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Abstract
Background: Universal infant morbidity risk factors (poor birth outcomes, suboptimal breastfeeding,
poverty) occur more frequently in HIV exposed uninfected (HEU) than HIV unexposed uninfected (HUU)
infants. HEU infants’ unique exposures, including in utero exposure to HIV products and maternal
immune compromise, may potentiate HEU infants’ infectious morbidity risk. The primary objective was to
determine whether HEU infants experience greater infectious morbidity than HUU infants through HIV
exposure-specific pathways beyond universal infant morbidity risk factors.
Methods: This prospective cohort study identified low risk HIV-infected and HIV-uninfected mothers and
their term newborns from a single community midwife unit in Kraaifontein, South Africa. The primary
outcome, at least one infectious cause hospitalization or death before six months of age, was classified
according to modified WHO case-definitions and compared between HEU and HUU infants. Complete
outcome determination on all infants was possible through linkage with the electronic provincial hospital
administration system and mortality registry. Adjusted odds ratios (aOR) were calculated by multivariable
logistic regression including stratified analyses conditioned on breastfeeding.
Results: One hundred and seventy six (94 HEU, 82 HUU) mother-infant pairs were included. HIV-infected
mothers were older (median 27.8 vs. 24.7 years, p<0.01) and HEU infants less often breastfed (35/94
(37%) vs. 81/82 (99%), p<0.001). The groups were similar on maternal education, antenatal course,
household characteristics, birth weight, gestational age and immunizations. Incidence rate ratio of allcause sick clinic visits in HEU compared to HUU infants was 0.82 (95% CI 0.58,1.16). The primary
outcome occurred in 17 (18%) HEU and 10 (12%) HUU infants (p=0.38), giving an aOR of 1.45 (95% CI
0.44,4.55). In stratified analysis comparing only infants with any breastfeeding, HEU infants had an aOR
for a very severe infectious cause hospitalization or death of 4.2 (95% CI 1.00,19.2, p=0.05). Seven of
17(41%) HEU and 1/10 (10%) HUU primary outcome events occurred after 90 days of age (p=0.07).
Conclusion: Amongst term infants with similar social circumstances, a higher probability of very severe
infectious morbidity was observed in breastfed HEU compared to breastfed HUU infants. HEU infant risk
may be driven through HIV exposure-specific pathways unrelated to universal infant morbidity risk factors.
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Chapter 1 Introduction
Human Immunodeficiency Virus (HIV) is thought to have originated in south-eastern Cameroon in West
th

Africa during the early 20 century, subsequently making its way along the trade routes to East and then
Southern Africa (1). HIV in Sub-Saharan Africa has spread predominantly through heterosexual
transmission. In Africa, over 50% of all HIV infections are in women, thus large numbers of HIV exposed
children are born to HIV-infected mothers (2). The developed world has seen HIV transmission
concentrated largely in identifiable high-risk groups, initially blood transfusion recipients, intravenous drug
users and men-who-have-sex-with-men, as opposed to being generalized in the population as in Africa.
With increasing migration from Africa to North America and Europe, these continents are starting to see
an increased heterosexual contribution and greater numbers of children born to HIV-infected mothers
(3,4). Globally, in 2012, of 35 million people living with HIV, about 1 million were in North America, and 25
million in Sub-Saharan Africa. Sub-Saharan Africa represents 70% of all HIV-infected people and 85% of
HIV-infected children on a continent with only 12% of the world’s population (5). HIV prevalence in Africa
varies markedly from 1.2% in Ghana and Ethiopia to almost 25% in Swaziland (5). In South Africa HIV
prevalence amongst adults aged 15 to 49 years is 18%.
One of the many tragedies of the HIV epidemic is the ability of the virus to transmit vertically from mothers
to their children during pregnancy (in-utero), labour (intra-partum) and via breast milk (6). There is
undoubtedly still much to be done in order to achieve the elimination of paediatric HIV-infection, however
prevention of this vertical transmission of HIV from mothers to children is one of the public health
st

successes of the 21 century. Globally it is estimated that annually 1.4 million HIV-infected women
become pregnant resulting in more than a million HIV exposed infants born each year (5). Expanding
vertical transmission prevention (VTP) programmes have resulted in marked reductions in the numbers of
HIV-infected children, but those lucky enough to avoid HIV-infection still bear consequences of HIV
exposure (5). Success of these VTP programmes across the globe is not uniform however. North
America and Europe have seen virtual elimination of paediatric HIV-infection, compared with variable
success in Africa where some countries have instituted interventions that have reduced vertical
transmission to under 5%, while others still struggle with poor VTP programme coverage in fewer than
50% of pregnant HIV-infected women (5,7,8). In South Africa 30% of pregnant women are HIV-infected
but as a result of a large effective public VTP programme less than 3% of the 300 000 HIV-exposed
South African infants born annually are HIV-infected by six weeks of age (8,9). This large and growing
population of HIV-exposed but uninfected (HEU) infants however may not achieve equivalent child health
outcomes to their HIV unexposed uninfected (HUU) peers.
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This dissertation seeks to better understand this high-risk group of HEU infants within the context of
general infant vulnerability in South Africa, specifically the pathways to and pattern of infectious morbidity
in HEU compared to HUU infants. See section 1.8 for the specific aim, hypotheses and objectives.
Throughout this dissertation the term HEU will be used to refer to HIV exposed infants confirmed to be
HIV uninfected. The terms HIV-exposed infants and HIV-exposure refer to both HIV-infected and HIVuninfected infants born to HIV-infected mothers.

1.1

General HIV exposed uninfected infant morbidity & mortality

Awareness has only been generated during the last decade that being born to an HIV-infected mother,
that is being HIV exposed, carries consequences even for the HIV-uninfected HEU infant and child (3,10–
12). When one considers the course an HEU child takes starting from conception, there are numerous
potential pathways, particularly during infancy, that could mediate greater risk for mortality as well as poor
health and development outcomes. The HIV-exposed foetus is exposed not only to an in-utero
environment altered by maternal HIV but also to antiretroviral drugs in order to prevent vertical HIV
infection (13,14). In addition the foetus may be exposed to infectious agents besides HIV, including
Mycobacterium tuberculosis (M.tb) and cytomegalovirus (CMV), more often than HIV-unexposed foetuses
(15–18). These in-utero exposures contribute in varying degrees to poorer birth outcomes, including
higher rates of prematurity and low birth weight in HIV-exposed compared to HUU newborns (19,20).
After birth, close contact with HIV-infected parents during infancy may result in greater exposure to
infectious pathogens including Pneumocystis jirovecii and M.tb (21,22). These infants, even if HIVuninfected, can be exposed to long courses of antiretroviral (ARV) drugs to ensure they remain HIVinfection free. Other prophylactic antimicrobial agents include trimethoprim-sulphamethoxazole for
Pneumocystis pneumonia (PCP) prevention and isoniazid preventive therapy for primary tuberculosis
(TB) prophylaxis (14,23). Although unavoidable, these drug exposures during infancy are not without
concern and their full effects on HEU infants’ growth and development are not clearly defined (12). Due to
the risk of HIV transmission via breast milk, infant feeding choices are complex in the setting of HIV, with
many HIV-exposed infants having been deprived of the immunological and nutritional benefits of breast
milk (24). HIV-affected families may experience greater compromise in their social circumstances with
enhanced poverty resulting in greater infant morbidity and mortality (25,26). These infants and children
are also more likely to lose one or both parents with particularly maternal mortality holding dire
consequences for any child (27).
Most of what is known about HEU infant infectious morbidity comes from observations made early in the
epidemic describing the natural history of HIV infected children compared to HIV-uninfected children, both
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HIV exposed and unexposed, or from secondary analyses of VTP clinical trials often without an HUU
control group (10,28–33). Of the 16 published African studies comparing adequately defined HEU to HUU
infants for all cause mortality or infectious morbidity, only two were designed to primarily compare these
two groups (Table 1.1). These two studies were limited to the outcomes of invasive pneumococcal
disease and pneumonia treatment failure at 48 hours (Table 1.1 study 13 & 15) (34,35). Eleven of the 16
studies were conducted prior to 2009 in the context of limited antiretroviral interventions for either
maternal health or VTP (28–30,34–47). Early, prospective cohort studies, designed to describe the
natural history of HIV infection in Rwandan and Malawian children, concluded that HEU infants were no
different from HUU infants for morbidity and mortality (Table 1.1 study 1 & 3) (29,30). The Rwandan
cohort study observed an inconclusive elevated hazard for hospitalizations and pneumonia (hazard ratio
(HR) 1.4 (95% confidence interval (95%CI) 0.9, 2.0) and 1.3 (95% CI 0.9,1.4) respectively) (29). The
Malawian study found no difference in a host of morbidities and, for mortality, analysed HEU infants and
HUU infants as a single group of HIV-uninfected infants, potentially masking differences between these
two groups (30).
The first study to definitively demonstrate a higher mortality and morbidity in HEU compared to HUU
African infants was the Zimbabwe Vitamin A for Mothers and Babies Project (ZVITAMBO) (Table 1.1
study 5) (37,38). Conducted from 1997 to 2000, ZVITAMBO was a randomized placebo controlled trial of
Vitamin A for preventing vertical transmission of HIV. This large study was conducted prior to the
availability of ARVs for either treatment or prevention of HIV transmission with 94% of infants breastfed
until 12 months of age. The study demonstrated an almost four times greater risk of mortality (rate ratio
(RaR) 3.9, 95% CI 3.2, 4.8) at 12 months and two times greater risk of mortality (RaR 2.0, 95% CI 1.2,
3.5) at 24 months in HEU compared to HUU infants (37). The relative risk for mortality reached 5.5 (95%
CI 3.9, 7.9) between eight weeks and 6 months of age, although the absolute risk for HEU mortality, as
expected for all infants, was highest during the neonatal period. Eighty percent of HEU mortality occurred
during the first 6 months of life. Morbidity experienced by HEU infants was also greater than in HUU
infants, but not to the same extent as the elevation in mortality (38). An increase in all-cause
hospitalizations was significantly higher during the neonatal period (RaR 1.5, 95% CI 1.2, 2.0) driven by
an elevation in LRTI in HEU neonates (RaR 2.7, 95% CI 1.6, 4.7). All-cause hospitalizations between one
and six months also occurred more frequently in HEU infants but the 95% confidence interval crossed the
null (RaR 1.2, 95% CI 0.9, 1.6). Smaller Southern and Eastern African studies confirmed the elevated
morbidity and mortality in HEU infants in this region. The Rakai Community Study conducted in Rakai,
Uganda observed a slightly greater risk for mortality up to 18 months (RaR 1.16, p<0.005) (Table 1.1
study 4) (36). The Mashi study (Table 1.1 study 6) similar to ZVITAMBO, observed an at least four times
greater risk for mortality and double the risk for hospitalization at six and 24 months (39). A South African
VTP randomized control trial (RCT) observed an insignificant increased infant mortality hazard in HEU
compared to HUU infants (adjusted hazard ratio (aHR) 1.3, 95% CI 0.7, 2.6) (Table 1.1 study 8) (41). A
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pooled analysis of population cohort studies conducted in Uganda, Tanzania and Malawi prior to 2000
showed an increased hazard for mortality in children born to HIV-infected mothers of 2.9 (95% CI 2.3,
3.6) times that of children born to HIV-uninfected mothers after adjusting for the association between
maternal mortality and child mortality (48). The analysis did not distinguish between HIV-infected and
HEU children.
Cohorts of HEU infants and children in Europe and the Americas reported rates of hospitalization and
other morbidities in HEU infants without comparison to HUU control groups. The European Collaborative
Study followed more than 1600 HEU infants from 1985 to 2002 and observed a hospitalization rate of
264/1000 child-years not associated with sociodemographic factors (3). Recently a retrospective cohort of
Belgian HEU infants described a substantially higher rate of hospitalization for Group B Streptococcus
and Streptococcus pneumoniae infections in HEU infants compared to the general infant population (49).
The Women and Infants Transmission Study followed HIV-infected and HEU children in Puerto Rico and
the United States between 1989 and 2001 and described morbidity and mortality to two years of age (50).
Hospitalization occurred in 24% of HEU infants in the first two years of life with respiratory tract infections
occurring most frequently (16%), followed by gastroenteritis (11%). The National Institute of Child Health
and Human Development International Site Development Initiative Perinatal Study, a prospective study in
Latin America and the Caribbean of HIV-infected mothers and their infants with ongoing enrolment since
2002, described infectious disease morbidity in 462 HEU infants up to six months of age between 2002
and 2004 (51). Hospitalizations occurred at least once in 17.5% of infants, the majority (53%) of
admissions due to lower respiratory tract infections.
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Table 1.1 Summary of studies comparing infectious morbidity and all-cause mortality in African HEU and HUU infants
Country

Study Type

Year

Sample size (HEU:HUU)

Outcome

Follow-

Findings

up

(always HEU vs. HUU; point estimate (95% CI))

1

Rwanda

Prospective cohort

Natural history of HIV

0-60

Severe pneumonia aHR 1.4 (0.9,2.0); hospitalization

(29)

1989-94

(138:209)

in children

months

aHR 1.3 (0.9,1.4); unknown feeding

2

DRC (Zaire)

Prospective cohort

Diarrhoea incidence

0->12

Persistent diarrhoea incidence 4.9 vs. 2.7/100py

(28)

1989-92

(139:191)

months

(p=0.23) (unadjusted); most some breastfeeding.

3

Malawi

VTP RCT

6-36

No difference in numerous morbidities. Mortality 0-

(30)

1994-97

(499:119)

months

12 months compared HIV-infected to HIV-

Morbidity and mortality

uninfected; mortality 13-36 months 46.3/1000py vs.
35.7/1000py (no CI); all some breastfeeding
4

Uganda

Community surveillance

(36)

1994-98

(269:3183)

5

Zimbabwe

VTP RCT

(37,38)

1997-00

(3135:9210)

Mortality

Morbidity and mortality

0-24

Mortality 18 months RaR 1.16 (p<0.05); 98% some

months

breastfeeding

0-24

Mortality 8 weeks to 6 months RaR 5.5 (3.9,7.9);

months

mortality RaR > 2 (1.2,7.9) throughout 0-24 months;
neonatal hospitalization RaR1.5 (1.2,2.0); postneonatal hospitalization RaR1.2 (0.9,1.6); all had
some breastfeeding

6

Botswana

VTP RCT

(39)

2000-05

(534:137)

7

South Africa

Hospital cohort

Severe pneumonia 48

(40)

2001-02

(41:75)

hour treatment failure

8

South Africa

Breastfeeding peer support

(41)

2001-05

intervention cohort
(936:115)

Morbidity and mortality

0-24

Mortality RiR 4.2 (p<0.01); hospitalizations RiR 2.17

months

(p<0.001); all had some breastfeeding

Infants

aOR 6.02 (1.55,23.38); feeding unknown

Diarrhoeal morbidity

0-18

Diarrhoea at 6 months aHR 1.45 (0.75,2.79);

and all-cause mortality

months

mortality 12 months aHR 0.77 (0.49,1.21); any
breastfeeding 73% vs. 80%
5

Country

Study Type

Year

Sample size (HEU:HUU)

Outcome

Follow-

Findings

up

(always HEU vs. HUU; point estimate (95% CI))

9

South Africa

RCT

Neonatal sepsis

0-1

Lower rate of early onset sepsis (20.6 vs. 33.7/1000

(42)

2004-07

(1255:5804)

incidence

month

live births, p<0.05), similar late onset sepsis (5.8 vs.
4.1 per 1000 live births, p=0.6); feeding unknown

10

Malawi

Retrospective cohort PMTCT

(43)

2008-09

programme evaluation

Morbidity and mortality

0-20

No difference in hospitalization (univariable

months

analysis); mortality compared HEI to HUU infants;

(128:200)

majority HEI and HUU mixed fed by 3 months

11

Mozambique

Prospective cohort clinical,

Incidence of out-

0-12

RaR for out patient visits 0.79 (0.63,0.99); RaR for

(44)

2008-2009

haematologic, immunologic

patient visits and

months

hospitalization 1.51 (0.71,3.18); all breastfed at 6

profiles (Total 153)

admissions

months

12

South Africa

Prospective cohort exploring

Infectious cause

0-12

RaR for hospitalization 2.74 (0.75,8.78); all but 1

(45)

2009-11

innate immmune differences

hospitalization

months

HEU infants formula fed, all HUU some

(27:28)

incidence

breastfeeding

13

South Africa

IPD Laboratory surveillance

IPD incidence and

0-12

IPD RaR 0-6 months 3.6 (2.8,4.6); mortality due to

(34)

2009-13

(253:377)

mortality

months

IPD aOR 1.76 (1.09,2.85); feeding unknown

14

Uganda

Malaria prevention RCT

Morbidity and mortality

6-24

No differences breastfed HEU and breastfed HUU;

(46)

2010-2013

(186:389)

months

84% and 99% breastfed at 6 months

15

Botswana

Hospital cohort

Pneumonia 48 hour

1-23

Treatment failure: RiR1.83 (1.27,2.64); mortality RiR

(35)

2012-2013

(64:153)

treatment failure

months

4.31 (1.44,12.87); no adjustment for breastfeeding

16

South Africa

Birth cohort study

Pneumonia incidence,

12

All pneumonia: aRaR 1.62 (1.01,2.61);

(47)

2012-2014

(130:567)

severity, risk factors

months

severe pneumonia: RaR 4.04 (1.51,10.8); adjusted
for any formula feeding before 6 months

aHR – adjusted hazard ratio; aOR - adjusted odds ratio; CI – confidence interval; DRC – Democratic Republic of Congo; HEI – HIV exposed
infant (HIV-infection not excluded); HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; IPD – invasive pneumococcal disease;
RaR – rate ratio; RiR – risk ratio; RCT – randomized control trial; VTP – vertical transmission prevention
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Despite some inconsistencies, overall the existing evidence, largely from the pre-antiretroviral therapy
era, suggests that HEU infants experience greater morbidity and mortality than HUU infants. In
considering differing risks between these two groups of infants one can consider two groups of risk
factors for infant morbidity and mortality (Figure 1.1). Firstly, there are circumstances that will increase the
risk of infant infectious morbidity and mortality universally in infants regardless of HIV exposure. However,
some of these circumstances may occur more frequently in HIV-exposed compared to HUU infants.
These include being a preterm or small for gestational age newborn, being fed with replacement rather
than breast milk in the first years of life, maternal mortality, TB exposure, and poverty. Secondly, there
are risk factors unique to HIV-exposed infants that may increase risk for infectious morbidity and
mortality. These include exposure to the in-utero environment altered by the presence of HIV products
and maternal immune compromise as well as in-utero and postnatal exposure to ARV and other drugs.

