
SMOKING AND ALCOHOL

30. Do you smoke cigarettes?
Yes
52 y20G &Y 2]|SEptoQuestion 32
Prefer not to answer A Skip toQuestion 32
If Yes, how many cigarettes do you smoke each day now?
31. Do you smoke inside your home?
Yes
No
Prefer not to answer
32. Does any member of your household smoke cigarettes (even if not inside your home)?
Yes No
Prefer not to answer
33. How often are you usually exposed to other people's tobacco smoke inside your home?
Every day
Almost every day
At least once a week
At least once a month
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Less than once a month

Never

Don't know

Prder not to answer
34.During leisure time outside of your home, how often are you usually exposed to other people's
tobacco smoke?

Every day

Almost every day

At least once a week

At least once a month

Less than once a month

Never

Dont know

Prefer not to answer
35. Since your baby was borowhoften do you drink alcohl

6 to 7 times a week

4 to 5 times a week

2 to 3 times a week

Once a week

2 to 3 times a month A Skip to Question 37

About once a month A ip to Question 37

Less than monthly A Skip to Question 37

Never A Skip to Question 37

Don't know A Skip to Question 37

Prefer not to answer A Skip to Question 37
36. Since your baby whern, how often did you have four or more alcoholic drinks at the same
sitting or occasion?

6 to 7 times a week

4 to 5 times a week

2 to 3 times a week

Once a week

2 to 3 times a month

About once a month

6 to 11 times a year

1to 5 imes a year

Never

Don't know

Prefer not to answer

Form completed by Form checked by
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ANNEX F: 24HOUR DIETARY RECALL

Study No.UMB

Infant Visit;

Visit Date!
6 weeks 10 weeks 14 weeks 6 months
9 months 12 months 18 months 24 months

What day of theveek does this recall refer to?

Sunday | Monday

Tuesday | Wednesday | Thursday

Please recall whabur infantate anddrank yesterday, including breast milk and water:

Time of

Day

What food and
drink?

How was it prepared?

What was added?

How much was
eaten?

How much was
left?

Waking up to
about

® 200t 2

(breakfast

time)

Mid-morning
(09hoo

12h00)

Lunch time
(12h0G

14h00)

Afternoon

(14h00
17h00)
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Supper time

(17h0G

sunset)

After supper;
during the

night

usual food intake?

Would you describe the food that your infant ate yesterday as typical of his/I

Yes

No

If NO, please give the reason:

Form completed by:

Form checked by:
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ANNEX G: INFANT FOLLOW -UP QUESTIONNAIRE
Infant FollowUp Form (9 24 months)

Date: Study No..UMB _
Infant Date of Birth:
Infant visit (months) 9 12 18 24
Immunization given today Measles PCV Hexaxim None
Infant study blood dori2 YES NO Not indicated | Comment:
Breast milk sample taken? YES NO Not indicated (not breastfeeding)
MATERNAL INFORMATION
Maternal Date of birth & age DOB: Age (years):
Maternal Anthropometry: Weight (kg): | Height(cm): MUAC (cm):
Maternaltriceps skin fold thickness (mm):
Maternal Hb Value: Anaemia (Hb < 10 g/dL): YES NO
Maternal HiVstatus: POSITIVE | NEGATIVE UNKNOWN Date:
If positive - Latest CD4: Date
- Latest Viral load: Date
- Current AR: Date:
In the last week has she missed any YES NO If YES how many doses | — Not sure
dose?
Maternal TB status: CURRENT| PREVIOUS | NEVER| UNKNOWN Date:
- Current INH prophylaxis: YES NO Date:
- Current TB treatment: YES NO Date:
- Type TB
Other inEctionssince the last visit YES | NO (If YES, what, when, treatment & results)
What Date: Treatment Results
Medication usesince the last visit YES | NO UNSURE | (If YES: What & when)
- Antibiotics Date:
- Iron supplement/ferrous sulphate Dae:
- Date:
- Date:

PHQ2 Now | want to ask you specifically about how you have been feeling. Over the past two weeks, how of

you been bothered by any of the following problems?

Little interest or pleasure in doing Not at all | Severatlays | More than half the days | Nearly every day
things?

Feeling down, depressed or hopeles{ Not at all | Several days| More than half the days | Nearly every day
Have you ever received treatment No Yesc after index child was borr Yesg before index child was bor

(psychotherapy or medication) for
depression? If yes, when was this?

INFANT INFORMATION:

Infant Anthropometry

Weight (kg): Length (cm): | MUAC (cm):

Head Circumference (cm): Triceps skinfold thickness (mm):

Weightfor-age: -gcore <2 YEBS NO Comment:

Heightfor-age : -gcore <2 YES NO Comment:

Weightfor-height: #core <2 YES NO Comment:

Hb Value: Anaemia (Hb < 10 g/dL): YES | NO

Infant clinical examination comments, referrals.
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Infant Feeding

1. Are you currentlyreastfeeding your baby ol YES | NO- skip to Question 2 | Prefer not to answeg

giving your baby expressed breast milk? skip to Question 3
2. How old was your baby when days, weeks, months | Prefer not to
you stopped breastfeeding? answer
3. How old was your baby when days, weeks, months | Prefer not to
you introduced formula? answer

4. What was the main reason for Breastfeeding took too long or was too tiring
introducing formula? Needed to return to wik

Convenience or to allow others to feed

To try and get baby to sleep through the night
Insufficient milk to satisfy the baby

.oe ¢g2dZ RyQild adzd{ o
.o& g2dAZ RyQid adzO| ¥
Baby irritable oralicky

Baby not gaining weight

Painful breasts or sore nipples
Mastitis or breast abscess

Milk dried up

The right time/age to change
Other reason A Please specify:

§OF dza 8 dzy 6 S
2NJ Y2 L

J- N

Prefer not to answer

5. What type of formula dgou [ 2 gnillkbased formula

usually feed your baby LactoseF NB S nmikebaseddormula
Soybased formula
OtherA Please specify:

Prefer not to answer

6. What is the specific brand and type of formulayda usually feed your baby? |

7. What form of formula do you usually use? Liquid readyto-use

Prefer not to answer

Powder concentrate (add water)

8.1 What was théirst drink other than breastmilk that your months
baby received? How old was your babewkou gave this

drink for the first time (in months)

8.2 What was théirst solid, semsolid or soft foods (with a months
spoon) that your baby received? How old was your baby w|

you gave this drink for the first time (in months)

hd® 5AR @2dz AYUNRPRdAzOS GKS F2fft2¢6Ay3a Ayd2 @2dzNJ Ay
9a. Water or glucose water NO YES months
9b. Other liquids eg tea, juice NO YES months
hODd / 2 ¢ Qim, N¥sprayletc2 NJ Y A NO YES months
9d. Sembolids eg cereals, porridge NO YES months
9e. Solids eg vegetables, fruit NO YES months
of. Protein eg meat, eggs, peanut butter, cheese, yoghurt, fi NO YES months
9g. Traditional medicines NO YES months
Infant lliness and Medicatiorslinessesince the lastvisit § KA & Ay F2NXY I GA2y Aa Oz
and also information documented on RTHB, or any otatenqt health record like discharge summaries)

10. Has your child had malnutrition/Kwashiorkor or has a health provider told you thathe  yEg NO
was not growing as well as expected.

MM® | &4 @2dz2NJ OKAT R KI R RAXXNINISKX ® YES NO
MH® | Fa @2d2NJ OKAfR KFER RAFFAOdZ Gé& Ay 6Nl yes | NO
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13. Was your child admitted for any iliness in the hospital?
LT ,S53aX RSAONAOGS XXXXXXXXXXXXXDD

YES NO

14. Did you visit anyellth care facility because your child was ill?
LT .53 RSAONAGS XXXXXXXXXXXXXPDP5F (GSX

YES NO

15. Does your child currently need or use medicine prescribed by a doctor or nurse?
LT .53 RSAONAOGS XXXXXXXXXXXXXDD

YES NO

16. Does your child ka any chronic illness or medical condition?
LT ,Sa4X RSAONAOGS XXXXXXXXXXXXXDD

YES NO

17. Is your child limited in any way in his or her ability to do the things most children of th
alrysS r3as OFry R2K LT ,S8azX RSaONAROGS XX

YES NO

18. oes your child have any kind of developmental problem, disability for which he/she
2NJ 3Sia aLISOALFE GNBFOGYSyd 2N adAavydz I GA2

YES NO

Mpd® 52 &2dz OdzNNBydGte | 00Saa ye OGKAftR O
condition/illness (Care dependency grant)

YES NO

20. Do you currently receive child social grant for this child?

YES NO

21. Do you receive a foster care grant for this child?

YES NO

22. Doegour baby receive any vitamins or supplement drog vEs| NO Prefer not to
answer

52y Qi

23. If YES, which

— Vitamin lemen D
vitamins or supplements tamin / Supplement osage

Number of times (specify per
day / week / month)

are you giving the infant  Vitamin D drops

and how often? Iron supplement

Other- pleasespecify type:

Prefer not to answer

24. The following questions are asked only if the mother is HIV positive:

Last Infant PCR Result | POSITIVE NEGATIVE INDETERMINATE | DATE:

If infant is Positive Date mothermformed of result

Date & time of ARV initiation |

Drugs and doses used for initiation| 1 Dose:

2 Dose:

3 Dose:

Infant PCR taken at this visit YES NO N/A Lab Reference No.