Figure 1.1 Schematic representation of HEU infant pathways to infectious morbidity
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The context of South African infant vulnerability is set next in section 1.2 before considering universal
infant risk factors in section 1.3 and HEU unique risk factors in section 1.4. The evidence for HEU infant
infectious morbidity is discussed in section 1.5. The pilot study that preceded the current study and the
community in which the current study was set are described in sections 1.6. and 1.7 respectively. Finally,
the specific aim, hypotheses and objectives employed are detailed in section 1.8.

1.2

South African context

South Africa, the second largest economy in Africa with a population of 53 million, experiences high levels
of poverty and inequality (52). Adult unemployment has been stagnant at around 25% for the last 10
years with unemployment and poverty concentrated in households with children (53). Forty two percent of
South African children live in households where both parents are unemployed and 60% live in households
falling below the lower bound poverty line, a monthly household income below 575 South African Rand
(ZAR), approximately 50 Canadian Dollars (CAD) (53,54). Despite universal health care provided by the
South African government to all pregnant women and children below 6 years of age, South Africa
experienced an increase in the under-5 mortality rate (the number of child deaths before the fifth birthday
per 1000 live births), peaking in 2005 at somewhere between 60 and 80 per 1000, depending on the
modelling estimates used (55). This increasing mortality rate was largely due to escalating HIV-infection
in pregnancy and inadequate prevention of vertical transmission of HIV (56). A watershed event occurred
in 2002 when the South African Constitutional Court ordered the South African government and the
National Department of Health to supply the simple VTP strategy of single dose nevirapine to all pregnant
HIV-infected women. In the subsequent decade the increasing sophistication of VTP strategies and their
expanding implementation in South Africa has seen HIV vertical transmission plummet from
approximately 20% in the absence of interventions in 1999 to 3.5% at 6 weeks of age by 2010 (8).
Alongside this, further child health gains have been realized through the addition of pneumococcal
conjugate vaccine and rotavirus vaccine to the national immunization programme in 2009 (57). These
vaccines target pneumonia and diarrhoeal disease respectively, two of the top five causes of infant
mortality (58). Evaluations of vaccine effectiveness in South Africa show a 50% reduction in invasive
pneumococcal disease in infants and 54% effectiveness for rotavirus vaccine in reducing hospitalization
due to rotavirus diarrhoea (59,60). The South African under-5 mortality rate, determined by the Global
Burden of Disease Study 2013, has now almost halved at 37/1000 (61). Even with these child health
gains, the South African under-5 mortality rate is currently at least double that of countries with a similar
gross national income per capita, e.g. Peru and Thailand, or of countries with similar health expenditure
per capita, e.g. Brazil (52). Irrespective of HIV exposure, the vast majority of South African infants are still
vulnerable to high rates of morbidity and mortality (58).
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Approximately 1.1 million children are born in South Africa every year with over 300 000 being HIV
exposed but uninfected (8,9,62). In a pilot prospective cohort study in Cape Town, South Africa,
comparing HEU and HUU infants we saw an increased need for hospitalization due to infections in HEU
infants (see section 1.6 for further detail) (45). Although an increased risk for morbidity and mortality in
HEU infants was observed in neighbouring Zimbabwe and Botswana, these countries differ in the size of
their populations, their economies and their access to healthcare (37–39,52). The observations in
Zimbabwe and Botswana may not be directly generalizable to South African HEU infants. Considering the
size of the South African HEU infant population, even a moderate additional increase in morbidity adds to
the burden on the public healthcare sector. Direct comparison of HEU and HUU infants in South Africa to
determine the contribution of HIV exposure to infant morbidity and mortality and to discern the pathways
driving morbidity and mortality in HEU infants will facilitate determining appropriate interventions to
reduce morbidity and mortality in HEU infants without compromising also vulnerable HUU infants.

1.3

Universal infant morbidity and mortality risk factors

Regardless of HIV exposure, chances of dying during infancy are markedly increased by the following: 1)
adverse birth outcomes, i.e. preterm birth, low birth weight and small for gestational age; 2) not being
afforded the immunological and nutritional benefits of breastfeeding; 3) compromised growth and
nutrition; 4) exposure to TB and other infectious diseases; 5) maternal ill health or death and 6) poverty.
These universal risk factors for infant mortality and the evidence for whether they occur more frequently
in HEU infants will be explored.

1.3.1

Preterm and small for gestational age newborns

Almost 40% of all deaths in children under five years of age occur in the neonatal period (63,64). Preterm
birth (born before 37 weeks completed gestation) is the most important single cause globally and in South
Africa of neonatal mortality. In the Southern African region an infant’s risk of dying in the neonatal period
th

is doubled if born preterm or small for gestational age (birth weight below the 10 centile for gestational
age) and the mortality risk associated with preterm birth endures through the first year of life (65). Infants
born to HIV-infected mothers compared to those born to HIV-uninfected mothers are more often preterm
and small for gestational age (SGA) (19). Despite the controversy in the literature as to why, this
observation is consistently seen across the world (19,20,66). A surveillance study of birth outcomes in 30
000 Botswanan women estimated that HIV-infected women have a 1.3 (95% CI 1.3,1.4) times greater
odds of a preterm delivery and a 1.8 (95% CI 1.7,1.9) times greater odds of an SGA baby; however the
study did not specifically differentiate the HIV-infected from HEU newborns (19). The study also observed
a positive association between neonatal death and preterm birth or SGA compared to term or appropriate
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for gestational age newborns. A smaller study in Cameroon showed HEU newborns were almost twice as
likely as HUU newborns to be SGA (67). These poor birth outcomes do hold long term consequences for
HEU infants. In Zambian and Tanzanian HEU breastfed infants, low birth weight (below 2500g at birth)
was independently associated with infant mortality (10,68). In Kenyan HEU infants preterm birth, low birth
weight (LBW) and SGA were associated with a six fold increase in neonatal mortality and a more than
two fold increase in infant mortality (69).
1.3.2

Infant feeding

Breastfeeding provides important protection against infectious disease mortality in all children (70). Lack
of breastfeeding, at a minimum, doubles the risk of infant mortality in the first six months of life (64).
Breastfeeding provides profound protection against diarrhoeal disease mortality but also against
respiratory tract infections (70). Due to the risk of HIV transmission via breast milk many infants in less
developed countries at high risk of infectious disease morbidity and mortality were denied the benefits of
breastfeeding, either through complete replacement with infant formula milk or through an attenuated
duration of breast milk exposure in attempts to lessen the risk of postnatal HIV transmission (24).
The only randomized trial primarily comparing breastfeeding and replacement formula feeding in African
HIV exposed infants was conducted in Nairobi, Kenya from 1992 to 1998 and included 212 infants
randomized to breastfeeding and 213 infants randomized to formula feeding (71). After adjustment for
infant HIV infection, the two-year mortality hazard was similar in breast and formula fed HIV exposed
infants (aHR 1.1, 95% CI 0.7,1.7). A substantial amount of crossover occurred from formula to
breastfeeding, although results by intent-to-treat and true feeding mode were similar. Nutritional status in
the first six months tended to be better in the breastfed infants, yet incidence of diarrhoea and pneumonia
did not differ by feeding mode (72). Despite these similar outcomes in a clinical trial setting, the benefits
of breastfeeding and the extent to which it ameliorates infectious disease and nutritional risks in all infants
cannot be denied. The Mashi study conducted in Botswana between 2001 and 2003 was a randomized
trial comparing breastfeeding with infant ARV prophylaxis to formula feeding for the outcome of HIV-free
survival (73). Despite a lower HIV-infection rate in the formula fed infants, mortality at 7 months was
significantly higher in formula fed than breast fed HIV exposed infants with no survival benefit derived by
18 months of age.
The Zambia Exclusive Breastfeeding Study (ZEBS), a randomized trial comparing early cessation of
breastfeeding at 4 months to prolonged breastfeeding, included 749 HIV exposed infants followed to two
years of age (74). Breastfeeding cessation at any age prior to 2 years was independently associated with
a substantially elevated hazard for mortality and the absence of breastfeeding was associated with a
shorter time to first hospitalization (10,75). Two comparisons of gastroenteritis related mortality in Uganda
and Malawi before and after the World Health Organisation (WHO) guidance on early cessation of
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breastfeeding, showed increased mortality in the later studies with shortened breastfeeding duration
(76,77). This further enhanced the growing understanding of the detrimental effects of early weaning in
African HIV exposed infants. Studies evaluating the safety of attenuated durations of breastfeeding in
HEU infants have observed that the risk for infectious morbidity and mortality in HEU infants is highest in
early infancy but increases again substantially in later infancy following weaning from breastfeeding
(32,75). As these studies did not compare to HUU infants, it is possible that the weaning period is a
vulnerable stage for all infants irrespective of HIV exposure.
1.3.3

Growth and nutrition

Acute and chronic malnutrition, as evidenced by wasting (weight-for-length Z-score below -2 standard
deviations from the mean WHO Child Growth Standards) and stunting (length-for-age Z-score below -2
standard deviations from the mean WHO Child Growth Standards) respectively, universally increase a
child’s odds of overall mortality and specifically mortality due to pneumonia, diarrhoea and measles even
after adjusting for non-nutritional determinants of infectious disease mortality (78,79). Acute and chronic
malnutrition are prevalent across Africa with 2.7% (95% CI 1.0, 6.8%) of Southern African children under
5 years severely wasted and a remarkable 30.2% (95%CI 25.4, 35.6%) of children stunted. The
prevalence of stunting reaches 50% (95% CI 42.3, 57.9) in Eastern Africa (79). Southern and Eastern
African HEU infants, when compared to WHO or other growth standards, appear to experience marked
growth failure following weaning in later infancy (80–82). However, there is little evidence for a difference
in growth and nutritional outcomes when directly comparing African HEU infants to appropriate HUU
control infants experiencing similar community and socioeconomic constraints to infant growth (83–88).
Despite poorer birth growth outcomes in HIV exposed infants, in general, in-utero antiretroviral exposure
for VTP has not yet been linked with long-term growth consequences for HEU infants (89,90).
1.3.4

Infectious pathogen exposure

The nature of infectious diseases is that exposure to a pathogen is essential for infection, that in turn is
essential for disease to develop. All exposed individuals do not necessarily become infected and all
infected individuals will not necessarily develop disease. Using TB as an example, if never exposed to
the M.tb organism one cannot become infected or develop symptomatic disease; on exposure some will
become infected with M.tb , and of those infected, some will develop asymptomatic latent TB infection
without disease and others will progress to symptomatic TB disease (91). It makes sense then that HIVexposed children living with HIV-infected adults, who are themselves prone to higher rates of infectious
disease, will experience greater exposure to infectious pathogens than HIV-unexposed children. There is
evidence that HEU infants are more often exposed to M.tb and Streptococcus pneumoniae than HUU
infants (22,92).
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In a prospective cohort study of M.tb-exposed newborns in South Africa, 63% were also HIV exposed
compared to the local antenatal HIV seroprevalence of approximately 19% (93). During screening for an
Isoniazid Preventive Therapy (IPT) trial in South Africa, 10.1% (95% CI 8.0, 12.4) of HIV exposed infants
were already exposed to M.tb in the home by 3 to 4 months of age (22). There are no data, to our
knowledge, of M.tb exposure rates in South African HUU infants. A Kenyan study observed a prevalence
of a positive TSPOT-TB test, indicating M.tb infection, in 10.9% (95% CI 6.1, 17.7%) of HEU infants at six
months of age (94). Despite this high M.tb exposure prevalence, in HEU infants without a known TB
contact IPT was not beneficial as primary prophylaxis for preventing TB disease or death (95).
HEU infants have been observed to have higher rates of invasive pneumococcal disease (IPD) compared
to HUU infants and part of their risk for IPD may be due to greater exposure to Streptococcus
pneumoniae (34). Streptococcus pneumoniae is more often transmitted from children to their mothers
than from mothers to children, this is so for both HIV exposed and HIV unexposed infants. However, HIV
exposed infants in comparison to HIV unexposed infants experience increased exposure to
Streptococcus pneumoniae from their HIV-infected mothers than HIV unexposed infants do from their
HIV-uninfected mothers (92). Vaccinating HIV-infected women during pregnancy with pneumococcal
conjugate vaccine was not successful though in reducing nasopharyngeal carriage in their unvaccinated
HEU infants younger than 6 months of age (96).
1.3.5

Maternal wellbeing

The connection between maternal wellbeing and infant health is well described. Southern African children
of mothers recently deceased or terminally ill, irrespective of maternal HIV-status, have an almost 4 times
greater hazard of death (aHR 3.9, 95%CI 2.8, 5.5) (48). HEU infants specifically have a 3.65 (95% CI
1.92, 6.95) times greater odds of infant mortality following maternal death than those with mothers still
alive (27). ZEBS found an independent association between maternal mortality and infant and child
mortality (10,75). In 2007, when there was little access to antiretroviral therapy, HIV-infected women in
South Africa were 6 times (maternal mortality ratio 6.2, 95% CI 3.6, 11.1) more likely to experience
pregnancy related mortality (both antenatal and post-partum) than HIV-uninfected women (97).
1.3.6

Poverty and social circumstances

Globally, poverty is associated with poor child health outcomes. In South Africa, where free healthcare is
provided to children under-6 years of age and to pregnant and lactating women, children born in the
poorest quintile have an infant mortality rate four times that of those born in the wealthiest quintile (54).
Families living in poverty are more likely to be affected by HIV. Further, HIV affected families are more
likely to experience additional vulnerabilities, including loss of earnings, greater expenditure on the direct
and hidden costs of healthcare, food insecurity, the responsibility of caring for children in the extended
family or community orphaned by HIV and stigma in the community, which may alter health seeking
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behaviour (26). This can lead to economic, physical and emotional instability for HIV exposed children,
even if HIV-uninfected (25,98). In Zambian HIV exposed infants, food insecurity was independently
associated with child mortality up to 2 years of age (75). Quantifying the extent to which poverty is
associated with morbidity and mortality in HEU infants and children is challenging but this determinant of
risk for infant mortality must be considered.
There is good evidence that a number of universal risk factors for infant morbidity and mortality occur
more often in HEU compared to HUU infants. HIV exposed infants are more often born preterm and SGA.
HEU infants have less often benefited from optimal breastfeeding than HUU infants with evidence for the
dire impact this has had on their health and survival. HEU infants more frequently experience infectious
pathogen exposure, specifically M.tb and Streptococcus pneumoniae. Their mothers experience greater
mortality and their families shoulder additional social and economic challenges.

1.4

Infant risk factors unique to HEU infants

HEU infants are subjected to a number of additional unique exposures not experienced by HIV
unexposed infants. This altered course commences in-utero, where maternal HIV disease as well as
ARV drugs, received either for maternal therapy or for prophylaxis, result in a perturbed in-utero
environment. Postnatally HEU infants themselves may receive ARVs as well as other prophylactic
agents, such as cotrimoxazole, that have benefits but may also negatively influence the HEU infant’s
course in the short and the long term.
1.4.1

In-utero environment altered by maternal HIV disease

By definition HIV-exposed infants, born to HIV-infected mothers, experience a maternal in-utero
environment that is different to that experienced by HIV-unexposed infants. Through the demonstration of
HIV-specific immune responses in HEU newborns and infants it can be inferred that infants born to HIVinfected mothers are physically exposed to HIV in-utero through viral products able to cross the placental
barrier but not competent to establish HIV infection (13,99–101). In addition to this physical viral product
exposure, the in utero environment may differ immunologically due to the ramifications of HIV infection on
the maternal immune system. HIV has its impact on the immune system through two broad mechanisms:
firstly the well recognized immune suppression represented grossly by declining CD4 count; additionally
through contrasting immune activation driven by the antigenic pressure of HIV viral particles (102–104).
HIV is a disease with a long spectrum, from mild asymptomatic disease with initially subtle immune
aberrations, progressing without treatment to a chronic debilitating severely immune compromised state
in which the HIV-infected person is at risk for opportunistic infections as well as non-infectious
complications (102,105). Treatment with combination antiretroviral therapy (cART), depending on when it
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is commenced, will alter the progression along this spectrum to varying degrees (106). A pregnant HIVinfected woman may fall anywhere along the HIV disease spectrum, resulting in marked heterogeneity in
the in-utero environment experienced by HIV exposed foetuses. Basic HIV disease and treatment
dynamics are explained below before elaborating on changes to the maternal in-utero environment
brought about by cART.
1.4.1.1

HIV disease dynamics

HIV infection results in immune compromise by causing both immune suppression, primarily through
infection of CD4 T-lymphocytes, and dysfunctional immune activation from continuous antigenic pressure
due to the presence of circulating HIV (102,103,107,108). Three parameters, two biological markers and
one clinical staging, that can be used to crudely quantify the extent of HIV disease include the CD4 count,
the HIV viral load and the WHO Clinical Staging. CD4 T-lymphocytes are a component of the human
immune system essential to control microbial infections; they become depleted during the progression of
HIV disease (103). The CD4 lymphocyte count, although only one of a host of immunological parameters
that are altered by HIV, is widely used as an indicator of the degree of immune suppression in an HIVinfected person. The normal CD4 T-lymphocyte count in HIV-uninfected African adults ranges from
approximately 500 to 2000 cells/µl (109). Severe immune suppression is considered to be present once
the CD4 count drops below 200 cells/µl and the risk for opportunistic infections increases (110). The HIV
viral load measures HIV RNA copies in one milliliter of blood. High viral loads reflect more HIV replication
and rapidity of disease progression. When HIV replication is below detectable limits on routine laboratory
tests, this is referred to as viral suppression and indicates minimal HIV replication. The severity of HIV
disease can also be staged according to the WHO Clinical Stage, where stage 1 represents
asymptomatic HIV, stage 2 represents HIV disease with mild symptoms, stage 3 represents disease with
advanced symptoms and stage 4 disease with severe symptoms (110).
During acute HIV infection the viral load rises dramatically and the CD4 count drops slightly. With
engagement of the still functioning adult immune system, HIV replication is brought under control, the
viral load drops and the CD4 lymphocytes recover. The HIV-infected adult can remain in this state of
equilibrium for an extended period with a low viral load and adequate but slowly declining CD4 count.
Without antiretroviral therapy, ultimately HIV will escape control by the immune system and the virus will
replicate with an increasing viral load and progressive immune suppression as evidenced by a rapidly
declining CD4 count. Early in the epidemic it was recognized that not only T-lymphocytes, but also Blymphocyte and humoral immune function is altered. This results in hyperactivity of B-lymphocytes and a
non-specific increase in immunoglobulin’s (Ig) or hypergammaglobulinaemia, representing dysfunctional
immune activation (107). Combination antiretroviral therapy alters this process by suppressing viral
replication sufficiently to achieve an undetectable viral load, rapidly reducing the dysfunctional immune
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system activation and with time allowing for CD4 lymphocyte and other altered immune functions to
reconstitute.
1.4.1.2

Antiretroviral therapy versus antiretroviral prophylaxis

It is important to distinguish the use of ARV drugs for therapy and for prevention of vertical HIV
transmission. cART is defined as the use of at least three ARV drugs for treatment to suppress viral
replication in established HIV infection. ARVs used for VTP prophylaxis in pregnant women reduce the
risk of HIV infection in the infant but are not intended to treat maternal HIV disease. Mono or dual agent
prophylactic regimens given to the pregnant mother, although effective in reducing vertical transmission
of HIV, will not halt HIV replication and thus these women are likely to have ongoing viral replication and
some dysfunctional immune activation. In contrast, mothers on cART with good adherence to treatment
are likely to have suppressed viral replication and immune reconstitution provided there is no viral
resistance.
1.4.1.3

Maternal HIV disease in the pre-antiretroviral therapy era

Studies conducted prior to the availability of cART in Southern and Eastern Africa recognized that HEU
infants born to mothers with advanced HIV disease, most often represented by a low CD4 count, had
greater mortality than those born to mothers with less advanced disease (10,31,36,37). In Zambia and
Tanzania, HEU infants of mothers with an antenatal CD4 count of below 350 cells/µl were twice as likely
to die than infants of mothers with CD4 counts above 350 cells/µl (10,31). In ZEBS there was a significant
dose-dependent reduction in infant mortality at four months of age associated with increasing maternal
CD4 count as well as an association of the time to first hospitalization with antenatal maternal CD4 count
(10). And although a CD4 count of below 200 cells/µl was associated with earlier cessation of
breastfeeding, early breastfeeding cessation mediated only a small proportion of the effect of advanced
maternal HIV on infant mortality (111). Therefore, there are pathways other than breastfeeding cessation
contributing to infant mortality in severely immune suppressed mothers. In Tanzanian HEU infants,
maternal HIV viral load of above 50 000 copies/ml at delivery was associated with a seven fold greater
risk of death in HEU infants up to two years of age (31). In the ZVITAMBO study HEU infant all-cause
and thrush-specific sick-clinic visit rates were inversely associated with maternal antenatal CD4 count and
were increased for any maternal CD4 count below 800 cells/µl indicating a detrimental effect in infants of
HIV-infected mothers with both advanced and minimal immune suppression compared to HUU infants
(38). In contrast, a pooled analysis of African VTP studies that observed an association between maternal
mortality and infant mortality did not find an association between infant mortality and maternal antenatal
CD4 count of below 500 cells/µl (27). These studies preceded cART availability. Pregnant women
received only prophylaxis for VTP irrespective of how severely immune suppressed they were. Thus,
pregnant women in these studies with advanced HIV disease in the absence of cART would have had
severe immune suppression as well as marked dysfunctional immune activation. While mothers with good
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CD4 counts would not yet have had severe immune suppression and would have had less immune
activation than mothers with more advanced disease.
1.4.1.4

Maternal HIV disease in the antiretroviral therapy era

During the period 2009 to 2013 in South Africa, access to cART expanded particularly for pregnant
women. Pregnant South African women were already receiving VTP prophylaxis, but between 2009 and
2013 they became eligible for cART for their own health with CD4 counts below 350 cells/µl or with WHO
stage 3 or 4 disease (112). This is referred to as maternally-indicated cART and once commenced is
continued lifelong. All pregnant women with a CD4 count of 350 cells/µl or greater with WHO stage 1 or 2
disease received a time-limited mono or dual agent prophylactic ARV regimen referred to as VTP
prophylaxis. Currently, as of 2015, all HIV-infected pregnant and breastfeeding South African women,
irrespective of CD4 count or WHO stage receive lifelong cART (113). The scenario considered throughout
this dissertation is for 2009 to 2013 and is referred to as the maternally-indicated cART era.
The maternally-indicated cART era, compared to the pre-cART era, changed the relationship between
CD4 count and viral load during pregnancy, and thus also the relationship between immune suppression
and immune activation. During the pre-antiretroviral therapy era an inverse relationship existed between
maternal CD4 count and HIV viral load, the lower the CD4 count the higher the HIV viral load in the
setting of advanced HIV disease. Thus mothers with advanced HIV, would have had both substantial
immune suppression and dysfunctional immune activation. In the maternally-indicated cART era,
pregnant women with the lowest CD4 counts and severe immune suppression received cART with
subsequent reduced immune activation and resolving immune suppression. Pregnant women with CD4
counts above 350 cells per µl, not receiving cART, would have ongoing viral replication with dysfunctional
immune activation in the absence of severe immune suppression.
Although still an extremely heterogeneous group, this largely resulted in two groups of pregnant HIVinfected women: 1) on maternally indicated cART who either during or prior to pregnancy had advanced
HIV qualifying for cART, but during pregnancy may have any CD4 count and likely an undetectable or low
viral load; 2) on VTP prophylaxis with a CD4 count of 350 cells/µl or more, who had not yet reached the
threshold for cART, with a detectable viral load during pregnancy. Although pregnant women on
maternally indicated cART may no longer have a low CD4 count during pregnancy, they have all reached
a stage of severe immune suppression, with a CD4 count of lower than 350 cells/µl, that rarely completely
recovers despite an improved CD4 count (114,115). Thus pregnant women on cART whose CD4 count
has risen to above 350 cells/µl are still immunologically different to pregnant women on VTP prophylaxis
with equivalent CD4 counts above 350 cells/µl. Furthermore, pregnant women on cART with high CD4
counts differ from pregnant women on VTP because their HIV viral load is likely to be undetectable or
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low. These immunological and virological maternal differences may result in differing in-utero
environments for their infants.
From the pre-antiretroviral therapy era studies it is difficult to distinguish between the effect of maternal
immune suppression and maternal immune activation, and whether one or both of these maternal
immunological aberrations were driving infant morbidity and mortality in mothers with advanced maternal
HIV disease. The question in the maternally-indicated cART era is whether the relationship observed
during the pre-antiretroviral therapy era of increased infant mortality with advanced maternal HIV,
represented by both immune suppression and immune activation, remains. Alternatively, has cART given
to pregnant women for their own HIV disease also improved the outcome of their infants through reduced
HIV product exposure to the foetus, less immune activation and improved maternal immune function?
1.4.2

Immunological differences in HEU infants

Differences in the innate, cell-mediated and humoral immune responses of HEU infants compared to
HUU infants have all been observed. The immune system functions to protect the body against invasion
from external pathogens and does this by responding in two broad ways. The first is through the innate
immune response, that is germline encoded and present from birth, and acts immediately but nonspecifically to kill offending organisms either by the release of inflammatory modulating cytokines
primarily from monocytes, or through ingestion by professional phagocytes. The second is the adaptive or
acquired response that acts less rapidly on first exposure than the innate response but more specifically
by acquiring the capacity to recognize antigens. The adaptive immune response is able to establish
immune memory that can be recalled at a later stage for an anamnestic, efficient and specific response to
a diverse array of pathogens. The adaptive response further works through two mechanisms referred to
as cell-mediated and humoral immunity. The cell-mediated response utilizes immune cells, most
prominently T- and B-lymphocytes, and is primarily responsible for defense against intracellular
pathogens such as HIV. The humoral response utilizes antibodies and complement for direct lysis of
pathogens or as opsonins to enhance phagocytosis.
Quantitative and functional differences in cells of the HEU innate immune system have been observed.
HEU infants exhibit a pro-inflammatory response in early life compared to HUU infants that is
characterized by a skewing of cytokine response to antigenic challenge (116). These differences appear
to completely resolve by 12 months of age (116–118).
Changes seen in cell-mediated immunity provide evidence for direct exposure of HEU infants to HIV. HIVspecific cell-mediated responses suggest that HEU infants, although HIV-uninfected, have interacted
while in-utero with HIV viral products or even live replicating virus in some cases (101,119,120). These
HIV-specific responses are not observed in HUU infants. Quantitative and functional changes observed in
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the major lymphocyte populations may occur as a result of either direct HIV exposure or ARV drug
exposure (121,122). The degree of HIV exposure as represented by the maternal HIV viral load may play
a role in determining the magnitude of these changes (121,123). Unlike the changes observed in the
innate immune system, cell-mediated immune changes following in-utero exposure to HIV may be longer
lasting, possibly through to adolescence (101,124).
Changes in HEU infant humoral immunity related to both specific and non-specific antibody responses
have been described. Newborns and young infants do not have autologous antibody at birth and initially
rely on passive humoral immunity provided by the transplacental transfer of maternal antibodies to the
foetus. It is well established that this transfer is less efficient in HIV-infected women, particularly in those
with high HIV viral loads, resulting in deficient passively acquired immunity in their infants during the first
months of life (125–129). Even following maternal vaccination against influenza during pregnancy, HEU
infants receive less transplacental maternal antibody to influenza than HUU infants and experienced a
higher attack rate of confirmed influenza during the first six months of life (130). This opens a potential
window of vulnerability for infectious morbidity in the early months of HEU infant life. HEU infants,
however, seem to respond appropriately, even robustly, to vaccination, with equivalent levels of vaccine
specific antibodies at four to six months of age when compared to HUU infants (128,131,132). Chronic
immune activation in HIV-infected adults results in elevated levels of non-specific immunoglobulin (Ig) G
antibodies that do not afford protection. Total IgG antibody levels in HEU infants are higher than in HUU
infants up to 2 years of age and are positively correlated with maternal total IgG levels, suggesting that inutero HIV exposure results in non-specific alterations to the HEU infant’s humoral immune response
(133). Exposure to maternal antiretroviral therapy in-utero is associated with normalization of total IgG in
the HEU infant, suggesting that suppression of maternal HIV viral load through effective antiretroviral
therapy removes the antigenic stimulus for dysfunctional humoral immune activation in the HIV-infected
mother and its consequences for the infant (133).
Although it seems that the occurrence of these innate, cell-mediated and humoral immune differences are
temporally related to the period of highest risk for infectious morbidity in HEU infants, such an association
has not yet been directly tested and little is understood about the clinical significance of this altered
immunological trajectory of HEU infants.
1.4.3

Antiretroviral exposure in HEU infants

ARV drug exposure is an inevitable consequence of HIV exposure in regions of the world where access
to ARV based vertical transmission preventive interventions are expanding. This ARV exposure may
begin at conception or is introduced during pregnancy as soon as maternal HIV-infection has been
confirmed (14). ARV exposure then continues postnatally by administration of prophylactic ARV drugs to
the infants themselves or in breastfeeding infants exposed via breast milk to maternally administered
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drugs (134). Although there are documented consequences of exposure to some ARV drugs for HIV
exposed infants, generally their use is considered reasonably safe (135,136). In terms of in-utero and
postnatal ARV exposure and whether this may be related to an increased risk for infectious morbidity
during infancy, the important drugs to consider in the South African programme are the
nucleoside/nucleotide reverse transcriptase inhibitors zidovudine (ZDV), tenofovir (TDF), lamivudine
(3TC) and emtricitabine (FTC), the non-nucleoside reverse transcriptase inhibitors efavirenz (EFV) and
nevirapine (NVP) and the protease inhibitor lopinavir/ritonavir (LPV/r).
ZDV causes anaemia in neonates after in-utero or postpartum exposure (137,138). This is, however,
transient and corrects after withdrawal of ZDV. Other haematological aberrations associated with ZDV
exposure, include altered neutrophil and platelet counts (137). In the general population, chronic anaemia
in childhood is associated with increased infectious morbidity and mortality (139). However, the clinical
significance of these haematological alterations in HEU infants and whether they may be associated with
an increased infectious morbidity risk has not been determined. TDF has nephrotoxic effects that, through
altered bone metabolism, can result in reduced bone mineral density when used for treatment in HIVinfected children (140–143). The association between stunting and increased infectious morbidity risk
makes potential TDF associated bone toxicity an important consideration in African HEU infants (79).
Although there is concern about in-utero exposure to TDF and its effects on the developing foetal skeletal
structure, in two large US based cohorts there was no evidence of an association between in-utero TDF
exposure and foetal growth (144,145). These studies did however identify a lower length-for-age Z-score
in TDF-exposed infants at one year of age and a lower weight-for-age Z-score at six months of age. The
importance of these observations was uncertain but highlighted the need for further surveillance of TDFexposed infants. In Ugandan and Zimbabwean infants exposed to TDF in-utero there was no evidence of
poor bone health or inferior growth at 2 years of age compared to HIV exposed infants not exposed to
TDF (146). Pharmacovigilance programmes, including the Antiretroviral Pregnancy Registry in North
America, have not identified short-term safety concerns with 3TC or FTC in-utero exposure (136,147).
Unrelated to infectious morbidity is the possibility of increased HEU infant morbidity related to
mitochondrial toxicity secondary to NRTI exposure (148–152). The clinical significance of these
mitochondrial changes is unclear but has potential for poorer neurodevelopmental outcomes, myocardial
aberrations and oncogenic effects, warranting further pharmacovigilance (153–155).
There has been concern regarding EFV use during the first trimester of pregnancy and risk for neural
tube defects following animal studies and case-reports of such an association (147,156). A
comprehensive systematic review and meta-analysis found no evidence of birth defects associated with
first trimester EFV use, although the numbers were too small to comment specifically on risk related to
neural-tube defects (157). There is no reason to believe that EFV would be associated with an increased
infectious morbidity risk. Prolonged postnatal NVP exposure up to 6 months of age in breastfed infants is
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safe when used at prophylactic doses with low rates of NVP associated rash or hepatotoxicity, known
side-effects of NVP when used at treatment doses in children and adults (158). There are also no specific
concerns related to mechanisms for increased infectious morbidity. There is controversy in the literature
as to whether in-utero ARV exposure, specifically protease inhibitors (PI) and initiation of cART during
pregnancy, are additional determinants of adverse birth outcomes, including PTB, SGA and LBW, in HEU
infants. Increased risk of PTB with PI-based cART in pregnancy has been observed in Africa and Europe,
but not in the United States (20,66,159).
ZDV-related anaemia and TDF-related long bone growth deficits may potentially be pathways to
infectious morbidity in HEU infants, but there is no definitive evidence in this regard. ARV exposure does
not seem to be directly associated with infectious morbidity risk in HEU infants.
1.4.4

Cotrimoxazole preventive therapy

Cotrimoxazole preventive therapy (CPT) is recommended by the World Health Organisation (WHO) for all
HIV exposed infants from six weeks of age until HIV infection is excluded and all potential HIV exposure
through breastfeeding has ceased (14). Cotrimoxazole is a broad-spectrum antibiotic that effectively
reduces the risk of death due to Pneumocystis jirovecii pneumonia (PCP) in HIV-infected infants (160).
Pneumocystis jirovecii is an opportunistic fungal infection causing PCP in immune compromised hosts
and is responsible for substantial mortality in HIV-infected infants (161). Early infant diagnosis of HIV can
be challenging in much of Africa and the rationale behind the WHO recommendation is to prevent infant
mortality due to PCP in undiagnosed HIV-infected infants. Once HIV-exposure has ceased (i.e. via
breastfeeding) and HIV-infection has been excluded, CPT should be discontinued (14). Although cases
of PCP have been described in HEU infants, these are few considering the growing number of HEU
infants that are exposed to prolonged CPT and the dwindling number of HIV infected infants at risk for
PCP (40,162,163). The benefit of continuing CPT in HEU infants is unclear and there are potential harms
to consider. In the Breastfeeding Antiretroviral Nutrition study conducted in Malawi, CPT reduced the risk
of malaria in the short-term in HEU infants, but this effect seemed to wane with time (164). CPT had no
beneficial effect in reducing severe illness or death, low weight for age or anaemia. Two South African
studies describe a small potential benefit in reduction of lower respiratory tract infections in HEU infants
receiving CPT, however this was associated with an increased risk of diarrhoea in breastfed HEU infants
in one study and after adjusting for ever or never breastfeeding in the second (165,166). A third South
African study observed that CPT was dosed excessively by caregivers almost 50% of the time and not
administered on week-ends in almost 50% of HIV exposed infants, posing the risk of either potential
toxicity or suboptimal dosing respectively (167). Whether prolonged CPT in HEU infants is of any benefit
to their health and survival is currently under investigation in at least one randomized clinical trial
(clinicaltrials.gov identifier NCT01229761).
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1.5

HEU infant infectious morbidity

The causes of morbidity and mortality in South African HEU infants are no different to those in HUU
infants, but may occur more often or with greater severity. In South Africa, as for most of Sub-Saharan
Africa, substantial infant morbidity and mortality results from neonatal disorders including complications of
preterm birth and neonatal sepsis, that can account for up to 34% of mortality (63,168). Pneumonia and
diarrhoeal disease each account for up to 15% of infant mortality (168). Malaria, although not prevalent in
South Africa, is an important additional cause often in the top 5 causes of infant mortality in many African
countries and malnutrition is all too often an underlying risk factor for these infectious causes of mortality
(64,79).
1.5.1

Respiratory tract infections

HEU infants experience substantial morbidity from lower respiratory tract infections (LRTI), often the most
common reason for hospitalization (50,75,169). But whether this respiratory morbidity is greater than that
of HUU infants in the same circumstances is not clearly understood due to a lack of studies with direct
comparisons between HEU and HUU infants. A large perinatal cohort study in South America and the
Caribbean observed that 9% of HEU infants (49/547) were hospitalized at least once for an LRTI in the
first six months of life, 81% being due to viral bronchiolitis (169). In the ZEBS study, 31 of 39 HEU infant
hospitalizations up to 4 months of age, were due to pneumonia/sepsis (10). In South African and
Botswanan studies HEU infants more often than HUU infants failed empiric treatment for pneumonia 48
hours after initiation (aOR (adjusted odds ratio) 6.0, 95% CI 1.5, 23.4 and risk ratio (RiR) 1.83, 95% CI
1.27, 2.64, respectively) (35,40). As expected in all children, risk of acute respiratory infections was
elevated in HEU infants with acute or chronic malnutrition and breastfeeding was protective against acute
respiratory infections in the first 12 months of life (170).