GMCD (scores8):

Expressive Language:

Receptive Language:

Gross Movements:

Fine Movements:

Relating:

Play activities:

Selthelp activities (from 12 months):

BAYLEY SCORE:

CHECKLIST

Infant Developmental Screening done? (GMCD) YES NO

Bayley Developmental Screening done? YES NO

Infant Body Composition done? YES NO

Infant Dietary Recall done? YES NO

Maternal Dietary Recall done? YES NO
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Maternal Body Composition done? YES NO
Infant Food Frequency Questionnaire done? YES NO
Food Cost Questionnaire done? YES NO
NEXTAPPOINTMENT DATE

Form completed by

Form checked by
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Abstract: Maternal HIV exposure and intrauterine grow th festriction (TUGR) due to placental insuffi-
ciency both carry major risks to eady child growth. We compared the growth outcomes of children
aged 18 months who had abnormal umbilical artery resistance indices (UmA-RI), as a marker of
placental insufficiency, with a comparator group of children with normal UmA-RI duning pregnancy,
as mediated by maternal HIV infection. The cross-sectional study induded 271 childsen, grouped into
four subgroups based on HIV exposure and history of normal/abnormal UmA-RI, using available
pregnancy and birth information. Standard procedures wene followed to collect anthropometric data,
and z-scores computed as per World Health Organization growth standards. Lower length-for-age
z-scotes (LAZ) were observed in children who were HIV-exposed-uninfected (CHEU) (—-071 + 1.23;
p = 0.004) and who had abnormal UmA-RI findings (—0.68 -+ 1.53; p < 0.001). CHEU with abnormal
UmA-RIhad lower LAZ (1.3 & 1.3; p < 0.001) and weight-for-age z-scones (WAZ) (-0.64 + 0.92;
p = 0.014) companed to the control group. The prevalence of stunting was 40.0% in CHEU with
abnormal UmA-RI and 16.0% in CHEU with normal UmA-RI (p < 0.001; p = 0.016, respectively).
In condusion, matemal HIV exposune and placental insuffiGency are independent risk factors for
childhood stunting, with this risk potentiated when these two risk factors overlap.

Keywords: children who ane HIV-exposed-uninfected (CHEU); placental insufficGency; intrauterine
growth restriction; child growth

1. Introduction

South Africa (SA) is burdened with a high prevalence (31.6%) of HIV infection in
women of childbearing age [1] and pregnant women (30.0%) [2]. Nonetheless, access to
antiretroviral therapy (ART) has increased over the years, with a >95% ART coverage
during pregnancy and delivery [1] leading to an expanding population of children who are
HIV-exposed-uninfected (CHEU). Adverse birth outcomes including intrauterine growth
restriction (IUGR) and stillbirths have been documented in women living with HIV (WL-
HIV) compared to their HIV-negative counterparts, even when on ART [3-7]. IUGR is a
clinical term describing a pathological inhibition of fetal grow th preventing the fetus from
attaining its genetic growth potential [8]. In SA, it is reported that CHEU have similar
growth patterns with children who are HIV-unexposed-uninfected (CHUU); however,
CHEU have been reported as a high-risk group due to in utero and postnatal ART exposure,
as well as exposure to pathogens in immunocompromised family members [9,10].

Viruses 2022, 14, 2745. https://doi.org/10.3390/v14122745
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International literature has indicated that CHEU are more likely than CHUU 1o expe-
rience impaired growth and neurodevelopmental outcomes, even in the context of high
maternal AKT coverage [11-14]. In the face of maternal HIV exposure as a risk for poor
nutritional status, Black ef al, stated that IUCE was associated with postratal child wasting
and stunting [15]. In agreement, Flores-Guillén et al, reported a 21% prevalence of stunting
associated with IUGR in the HIV-negative population [7].

Macental insuffictency 15 one immediate cause of [UGR, which in its extreme can lead
to fetal demise/stillbirths [16,17], IUGR, present in up to 20% of pregnancies, may be the
most significant population-based attributable risk factor for preventable stillbirth [17,15].
Research has shown that pre-eclampsia, [UGE, and stillbirths linked to placental insuf-
fciency comphcate 10 to 15% of all pregnancies [16]. In developing countries, up to
24% of newborns, approximately 30 million, experience TUCR annually [19]. Low- and
middle-income countries {LMICs) carry the highest burden of stillbirths (98%) and perinatal
deaths [20]. Children born with IUGE are a hagh-risk group with short- and long-term mor-
bidity and mortality, IUGR is a crucial risk factor for child undernutrition [21], coupled with
an increased risk of overweight and obesity during adolescence, suboptimal intellectual
and physical development, and other long-term chronic diseases tn adult years [7,22].

The Umbiflow™ device is a low-cost continuous-wave Doeppler screening tool for
the detection of placental insufficiency in otherwise low-risk pregnancies [23]. Placental
insufficiency is detected by an increased umbilical artery resistance index (UmA-RI), also
known as an abnormal EL South African studies have reported a high prevalence of
abrormal RI: 11.7% [24]; 13.0% [25]; 5.9% |26].

In view of the above, HIV exposure and placental insufficiency both carry major risks to
early and late child growth and development, possibly compounding each other. However,
the postnatal growth in children born to otherwise low-nisk pregnancies with abnormal BRI
measurements, indicating ILUGE, have not been intensively investigated, particularly in
high HIV burden settings. Further, it is well known that adequate child nutrition is central
for catch-up growth [27], with a positve correlation between breastfeeding and a chald’s
growth and development, Exclusive breastfeeding (EBF) stimulates growth among CHEL
and CHUT [13], as shown by Jumare et al. Additionally, there is still a lack of evidence on
the nutritional management of children born with IUGE to optimize postnatal catch-up
growth, including the impacts of feeding pracices on the growth of children born with
IUGE in the context of HIV exposure.

We therefore invesligated and compared, at age 18 months, the growth outcomes
of children borm with and without IUGE due to placental insufficiency, as measured by
an abnormal UmA-RI using Doppler screening during pregnancy, and as modified by
maternal HIV statuss, in the Tshwane District in the Gauteng Provinee of SA,

1, Materials and Methods
L1 Study Settings and Participonis

This study followed up participants from the SA arm of the Umbiflow International
study, which studied the prevalence of raised UmA-Kls in low-risk pregrant women at
2834 weeks” gestation in Ghana, India, Kenya, Ewanda and 5A, using a single screening
with the Umbiflow™ device between October 2018 and January 2020, Mormal and abnormal
U A-RI was defined as <75th centile and =75th centile for the gestational age, respectively,
as per Pattinson graphs [28]. The mother—child pairs were recruited at 18 months of age
into the present study from a prospective longitudimal study and from an additonal one-off
follow-up from the Umbitlow International study, using the available pregnancy and birth
information, at the Universily of Pretoria’s Kesearch Centre for Matemnal, Fetal, Newbom
and Child Health Care Strategies, located at Kalafong Provincial Tertiary Hospital, Tshwane
District, Gauteng Provinee, SA. Additional participants were recruited from the Sivakhula
study, a longitudinal study on the effects of maternal HIV infection on child outcomes,
with an otherwise similar study design and at the same site, to increase the number in the
CHEU group with an abnormal UmaA-EL The study population included children who had
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abnormal UmaA-Rls during pregnancy, as a marker for IUGE, compared to a similar group
of children with normal UmA-Rls, as mediated by maternal HIV infection.