1.5.2

Diarrhoea

One of the earliest observations of increased infectious morbidity in HEU infants was from a prospective
cohort study in Kinshasa, Democratic Republic of Congo between 1989 and 1992, in which 139 HEU and
199 HUU infants were observed to 24 months of age (28). HEU infants had almost double the incidence
of persistent diarrhoea (4.9 vs. 2.7 cases / 100 child-years) and the hazard of persistent diarrhoea was
increased further in HEU infants of mothers who died (HR 10.4, p<0.005). The ZEBS study documented a
hospitalization rate for diarrhoea in the first 24 months of HEU infant life of 8 per 100-child years and a
diarrhoea-related mortality of 4 per 100-child years (75). An increased risk of diarrhoea was associated
with early weaning between 4 and 6 months of age compared to prolonged breastfeeding (RR 1.8, 95%
CI 1.3, 2.4). The risk of diarrhoeal disease is intricately tied to feeding practices (see 1.3.2). In a non21

randomized intervention cohort designed to determine the effect of exclusive breastfeeding on HIV
transmission and to determine effectiveness of peer support on rates of exclusive breastfeeding, there
was no difference between HEU and HUU infants in rates of acute, persistent or any diarrhoea (41). In all
infants exclusive breastfeeding in the first 6 months of life was associated with fewer diarrhoeal days than
mixed or no breastfeeding.
1.5.3

Bacterial sepsis

Bacterial sepsis refers to a systemic response to a bacterial infection. Irrespective of HIV exposure, the
risk for bacterial sepsis is highest during the neonatal period (the first 28 days of life) (171). The immature
neonatal immune system is often unable to contain bacterial infections (172). As the immune system
undergoes maturation during infancy and childhood it gains the ability to respond appropriately to
bacterial infections and the risk of bacterial sepsis lessens. Not all bacteria require the same host
immune response and so defects in specific arms of the immune system may increase susceptibility to
some bacterial infections but not to others. There is evidence that HEU neonates and infants are at
increased risk for some specific bacterial infections, namely Group B Streptococcus during the neonatal
period and Streptococcus pneumoniae (pneumococcus) during infancy (34,173,174).
1.5.3.1

Bacterial sepsis in neonates

Although risk for all-cause early (0 to 7 days of life) or late (8 to 28 days of life) onset neonatal sepsis is
not increased in HEU compared to HUU neonates, HEU infants are at increased risk specifically for
Group B Streptococcus (GBS) sepsis in the neonatal and early infant periods (42,173,174). In a large
cohort of South African neonates, including 1255 HEU and 5804 HUU neonates enrolled in an RCT of
chlorhexidine vaginal washes to reduce early onset neonatal sepsis, there was no difference between
HEU and HUU neonates in early or late onset neonatal sepsis (42). This persisted in a second analysis
using propensity score matching to deal with differences in important variables between HIV-infected and
HIV-uninfected mothers. This study looked at all causes of neonatal sepsis and included presumed
(based on clinical presentation) and confirmed (based on isolation of bacteria from blood or other sterile
site) neonatal bacterial sepsis. GBS infection though, is significantly increased in Belgian and South
African neonates. A Belgian retrospective cohort study looking specifically at confirmed GBS neonatal
sepsis observed an almost 20 times (RiR 19.7, 95% CI 7.5, 51.7) greater risk of Group B Streptococcus
infection in HEU compared to HUU neonates and infants between 2001 and 2008 (173). This increased
risk was also associated with more severe manifestations of disease including septic shock, meningitis
and late-onset disease. In Soweto, South Africa, HIV-exposed infants had a 70% greater risk of earlyonset GBS disease (RaR 1.69, 95% CI 1.28, 2.24) and three times the risk of late-onset GBS disease
(RaR 3.18, 95% CI 2.34, 4.36) (174).
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HEU neonates may have elevated risk for necrotizing enterocolitis (NEC). NEC is an acute intestinal
necrosis syndrome of unknown aetiology, likely resulting from mucosal injury due to bacterial infection or
other pro-inflammatory insults in the setting of poor host protective mechanisms after injury, occurring
most frequently, but not exclusively, in preterm neonates (175). NEC occurs more often in HIV exposed
than HIV unexposed neonates and may occur with more severe manifestations in HIV exposed neonates.
A French case-control study observed a six times greater odds (aOR 6.6, 95% CI 1.26, 34.8) of NEC in
HIV exposed compared to HIV unexposed gestational age matched neonates (176). One South African
retrospective cohort study observed a greater odds of mortality in HIV exposed neonates with NEC
requiring surgery compared to HIV unexposed neonates requiring surgery (OR 4.8, 95% CI 1.7,14.2)
(177). A second South African retrospective cohort however observed no difference in outcomes from
Stage 3 (advanced) NEC in HIV exposed and HIV unexposed neonates (178). These findings do not
seem confounded by the increased risk of preterm birth in HIV exposed neonates as gestational age was
similar in the two groups in both South African studies.
1.5.3.2

Bacterial sepsis in infancy

During the first six months of life HEU South African infants are at greater risk for invasive pneumococcal
disease that includes pneumonia, bacterial septicaemia and meningitis. An incidence rate ratio for
invasive pneumococcal disease of 3.6 (95% CI 2.8, 4.6) in HEU relative to HUU infants was recently
observed in a nationwide invasive pneumococcal disease laboratory surveillance study (34). The same
study found HEU infants were at greater risk for mortality due to invasive pneumococcal disease (aOR
1.8, 95% CI 1.1, 2.9) independent of infant pneumococcal vaccination. The risk for all-cause bacterial
sepsis has not been evaluated in South African HEU infants outside of the neonatal period. However
evidence from the French Perinatal Cohort, that observed 7638 HEU infants between 2002 and 2010,
showed an association between serious bacterial infections in the first year of life and maternal CD4
count near delivery (179). The aHR for a serious bacterial infection were 1.7 (95% CI 1.2, 2.6) and 1.2
(95% CI 0.8, 1.9) for infants of mothers with CD4 count below 350 cells/µl and 350-500 cells/µl
respectively compared to above 500 cells/µl. Maternal antenatal CD4 count was not associated with
serious viral infections.
1.5.4

Congenital viral infections

HIV exposed infants are more often congenitally infected with viral infections than HIV unexposed infants,
most notably CMV, but also Human Herpes Virus 6 (180,181). The odds of congenital CMV infection in
HIV exposed infants born to mothers with CD4 counts below 200 cells/µl is double that of HUU infants
(180,181). A retrospective cohort in the United States from 1997 to 2005 documented a 3% prevalence of
congenital CMV in HEU infants associated with a lower mean birth weight, lower gestational age and
higher maternal HIV viral load (17). A South African cross-sectional study has recently documented a
birth prevalence of congenital CMV in HEU infants of 2.9% (95% CI 1.9, 4.4%), that was also associated
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with a maternal CD4 count of below 200 cells/µl (aOR 2.9, 95% CI 1.2,7.3) (18). A higher breast milk
CMV viral load was associated with a lower weight-for-age and length-for-age Z-score in 6 month old
HEU infants (182). Valacyclovir given to pregnant HIV-infected women from 34 weeks gestation to 12
months post-partum was not effective in reducing the acquisition of CMV by 12 months of age or the time
to CMV acquisition in the HEU infants, compared to placebo (183). The French Perinatal Cohort though
observed a reduction in prevalence of congenital CMV over time as cART was introduced, decreasing
from 3.5% in 1997-98 to 1.2% in 2003-04 (181).
Although HEU infants experience a substantial burden of respiratory tract infections, there is no evidence
yet that the incidence is different to that of HUU infants in the same context. Risk for diarrhoea in HEU
infants is associated with weaning from breast milk or no breastfeeding. There is no evidence that HEU
infants experience greater all-cause neonatal sepsis, but may be at greater risk than HUU infants
specifically for Group B Streptococcal sepsis, NEC and congenital CMV during the neonatal period.
There is good evidence that HEU infants are at greater risk for invasive pneumococcal disease compared
to HUU infants, but risk for all-cause post-neonatal sepsis has not been determined in comparison to
HUU infants.

1.6

Cape Town HEU pilot study

Between 2005 and 2008 we documented a case series of severe infections in 8 HEU infants in Cape
Town (163). Cases included PCP, CMV colitis, haemorrhagic varicella, community acquired
Pseudomonas septicaemia and Group A Streptococcal meningitis and endocarditis. Some children had
subtle immunological defects such as isolated B cell or CD4+ T cell lymphopenia. Following this
observation, a hypothesis-generating pilot study focusing on exploration of innate and adaptive immune
system differences between HEU and HUU infants was conducted. This study enrolled mothers and their
newborns from the postnatal ward of Tygerberg Academic Hospital during March and April 2009 with
follow-up for 24 months. At this time the South African VTP programme consisted of maternal cART for
mothers with a CD4 count below 200 cells/µl, maternal short-course ZDV with single-dose NVP at
delivery for mothers with a CD4 count of 200 cells/µl or greater and short-course ZDV for all infants. Infant
formula was provided for 6 months by the government VTP programme for mothers choosing not to
breastfeed. cART, although provided by the government health system, was not yet widely available and
monitoring of maternal CD4 counts during pregnancy was not yet well implemented. Infants in this pilot
study did not benefit from the addition of rotavirus and pneumococcal conjugate vaccines to the routine
infant immunization schedule, that occurred later in 2009.
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Twenty-seven HEU and 28 HUU infants were enrolled. The two groups differed in terms of race
composition and maternal social habits such as smoking and alcohol use during pregnancy. All but one
HEU infant was formula fed from birth and all HUU infants received some breastfeeding, the median
duration being 12 weeks. Observations related to the immune function of HEU infants confirmed previous
observations of lower levels of vaccine-associated maternally derived antibodies compared to HUU
infants but subsequent excellent quantitative response to vaccination (131). A novel observation was
made related to the innate immune system that HEU infants compared to HUU infants display a
heightened pro-inflammatory response in the first months of life that normalizes by 12 months (116). It
was postulated that this early, exaggerated immune response might partially explain some of the
observed HEU vulnerability to infections.
Although the pilot study was not designed to evaluate the rate of infectious morbidity we observed that
HEU infants had a 2.7 (95% CI 0.8, 8.8) times greater risk for hospitalization due to an infectious event in
the first 12 months of life despite appropriate immunization, good nutritional status and mothers generally
without advanced HIV disease (45). This supplementary observation of a possible elevation in infectious
morbidity in HEU infants, particularly an increased risk for severe infections requiring hospitalization, and
the burgeoning of this population of infants in South Africa provided the impetus for the current study. The
substantial differences between the pilot study HEU and HUU infants in race, maternal social habits and
infant feeding were taken into consideration in the design of the current study to reduce imbalance in
these potential confounders.

1.7

Community context

Kraaifontein, the community in which the current study was set, is situated within the Northern sub-district
of the City of Cape Town, approximately 30 kilometers east of the downtown center of Cape Town, the
largest city in the Western Cape Province of South Africa. The City of Cape Town has a population of
approximately 3.7 million people with extreme income inequality and a Gini co-efficient of 0.6. The
unemployment rate in the City is 23.9%, disproportionately concentrated amongst young black residents
(184). The unemployment rate around Kraaifontein is greater than 30% with less than a 50% high school
graduation rate and some of the highest rates of poverty in the city. Seventy-eight percent of the
residents of the City of Cape Town live in formal (brick built) housing, 87% have access to water piped
into their dwelling or yard as well as electricity for cooking and 88% use a flush toilet connected to
sewerage (184). Equivalent figures for the Northern sub-district or specifically the community of
Kraaifontein are unpublished, but likely differ substantially from the City as a whole. A large proportion of
the Kraaifontein community reside in areas that transitioned from informal settlements, only recently
receiving basic municipal services and infrastructure. Informal houses built of hardboard, corrugated iron
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and plastic sheets are the norm, and three to four households generally share a single flush toilet and
outdoor tap with piped water situated in a courtyard between the households. Although households may
have access to electricity via a “pay-as-you-go” system, financial resources for purchasing of electricity
may not be reliably available.
During this study 89.5% of children under 1 year of age in the Northern sub-district were fully immunized,
similar to 91.6% in the City of Cape Town. However, the Northern sub-district experienced a substantially
higher rate of severe acute malnutrition compared to the average for Cape Town, 5.0 / 1000 compared to
2.8 / 1000 children under 5 years of age respectively (184). The antenatal HIV prevalence of the Northern
sub-district is equivalent to the City at 18% and substantially lower than the South African national
antenatal HIV prevalence of 29% (9,185).

Pregnant women in Kraaifontein receive free care, according to South African National policy, at the
Kraaifontein Midwife Obstetric Unit (MOU), a public primary level community based obstetric service. The
MOU is managed and staffed by registered nurse midwives and deals with low-risk deliveries of
uncomplicated pregnancies. There are no medical doctors on site, and specialist obstetricians at the
secondary level hospital, approximately 10 kilometers away, provide support to the MOU staff.
Complicated cases, including all patients in preterm labour, antepartum haemorrhage, severe
hypertensive diseases of pregnancy and complicated labour, are referred to the secondary hospital
through reliable ambulance transport. Free healthcare is provided for all children younger than six years
of age as well as all HIV-infected people. Referral from a primary healthcare practitioner is required to be
seen at the secondary level hospital emergency department.
During this study the South African National Prevention of Mother to Child Transmission (PMTCT)
programme provided free vertical transmission preventive care at all public clinics in the country, including
Kraaifontein MOU. In the Western Cape Province in 2010, 98% of pregnant women receiving antenatal
care were tested for HIV and 94% of those testing HIV-positive received cART or ARV prophylaxis (8).
During the study the national PMTCT programme provided the following maternal and infant interventions
(112):
A. Maternal interventions
a. cART (FTC or 3TC plus TDF plus EFV) to all pregnant women with a CD4 count below
350 cells/µl or WHO stage 3/4 disease
b. Antiretroviral prophylaxis to all pregnant women not already on cART with a CD4 count of
350 cells/µl or more, including ZDV from 14 weeks gestation plus single dose NVP, FTC
and TDF in labour and 3 hourly ZDV in labour
c.

Repeat CD4 count at 6 weeks post-partum and 6-monthly thereafter

B. Infant interventions
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a. NVP commenced within 72 hours of birth and continued until 7 days after cessation of all
breastfeeding or until 6 weeks of age if not breastfed
b. Infant HIV-PCR test for diagnosis or exclusion of HIV-infection at 6 weeks of age and
again 6 weeks after cessation of all breastfeeding
c.

CPT commenced at 6 weeks of age and continued until no longer breastfeeding and
confirmed to be HIV-uninfected

d. Maternal infant feeding counselling and support in the mother’s own choice to exclusively
breastfeed or replace breast milk with infant formula milk. The public programme
provided free infant formula for 6 months to mothers choosing to formula feed their
infants.

1.8

Study aims, hypotheses and objectives

HEU infants experience the same universal risk factors for infectious morbidity as HUU infants, but there
is evidence that at least some of these risk factors occur more often in HEU than HUU infants, specifically
poor birth outcomes, avoidance of breastfeeding, maternal mortality and poverty. In addition HEU infants
experience unique exposures to HIV particles and antiretroviral drugs that may set them on an altered
immunological trajectory than HUU infants. The infectious morbidity in HEU infants is largely due to
common childhood infections, pneumonia and diarrhoea, but may also include TB, bacterial sepsis and
congenital CMV. HEU infants comprise 30% of the South African infant population and deserve
dedicated study to inform appropriate child health strategies in South Africa.

1.8.1

Study aim

This study aimed to establish whether there was a difference in the pattern and pathways of infectious
morbidity between HEU and HUU infants from a single community in Cape Town in similar
socioeconomic circumstances and after accounting for differences in breastfeeding exposure. It also
aimed to determine whether, within HEU infants, the association observed in the pre-cART era between
advanced maternal HIV disease and increased infant infectious morbidity and mortality still existed in the
maternally-indicated cART era.
1.8.2

Primary hypothesis and objective

Primary hypothesis: HEU infants have a higher probability of all-severity infectious morbidity in the first
six months of life compared to HUU infants.
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Primary objective: to determine whether HEU infants experienced a higher probability of all-severity
infectious cause hospitalizations or death compared to HUU infants in the first six months of life in infants
from a single community after adjusting for differences in breastfeeding exposure.
1.8.3

Secondary hypothesis 1 and secondary objective 1

Secondary hypothesis 1: HEU infants experience a greater severity of infectious morbidity in the first six
months of life compared to HUU infants.
Secondary objective 1: to determine whether HEU infants have a higher probability of severe or very
severe infectious cause hospitalizations or death compared to HUU infants in the first six months of life in
infants from a single community after adjusting for differences in breastfeeding exposure.
1.8.4

Secondary hypothesis 2 and secondary objective 2

Secondary hypothesis 2: HEU infants born to mothers on maternally indicated cART have a higher
probability of infectious morbidity compared to HEU infants born to mothers on VTP prophylaxis.
Secondary objective 2: to determine whether HEU infants born to mothers on maternally indicated cART
have a higher probability of infectious cause hospitalization or death compared to HEU infants born to
mothers on VTP prophylaxis.
See Chapter 5.2 for definition of the major determinants and outcomes as given in the hypotheses and
objectives. Before describing the main study methods in Chapter 4, Chapter 2 follows with a discussion of
the rationale for a study specific tool for outcome classification and a description of the design process
and pilot testing of the outcome classification tool, the Paediatric Infectious Event Tool for Research
(PIET-R). Chapter 3 details the methods and results of the formal reliability and validity evaluation of the
PIET-R conducted on a separate sample of infant hospitalization events.
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Chapter 2 The Paediatric Infectious Event Tool for Research (PIET-R)
HEU infants and children may have a more complicated course and be considered high-risk for various
morbidities and mortality. Therefore clinicians may have a lower threshold for hospitalization of HEU
infants than HIV unexposed infants (186). This potential hospitalization bias in conjunction with the desire
to evaluate a difference in severity of infectious morbidity prompted the design of a study specific
infectious event classification and grading system, the Paediatric Infectious Event Tool for Research
(PIET-R). The rationale for the PIET-R is detailed in section 2.1, its design and pilot testing are described
in section 2.3 and the hypotheses and objectives of the validity and reliability evaluation are given in
section 2.4. The methods, results and discussion of the PIET-R evaluation study are presented in
Chapter 3.

2.1

Rationale for the development of the PIET-R

Currently available outcome classification schemes used in infectious disease research rely heavily on
special investigations and specialist opinion (187,188). The definitive diagnosis of an infectious disease
relies on isolating and identifying the causative organism through a variety of laboratory based
investigations not readily available outside of research settings in low-middle income countries. The ability
to classify and grade clinical infectious events in a standardized manner using only signs and symptoms
determined by history and physical examination conducted by non-specialist health care workers may
facilitate outcome determination in accordance with good epidemiologic principles while efficiently using
available research resources. In considering appropriate case-definitions and severity grading schemes
to use, existing definitions used in clinical trial research, infectious disease surveillance, and international
and local child health management were reviewed for applicability to address our research objectives, as
discussed below. Definitions and grading systems were sought for the infectious disease syndromes
causing the greatest morbidity in South African infants, these being LRTIs (including pneumonia,
bronchiolitis and TB) and infectious diarrhoeal disease (58).
2.1.1

Definitions from clinical trial research

The terminology “adverse event” (AE), although designed for clinical trials of pharmaceutical products is
widely used in observational studies unrelated to the administration of pharmaceutical products and
therefore we looked at case-definitions from clinical trial research (189). Two international efforts at
standardizing adverse event reporting relevant to paediatric infectious disease clinical trials are the
National Institutes of Health Division of AIDS Table for Grading the Severity of Adult and Paediatric
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Adverse Events (DAIDS AE Grading Table) and the Brighton Collaboration case definitions for adverse
events following immunization (AEFIs) (187,188).
The DAIDS AE Grading Table is a descriptive terminology used in HIV research and grades AEs on a
scale of one (mild) to five (death) (187). The Table is also extensively used to grade infectious and other
morbidity in secondary observational studies from which much of the evidence related to infectious
morbidity in African HEU infants has been generated (32,38,76,77,190). The DAIDS AE Grading has a
single “infection” category for all infections other than HIV-infection and grades events according to need
for local or systemic antibiotic therapy and/or impaired ability to perform usual social and functional
activities. Most infections resulting in hospitalization would be associated with use of systemic antibiotics
or impair ability to perform usual social and functional activities graded as ‘3’. A life-threatening event or
death are graded as ‘4’ or ‘5’ respectively. The DAIDS AE Grading Table does not account for differences
in severity of non-life threatening grade ‘3’ events that require hospitalization.

The non-specific single

category of “Infection”, the subjectivity of determining the presence or absence of usual social and
functional activities in infants, and the poor discriminatory power of the grading for events resulting in
hospitalization made the DAIDS AE Grading Table inappropriate for measuring this study’s primary
outcome.
The Brighton Collaboration developed standardized case definitions for reporting of AEFIs to enhance
comparability across studies and facilitate vaccine safety determination (188). These definitions are
based on expert working group consensus following extensive review of the literature and are being
formally tested and evaluated. The Brighton Collaboration has taken cognizance that definitions are
required for differing geographic settings with varying resources and study questions, and have included
in the classifications three different “levels of diagnostic certainty” depending on the complexity of
information available to make the diagnosis. Due to the standardized and rigorous process conducted in
developing the Brighton Collaboration case definitions, and their relevance to low resourced settings they
were reviewed for appropriateness for the main study’s outcome classification. Of the 30 currently
published Brighton Collaboration AEFI definitions, only diarrhoea overlapped with the conditions causing
hospitalization in our cohort (191). The Brighton case-definition of diarrhoea is based on the World Health
Organization (WHO) definition and classification of diarrhoea in children that was ultimately used as the
PIET-R case-definition and is discussed further in section 2.1.3 below (192).
2.1.2

Definitions from infectious disease surveillance

Infectious disease surveillance, utilizing both clinical as well as laboratory case-definitions, most often
focuses on surveillance of organism-specific infectious diseases and seldom on infectious disease
syndromes. The South African National Department of Health and the United States Centers for Disease
Control and Prevention (CDC) provide case-definitions for notifiable communicable diseases (193).

Of
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potential use for our study were the case-definitions for surveillance of TB that have both a clinical and
laboratory based case-definition. The locally used definition devised for clinical management, as opposed
to surveillance, of childhood TB in the Southern African region as discussed in 2.1.3 was considered
more appropriate (23). The clinical management definitions provide clearer and more specific clinical
criteria on which to make a clinical diagnosis of TB than the South African National Department of Health
surveillance or CDC clinical case-definition.
2.1.3

Definitions from child health management

Algorithms to identify common childhood diseases have been developed to assist a spectrum of health
care workers in diagnosing and treating common childhood diseases. The WHO Integrated Management
of Childhood Illnesses (IMCI) uses simple clinical case definitions for diarrhoea and pneumonia, designed
with high sensitivity to assist in identification and management of these conditions by primary health care
workers (194). IMCI assigns degrees of severity to diarrhoea and pneumonia with “severe” disease
warranting immediate referral to hospital. The use of IMCI became a national strategy in South Africa and
is widely used across the country (195). Because HEU infants have been observed in some settings to
experience a high burden of bronchiolitis, a LRTI of viral aetiology, but in other settings been observed to
be at greater risk for severe bacterial but not viral infections, we wanted to be able to distinguish risk for
probably viral as opposed to probably bacterial LRTIs (34,169,179). Unlike the WHO IMCI definition, the
South African Thoracic Society (SATS) guidelines differentiate between community acquired pneumonia
and bronchiolitis (196,197). Thus the WHO IMCI definition for pneumonia was augmented with a separate
definition of bronchiolitis based on the SATS guidelines. The WHO IMCI, The International Union of
Tuberculosis and Lung Disease and the South African Society for Paediatric Infectious Diseases
(SASPID) all use a common definition to clinically diagnose TB (23,194,198). For our primary outcome
determination where organism-specific infectious aetiology was impractical and considered unnecessary
for determining a difference in overall infectious morbidity, IMCI and the South African guidelines were
considered most relevant and adapted for our outcome determination.

2.2

PIET-R case-definitions

The case-definitions for LRTI and diarrhoea were prioritized, focussing on syndromic definitions rather
than laboratory or expert specialist diagnosis. LRTI encompassed pneumonia, bronchiolitis and TB as
defined in the SATS and SASPID guidelines based on WHO definitions (23,196–198). Diarrhoea included
acute and persistent diarrhoea as defined by WHO IMCI (194). The PIET-R case-definitions for lower
respiratory tract infections and diarrhoea are described in Table 2.1 and completed based on information
from a history and physical examination only.
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The case-definitions for “severe” events were based on criteria for hospital admission or referral in local
guidelines and WHO IMCI respectively. An additional grading of “very severe” was defined as an event
meeting criteria for a “severe” event, with persistence of the severe criteria for at least 48 hours following
admission. When available simple investigations such as pulse oximetry for measurement of oxygen
saturation, chest radiography and M.tb microbiology can also be used to meet the case-definitions,
however these investigations are not required. Although less common, important additional conditions
included in the PIET-R case-definitions were dysentery, viral exanthemas including measles and varicella
zoster, bacterial skin infections, meningitis, invasive bacterial infections and congenital infections. Where
available WHO case-definitions were used for these additional case-definitions. However some of the
less common conditions, specifically invasive bacterial infections such as septic arthritis or congenital
infections do rely on laboratory etiologic or specialist diagnosis. The comprehensive list of PIET-R casedefinitions are in Table A.1, Appendix A.
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Table 2.1 PIET-R case definitions for lower respiratory tract infections and diarrhoeal disease
Classification

Definition of case

Definition of severe case

A. Lower respiratory tract infections
1. Pneumonia

History of cough or difficulty
breathing
PLUS tachypnea for age or oxygen
required
WITHOUT wheeze

At least 1 of
• Lower chest wall indrawing or nasal
flaring
• Not able to drink or breastfeed
• Vomiting everything
• Convulsions during this illness
• Lethargic or unconscious
• Oxygen saturation < 92% on room air
• Any oxygen required

2. Bronchiolitis

History of cough or difficulty
breathing
PLUS wheeze or evidence of
hyperinflation on physical exam

At least 1 of
• Tachypnea for age
• Lower chest wall indrawing or nasal
flaring
• Not able to drink or breastfeed
• Vomiting everything
• Convulsions during this illness
• Apnea on history or witnessed
• Lethargic or unconscious
• Oxygen saturation < 92% on room air
• Any oxygen required

3. Tuberculosis

Started on TB treatment in hospital
OR
A close TB contact PLUS chest Xray suggestive of pulmonary TB
OR
Bacteriological confirmation of TB
on sputum, gastric aspirate or
lymph node biopsy
OR
A close TB contact PLUS 2 of
• Persistent non-remitting
cough > 14/7
• Persistent fever > 14/7
• Unsatisfactory weight gain
• Fatigue or reduced
playfulness

Hospital diagnosed extrapulmonary or miliary
TB
OR
At least 1 of
• Tachypnea for age PLUS lower chest
wall indrawing or oxygen required
• Headache, neck stiffness, drowsiness,
irritability, convulsions
• Hepatosplenomegaly
• Peripheral oedema
• Distended abdomen with or without
ascites
• Angulation of the spine/gibbus
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Classification

Definition of case

Definition of severe case

B. Diarrhoeal disease
1. Acute
diarrhoea

Liquid stools (more unformed than
usual) with increased number of
stools for < 14 days

At least 2 of
• Lethargic or unconscious
• Sunken eyes
• Not able to drink or drinking poorly
• Skin pinch takes > 2 seconds to return

2. Persistent
diarrhoea

Liquid stools (more unformed than
usual) with increased number of
stools for > 14 days

At least 2 of
• Lethargic or unconscious
• Restless or irritable
• Sunken eyes
• Not able to drink, drinking poorly,
drinking eagerly, thirsty
• Skin pinch takes > 1 second to return
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2.3

Designing, pilot testing and evaluating the PIET-R

The PIET-R was designed first to provide case-definitions for specific disease syndromes based on
clinical signs and symptoms; secondly to incorporate a severity scale that could discriminate degrees of
severity amongst hospitalized cases; and thirdly to provide a standardized form for abstracting the
necessary attributes from medical records to apply to the case definitions. The PIET-R comprises two
separate documents: 1) the PIET-R case-definitions (Appendix A) for classification of the infectious
events and grading of severity, either severe (hospitalization definitely indicated) or mild-moderate
(hospitalization not definitely indicated) and 2) the PIET-R source document (Appendix B.2) in which
clinical information from hospital charts is abstracted in a standardized format according to the presence
or absence of 54 attributes comprising the infectious event case-definitions. During the design phase,
three general paediatricians were consulted for input on appropriateness of the PIET-R case-definitions.
Revisions were made before Dr. Slogrove and 2 others (a medical student and a registered nurse) piloted
the PIET-R source document on chart abstractions. Following further minor revisions, the PIET-R source
document was used for all hospital chart abstractions in the main study.
To better understand the performance of the PIET-R case definitions and the standardized abstraction
source document when used in a research setting, and for awareness of the potential limitations of the
tool, the reliability (precision) and validity (accuracy) of the LRTI and diarrhoea case-definitions were
formally evaluated in a separate study on a set of infant hospitalization events different to those of the
main study. The predominant concerns were how reliably the necessary attributes to meet the casedefinitions would be abstracted by non-specialist members of the study team and how valid the diagnostic
classification would be in comparison with the diagnosis from a specialist paediatrician. Also taken into
consideration was the potential for wider use in low-middle income countries (LMICs) by research staff
without any formal healthcare training. Lay counsellors trained in HIV adherence counselling, usually
without any post-secondary education qualifications, have become valuable members of research teams
in LMICs. Therefore, even though lay counsellors were not used for the main study hospital chart
abstractions, a lay counsellor was initially included in the evaluation.
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2.4

PIET-R evaluation hypotheses and objectives

The two conditions most commonly associated with hospitalization in South African children, LRTI and
diarrhoea, were prioritized for evaluation.
Primary hypothesis: the reliability (inter-observer agreement) of the final PIET-R classification and grade
as measured by the lower bound of the 95% confidence interval for the prevalence-adjusted-biasadjusted Kappa (PABAK) is > 0.61.
Primary objective: to determine the reliability, as measured by the PABAK, of the PIET-R classification
and severity grade for diarrhoea and LRTI following abstraction of hospital information by a lay
counsellor, registered nurse, general practitioner and paediatrician.
Secondary hypothesis: the sensitivity and specificity of the infectious event classification and grade
obtained from the PIET-R case-definitions is > 80% and 70% respectively.
Secondary objective: to determine the sensitivity and specificity of the PIET-R classification and severity
grade for the diarrhoea and LRTI case-definitions compared to the gold standard (paediatrician
determined) diagnosis.
The Chapter 3 will present the results from the formal evaluation of the PIET-R.
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Chapter 3 PIET-R reliability and validity evaluation: methods, results
and discussion
3.1

3.1.1

Methods

Study design

The PIET-R evaluation study was a cross-sectional study of LRTI and diarrhoea hospitalization events
identified from the general paediatric ward of Worcester Provincial Hospital (WPH). Diarrhoea and
respiratory tract infections peak in this region during the summer and winter months respectively. Due to
this seasonality the study was conducted during December 2013 and January 2014 for diarrhoea and
during July to September 2014 for LRTI.
3.1.2

Study population and setting

WPH was unlikely to receive admissions from the main study cohort and was used to ensure that
hospitalization events in the main study and in the PIET-R evaluation did not overlap. WPH is located in
Worcester, a rural town of 90 000 people, situated 120 kilometers outside of the city of Cape Town in the
Western Cape Province. Similar to the hospital in the main study, WPH is a secondary level publicly
funded hospital. It has 40 paediatric beds and three specialist general paediatricians that provide
paediatric care to the immediate area and 7 surrounding primary level hospitals. The general paediatric
ward averages 210 admissions per month, 60% of admissions are infants aged one to 12 months and the
most common reasons for admission are infectious diseases including infectious diarrhoea (34% of
general paediatric admissions), LRTI (23%), and undefined sepsis (12%). The hospital thus had an
adequate profile and number of admissions to identify sufficient diarrhoea and LRTI cases for the
evaluation.
3.1.3

Sample selection

The sample included the first 25 eligible diarrhoeal disease hospitalization events identified during
December 2013 and January 2014 and the first 25 eligible LRTI events hospitalized during July 2014 to
September 2014. Prior to the routine week-day morning ward round in the general paediatric ward, the
research assistant (a junior paediatric resident) used the ward admission register to identify
hospitalization events meeting study eligibility criteria, according to infant age and diagnosis, and brought
them to the attention of the ward paediatrician for inclusion in the study and determination of the gold
standard diagnosis.
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3.1.4

Eligibility criteria

Infants between one and twelve months of age at the time of hospitalization in the general paediatric ward
of WPH were eligible for inclusion in the study if they had a paediatrician diagnosis of at least one of the
following conditions: LRTI (including pneumonia, TB or bronchiolitis) or diarrhoea (including acute
diarrhoea or persistent diarrhoea). HIV-infected infants as well as neonates less than 28 days of age were
excluded as both these groups may present with atypical clinical signs and symptoms of infections. HIVinfection was excluded with appropriate testing on all infants according to the WPH paediatric ward
protocol. Eligible infants were only included for one hospital admission each, but each hospital admission
could be associated with a diarrhoea event, an LRTI event or both.
3.1.5

Study procedures and data collection

The study was conducted in two separate stages, firstly determining of the gold standard diagnosis, as
described in section 3.1.5.1 and secondly testing of the reliability and validity of the PIET-R source
document and case-definitions, as described in section 3.1.5.2. The case report forms for collection and
recording of all study data are described in section 3.1.5.3.
3.1.5.1

Determination of gold standard diagnosis

A single paediatrician, involved with neither this study nor the main cohort study, and blinded to the PIETR source document and classification case-definitions, determined the gold standard diagnosis and
severity grade for each case. This paediatrician was asked to assign a grade of “severe” to events that
definitely warranted hospitalization and a grade of “mild-moderate” to events that may not have required
hospitalization. The “very severe” grading was not evaluated as it was not possible to give the
paediatrician an instruction on what should objectively be graded as “very severe” while keeping him
blinded to the case-definitions. The paediatrician assigned a gold standard diagnosis and severity grade
based on his clinical examination and results of available investigations, including chest X-rays, blood
investigations and other diagnostic tests. The gold standard diagnosis and severity grading was recorded
on a standardized gold standard case report form (CRF) (Appendix B.1)
3.1.5.2

Testing of reliability and validity

A general paediatrician, general practitioner, registered nurse and a lay-counsellor, conducted this
testing phase and are referred to as the “observers”. These four different types of healthcare
professionals were chosen to evaluate the reliability of the PIET-R across differing levels of paediatric
expertise. During the study, none of the observers had been employed at WPH in the previous 5 years
and all worked in Cape Town. Prior to commencing the chart abstractions, the four observers
simultaneously received a short training session from Dr. Slogrove on how to complete the PIET-R
source document using the hospital charts and how to determine the diagnostic classification and grade
according to the PIET-R case definitions. The observers, blinded to the gold standard diagnosis,
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independently completed chart abstractions recording the abstracted information onto the PIET-R source
document (Appendix B.2). They then used the abstracted information on the PIET-R source document to
classify and grade the hospitalization events according to the PIET-R case definitions and recorded their
final grade and severity classifications on a third standardized CRF (Appendix B.3). As all observers
came from outside of Worcester and the hospital charts could not leave WPH, this phase of the study
was conducted by all observers simultaneously over a two-day period at WPH. The lay counsellor,
without any formal healthcare training and without prior experience working with hospital charts could
only complete half of the event abstractions and classify less than a quarter of the events with the
information abstracted. Therefore, the study strategy was revised to exclude the lay counsellor’s
information in the final analysis.
3.1.5.3

Study documentation

A study log containing the personal healthcare number and the date of admission and discharge for the
event was kept separately from all other study documentation and CRFs. All CRFs were identified using
an anonymous hospitalization identifier assigned uniquely to each hospitalization event. Three CRFs
were used to collect study data. The first CRF was the Gold Standard CRF used by the paediatrician to
indicate for each of the possible diagnostic classifications (LRTI including pneumonia, bronchiolitis, TB
and diarrhoea including acute and persistent diarrhoea) whether this diagnosis was present and graded
as mild-moderate, present and graded as severe or not present. Also collected on this CRF was the
infant’s age in months, dates of admission and discharge and an indication that the infant met the study
eligibility criteria. The second CRF was equivalent to the PIET-R source document onto which the four
observers abstracted the required information from the hospital charts. The observers used the third CRF
to record the final diagnostic classification and grade they had assigned to each event according to the
PIET-R case-definitions. The observers indicated on this CRF for each of the diagnostic classifications
whether this diagnosis was present and mild-moderate, present and severe or not present. They were
also able to indicate if an event was unclassified according to the PIET-R case-definitions.