2.2. Study Design

This cross-sectional study explored the growth outcomes of children at the age of
18 months. Exclusion criteria included multiple pregnancies, inability to obtain informed
consent, babies bom to underage mothers, and babies with chromosomal or structural
abnormalities or other severe medical conditions known to impact infant growth and
development. The study population was grouped into four subgroups based on HIV
exposume and history of normal or abnormal UmA-RI: (1) mothers who are HIV negative
with normal UmA-RI (no exposure variable of interest; control group), (2) maternal HIV
infection and normal UmA-RI (single exposure), (3) HIV-negative mothers with abnormal
Uma-RI {single exposure), and (4) maternal HIV infection with abnormal Uma-RI {double
exposure). The outcome variables were child growth parameters. The modifiers were
infant feeding practices and other factors known to contribute to child growth; data on
potential confounders was collected, including maternal socio-demographic information,
medical and obstetric history, nutritional status and lifestyle factors.

2.3, Sample Size Deter mination

The sample size calculation using power analysis indicated that a sample size of
280 was required overall, with a split of 80/20% for CHEU and CHUU. The anticipated
sample from the Umbiflow International cohort was 311; however, 46 participants did
not attend their study visit, meaning 265 participants were enrolled. Four participants
wemne subsequently excluded either because of age above the set upper limit of 21 months,
acute child illness at the study visit or parental choice to not complete the study visit;
therefore, this study included 261 participants from the Umbiflow International cohort
and an additional 10 participants from the Siyakhula study. The sample size per group for
the infant follow-ups was as follows: CHUL with normal UmA-RL 1 = 186; CHELU with
normal UmA-RL: 1 = 50; CHUU with abnormal UmA-RL 1 = 20; and CHEU with abnormal
UmA-RL: 1 =15 (Figume 1),

2.4 Data Collection Methods

Mothers were contacted telephonically and invited to this study, after which written
informed consent was obtained by the trained study staff. Data were collected between
February and December 2021 using standardized data collection sheets, until no more
eligible participants were available due to ageing out. The face-to-face interviews with the
mothers were performed in either English or local languages. The child anthropometric
measurements collected included weight, length and head circumference (HC), mid-upper
arm circumference (MUAC) and triceps skinfold thickness (TSF); similar measurements
wene collected from the mother except for HC. For intra-observer reliability, the anthropo-
metric measurements, performed as per standard procedures, were taken twice and the
mean value was recorded [29,230]. Maternal socio-demographic information was collected
using a structured questionnaire, while the descriptive qualitative feeding practices data
wene collected using a standardized maternal and infant postpartum questionnaire, which
is based on adapted World Health Organization (WHO) questionnaires. A structured
infant follow-up questionnaire was used to collect maternal and child medical history,
along with information obtained from the child’s Road-to-Health booklet, which includes
information from clinic visits. For CHEU, HIV antibody testing was performed as per
national 54 guidelines. One birthweight z-score of »+3 was excluded from the analysis of
birth anthropometry measurements (n= 1). Five mothers were pregnant, and a child was
brought to the study visit by the caregiver resulting in missing maternal anthropometry
data for these mothers.
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Figure 1. The fow diagram for study paricipants. Abbreviations: CHEU: children who ane HIV-
exposed-uninfected; CHUL: chaldren who ane HIV-unexposed-uninfected; UmA-RE umbilical artery
registance imdes.

2.5 Data Processing and Statistical Analysis

The data were independently double entered on the online electronic platform, Re-
search Electronic Data Capture (REDCap) v4.3.5, which is a secume web-based application
for capturing data in dinical research projects [31]. The outliers were reviewed and cor-
rected in case of error in data capturing, including z-scores outside the range of the reference
population (<—3 and »+3). Absclute measurements and #scores that were clinically im-
plausible were excluded from the analysis. The z-scomes for birth anthropometry data
were generated using the INTERGROWTH-21% Newbomn Size tool (International Fetal
and Newborn Growth Consortium for the 21% Century, Oxford, UK) standard version
L0.6257.25111. There were 12 participants with gestational age (GA) at birth ranging from
43 to 46 weeks, which is clinically unlikely; themefore, the highest GA of 42 weeks 6 days
on the INTERGROWTH-21** tool was used for these birth anthropometry z-scores. WHOD
Anthro software was used to compute the z-scores for the 18-month anthropometric data
and children born premature were corrected for gestational age. Both INTERGROWTH-21%
and WHO Anthro provide sex- and age-normalized data. This study utilized WHO guide-
lines to define stunting, wasting, underweight, microcephaly and moderate/ sevene acute
malnutrition as length-for-age #score (LAY), weight-for-length z-score (WLE), weight-
for-age w-score (WAY), HC-for-age z-score (HCAK), respectively. The x-scomes < —3 were
classified as severe suboptimal nutritional status. The R statistical program was used
for statistical analysis, for which each of the three test groups (with single and double
exposue ) was compared against the control group to determine if significant differences
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existed. In all instances, the Shapiro-Wilk test was used to determine if the data were
normally distributed. For normally distributed data, the independent t-test was used to
compare each test group against the control group, and a one-way ANOVA for comparing
all four groups. For the non-normally distributed data, the Mann-Whitney U tests was
used to compare each test group against the control group, and the Kruskal-Wallis H test
for comparing all four groups. All tests were performed at a 5% level of significance.

2.6. Ethical Considerations

Ethical approval for this study was obtained from the Faculty of Matural and Agri-
cultural Sciences and Faculty of Health Scences Ethics Committees of the University of
Pretoria with reference number: NAS259/2021. The mothers were given all the relevant
information about the follow-up study prior to recruitment Mothers provided informed
consent on behalf of themselves and their children.

3. Results
3.1. The Socie-Demographic and Medical Characteristics of the Mothers of the Study Children

A total of 271 mothers were enrolled in this study, with anthropometric measurements
not performed in 6 mothers due to repeat pregnancy (n = 5) or because the child was
brought by a caregiver (n = 1). The maternal characteristics are presented in Table 1.
WLHIV with an abnormal UmA-RI were significantly older (36.6 + 6.1 years; p = 0.001).
A high percentage of women had attained any secondary education (80.04%) and 66.7%
of WLHIV with abnormal UmA-RIl were unemployved. Half of the mothers had access to
running water inside the yard and had flushing toilets. More mothers in the control group
(29.6%:) consumed alcohol at least once a month, compared to other groups. Cigarette
smoking was uncommon in all groups. WLHIV with abnormal UmA-RI had lower weight,
BMI and MUAC than their counterparts in the other three groups. Further, higher gravidity
was reported in WLHIV than their HIV-uninfected counterparts (p = 0.018). Two-thirds
of women delivered vaginally, but amongst women with history of an abnormal UmA-RI,
caesarean section rates were high, with 50.0% of WLHIV and 46.7% of HIV-uninfected
women requiring a caesanean section, respectively (Table 1).

Table 1. The maternal soce-demographic and medical characteristics.