3.1.6

Data management

Each hospitalization event was allocated an anonymous alphanumeric identifier for identification on all
study CRFs. All data from the CRFs was entered into an electronic OpenClinica database housed on a
secure server at the University of British Columbia (UBC). Dr. Slogrove developed the study database
with the support of the data team at the Vaccine Evaluation Centre, UBC. The database was routinely
backed up to the UBC server, following standard operating procedures. Following single data-entry,
quality checks were performed using logic checks written in R and run on the extracted data. Logic check
discrepancies were verified with the source documents and edited as appropriate by Dr. Slogrove.
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3.1.7

Ethical considerations

The study was conducted according to the principles of ICH Good Clinical Practice for clinical research
and taking into account the Declaration of Helsinki. The Stellenbosch University’s Health Research Ethics
Committee of the Faculty of Health Sciences (N13/10/139), Worcester Hospital, the Provincial
Government of the Western Cape Health Impact Assessment Committee (2013RP191) and the
institutional review board of the University of British Columbia (H13-03518) granted approval of the study.
As this study was conducted by way of review of patient records and did not impact on clinical care
decision-making, a waiver of individual informed consent was approved.

3.1.8

Sample size calculation

Fifty hospitalization events were sought, 25 LRTI and 25 diarrhoea events. It was estimated that it would
be possible to conduct no more than 25 hospital chart abstractions per day over the two-day period
available. Each hospitalization event could be associated with either a lower respiratory tract infection
event, a diarrhoea event or both. It was decided a priori that an estimated inter-observer agreement as
measured by the prevalence-adjusted-bias-adjusted-kappa (described in section 3.1.9) with a lower 95%
confidence interval bound of greater than or equal to 0.61, indicating at a minimum “good” agreement ,
would indicate adequate inter-observer agreement was observed (199). On a sample size of 50 this
would require an estimated prevalence-adjusted-bias-adjusted-kappa of 0.73.
3.1.9

Analytic strategy

Evaluating the reliability of the diagnostic classifications between various observers was prioritized as the
primary objective, as without adequate inter-observer agreement appropriate evaluation of the validity of
the case-definitions against the gold standard diagnoses could not be assessed.

3.1.9.1

Primary objective: reliability

The primary objective was to determine the reliability of the PIET-R diagnostic classifications for
diarrhoea and LRTI and also the reliability of identifying severity of diarrhoea and LRTI events by 3 levels
of healthcare professionals; a specialist paediatrician, general practitioner and a registered nurse (it was
not possible to do this for the lay counsellor as noted above).
Various measures of inter-observer agreement for dichotomous variables exist, each with its own
limitations. The crude percent positive agreement is intuitive and easy to calculate but does not take
agreement by chance into account. The kappa statistic improves on this by giving a measure of interobserver agreement after accounting for the proportion of agreement that could be expected by chance
alone (200). Kappa can take on values between -1 and 1, values greater than zero representing
agreement greater than chance and values less than zero representing agreement less than chance.
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However kappa is dependent upon the prevalence of true “positivity” in the population and tends towards
zero at extremes of prevalence of positivity. Kappa also rewards differential assessment of positivity
between observers (201). Thus when the marginal totals of the contingency table (f1, f2, g1, g2 in Table 3.1
below) are unbalanced, kappa can be paradoxically higher than when marginal totals are balanced. In
response to the limitations in kappa, Byrt et.al described the prevalence-adjusted-bias-adjusted-kappa
(PABAK) (202). The PABAK adjusts for a bias index defined as the difference between two observers in
the proportion of positive responses, and a prevalence index defined as the difference between the
probability of a positive response and the probability of a negative response in the population. PABAK,
like kappa, has values between -1 and 1.
Table 3.1 Contingency table for inter-observer agreement of diarrhoea case-definition
Observer 2
Diarrhoea
Observer 1

No diarrhoea

Diarrhoea

a

b

g1

No diarrhoea

c

d

g2

f1

f2

N

In reference to Table 3.1 above, the following measures of inter-observer agreement were calculated
between each pair of observers for each of the classifications a) all diarrhoea, b) severe diarrhoea, c) all
LRTI, d) severe LRTI:
•

Proportion positive agreement (PPA) = 2a/(2a + b + c)

•

Proportion negative agreement (PNA) = 2d/(2d + b +c)

•

Proportion observed agreement (Po) = (a + d)/N

•

Proportion expected chance agreement (Pe) = (f1 g1 + f2g2)/N

•

Kappa = (Po – Pe)/(1-Pe)

•

Bias index (the difference in proportion of yes for each of two observers) = (b-c)/N

•

Prevalence index (the difference between the probability of a positive response and the

2

probability of a negative response in this sample) = (a-d)/N
•

Prevalence-adjusted-bias-adjusted-Kappa (PABAK) = 2Po – 1.

An a priori cut-off for adequate reliability was set as the lower bound of the 95% confidence interval for
the estimate of PABAK being greater than or equal to 0.61, representing at a minimum good agreement
beyond chance according to the scale suggested by Byrt (see Appendix B.4).
For the inter-observer agreement of “all diarrhoea” the LRTI events without concurrent diarrhoea were
considered as “no diarrhoea” and for “all LRTI”, diarrhoea events without concurrent LRTI considered as
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“no LRTI”. Thus for the “all diarrhoea” and “all LRTI” classifications all 50 events were included. For the
“severe diarrhoea” classification, only the events first classified by the observers as “all diarrhoea” were
included for the evaluation of “severe diarrhoea” as opposed to “mild-moderate diarrhoea” and likewise
for the “severe LRTI” events.
3.1.9.2

Secondary objective: validity

The secondary objective was to determine the validity of the PIET-R diagnostic classifications “all
diarrhoea” and “all LRTI” and grades “severe diarrhoea” and “severe LRTI” as determined by the three
observers and tested against the gold standard paediatrician diagnosis. The sensitivity, specificity,
positive predictive value and negative predictive value were determined for each classification individually
for each of the observers and for all observers combined. When calculating the validity indices for all
observers combined, a true positive was considered when all three observers correctly classified the
condition as present, a true negative when all three observers correctly classified the condition as absent,
a false positive if at least one observer falsely classified the condition as present and a false negative if at
least one observer falsely classified the condition as absent.
With reference to Table 3.2 below, the validity indices were calculated as follows:
Sensitivity = true positive / (true positive + false negative)
Specificity = true negative / (true negative + false positive)
Positive predictive value = true positive / (true positive + false positive)
Negative predictive value = true negative / (true negative + false negative)
Table 3.2 Contingency table for sensitivity and specificity of diarrhoea case-definition
Gold Standard Diagnosis
Diarrhoea
Observer
Classification

No diarrhoea

Diarrhoea

True positive

False positive

No diarrhoea

False negative

True negative

To calculate confidence intervals for PABAK its variance was calculated as 4Po (1-Po)/N (203).
Confidence intervals for the validity indices were calculated according to the adjusted Wald method using
the on-line calculator at http://www.measuringu.com/wald.htm (204). Statistical analysis was conducted
by Dr. Slogrove using R version 3.1.0 (2014 R Foundation for Statistical Computing, Vienna, Austria) and
Microsoft Excel for Mac 2011 version 14.4.7 (2010 Microsoft Corporation).
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3.2

Results

Fifty hospitalizations of eligible infants one to 12 months of age were identified with a gold standard
diagnosis and grading determined. Twenty-eight events had a gold standard diagnosis of diarrhoea, 26
considered by the gold standard paediatrician as “severe diarrhoea”. Twenty-six events had a gold
standard diagnosis of an LRTI, 19 considered as “severe LRTI”. All gold standard events were classifiable
according to a PIET-R case-definition except for a single gold standard diarrhoea event that was
unclassified by the registered nurse and a single LRTI event that was unclassified by all three observers.
The primary objective was to determine the reliability of the final PIET-R classification and grade achieved
through measures of inter-observer agreement. For “all diarrhoea” events there was high positive,
negative and overall observed agreement with a low bias index resulting in identical kappa and PABAK
values between 0.88 (95% CI 0.74, 1.00) and 0.96 (95% CI 0.88, 1.00) for the three pairs of observers
(Table 3.3). For “severe diarrhoea”, observed agreement ranged from 0.74 to 0.81, but agreement by
kappa and PABAK were substantially lower ranging from 0.42 (95% CI 0.09, 0.75) to 0.62 (95% CI 0.32,
0.92) and 0.48 (95% CI 0.14, 0.82) to 0.62 (95% CI 0.32, 0.92) respectively. For “all LRTI” events, overall
observed agreement was between 0.82 and 0.9 with a low bias index and identical kappa and PABAK
values ranging from 0.64 (95% CI 0.43, 0.85) to 0.80 (95% CI 0.64, 0.97). For “severe LRTI” events,
overall agreement was between 0.9 and 0.91. With a high prevalence index kappa and PABAK differed
considerably, kappa ranging from 0.45 (95% CI -0.19, 1.00) to 0.62 (95% CI 0.15, 1.00) and PABAK
ranging from 0.80 (95% CI 0.54, 1.00) to 0.82 (95% CI 0.58, 1.00).
By PABAK inter-observer agreement for “all diarrhoea” was very good according to Byrt's descriptive
classification and met the a priori hypothesis of at least good agreement (the lower bound of the 95% CI >
0.61) for all 3 observer pairs. The only other classification to meet the a priori criteria for good agreement
was “all LRTI” for the general practitioner-paediatrician pair. For “severe diarrhoea” the lower confidence
interval bounds were in the range of only slight agreement and “severe LRTI” in the range of fair
agreement and thus did not meet the a priori criteria of at least good agreement. The point-estimates for
“severe diarrhoea” indicate that agreement could be fair and for “severe” LRTI could be good.
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Table 3.3 Inter-observer agreement of PIET-R diagnostic classifications
PPA

PNA

Po

BI

PI

Kappa (95%CI)

PABAK (95%CI)

All Diarrhoea
Nurse-GP

0.98

0.98

0.98

-0.02

0.14

0.96 (0.88, 1.00)

0.96 (0.88, 1.00)

Nurse-Paediatrician

0.96

0.95

0.96

0.00

0.12

0.92 (0.81, 1.00)

0.92 (0.82, 1.00)

GP-Paediatrician

0.95

0.93

0.94

0.02

0.14

0.88 (0.74, 1.00)

0.88 (0.74, 1.00)

Nurse- GP

0.83

0.70

0.79

-0.21

0.29

0.56 (0.27, 0.84)

0.58(0.28, 0.88)

Nurse-Paediatrician

0.84

0.78

0.81

-0.04

0.15

0.62 (0.32, 0.92)

0.62(0.32, 0.92)

GP -Paediatrician

0.81

0.59

0.74

0.19

0.37

0.42 (0.09, 0.75)

0.48(0.14, 0.82)

Nurse- GP

0.82

0.82

0.82

-0.06

0.02

0.64 (0.43, 0.85)

0.64(0.42, 0.86)

Nurse-Paediatrician

0.82

0.85

0.84

0.00

-0.04

0.68 (0.48, 0.88)

0.68(0.48, 0.88)

GP -Paediatrician

0.90

0.90

0.90

0.06

0.02

0.80 (0.64, 0.97)

0.80(0.64, 0.96)

Nurse- GP

0.94

0.67

0.90

-0.10

0.71

0.62 (0.15, 1.00)

0.80(0.54, 1.00)

Nurse-Paediatrician

0.94

0.67

0.90

-0.10

0.70

0.62 (0.15, 1.00)

0.80(0.54, 1.00)

GP -Paediatrician

0.95

0.50

0.91

0.00

0.83

0.45(-0.19, 1.00)

0.82(0.58, 1.00)

Severe Diarrhoea

All LRTI

Severe LRTI

BI – bias index; GP – general practitioner; PABAK – prevalence-adjusted-bias-adjusted kappa; PI –
prevalence index; PPA – proportion positive agreement; PNA – proportion negative agreement; Po –
proportion observed agreement
The secondary objective was to determine the validity of the PIET-R diagnostic classifications, through
measures of sensitivity, specificity, positive and negative predictive value. The “all diarrhoea”
classification had the highest sensitivity and specificity ranging from 0.96 (95% CI 0.81, 1.00) and 0.90
(95% CI 0.71, 1.00) respectively for all observers combined to 1.00 (95% CI 0.90, 1.00) and 1.00 (95% CI
0.87, 1.00) for the nurse (Table 3.4). The “severe diarrhoea” grading performed less well with a sensitivity
of 0.50 (95% CI 0.32, 0.68) for all observers combined and slightly better for individual observers ranging
from 0.54 (95% CI 0.35, 0.71) for the nurse to 0.77 (95% CI 0.58, 0.89) for the general practitioner.
Positive predictive value for “severe diarrhoea” was good ranging from 0.93 (95% CI 0.66, 1.00) for all
observers to 1.00 (95% CI 0.83, 1.00) for the paediatrician. With only two “mild-moderate” or “negative
severe diarrhoea” events it was not possible to interpret the specificity and negative predictive value of
“severe diarrhoea”. The “all LRTI” classification performed consistently across all validity indices with an
overall sensitivity and negative predictive value of 0.73 (95% CI 0.52, 0.87) for all observers and overall
specificity and positive predictive value of 0.79 (95% CI 0.59, 0.91). The “severe LRTI” grading performed
adequately in terms of sensitivity and positive predictive value, but with only 7 “negative severe LRTI
events”, the specificity and negative predictive values varied widely across observers.
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Table 3.4 Validity of PIET-R diagnostic classifications
Sensitivity

Specificity

Positive
Predictive Value

Negative
Predictive Value

All Diarrhoea
All observers

0.96 (0.81, 1.00)

0.90 (0.71, 1.00)

0.93 (0.77, 0.99)

0.95 (0.76, 1.00)

Nurse

1.00 (0.90, 1.00)

1.00 (0.87, 1.00)

1.00 (0.90, 1.00)

1.00 (0.87, 1.00)

GP

1.00 (0.90, 1.00)

0.95 (0.76, 1.00)

0.96 (0.81, 1.00)

1.00 (0.86, 1.00)

Paediatrician

0.96 (0.81, 1.00)

0.95 (0.76, 1.00)

0.96 (0.81, 1.00)

0.95 (0.76, 1.00)

Severe
Diarrhoea
All observers

0.50 (0.32, 0.68)

0.00 (0.00, 0.78)

0.93 (0.66, 1.00)

0.00 (0.00, 0.20)

Nurse

0.54 (0.35, 0.71)

0.50 (0.10, 0.90)

0.93 (0.68, 1.00)

0.08 (0.00, 0.38)

GP

0.77 (0.58, 0.89)

0.50 (0.10, 0.90)

0.95 (0.76, 1.00)

0.14 (0.10, 0.53)

Paediatrician

0.62 (0.42, 0.78)

1.00 (0.22, 1.00)

1.00 (0.83, 1.00)

0.09 (0.00, 0.40)

All observers

0.73 (0.52, 0.87)

0.79 (0.59, 0.91)

0.79 (0.59, 0.91)

0.73 (0.52, 0.87)

Nurse

0.96 (0.70, 0.97)

0.96 (0.78, 1.00)

0.96 (0.78, 1.00)

0.96 (0.70, 0.97)

GP

0.85 (0.66, 0.94)

0.79 (0.59, 0.91)

0.81 (0.63, 0.92)

0.82 (0.63, 0.94)

Paediatrician

0.85 (0.66, 0.94)

0.92 (0.73, 0.99)

0.92 (0.73, 0.99)

0.85 (0.66, 0.94)

All observers

0.82 (0.58, 0.95)

0.16 (0.01, 0.58)

0.74 (0.51, 0.89)

0.25 (0.00, 0.71)

Nurse

0.82 (0.58, 0.95)

0.33 (0.09, 0.70)

0.78 (0.54, 0.92)

0.40 (0.12, 0.77)

GP

1.00 (0.84, 1.00)

0.60 (0.23, 0.88)

0.89 (0.67, 0.98)

1.00 (0.47, 1.00)

Paediatrician

0.94 (0.72, 1.00)

0.25 (0.03, 0.71)

0.85 (0.63, 0.96)

0.50 (0.09, 0.91)

All LRTI

Severe LRTI

GP – general practitioner

The sensitivity of all classifications except “severe diarrhoea” was greater than 80% for individual
observers against the gold standard and met the a priori set limit for adequate sensitivity of 80%. The
lower bound of the 95% confidence intervals indicate though that the sensitivity could be as low as 66%
for “all LRTI” and 58% for “severe LRTI”. With an insufficient number of negative severe events for both
diarrhoea and LRTI, specificity could not be evaluated.