L - CHUU with CHEL with
Variables . ':"L'I"u‘:rm N CHELU‘:TH Abnormal Abnormal p-Valne *
e s o 3 UmA-RI UmA-RI
Sample size (n) (%) 186 (6B.5) 50 (18.5%) 7 (7. 45) 15 (5.5%)
Mean age (years) 301+51 3l3+55 B5+ 45 b+ 6 <UD
Single 79 {42 5%) 21 (420 f [3L0%) 4 (2E7%)
Marital status Married 69 (37.1%) 17 (34.0%) 10/(50.0%) B(533%) nfa
Co-habiting 38(20.4%) 12 (24.0%) 4 [200%) 3 (20.0%)
ﬁrr_\r‘{::vmar_\r:dmnljnp; 13 (7.00%) 4 (B.0f%G) 3 (15.0%) 2{13.3%)
Educational level Qchnmnuﬂg“d‘“-" 17 (BE3%) 40 (B0.0%) 13 (£5.0%) 12 (B0.0%) nfa
Post-school education 46 (247%) & (12.0%) 4 [200%) 1{67%)
Employment Unemployed 112 (60.2%) 5 (5800 11 (55.0%) 10 (56.7%) 11
status Employed 74 {39.8%) 21 (420 9 (45.0%) 5 {32.5%) -
R 0-F 2000 T (201%) 7 (14.0%) 1 {0%) 4 2E7%)
R 2001-R 4000 43(234%) 15 (30.0%) B (400%) D (%)
Monthly household R d001-R 6000 39 (2L2%) 13 (26.0%) 5 [25.0%) 6 (40.0%)
income & R 6001-R 8000 11 (f.0%) 5 (10.0%) 1(50%) 2{13.3%) nfa
R 8000+ 4524 5%) 9 (18.0%) f [3L0%) 1 (67%)
Don'’t know 9 (49%) 1(20%) (0%) 2{13.3%)
Inside house 68 (36.6%) 10 (20.0%) 7 (35.0%) 4 (2E7%)
Acorss to Inside yard B0 (478 77 (5400 10 (50.0%) B{53.3%)
runming water Communal tap 21 {1L3%) 9 (15.0%) 3(15.0%) 3 {20.0%) nfa
Water tank B(d3%) 4 (0%} 0 (0%) D (%)
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Table 1. Cml
L . CHUL with CHEL with
Variables NE:ELI:::EM NDC'_I?S"U‘:ﬁH Abnormal Abnormal p-Value *
g UmA-RI UmA-RI
A e Flashing toilet 131 (74%) 30 (1.2%) 16 (B0.0%) o (54 3%) ;
oo b tollet Pit latrine  bucket 55 (20,65 19 (38.5%) 4 (20 5 (35.7%) e
Dirinks alcohol £ Ve 54 (29.2%) 11 (22.0%) 2(1L1%) 1(7.1%) nfa
Smokes digarettes Ve 3(LE6%) 2 (L0%) 0 (%) 1(67%) n/a
Latest TT™M count Celbsy mem® = MA 453 + 310 My A 416 + 195 0147
':f’i:;f:: Copies/mL (log) N/A 0.0 .0, 40] N/ A L0 [0, 0] zT
TDE/FIC/ EFV MN/A 31 (B20%) N/ A B (53.3%)
Current ART Otrer ART P N/A 10 (20.0%) MNfA B (d0.0%) nfa
Nok recomded N/A 9 (18.0%) N/ A 1(67%)
Parity f 201, 3] 2[1, 3] 20, 2] 3[3,3] 0006
Obstetric history Gravidity * 201, 3] 3[2 3] 2|2, 3] 3[3,4] LME
- Previous Pnegnml:\r
. o[o,0] ofn 1] o [0, 0] oo, 1] 0372
Preeclampsia feclampsia 2{133%) 0 {09%E) 0 {0%) 0 (%) nfa
Umbilical artery Umn- Bl vahue at N N
Doppier 28 S we ks’ gestations 064 + D05 053 + 0.04 074 + 006 076 + 0.04 <0.0M
Made of delivery Vaginal delivery 127 (6&.3%) 31 (B2.0%) 10/(50.0%) 6 (40.0%)
Assisted delivery 3{LE%) 0 {0%) 0 (0%) 0 (0%} nfa
Cassarean section 56 (30.1%) 19 (38.0%) 10/(5000%) o {B0.0%)
Weight [kg) 77.6+ 196 PS5 LI5S0 6.7+ 202 631+ 154 LG
Body measum- Height {=m) 1602 £ 62 1613 £ B9 178+ 53 1583 +53 0402
ments and BMI (kg/m*) M3+ 7T 25+84 Fa+7d 251 £532 0043
indices B MUAC jcm) 321+ 50 318+57 W07+ 50 280 £ 40 02s
TSE {mm) 199+51 24+74 W0+ 53 185+ 36 0243

Values in bold font indicate significant pvalues. Abbreviations CHELE children whe are HIV-ex possd-uninfecied;
CHULE children who are HIV-unexposed-uninfected; UmA-Rl: umbilical artery resistance index; (T clusters of
differentiation 4; ART: antiretroviral therapy; TOF/ FIC/EFV: enofovir/ emtricitabine f efavirenz; BME body mass
indec; MITAC: mi.d-upper\-a:m circurmferencs; TSE: trice ps skin fold; nf= not applicable * Ccmpan'm mvodved
all groups. Only variables with groups above Swem included in these |m'\e:hpptma.: smaller groups kead to
volatility of results. n/fa |mp]=smmpnmﬂm“m performed due to low counts. b (e South African Rand
equates to 0,056 United States Dollars. © Missing informatiore CHELU with normal Umd-RI {n = 1); CHEU with
abnormal UmA-RI (n = 1) ¥ Mother drank aleohol at least once in a month, sing the baby was born. © Mean and
standard deviation (51 reparted. f  Median and inferquartile range [10R] mported. 8 Undefectable viral load is
reflected aszero. ® Includes enofovic (TIF), lamivudine (37C) plus kopinavir ritonavir or doluegravic © Total of
25 mothers were measuned at the study visit, 5 were pregnant and 1 child was brought by the camegiver.

3.2, The Characteristics of the Study Children

A total of 271 CHUU and CHEU aged 18 months with and without a history of an
abnormal UmA-RI in utero wemne investigated, and the findings are presented in Table 2. The
study population had mome females than males across the groups, except for CHELU with
normal UmA-RL The GA at birth was lower (36.8 £ 2.5 weeks) in CHUU with abnormal
UmA-Rl than in the other groups (p < 0.001). A history of malnutrition was reported in
CHUU with mormal UmA-RI {6.0%) and CHEU with normal UmA-RI (12.0%), and a history
of diarrhea was common in the study population. Findings on feeding practices showed
that CHEU with normal UmA-RI had a lower percentage of early initiation of breastfeeding
{within one hour after birth) than the other groups (p < (001). Lastly, exclusive breast-
feeding was lowest in WLHIV with abnormal UmA-RI, while mixed feeding (24.3%) was
common in the control group. Percentages of current (supplementary) breastfeeding up to
age 18 months were observed to be low in HIV-exposed settings.
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Table . The medical background of chaldsen from berth o age 18 months,
o - CHUL with CHELU with
Variables el e Abnormal Abnarmal p-Valoe *
e e UmA-RI UmA-RI
Sample size (n) [%) 186 [6E5%) 50 (18.5%) 0 ([7.4%) 15 (5.5%)
Mean age .
0 \ 186 00 185+ 08 18202 18E £ 0.0
- Male ol (4RO%) 28 (5. 03) B [400%) 4 (267%)
Femnale 85(51.1%) 22 (44 0%) 12 (60.0%) 11(73.3%) nfa
Mean GA at birth W|I+10 |A+13 %EALIS B3I+ 10 <0.0M
[weeks)
Born premature 15 (8.1%) 2 (40f%) 7 (35.0%) 1 {67%) n/a
APCGAR
= min?‘,,“" 109, 10] o g, 10] @ (g, 10] a[s,9| 0060
MNeonatal . X
hospitatization 35 (1R.0%) & [12.08) 7 (35.0%) 1{7.1%) nfa
Meonatal Respiratory distress 7{3EW) 3 (BU0A) 3(150%) 0 (0%}
& onasal Jaumdice 18 (57%) 7 (4.0%) 7 (L) 0 (%) nfa
iagrnosts Oither 10 (5.4%) 1(2.0%) 1([5.00%) 1(71%)
r'menm:u[-wnf Single drug (NVF) NiA 41 (B2.0%) NrA T 4E7%) afa
vertical Phual doog (NVF and
transmission AXT N/A 3 (6.0%) N/ A 6 (40.07%)
History of child- Malnutrition 11 [£.0%) & [12.0%) 0 (0%) 0 (0%:)
hood illnesses Diarrhea 57 (306%) 13 (26.0%) 4 (20.0%) 2(13.3%) na
Hﬁ-ﬂp'ﬂﬂl ﬂdmsaiﬂ“ Ay illness 18 (27%) 5 (10.0%) 0 (0f) 1{67%) nfa
Breastfesding Ever beasteed 178 (95.7%) 47 (ol o) 20 (10008} 15 (100.0%:)
Early initiation of  Within 1 h after birth 124 (7B.5%) 21 (48.6%) 9 [S2.9%) B(EL5%)
brastieeding After 1 hof bith 3 (21.5%) 22(51.7%) B (47.1%) 5 (38.5%) <000l
Fxchusive breaste eding 127 (65.9%) 32 (B40%) 14 (FOL0%) B (53.4%)
i Formula feeding 11 (5.0%) 3 (B.09%) 0 (0%) 0 [0%:)
g::‘b‘*ﬁdmﬁl Min=d feeding 45 (243%) 8 (16.0%) 4 (200 2 {13.5%) aFsn
P ":-m Formaula feeding only at
mionthes & months, but previous 7 {3.E%) 7 (14.0%) I (0% 5 {33.3%)
exclasive breastteeding
b “”"“"‘Hm 50(27.0%) 3 (6.1%) 4[2227%) 7 (14.3%) nfa

Values in bold font indicate significant pvalues. Abbreviations CHELE children who are HIV-ex posed-uninfeced;
CHULE: children who ane HIV-unexpossd-uninfecied; UmA-Rl: umbilical artery resistance indeme; GA: gestational
age; 108- interquartile range; MV e im‘pi:-e;ﬁ..z]':;r.i.dwudh'-e; nfx not applicable. * 'Cm'np:r]mn:-im- ohred
all groups. Only variables with groups above Swem included in these imvestigations as smaller groups lead to
volatility of results. n/ a implies no comparisons wene made due to low counts. b Median interguartile range [IQR]
reported. © Missing informatiors CHUU with abnermal UmA-RI (= 1) ¥ Unknown information for CHUL with
normal Umé-FI (n = 28); CHEU with normal UmA-El [n =7); CHUU with abnormal Um#-Rl {n = 3); CHEU
with abnormal UmA-RI {n = 2). © Missing informatione CHUL with normal UmA-R] {n = 1} f Comparison was
performed for exclusive breastfeeding vs. all other feeding methods

3.3, Growth Parameters of Study Children

Firstly, investigations imvolved comparisons of grow th cutcomes in HIV-exposed vs.
unexposed and normal vs. abnormal UmA-RI settings for the entire study population
of 271 children (Table 3). When comparing between CHEU and CHUU, lower LAZE was
observed in CHEU {—0.73 = 1.23; p = 0.003). Similar findings were observed in abnormal
UmaA-Rl when compared to normal UmaA-RI group (—0.68 & 1.53; p < 0L001).

Further findings on growth outcomes across the four groups are reported as the means
and standard deviations (S} (Table 4). Investigations invohlred comparisons of the three
test groups against the control group, espectively. CHEU with abnormal UmA-RI had
lower WAZ at birth than the control group (p = 0.003). Additionally, lower LAZ was
observed in CHEU with normal UmA-RI than the control group (p = 0L023). Findings
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at 18 months showed that when comparing CHEU with abnormal UmA-El against the
control group, there was a significant difference in weight, length and HC. Further, CHEU
with abnormal UmA-RI had significantly lower LAZ (p < 0.001), as well as WAZ. and
HCE (p = 01014; p = (L016, respectively) (Figure 2). Furthermore, the findings showed that
there were no significant differences for growth outcomes in groups with single exposure,
maternal HIV exposure or abnormal UmA-RIL respectively, against the control group. The
prevalence of stunting was higher (40.0%) in CHEU with abnormal UmA-RI, than with
single exposure, 16.0% in the HIV exposure and abnormal UmA-RI group, respectively
(p = 0.001; p = 0.016). Wasting (£.0%) and underweight (6.0%) wene observed in CHEU
children with normal UmA-R1. The sensitivity analysis excluding children born preterm
showed similar growth outcomes in which CHEU with abnormal UmdA-RI had lower LAZ,
WAY and HCY than the control group: p= 0.003; p = 0.02% and p = (.029, respectively (data
not shown). The rate of stunting remained high among the CHEU with abnormal UmA-EI
group (35.7%).

Table 3. The comparisons of mean grow th cutcomes at age 18 months in HIV-exposed vs. unexposed
sethings and normal vs. abnormal umbilical artery resistance index (UmA-RI) setbings.

Grow th R . Mormal Abnormal
Indicators * CHUU CHEU p-Value UmA-RI UmA-RI p-Value
n=206 (F60%) n= &5 (240%) n=2% (87.1%)  n=235(120%)
WAz 004 + 119 —0.24 + 1.26 0122 001 + 119 —0.29 + 1.32 0122
LAz —0.05 +£ 1.32 —073+123 0.003 —0.14+ L2 —0.68 + 153 =M1
WLE 008 +£1.21 014 +£1.33 0.710 0.10 + 126 0.4 + 1.10 0.710
HCE 093 + 118 071 £ 115 0198 088 + L1& 085 = 1.7 0141
Values in bold font indicate significant pvalues. Abbreviations CHELE children whe are HIV-ex posed-uninkecied;
CHUL: children who are HIV-unexposed-uninde cied; UmA-RE umbilical artery resistanoe indenc; WAY: weight-
for-age z-scom; LAY: length-for-age z-scone; WLE: weight-for-length z-scom; HCE head cirmumfersnae z-soom.
* Sev-normalized anthropometric indicators at age 18 months were computed using the World Health Organization
(WHO) Anthro softwane of 7011, coreced for gestational age for preterm infants.
Table 4. The mean anthropometnic measutements and indicators of study chuldren at barth and
age 18 months, as per groups of control, single exposure and dual exposure to maternal HIV plus
abmormal UmaA-KEL
R _— CHUU with CHEL with
Variables N‘:"”T:ﬁ T CHELU‘:f o Abnormal Abnormal p-Value *
o g e g UmA-RI UmA-RI
Samnple sizs (n) (%) 186 (58.6%) 50 (18.5%) 0 (7. 4%) 15 (5.5%)
At birth
Weight (g) 87 + 483 108 + 433 2649 + 566 7704 + 408 <001 ®
ﬁ{':r”;:?_lp';"sn‘ﬂj Length (cm) 507 + 30 tas+23 455 + 28 B1+26 0005 &
HC [cm) M5+17 M5+15 B[o+le 319+ 15 000
Indicat WAZ —n30+ 116 —0.54 + 0.9 —04dE + 17 —Lod + 07é ool
" ";’5“]':"‘ 4 LAZ 0GB + 156 n15+ 132 (TTES ET] 0.3+ 128 woac
(mezn J HCZ 04D + 134 035+ 124 020 + 0.95 0dg + 1w 0778
Atage 18 months
Weight [kg) lng +1s5 o7 +1a8 10s+ 19 9.9+ 10 e
Length (om) 8lo + 38 BlE+33 Bl1+41 TR+ 35 <00
“""”““’P:";J"-" HC [em) 481+ 16 i81+19 485+ 10 Fi1+12 oot
(mean £ 50) MUAC {cm} 160+ 14 162+17 164+17 160+ 14 0825
TSF {mm) 87 =10 BA+22 B7 27 a6+13 LBES
WA oos + 115 —0.11 + 132 —0.02 £ 152 —L64 + e LR E )
Indicators LAE —no3+ 130 —0.56 + 116 —-021+153 -130+ 132 <00
{mean £ 53 = WLE o + 120 nls+ 146 00+ 13z —002 + 07h LEE2
HCE o0Be + 115 033+ 123 126+ 147 033073 06
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Table 4. Cont
o o CHUU with CHEU with
Variables NCHU" with CHEL with Abnormal Abnarmal p-Value
ormal UmA-RI  Mormmal UmA-RI UmA-R1 UmA-RI
Miukstional Underweight 4{2.2%) 3{6.0%) 1 (5.0%) 0 {0.0%) nfa
<Hieations (r: %) Stunting ' 9 {4B%) 8 (16.0%) 2 (1) 6 (40.0%) <0001
fons (o Wassing 6{3.2%) 4 (B0} 0 [L0%) 0 {0.0%) nfa

Values in bold font indicate significant pvalues. Abbreviations CHELE children who are HIV-ex posed-uninfeced;
CHULE: childen who ane Hn"—unmc'pnscd-unir\d:ecbcd.: UmA-Rl: umbilical artery resistance index; HC head
circumifersnces; MUAC: mid-upper-arm circumisrence; TSF: triceps skinfold; WAZ: weight-for-age z-scom; LAZ:
length-for-age z-score; WL weight-for-length w-scome; HU: head dreumienence z-scome; nfac not applicable.
* Comparisors between CHEL with abnormal UmA-R] group vs. control group. Dnl)r\- ariables with groups above
5 wem included in these imrestigations as smaller groups lead to volatility of esults. n/a imples no comparisons
wemn made due to low counts. Comparisons wens made between the four study groups. Comparison
between CHUU with normal UmA-R] vs. CHEU with normal UmA-Rl groups. 9 The birth sex-normalized
anthropometric indicators wene computed using INTERGREOWTH-21* softwane, using gestation-adjusied age
for peterm infants. © The sex-normalized anthropometric indicators at age 18 months were computed using
World Health Organization (WHO) Anthro software of 2011, using gestation-adjusted age for preterm infants.
FA dditionally, comparison between CHUL with normal UmA-R] vs CHEU with normal UmA-RL: p= 0olé.