3.3

Discussion

The PIET-R was designed to provide standardized case-definitions with a grading scheme for the most
frequent infectious disease syndromes in South Africa. The tool used WHO and local clinical definitions
and the definitions and grading scheme were applied using signs and symptoms recorded in hospital
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notes. The precision and accuracy of the PIET-R case-definitions were formally evaluated in this small
study in order to guide interpretation of the main study results.
The attributes to be applied to the case-definitions can be considered as relevant as they were
adequately recorded in the admission notes for the observers to classify all but one diarrhoea and one
LRTI event. The overall proportion of inter-observer agreement was between 74% and 98%, and all
classifications for all observer pairs had agreement better than chance (PABAK >0), but only “all
diarrhoea” had very good agreement, with “severe diarrhoea” being the least precise. To attain a
classification of any LRTI or any diarrhoea required only a few signs or symptoms be well reported in
hospital notes and hence relatively good agreement between observers was reached. To classify an
event as severe required one additional attribute for “severe LRTI” and two additional attributes for
“severe diarrhoea”, possibly explaining why the severity classifications and severe diarrhoea specifically
performed poorly.
For validity of the case definitions “severe diarrhoea” had low sensitivity for all observers against the gold
standard. Despite the wide implementation in primary healthcare clinics in South Africa of IMCI, on which
the definition of severe diarrhoea was based, hospital clinicians still often use older definitions to quantify
dehydration, quantifying the extent as 5% or 10% dehydration. The PIET-R definition for severe diarrhoea
may warrant including assessment of “10% dehydrated” to meet criteria for a severe event. With few
events considered as “mild-moderate” or negative severe events, it was not possible to interpret the
specificity and negative predictive value of the severe diarrhoea and severe LRTI classifications and is a
short-coming of the study. Inclusion of additional “mild-moderate” cases seen in the paediatric emergency
or out-patient department, that did not require admission to the paediatric ward, would have been
advantageous to ensure adequate numbers of “mild-moderate” cases for appropriate evaluation of
specificity and negative predictive value of the severity grading. Overall, the PIET-R classifications had
reasonable to good positive predictive value. It is reassuring that the PIET-R does not over classify event
occurrence or severity. Using this tool would underestimate rather than overestimate the number of all
diarrhoea and all LRTI events and underestimate severity.
Due to logistic and resource considerations, this initial PIET-R evaluation was limited to assessing the
most common infectious event classifications, LRTI and diarrhoea. The complete PIET-R tool was not
evaluated. Moreover the evaluation was confined to HIV-uninfected infants one to 12 months of age. In
this initial evaluation only one hospital was used, with the same team of paediatric doctors during the
evaluation period. The paediatric department of WPH sees patients with a similar disease profile and has
doctors of a similar level of experience to the hospital receiving the majority of hospitalizations for the
main study. Therefore, although these results may not be widely generalizable, they adequately
represent the tools performance in the main study.
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It is unfortunate that the lay-counsellor, without any medical training, could not complete all of the
abstractions in the time available. The observers all received a short introductory session on how to use
the PIET-R tool, but Dr. Slogrove gave very little input to the interpretation of what was documented in the
hospital notes or navigating the hospital admission charts so as not to bias the abstraction and
classification by observers. With additional training and guided practice a lay-counsellor may well be able
to adequately abstract information from hospital notes to the PIET-R source document and follow the
algorithms to reach a case-definition. Without this additional guidance though, a lay counsellor should
not be given the responsibility of chart abstractions and diagnostic classification.
The PIET-R did not perform as well as hypothesized. This may partly be due to the limited nature of the
evaluation and short-comings in the study design. However, there are no published validity or reliability
evaluations of the DAIDS adverse event grading, Brighton case-definitions or other infectious disease
case-definitions or classification schemes for comparison.
In conclusion, sufficient information according to the case-definition attributes was available in the clinical
hospital admission notes. All classifications had agreement better than chance, but only “all diarrhoea”
met the a priori expectation for minimum “good” inter-observer agreement. Validity according to
sensitivity met a priori expectations for all classifications except “severe diarrhoea” and the overall high
positive predictive values for the severe classifications indicate that severity was not overestimated.
Specificity and negative predictive value could not be adequately assessed.
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Chapter 4 Mother Infant Health Study methods
To test the primary study hypothesis that South African HEU infants have a greater probability of
infectious morbidity than HUU infants, the Mother Infant Health Study recruited a prospective cohort of
these two groups of infants. Central to testing this hypothesis was the assumption that universal infant
risk factors, specifically socioeconomic position, poor birth outcome (preterm birth, small for gestational
age) and infant feeding differences, do not account for the entirety of the difference between HEU and
HUU infants, and that HEU unique exposures also play a role. As such, this study was designed to
reduce potential socioeconomic differences between infants and to consider differences in infectious
disease risk between term HEU and HUU infants beyond what can be accounted for by breastfeeding
differences.

4.1

Study design, population and setting

Mothers and their infants were recruited at birth from the Kraaifontein midwife obstetric unit (MOU), Cape
Town, Western Cape Province, South Africa. A single MOU providing care for pregnant women from low
socio-economic communities was chosen to ensure roughly comparable household socio-economic
position among study participants. Participants were followed at the Children’s Infectious Diseases
Clinical Research Unit (KID-CRU), Tygerberg Hospital, Cape Town until infants were six months of age.
Study enrolment took place Monday through Friday from 15 July 2012 to 30 June 2013 and 6 month
follow-up was completed in December 2013. HIV-infected and HIV-uninfected mothers were frequency
matched on race/ethnicity to limit variation in social habits including smoking, alcohol and drug use
(205,206). To control for seasonal patterns in infectious morbidity HIV-unexposed infants were chosen to
match HIV-exposed infants with the closest date of birth, but no more than 30 days different in age.

4.2
4.2.1

Study methodology
Eligibility criteria

To further ensure comparable socio-economic status, HIV-infected and HIV-uninfected mothers from four
well-defined neighbourhoods with similar low socio-economic position were eligible for inclusion. Mothers
with low-risk obstetric histories and HIV-infected mothers with uncomplicated HIV disease were included
to minimize maternal comorbid factors that are independently associated with universal infant morbidity
and mortality. Mothers 18 years and older from whom written informed consent could be obtained and
who delivered a live-born baby at Kraaifontein MOU were eligible for inclusion. Mothers and their infants
48

were ineligible if the mother was unable to communicate in English, Afrikaans or Xhosa (the three main
languages of the Western Cape Province), if the mother had no means of telephonic communication or
intended to move away from Cape Town before the infant’s first birthday. Mothers who had received no
antenatal care prior to admission in labour or had delivered before arrival at Kraaifontein MOU were
excluded. High-risk mothers including HIV-infected mothers on third line cART, mothers with preeclampsia, eclampsia or a multiple pregnancy were also excluded. Infants born before 34 weeks
gestation, birth weight below 2000g or with any severe terminal congenital birth defects or genetic
abnormalities (e.g. Trisomy 13 or 18) were excluded. HIV-infected infants and infants with a diagnosis of
a primary immune deficiency or oncological disorder were withdrawn from the study. Eligibility was not
restricted according to infant feeding choice as the local infant feeding policy was in transition during the
study.
4.2.2

Study procedures

The study consisted of an enrolment visit within 72 hours of delivery, and follow-up visits at two weeks of
age, two months, four months and six months of age. See Table 4.1 for a summary of the study
procedures.
4.2.2.1

Study site preparation

Prior to commencement of the study the health management team of Kraaifontein MOU was engaged in
a discussion on the aims of the study and what measures the study team could take to minimize
interference with clinic activities. A short orientation session about the study was held with the labour
ward and postnatal ward staff before commencement of enrolment. There was no additional load placed
on the nursing staff or counsellors at the facility. The study coordinator maintained open communication
with the MOU manager to ensure that the study was not impinging on their service delivery. The
Kraaifontein monthly aggregate statistics of the total number of deliveries and proportion delivered by
HIV-infected and HIV-uninfected mothers for the period of enrolment were collected in order to determine
the representativeness of the study sample compared to the population.
4.2.2.2

Enrolment and informed consent process

Prior to enrolment, the study team provided information about the study to all pregnant women attending
the Kraaifontein antenatal clinic for prenatal visits. After receiving information about the study, mothers
were approached following delivery and given up to 3 days to consider participation in the study before
written informed consent was requested. The informed consent procedure and all study interviews were
offered in the mother/caregivers preference of Afrikaans, English or Xhosa. At the start of each study visit
the study team requested ongoing informed consent affirmation.
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Hospitalized

Visit 4

Visit 2

Visit 3

Window (in reference to infant age)

Visit 1

Enrolment

Table 4.1 Summary of study procedures

0-72

14 +/-4

8 +/-2

16 +/-2

26 +/-2

0-194

hours

days

weeks

weeks

weeks

days

X

X

X

X

X

X

X

X

X

X

X

X

X

Retrieval of PMTCT Programme results:
Maternal antenatal CD4 count

X

Infant 6-week HIV-PCR (HEU)

X

Health record reviews:
Maternal Obstetric Care Record

X

Infant Road To Health Book

X

X

Interviews with mother/caregiver:
Maternal health history

X

Socioeconomic interview

X

Infant health & feeding history

X

Physical examinations:
Maternal anthropometry

X

Infant physical examination &

X

anthropometry
Maternal investigations:
HIV serology (HIV-uninfected)

X

CD4 count (All)

X

HIV viral load (HIV-infected)

X

Infant investigations:
Full blood count (All)

X

HIV-PCR (HEU)

X

X

HIV serology (HUU)

X

X

DBS card stored for HIV-PCR (All)
Hospitalization record abstraction

X

X

X
X

DBS – dried blood spot; HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; HIV-PCR –
HIV polymerase chain reaction; PMTCT – prevention of mother to child transmission
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4.2.2.3

Co-ordination of study visits

In order to reduce and manage losses to follow-up, at enrolment detailed contact information, including
address with landmarks, relatives contact details (with consent) and intended clinic to be used for routine
infant visits, was collected. At each study visit, a plan was made with the mother for the most suitable
date for the next study visit and how she would travel to the study site for the visit. Mothers were offered
two transport options, either to be transported by the study bus or to be reimbursed for cost of public
transportation to the study site. Mothers received a text-message reminder and phone call (with consent)
before the scheduled study visit. Mothers contributed approximately five hours of their time for each
study visit, from the time they were picked up by the study bus in the morning to the time they were
dropped off at home again. For any mother-infant pairs that did not attend a study visit, attempts to trace
the pair were made by the study team using available contact information. If this was unsuccessful, the
local health clinic was contacted for information about the possible whereabouts of the mother and
infant. Mother-infant pairs were withdrawn from study follow-up if contact was not re-established after two
months of active tracing. Even if lost-to-contact, all infants were maintained in the study for determination
of the primary outcome (see section 4.2.2.9 below).
4.2.2.4

Health record reviews

Maternal obstetric records were reviewed at enrolment and necessary data abstracted onto a
standardized study enrolment source document. The maternal obstetric record, used in all public
healthcare facilities in the province, is completed and updated by registered nurse midwives at the first
and all subsequent antenatal clinic visits. It also contains the comprehensive record of the delivery, the
outcome of the delivery and all care given to the mother and newborn immediately post delivery. See
Table C.1 in Appendix C for maternal variables abstracted. At every follow-up visit the infant Road To
Health Book was reviewed. This is a caregiver held record containing comprehensive information about
the infant’s birth, growth and immunizations received at the local health clinic. Documentation of
immunizations and the dates they were received was abstracted from the Road to Health Book onto the
study source document at each visit.
4.2.2.5

Interviews and infant physical examination

All study interviews were conducted according to standardized questionnaires. At enrolment a research
nurse conducted an interview for maternal obstetric, demographic and contact details. At the two-week
follow-up visit the research medical officer conducted a maternal health history, a research nurse
performed maternal anthropometric measurements and a research counsellor conducted a detailed
socioeconomic and household questionnaire with the mother. At every follow-up visit the research
medical officer conducted an infant health history and physical examination, a research nurse performed
infant anthropometric measurements and a research counsellor conducted a detailed infant feeding
history with the mother or caregiver. The research medical officer conducting the infant health history and
51

physical examination was not blinded to infant HIV-exposure status so as to be able to provide
appropriate medical care and referrals as needed. Where there was a clinical indication to suspect HIVinfection at any study visit on any infant, the HIV-PCR was conducted immediately at that study visit
following appropriate counselling. These clinical indications for suspicion of HIV-infection included any
infectious cause hospitalization, moderate or severe acute malnutrition, failure to thrive, diagnosis of TB
or at the discretion of the research medical officer. If the infant was confirmed to be HIV-infected, the
infant was referred for appropriate HIV care and treatment and the mother and infant withdrawn from the
study.
4.2.2.6

Maternal investigations

At enrolment, within 72 hours of delivery, maternal venous blood samples were collected for CD4 count
on all mothers and HIV viral load on HIV-infected mothers. At the two-week visit HIV-uninfected mothers
th

had their HIV status confirmed with a rapid 4 generation HIV ELISA antibody test using standard South
African HIV testing algorithms (112). Mothers that were found to have seroconverted postnatally were
appropriately counselled and referred for HIV care. Their infants immediately had an HIV PCR test
performed (as described in 4.2.2.7 below) to exclude infant HIV infection and were referred for
appropriate prophylactic measures if HIV-uninfected or for HIV antiretroviral treatment if found to be HIVinfected.
4.2.2.7

Infant investigations

At each visit from two weeks of age infant blood was sampled for a haemoglobin measurement. Prior to
the two month visit, results of the infant HIV-PCR test performed by the primary healthcare clinics on all
HIV exposed infants at six weeks of age, according to the South African National PMTCT programme
guidelines, were accessed from the National Health Laboratory Service (NHLS) database according to
the infant’s province-wide unique healthcare number. In order to exclude HIV infection, at 6 months of
age infant blood was sampled for an HIV-PCR on HIV exposed infants and an HIV ELISA on HIV
unexposed infants. In addition blood was stored on a dried blood spot card at each visit for retrospective
exclusion of HIV-infection in infants lost to follow-up prior to six months of age. Prior to all blood sampling
a local anaesthetic ointment was applied to the infants’ skin. The maximum safe blood volume that could
be drawn at each visit was never exceeded (207).
4.2.2.8

Laboratory procedures

The NHLS processed all laboratory investigations. The maternal CD4 lymphocyte count was performed
by standard NHLS Immunology Laboratory procedures using the Beckman Single Platform
PanLeucoGating method. HIV viral load was performed by the NHLS Virology Laboratory and measured
as a quantitative HIV RNA level using the Abbott RealTime HIV-1 Assay, with a limit of detection of 40
copies/ml. The Abbott 4th Generation ELISA Axsym was used to screen for HIV-infection in all HUU
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infants and the Roche COBAS AmpliPrep/ COBAS Taqman HIV-1 Test version 2.0 HIV-PCR was used to
exclude HIV-infection in all HEU infants.
4.2.2.9

Outcome determination – infectious cause hospitalization or death

Near-real time hospitalization of infants was tracked using telephone caregiver contact in conjunction with
regular telephone contact with the ward clerks of the paediatric wards at the two hospitals most likely to
receive admissions of study infants. An unblinded trained member of the research team (one registered
nurse and one medical student) reviewed the admission notes as soon as the hospitalization was
identified and completed the de-identified standardized source document of the Paediatric Infectious
Event Tool for Research (PIET-R). At roughly six-month intervals during the study and on completion of
all six-month infant follow-up, the Western Cape Province electronic hospital administrative system was
searched for every infant enrolled in the study for a record of hospital admission. The hospital records of
any additional hospitalizations identified through these searches were reviewed and a PIET-R source
document completed as described above. This allowed for identification and inclusion of hospitalizations
for all infants including those lost to face-to-face follow-up prior to completing six months of follow-up.
Two paediatricians, (Dr. Slogrove and another paediatrician not otherwise involved with any aspects of
the study) both blinded to HIV exposure status, used the PIET-R source document for each
hospitalization to independently classify and grade the infectious events according to the PIET-R casedefinitions (see Appendix A). A grading according to the DAIDS Grading of Adult and Paediatric Adverse
Events was also given to each event by both paediatricians independently, so as to be able to compare to
previous studies that have used DAIDS (187). Where the classification and grading differed between the
two paediatricians, consensus was reached through discussion and these differences and decisions
documented. Hospital emergency department visits that did not result in an overnight admission to the
paediatric ward were not included as hospitalization events and were counted instead as sick-clinic visits.
At completion of the last six-month follow-up a number of mechanisms were used to identify infant deaths
to be included in the primary and secondary outcomes. Firstly, attempts were made to recontact all
families of infants that were lost to face-to-face follow-up before six months of age. Secondly, the Western
Cape Province mortality registry was searched based on date of birth for all infants not completing six
months of follow-up. It is possible that some infant deaths are not officially registered and undergo
informal burial services in the community and would not be identified through these mechanisms.
To understand whether we were likely to have misidentified a substantial number of infant deaths and
underestimated the primary outcome we used local infant and child mortality rates to estimate the number
of infant deaths we could reasonably expect in our cohort. Published Western Cape Province and City of
Cape Town infant and under-5 mortality estimates for 2010 were used, indicating an infant mortality rate
of 22.3/1000 and under 5 mortality rate of 27/1000 (168,184). Our study excluded HIV-infected infants
and high-risk neonates, these two factors contributing up to 64% of under-5 mortality in this area (58).
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Based on this, we altered the estimate of infant mortality for what could be expected in our cohort to
7.9/1000 and compared this to the number of infant deaths ultimately identified.
4.2.2.10

Additional sub-studies

In addition to the study presented here for Dr. Slogrove’s dissertation, a number of other sub-studies
conducted by collaborators explored specific aspects of HEU infant health in comparison to HUU infants.
These included i) an evaluation of maternal placental pathology, ii) comparison of infant feeding practices
and growth outcomes between breast and formula fed HEU infants up to 12 months of age iii)
neurodevelopmental outcomes of HEU compared to HUU infants at 12 months of age iv) CMV and
toxoplasmosis prevalence and timing of acquisition, v) description of haematological differences between
HEU and HUU infants and vi) a fathering efficacy study. The methods and results of these sub-studies
are not presented in this dissertation.