‘Walght-ior-engh z-a00m

(ah Weight-for-age z-score (k) Length-for-age z-score

pvalus = 0.0140% pvalue = LOOOE®

i | T i T T
e H
& -3
v T
& | -}
:‘.'u L | T ::..
£ 5
| W CHUL ol U - 4 a4
- CHIU roareal LimA-R] 5 1
- EFRIL alwormad LmA-ii
B i abroeral Lima-mi
(c) Weight-for-length z-score (d) Head circumference-for-age z-score

pewalue = DIEF"

mi

1

| 1
[l d marrdsrenoe-fon ae A

Figure 2 The box plots showing the sigrficant diffetences for weight-forage 2-scome, length-for-age
F-BO0e, m"iEht—EUf—h.'l’\Bﬂ'l F-grone and E{C-fuf—abm Z-soore bebeeon the s!ud_‘.-' Froups, The z-acores
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wede computed wsing World Health Organization (WHO) Anthro software of 2011, wsing corrected
age for premature children. (a) WAZ for CHEU abnormal UmA-RI s below the median line and
loweer than the theee groups; (b} LAZ for CHEU abnormal UmA-RIis very far below the median
and lower than the thaee groups; {c) WLE for CHEU abnermal UmA-ERl s the only group below the
median line; (d) HCZ for CHEU abnormal UmA-Rl is low companed to their counterparts in the
dufferent groups. Abbreviations: CHEL: chaldren who ane HIV-exposed-uminfected; CHUL: chaldren
wheo are HIV-unexposed-uninfected; UmA-RE umbilical arbery nesistance indes; WAZ: weight-for-age
z-scone; LAZ: length-for-age 2-score; HCZ: head circumference 2-scome; HC: head circumfenence.

Additional findings indicated that there were no significant differences between the
growth indicators and child feeding practices during the first six months of life and up
until 18 months of age (Table 5).

Table 5. Comparison of mean child growth indicators bebween breastheeding practices.

Feeding Practices during the First Six Months of Life Continued Breastfeeding at Age 18 Months
Formula
. Feeding Omly, Mo Supple-

&th"l“e. Fm‘m_ula. ngd but Previcusly  p-Value 2 51.|pp|.¢u1.cn_kn')' mentary p-Value
Breastfeeding Feeding Feeding Exclusive Breastfeeding Breastfceding
Breastfeeding

Samplesize® 176 (65.2%) 14 (5.2%) 59 (21.9%:) 21 (7.5%) 50 (21.8%) 12 7R.2%)

LV -013 + 118 003 + 123 Rl + 135 -01d+124 o105 03 + 125 —0d + 120 &2
LAZ" -0 +135 028+ 133 o+ 144 —n32+ 155 OLDET —001 + 146 —-037+120 025
WLE= nod +119 —nig+ 178 n3d+1m ool +113 0335 s+ 121 nip+ 135 n7és
HCE s nes+ 117 o83+ 112 Low + 1lo7 o0+ 130 0504 lod £ 110 na3+ 119 b

Abbreviations: WAZ: weight-for-age z-score; LAL: length-for-age z-score; WLZ: weight-for-length z-score; HUZ:
head circumbernoe z-scom Sex-nommalized anthropometric indicators at age 18 months were computed using
World Health Organization (WHO) Anthro software of 2011, using gestatior-adjusted age for preterm infants.
* Comparison between the study groups. ® Sample size in numbers and percentages (%). © Growth indicators ane
reporied as the means and standard dev istions (513).

4, Discussion

Chur study shows that infants who had a dual in ufero exposure, namely maternal
HIV infection and placental insufficiency as measured by an abnormal UmA-RI, had a
significantly lower LAZ and higher rates of stunting at 18 months (40.0%), compared to the
control group. This finding indicates that maternal HIV infection compounded by unrelated
placental insufficiency is an additive risk factor for stunting in 54 children. The high
percentage of stunting in CHEU contributes to the body of existing knowledge [13,14,32-36],
and the finding regarding the high percentage of stunting in CHEU with a history of
placental insufficiency and IUGR is novel in the 54 context The prevalence of placental
insufficiency and abnormal UmA-RI in SA is high (12%), as reported by Nkosi et al. and
Hlongwane etal., and farexceeds numbers previously reported in studies from high-income
countries. The etiology is unknown, more so because women included in the SA studies
wemne considered low risk and healthy at the time of screening during their pregnancies.

Lower weight, length and HC reported im the present study among the CHEU-
abnormal UmA-Rl group at 18 months implies a high-risk group requiring closer follow-up
and optimum nutrition cane.

Advanced age in WLHIV with abnormal UmA-EI and maternal lifestyle behavior
such as use of alcohol were observed in the study population, which have been previoushy
identified as risk factors for placental insufficiency and abnormal UmA-Rls by previous
studies [16,57, 28], Adequate mean CI4 T cell counts and low viral loads were observed
in the studied WLHIV. A high rate of caesarean section deliveries among the low-risk
population has been reported in the Tshwane area, 54 [39].

A history of diarthea was common in the study children, even though most of the
maothers self-reported having access to running water and flushing toilets, and diarrhea
is known to be a common condition in early childhood. The reported high vertical HIV

209



Viruses 2022, 14, 2745

i

UNIVERSITEIT WAN FEEIORIA
UNIVEREITY OF FRITORIA

TURIBLEEITHI ¥& FRELETORIA
Tl

Moafld

transmission prophylaxis in the CHEU group points to the success of the prevention
of mother to child transmission of HIV (PMTCT) program in 5S4 [40-42], with the high
percentages of exclusive breastfeeding across the study groups showing improved support
and promotion of breastfeeding in SA. Nonetheless, mived feeding was observed in the
present study population, including in CHEL, despite their risk of vertical HIV acquisition.
Low adherence to breastfeeding guidelines have been documented in a South African
cohort of CHEU and CHUU followed up until 18 months of age [40]. The WHO's 2016
recommendations on HIV and infant feeding advocate the same breastfeeding practices for
all women irmespective of maternal HIV status, within the context of support for adherence
to ART for WLHIV [43]. A high stunting rate was observed in the CHEU-abnormal
UmA-RI group, with more than half being exclusively breastfed. A systematic review in
LMICs stated that limited evidence exist between breastfeeding and grow th outcomes [44].
Contrarily, previous studies, including studies from SA, have reported a positive association
between exclusive breastfeeding and child growth [13,32,34,45].

Findings on low mean LAY at 18 months of age in CHEU compared to CHUL coun-
terparts were similar to eports from other African countries, with high stunting rates
reported in Ethiopian (27.8%) [46], Nigerian (44.3%) [13] and Kenyan CHEU (20¢%) [14].
Many other studies have also reported suboptimal growth outcomes in CHEU compared
to CHUU [32-36]. Seanyi et al,, reported an association between stunting and maternal
peri- and postnatal HIV exposure [46]. The present findings differed to those reported
by Ramokolo et al. in SA [9] and in Malawi [47], as lower LAZ was observed in CHEU
than CHUU. The findings on comparisons of growth cutcomes between normal vs. ab-
normal UmA-RI were similar to those reported in Mexico, which showed a low mean
LAZ (—1.22 £ (195) and a slightly higher percentage of stunting in participants born with
ITUGE [7,15,48]. Inadequate growth outcomes in children born with [UGR have been doc-
umented in the Philippines and Austria, with a reported association between stunting
and IUGE [7,48,49]. According to Stranix-Chibanda et al. (2020), predictive factors for
suboptimal growth trajectories, which are most pronounced for LAY, include IUGE, low
birth weight and length [50].

Research on the growth paramefers of CHEU with abnormal UmA-Rl is limited, with
no published reports on the growth outcomes of children exposed to these dual insults.
At 18 months of age, CHEU with abnormal UmA-RI had lower mean anthropometric
measurements (weight, length and HC) and indicators (WA, LAY and HCF). The present
study population’s normal WL and BMI suggest that CHEU with abnormal UmA-RI were
symmetrically growth restricted and, as a result, would not be obviously visible within
primary healthcare services if not well plotted on growth charts.

A lower mean weight, BMI and MUAC were also observed in the mothers of the
CHEU with abnormal UmA-RI, implying that maternal nutrition may negatively influence
the child’s linear and ponderal growth. Previous findings indicated that maternal financial
situation, BMI, nutrition, education, and age positively correlate with the health of their
children [51]. The combination of the dual insult may carry a huge risk of suboptimal
child growth, specifically length growth. Advanced age of WLHIV with abnormal UmaA-RI
may also be attributed to low growth indicators as it may influence childcame and feeding
practices. Mevertheless, Fall and colleagues’ findings in a normal population showed that
children born to older mothers have less risk of stunting [52].

This study determined and compared the growth outcomes of CHEU with abnormal
UmA-Rl a population that was previcusly unstudied. Study limitations include the small
sample size of the subgroups of concem, particularly CHEU with abnormal UmaA-RI (5.5%).
Further, the high caesamean section rate for a low -risk pregnant population might indicate
bias in obtaining a study population born to women with otherwise low-risk pregnancies.
The caesarean section rate for the whole Umbiflow-International study (SA arm) group
was 28%, which is similar to the rate of 30.1% in this subset. The fact that the children were
investigated as a one-off at age 18 months meant that longitudinal data analysis was not
possible; therefore, a lack of evaluation of growth over time was a drawback. Additionally;
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a history of childhood illnesses and breastfeeding practices were based on maternal recall.
Future research should investigate CHEU with abnormal Um-RI over a longer duration
in order to better understand their long-term growth trajectories.

5. Conclusions

The present study determined and compared the growth outcomes of 18-month-old
children born with and without IUGR due to placental insufficdency, modified by maternal
HIV status. CHEU with abnormal UmA-RI had lower WAZ, LAY and HCY, and are
especially at a significantly increased risk of stunting. Maternal HIV exposure and placental
insufficiency are independent risk factors for childhood stunting, with this risk potentiated
when these two risk factors are compounded.
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GROWTH AND NEURODEVELOPMENT OF CHILDREN EXPOSED
TO MATERNAL HIV AND PLACENTAL INSUFFICIENCY IN A PERI-
URBAN AREA OF SOUTH AFRICA

Mothusi Nyofane?, Marinel Hoffman', Tanita Botha', Helen Mulol!, Ute Feucht'
!Univarsity of Pratoria, Pretoria, South Africa “National University af Lesotho, Mazeru, Lesotho

OBJECTIVES

Children who are HIV-exposed-and-nninfected (CHEU) and those who are growth restricted in
utero due to placental insufficiency are both regarded as high-risk populations, which can
impact growth and neurodevelopment. Nevertheless, the growth and neurcdevelopmental
outcomes of CHEU who have also experienced growth restriction in-utero have not been
researched. The study compared and determined the association between growth and
neurcdevelopmental outcomes of 18-month-old children with in-utero HIV exposure and
abnormal nmbilical artery resistance indices (UmA-RI), indicating placental insufficiency.

METHODS

In this cross-sectional study. we investigated 264 mother-child pairs. who were grouped into
four subgroups based on HIV exposure and history of normal/abnormal UmA-FI wsing
available pregnancy and birth information The World Health Organization standard procedures
were used for anthropometric measurements and z-score caleulations, and Bayley I to test
child development.

RESTLTS

CHEU with abnormal UmA-RT (n=14) had lower length-for-age z-scores (-1.40 = 1.40vs -0.04
= 1.31; p=0.001) and weight-for-age z-scores (-0.60 = 0.96 vs 0.04 = 1.16; p=0.02) compared
to children who are HIV-unexposed-and-uminfected (CHUU) with normal UmA-RI (o=181).
Nearly a quarter (21.4%) of CHEU with abnormal UmA-RIs had a mild delay in cognitive
development, 7.1% had a moderate delay in langnage and 7.1% had a moderate delay in motor
development compared to CHUU with normal UmA-RI: 2.2%, 2 8% and 0.0%, respectively.
Weight-for-age z-scores had a positive sigmificant association with motor development: 0.10;

p=0.027.

CONCLUSION

Exposwre to both maternal HIV infection and placental insufficiency is linked with stunting,
underweight and cognitive developmental delay. Underweight children are likely to have
delayed motor development.

TOFPIC CATEGORY
2 Early Childhood Development
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ABSTRACTS

Ohbjective. The current study examines the clinical effects of wsing ES
by measuring the users’ lung function. This stedy also alms to quantify
the quality of life (oL} of the participants using ES.

Methods. In this cross-over study, we recrutted 65 children, between
5and 12 years of age, with asthma and wsed a pMDI for more than
3 months. Participants were randomised into ES and pMDI groups
and thelr baseline FEV1, FEV1/FVC ratlo, and percentage difference
pre- and post-bronchodilator FEVL (%D4F FEVI). After & weeks
the participants returned to the dinic and thelr lung function was
measured. Along with that, therr Qol. data were captured wsing the
Paediatric Asthma Qualtty of Life Questionnatre (PAQLQ), and
asthma control was assessed using Childhood Asthma Control Test
(C-ACT). For the following & weeks, parficipants using ES were
crossed over into the pMII group and vice-versa. Afler these & weeks,
participants’ data were collected again. Data between these two groups
were statistically compared using the Mann-Whitney U7 test with the
statistical significance criteria p<0.05.

Results. The bronchodilator reversthility was significantly lower in the ES
group. The differences In lung function from previous measurements was
sigmificanily better in ES. Asthma was controlled better in the ES group.
Condusion. The Easy Squeery improves lung function and alds in
conirolling asthma better.

Feeding practices and growth outcomes

of 18-month-old children with exposure to
maternal HIV and placental Insufficlency In
South-West Tshwane: a community-based
cross-sectional study

M Nyofane,"** M5c; M Hoffman,'** PhD); T Botha,* PhID;
H Mulol,*** PhD); U Feucht,*** PhD}

Corresponding author: M Nyofone (mothust nyofanes fuks.co.za)

! Department of Consumer and Food Scdence, Faculty of Natural and
Agricultural Sciences, Universily of Pretoria, South Africa.

* Department of Nuftrition, Faculty af Health Sclences, National
Umiversity of Lesotho, Masers, Lesotho

* Centre for Maternal, Felal, Newborn and Child Health Care
Sirategtes, Faculty of Health Scrences, University of Preforta,
Kalaforg Provincial Terftary Hospital, South Afrioa.

* Research Unit for Maternal and Infont Health Care Strafegtes, South
Ajrican Medical Fesearch Cowncll, Preforia, South Africa

* Depariment of Staftstcs, Faculty of Natural and Agricudiural
Sciemces, Universify af Preforia, South Africa

i Department of Paediatrics, Facully of Health Sclences, Universify af
Pretonia, Smath Africa

Introduction. Mutrition plays a critical role i child growth and
development. Children who are HIV-exposed-and-uninfected
(CHEU) and those who had fetal growth restriction duee o placental
msufficlency are both regarded as high-risk populations. Suboptimal
feeding practices may exacerbate the risk of poor growth In these
populations. We investigated the feeding practices and growth
outcomes of children with in-utero HIV exposure and abnormal
umbilical artery resistance indices (UmA-RI), indicating placental
Insufflclency.

Objective. To determine and compare feeding practices and
growth outcomes of children aged 18 months, with and without
in-utere HIV exposure and abnormal UmA-RI
Methods. A descriptive cross-sectional study was conducted on 264
children: grouped into four subgroups based on HIV exposure and
normal‘abnormal UmA-R1 using avallable pregnancy and birth

Information. The World Health Organization (WHO) standard
were followed for anthropometric measurements and
z-score calculations, and a standardized questionnaire based on
WHO was used for feeding practices.
Results. CHEU with abnormal UmA-RI (r=14) were stopped
breastfeeding earller (median (interguartide range (IQR)) 4.0
months (1.0, 158) v. 13.0 months (6.0 - 16.0) p=0.0002) and
were Introduced to protein-rich foods later (median (IQR) 12.0
months (9.0 - 12.0) v. 9.0 months (7.0 - 12.0); p=0.05) compared
with children who are HIV-unexposed-and-uninfected (CHUU)
with normal UmaA-RI (n=181). CHEU with abnormal UmaA-
RI had lower length-for-age z-scores (-1.40:1.40 v -0.04=1.31;
p=0.001), welght-for-age z-scores (-(.60£0.96 v. (L0d+1.16; p=0.02)
and head-circumference-for-age z-scores (0.42+0.66 v. 0.90=1.15;
p=0.04) compared to CHUU with normal UmA-RL
Conclusion. Early cessation of breastfeeding, late introduction of
protein-rich foods, and exposure to both maternal HIV infection
and placental Insufficlency are associated with stunting and
underwelght.

Laryngomalacla: When to refer for surgery?

A O Bizos, MB BCh, BHSc; W Gellaw,* MMed, FCORL;

D Katundu,” MD), CGH MMed, ORL-HNS; F Kritzinger,'
MB ChE, DCH, MMed, ECPaed, Cert Pulm (Paed); T Gray,*
MB ChB cum laude (US), DCH (SA), FC Paed (SA), MMed
cum laude (US), Cert Pulmonology (SA) Paed; ] Mcguire,'
MMed, FC{ORL) CMSA; § Peer,' MMed (Otal), FC{ORL)
CMSA

Corresponding author: A O Bizos (dregaiabzos@gmarl com)

' Department of Odorhimelaryngology, University of Cape Town,
South Afrtca

2 Previous Pedigirics ENT feflow o University of Cape Town,
Umiversity Addis Ababa Usiversily, Ethiopia

* Prediatric fellow ai Untversity of Cape Town; Department of
Oiorfinelerymgology, University of Kiltmamparo, Tanzania

* Department of Pulmonology, University of Cape Tows, South Africa

Introduction. Laryngomalacia (LM} 15 the most common cause
of stridor in infants, presenting shortly after burth with variable
severity. The notsy breathing & created by shortened arvepiglottic
folds and excess arytenold mucosa that manifests as inspiratory
stridor. In majority of children, treatment Is conservative with a few
symptomatic cases recetving reflux medication. In 20% of children
with severe laryngomalacta, surgical Interventlon Is necessary io
alleviate symptoms. Knowing which chidren need more than
medical management 1s key to best practice. Which children will
benefit from otolaryngology (ENT) referral, and what are the factors
that determine the need for supraglottoplasty?

Objective. To determine the clinkcal factors In symptomatic
children with laryngomalacia that led up to supraglottoplasty, and
response to therapy thereof. To identify those children who require
a tracheostomy and whether supraglottoplasty was still indicated to
decannulate (remove trachesotomy).

Methods. A retrospective review of medical folders for all
children who underwent supraglottoplasty, by a single surgeon in
South Africa over 7 years.

Results. 42 pattents were included n this study: n=40/42
underwent supraglotioplasty (SGP), n=34/41 enderwent 5GP
alone, n=2/41 required a tracheostomy post 5GP n=8/42
underwent tracheostomy, #=6/42 required a tracheostomy

164 SANH SEPTEMEBER 2023 WVol.17 Ne.3
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Methods: The ACTG questionnaire was CToss
culturally adapted to Uganda. Consenting
postpartum  women were assigned to  Awdio
Computerized self —Assisted [ACASI) and Provider
Assisted Interviews (PAls) in a nested study within
the PROMOTE Cohort Swdy in Uganda.
Questionnaire construct scores for self-efficacy,
social support, anxiety and depression plus wiral
load, patient demographics and clinical predictors
of ART adherence were modelled using 3 mixed
effects logistic model, with repeated measures over
a period of one year.

Results: Of 166 women, 21 had the questionnaire
administered via ACASl while 145 via PAls. 4.2%
{7/166) were not virally suppressed at baseline and
their level of non-suppression was consistent
throughout one year of follow up. High self-efficacy
scores were associated with 27% lower odds of viral
non-suppression (Odds Ratio [OR] 0.73;35% C1-0.54
- 0.28). High depression scores were associated
with 22% higher odds of non-suppression (OR
1.22;95% CI1-1.01- 1.45) by 22%._ Other variables like
Age, Body Mass Index, Duration on ART, Marital
status, Employment, Education level, Electricity in
premizses, Tap water and Travel time to dinic from
home were not associated with viral suppression in
the covariate-adjusted anzlyses. Median Self
efficacy and depression scores were 2 (IQR 1-3) and
12 (MR 0-16) respectively. Focussed group
discussion data showed high acceptability and
feasibility of wsing the ACTG questionnaire in
Ugandan settings.

Condusion: Lower 5Self efficacy and higher
depression scores on the ACTG adherence
questionnaire could be used to identify Ugandan
women at risk of viral non-suppression in HIV
program settings.
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Growth and
Neurodevelopmental
Outcomes of 18-Month-0ld
Children With Exposure to
Maternal HIV and Placental
Insufficiency in a Peri-Urban
Area of South Africa

MNyofane M“**, Hoffman M***, Mulol H-*#, Botha
T4 Pattinzon R***, Feucht U-3*

University Of Pretorio, Pretona Sowh Africa, ‘Nationo!
University of Lesotha, Roma, Lesatha, ‘Contre for Maotornal,
Fetal, Newbom and Child Heglth Core Strotegies, University of
Protoria, Kolafong Provincial Tertiary Hospitol, Protoria, South
Africa, *Research Unit for Materng! and Infant Health Care
Strotegics, South Africon Medical Aesconch Counci, Protoria,
Sourth Africe

Background: Children who are HIV-exposed-and-
uninfected [CHEU) and those who are growth
restricted in utero due to placental insuffidency are
both regarded as high risk populations, which @n
impact growth and neurodevelopment as well as
short- and long-term complications in terms of
morbidity and mortality. However, the growth and
neurcdevelopmental outcomes of CHEU who have
also experienced growth restriction in utero have
not been researched. We therefore compared the
growth amd neurodevelopment outcomes of
children aged 18 months with in utero HIV exposure
and abnormal umbilical artery resistance indices
{UmA-RI), indicating placental insufficiency.

Methods: The cross-sectional study investigated
264 mother-child pairs, who were grouped into four
subgroups based on HIV exposure and history of
normalfabnormal UmA-Rl,  using  available
pregnancy and birth information. The Weorld Health
Organization standard procedures were used for
anthropometric  measurements and  z-soore
calculations, and Bayley Il to test child
development.

Results: CHEU with abnormal UmaA-Rl (n=14) had
lower length-for-age z-scores (-1.40 + 1.40 vs -0.04
+ 1.31; p=0.001), weight-for-age z-scores (-0.60 *
096 vs 004 * 116 p=0.02) and head-
circumference-for-age z-scores (0.42 * 0.66 vs 0.90
+1.15; p=0.04) compared to children who are HIV-
unexposed-and-uninfected (CHUU) with normal
UmA-RI {(n=181). Nearly a quarter (21.4%) of CHEU
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Project titte: Growth and neurcdevelopmental outcomes of 18-month-old children with in utero growth restriction
due to placental insufficiency as measured by umbilical artery Doppler examination during pregnancy and as
madified by matemal HIV status

Drzar Mr M Nyofane,

We are pleased to inform you that your submission conformns to the requirements of the Faculty of Matural and
Agricultural Sciences Research Ethics Committes.

Please note the following about your ethics approval:

- Please use your reference number (MNAS252/2021) on any documents or comespondence with the
Research Ethics Committee regarding your research.
- Flease note that the Research Ethics Committes may ask further questions, seek additional information,

require further modification, monitor the conduct of your research, or suspend or withdraw ethics approwval.
- Please note that ethical approval is granted for the duration of the research (2.g. Honours studies: 1 year,
Masters studies: two years, and PhD studies: three years) and should be extended when the approval
period lapses.
- The digital archiving of data is a requirement of the University of Pretoria. The data should be accessible
in the event of an enquiry or further analysis of the data.

Ethics approval is subject to the following:

- The ethics approval is conditional on the research being conducted as stipulated by the details of all
documents submitted to the Committee. In the event that a further need arses to change who the
investigators are, the methods or any other aspect, such changes must be submitted 3= an Amendment
for approval by the Committee.

- Applications using GM permits: If the GM permit expires before the end of the study, pleass make an
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E Applications using Animals: MAZS ethics recommendation does not imply that Animal Ethics
Committes (AEC) approval is granted. The application has been pre-seresned and recommended for
review by the AEC. Ressarch may not proceed untll AEC approval is granted.

The application meets the ethics requirements set by the MAS ethics committee for dealing with human
This study is related to another study and ethical approval has been granted. There is preference that the

study is also approved by Health Sciences. Please note the Ethics dearance number is 283/2018 and not
UMBIBABY.

Post approval submissions including application for ethics extension and amendments to the approved
application should be submitted online via the Ethics work centre.

We wish you the best with your research.
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