4.2.3

Data Management

All mothers and infants in the study were assigned a unique anonymous study identifier and all data was
collected on coded de-identified source documents at enrolment and each study visit. A patient
demographic form containing the personal identification of enrolled mother-infant pairs was stored
separately from the source documents. Data recorded on the source documents was entered into an
OpenClinica database on an on-going basis by a single study data-capturer at KID-CRU, Tygerberg
Hospital. Quality control logic checks were run on the data entered in the database and logic check
discrepancies resolved by review of source documents. The electronic database was password-protected
and access restricted to the study investigators. The database was routinely backed up to the University
of British Columbia, Vaccine Evaluation Center server, following a standard operating procedure.

4.3

Study variable definitions

The definitions of the most important study variables are given below. These variables are derived from
data collected through abstraction from health records, maternal or caregiver interviews and infant
physical examinations. The comprehensive list of study variables including their source, type and
response options can be found in Appendix C.

4.3.1
•

Maternal variables
HIV status – binary variable, either HIV-infected or HIV-uninfected; according to the maternal
obstetric record and confirmed with rapid HIV antibody test at two week study visit
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•

Age – numeric variable, maternal age at delivery in years and days; calculated from maternal
date of birth according to maternal interview and infant date of birth according to maternal
obstetric record

•

Primiparous – binary variable, either yes (this is the first time the mother has given birth) or no
(the mother has given birth before); according to the maternal obstetric record

•

Feeding intention at delivery – nominal variable, the mothers intention at delivery to either
exclusively breastfeed, exclusively formula feed or mixed feed (both breast and formula) her
baby; according to maternal baseline interview

•

Timing of HIV diagnosis – binary variable, diagnosis of HIV made either pre-pregnancy (> 280
days before infant birth) or during pregnancy (280 days or less before infant birth); derived from
the date of HIV diagnosis as given by the mother during the maternal baseline interview, and
infant date of birth;

•

ARV regimen during pregnancy – nominal variable, none, VTP prophylaxis or cART; according to
documentation on maternal obstetric record and report from maternal baseline interview

•

Timing of initiation of cART – nominal variable, pre-pregnancy (> 280 days before infant birth), 1
trimester (197-280 days before infant birth), 2

nd

trimester (99-196 days before infant birth), 3

st

rd

trimester (1-98 days before infant birth); derived from the date of cART initiation, as given by the
mother during the maternal baseline interview and infant date of birth
•

st

Timing of initiation of ZDV – nominal variable, 1 trimester (197-280 days before infant birth), 2
trimester (99-196 days before infant birth), 3

rd

nd

trimester (1-98 days before infant birth); derived

from the date of ZDV initiation, as documented on the maternal obstetric record, and infant date
of birth
•

Antenatal absolute CD4 count – numeric variable measured in cells/µl; as recorded on maternal
obstetric record with date not more than 280 days prior to delivery; also categorized as an ordinal
variable with categories <350 cells/µl, 350-499 cells/µl and 500 cells/µl or more

•

Delivery absolute CD4 count – numeric variable; measured in cells/µl on maternal blood taken at
delivery; also categorized as an ordinal variable with categories <350 cells/µl, 350-499 cells/µl
and 500 cells/µl or more

•

Delivery CD4 % – numeric variable; CD4 percentage of total lymphocyte count on maternal blood
collected at delivery

•

Absolute change in CD4 count – numeric variable; calculated as the difference between the
antenatal and the delivery absolute CD4 count

•

Percentage change in CD4 count – numeric variable; calculated as the difference between the
antenatal and delivery absolute count divided by the antenatal absolute CD4 count

•

HIV viral load – numeric variable; number of copies of HIV per ml of blood measured on maternal
blood collected at delivery (the limit of detection of the laboratory test was 40 copies/ml,
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measurements of <40 copies/ml were imputed with values of 39 copies/ml to calculate summary
measures of log10 HIV viral load); also categorized as an ordinal variable with categories <40
copies/ml, 40-999 copies/ml, 1000-9999 copies/ml and 10 000 copies/ml or greater
4.3.2

Household variables

All household information was collected by maternal interview according to a standardized questionnaire
at the two-week study visit. Information was collected in reference to the household in which the infant
resided should this have differed to the household in which the mother was resident.
•

Type of house – nominal variable; stand alone house, apartment in apartment block,
house/flat/room in backyard, shack in back yard, shack not in back yard, other

•

Water supply – nominal variable; water piped into dwelling, water piped into yard, public tap

•

Sanitation – nominal variable; flush toilet (connected to sewerage), flush toilet (with septic tank),
no facility/bush/field

•

Fuel for cooking – nominal variable; electricity, gas, paraffin, firewood, other

•

Number of rooms in the house – numeric variable; total number of rooms in the house including
living areas, kitchen and bedrooms

•

Number of people in the household – numeric variable; total number of people resident in
household including mother and infant

•

Distance to clinic – numeric variable; distance to nearest primary health care clinic measured in
minutes taken to walk from home to the clinic according to maternal report

•

Household assets – binary variables; possession of the following assets in the household at time
of interview (yes/no) – radio, television, computer, fridge, home phone, cell phone, bicycle,
motorcycle, car or truck, donkey or horse, sheep, goats or cattle

4.3.3
•

Infant variables
HIV exposure status – binary variable; HIV exposed uninfected (HEU) or HIV unexposed
uninfected (HUU), determined from maternal HIV-infection status and infant HIV-infection status;
HEU infants were infants confirmed to be HIV-uninfected at 6 weeks and 6 months of age by
infant HIV-PCR testing and born to HIV-infected mothers, and HUU infants were infants
confirmed to be HIV-uninfected at 6 months of age by HIV ELISA testing and born to mothers
confirmed to be HIV-uninfected at the 2 week study visit by HIV ELISA testing

•

Gestational age at birth – numeric variable; number of weeks post-last normal menstrual period at
time of delivery, as recorded in the maternal obstetric record, determined by nurse midwifes.

•

Birth weight - numeric variable; infant weight at birth measured in grams; as recorded on the
maternal obstetric record
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•

Birth length – numeric variable; infant length at birth measured in centimetres; as recorded on the
maternal obstetric record

•

Birth head circumference – numeric variable; infant head circumference at birth measured in
centimetres; as recorded on the maternal obstetric record

•

Infant weight – numeric variable; infant weight measured in kilograms at each study visit

•

Infant length – numeric variable; infant supine length measured in centimetres at each study visit

•

Infant head circumference – numeric variable; infant head circumference measured in
centimetres at each study visit

•

Immunizations up to date – binary variable; yes immunizations up to date at time of study visit
according to the South African National Expanded Programme for Immunization, or no
immunizations not up to date at time of study visit; determined from documentation of
immunizations received in the infant Road To Health Book

•

Current TB contact – binary variable; yes (there is an adolescent or adult currently on TB
treatment that is resident in the same household as the infant), no (there is no adolescent or adult
currently on TB treatment resident in the household); as reported by caregiver interview at each
study visit

•

Current TB prophylaxis – binary variable; yes (the infant is currently receiving IPT) or no (the
infant is not currently receiving IPT); as reported by caregiver interview at each study visit

•

Number of all-cause clinic visits – numeric variable; number of times the infant has been to the
primary health care clinic since the last study visit; as reported by caregiver interview at each
study visit

•

Number of sick clinic visits – numeric variable; number of times the infant has been to the primary
health care clinic for visits other than for immunizations or routine growth monitoring since the last
study visit; as reported by caregiver interview at each study visit

•

Symptoms at time of sick clinic visit - nominal variable; cough, fever, diarrhoea, poor feeding,
poor growth or other symptoms associated with sick clinic visit, more than one symptom could be
reported; as reported by caregiver interview at each study visit

•

Infant breastfeeding status – nominal variable; exclusively breastfed, partially breastfed, not
breastfed; derived from detailed maternal 48 hour and seven day recall of what the infant
received orally for nutritional and non-nutritional purposes, asked at each study visit
o

Exclusively breastfed – infant received breast milk only in the 48 hours and seven days
prior to the study visit (drops or syrups consisting of vitamins, mineral supplements or
prescribed medicines allowed); definition for exclusive breastfeeding must also have
been met at all prior study visits otherwise the infant was considered as partially
breastfed
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o

Partially breastfed – infant received some breast milk in the 48 hours and seven days
prior to the study visit but also received artificial feeds including infant formula, other
liquids or solids

o

Not breastfed – infant received no breast milk in the 48 hours and seven days prior to the
study visit

•

Infant haemoglobin – numeric variable; haemoglobin measured in g/dl on infant blood collected at
each study visit; also categorized for grade of anaemia as normal or grade 1 to 4, by the Division
of AIDS Table for Grading the Severity of Adult and Paediatric Adverse Events (Version 1.0,
December 2004; Clarification August 2009)

4.3.4
•

Hospitalization variables
Age at hospitalization – numeric variable; age in days calculated from date of admission and
infant date of birth

•

Length of stay – numeric variables; number of days that the infant was hospitalized for each
individual hospitalization; calculated from date of admission and date of discharge

•

Infectious event type – nominal variable; categories of infectious events according to PIET-R
definitions

•

Severe infectious event – nominal variable; an infectious cause hospitalization that met criteria for
a grading of “severe” according to the PIET-R definitions

•

Very severe infectious event – nominal variable; an infectious cause hospitalization that met
criteria for a grading of “severe” for 48 hours or more according to the PIET-R definitions

4.4

Ethical Considerations

This prospective cohort study was conducted according to the principles of ICH Good Clinical Practice for
clinical research and taking into account the Declaration of Helsinki. The Health Research Ethics
Committee of the Faculty of Medicine & Health Sciences of Stellenbosch University (S12/01/009), the
Western Cape Provincial Health Impact Assessment Committee (2012RP22) and the institutional review
board of the University of British Columbia (H12-01181) approved the study.
Written informed consent was obtained from all mothers of enrolled mother-infant pairs. The
mother/primary caregiver was able to withdraw herself and her infant from the study at any stage. Every
attempt was made to avoid inadvertent disclosure of HIV-status by participation in the study and
attendance for study visits. Contact by telephone or home visits if necessary to track mothers and infants
lost to follow-up were only conducted with prior permission from the mother. For confirmation of HIV58

uninfected mothers HIV status, the two-week visit was selected as opposed to at delivery, to ensure that
pre and post-test counselling could be conducted in an appropriate confidential environment at the study
site (KID-CRU, Tygerberg Hospital) rather than the busy Kraaifontein MOU. If an HIV-infected mother or
primary caregiver of an HEU infant foresaw that an alternative caregiver would be attending the next
study visit with the infant, but particularly the two month study visit, the mother/primary caregiver was
asked whether she consented to the infant’s HIV-PCR result being disclosed to the specified alternative
caregiver. If the mother/primary caregiver did not attend the study visit and did not consent to results
being discussed with a specified alternative caregiver, arrangements were made for follow-up by
telephone with the mother/primary caregiver with regards to the infant’s HIV and other necessary results.
Enrolled mothers were compensated for their transportation costs and time to attend the study visits. No
further financial incentives were provided for participation in the study.
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Chapter 5 Analytic methods
This chapter reviews the study objectives and defines the major determinants and outcomes before
describing how sample size calculations were performed and the statistical analysis conducted to achieve
the study results presented in Chapters 6 and 7.

5.1

Study objectives

The primary objective of this study was to determine whether HEU infants experience an increased
probability of infectious cause hospitalizations or death compared to HUU infants in the first six months of
life after adjusting for differences in breastfeeding exposure. A secondary study objective was to
determine whether HEU infants experience increased probability of severe or very severe infectious
cause hospitalizations or death compared to HUU infants. And the final objective was to determine
whether HEU infants born to mothers on maternally indicated cART during pregnancy have an increased
probability of infectious cause hospitalization or death, compared to HEU infants born to mothers on VTP
prophylaxis.

5.2

Definition of major determinants and outcomes

The most important determinant variables for analysis of the study objectives included infant HIV
exposure status, infant breastfeeding status and for the sub-group comparison of HEU infants, maternal
ARV regimen during pregnancy.
5.2.1

Primary determinant: HIV exposure status

The primary determinant for the primary and first secondary objective, infant HIV exposure status, was a
binary variable, HIV exposed uninfected (HEU) or HIV unexposed uninfected (HUU), defined according to
infant HIV exposure and infection status. HEU infants were confirmed HIV-uninfected infants born to an
HIV-infected mother (see section 4.3.3).
5.2.2

Definition of breastfeeding status

Infant breastfeeding status was a nominal variable with three categories: exclusively breastfed (infant
received breast milk only in the 48 hours and 7 days prior to the study visit), partially breastfed (infant
received some breast milk in the 48 hours and 7 days prior to the study visit but also received infant
formula, other liquids or solid food) and not breastfed (infant received no breast milk in the 48 hours and 7
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days prior to the study visit). For infants to be considered as exclusively breastfed at a visit, they must
have been considered to be exclusively breastfed at all prior visits. If a visit was missed but the infant was
not lost to follow-up and the feeding mode at the visits on either side of the missed visit was consistent,
then the consistent feeding mode of these visits was assigned to the missed visit. If the feeding mode on
either side of the missed visit was inconsistent then the feeding mode of the visit prior to the missed visit
was assigned to the missed visit. For infants lost to follow-up, feeding mode was assigned for missed
visits according to the last reported feeding mode carried forward. For infants that died, their feeding
mode was censored at the time of death. Due to very few observations of partially breastfed HEU infants
and partially breastfed infants with the primary outcome, this category was collapsed for the multivariable
analysis and feeding mode was categorized as breastfed (including both exclusively breastfed and
partially breastfed) or not breastfed at each visit.
5.2.3

Definition of maternal ARV regimen during pregnancy

The determinant for secondary objective 2 of maternal ARV regimen during pregnancy was a binary
variable and was defined as follows: i) maternally indicated cART - mothers receiving a triple ARV drug
regimen during pregnancy that was commenced either before or during pregnancy for maternal indication
of a CD4 count below 350 cells/µl or WHO stage 3/4 disease; ii) VTP prophylaxis - mothers receiving VTP
prophylaxis during pregnancy, with a CD4 count of 350 cells/µl or greater during pregnancy and WHO
stage 1/2 disease.
5.2.4

Definition of primary outcome – infectious cause hospitalization or death

The primary outcome was defined as infant hospitalization for a presumed or confirmed infection or death
in the first six months of life. The upper limit of six months of life was set as 194 days old (180 + 14 days),
equivalent to the upper limit of the window for the final six-month follow-up visit. All deaths were included
in the primary outcome irrespective of cause.
5.2.5

Definition of secondary outcomes – severe and very severe infectious cause

hospitalization or death
For the secondary outcome infectious cause hospitalizations were graded as mild-moderate or severe
according to the PIET-R definitions. Severe infectious cause hospitalizations were defined as infectious
cause hospitalizations graded as severe, with criteria for a severe event present for any duration during
hospitalization. Very severe infectious cause hospitalizations were defined as infectious cause
hospitalizations for which criteria for a severe event were present for at least 48 hours following
admission. See Chapter 2 for a description of the PIET-R and Chapter 3 for its evaluation. See Appendix
A for the infectious cause hospitalization diagnostic classification and severity grading definitions.
See Appendix C for a complete list of study variables and definitions.
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5.3

Sample size calculation

Sample size calculation for the primary objective was based on a test of proportions for independent
groups and performed with the OpenEpi Version 3.03 sample size calculator using the Fleiss method with
continuity correction. To calculate the appropriate sample size for determining whether HEU infants
experience an increased probability of infectious cause hospitalizations or death compared to HUU
infants, data from the Cape Town HEU Pilot Study, described in Chapter 1.6, were used (45). In the pilot
study a risk difference of 23% (35% vs. 12%) was seen between HEU and HUU infants for at least one
infectious cause hospitalization before six months of age. To detect this same size difference, 61 infants
were required in each group at six months of age to achieve 80% power. Towards the end of the pilot
study and following acquisition of funding for the current study, the South African infant immunization
schedule was expanded to include the addition of rotavirus and pneumococcal conjugate vaccines, and a
policy change towards promoting exclusive breastfeeding with ARV prophylaxis for HIV exposed infants
was introduced. It was therefore not expected that an event rate as high as that in the pilot study would
again be observed. Various scenarios of reduced event rates were considered: scenario 1 in that both
HEU and HUU infants experienced a one third reduction in events; scenario 2 in that HEU infants
experienced a greater reduction in events than HUU infants but still had double the event rate of HUU
infants; scenario 3 in that HEU infants experienced a greater reduction in events than HUU infants but still
had 50% more events than HUU infants. Table 5.1 indicates the sample sizes required with alpha at 5%
and beta at 20% considering the three different scenarios and their estimated event rates.
Table 5.1 Sample size calculation scenarios
HEU with the

HUU with the

Sample Size

outcome (%)

outcome (%)

(per group)

Pilot study

35

12

61

Scenario 1

23

8

103

Scenario 2

16

8

283

Scenario 3

12

8

927

HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected
Taking into consideration the possibility of up to 10% of HIV exposed infants (HEI) becoming HIVinfected, and based upon an attrition rate of 33% in both groups at 6 months in the pilot study,
considering scenario 1, a minimum of 174 HEI and 156 HUU mother-infant pairs needed to be enrolled to
retain 103 infants in each group in follow-up at 6 months.
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Sample size calculations for the secondary objectives were performed in a similar manner and are not
shown.

5.4

Analytic strategy

All statistical analysis was performed by Dr. Slogrove using R version 3.1.0 (2014 R Foundation for
Statistical Computing, Vienna, Austria) and the HIV exposure groups were kept blinded until finalization of
the primary outcome analysis.
5.4.1

Description of the analytic cohort

Of all the enrolled infants, those that returned for the first study visit at two weeks of age and who were
confirmed to be HIV-uninfected at the end of follow-up were included in the analytic cohort. Available
aggregate data on all deliveries at the Kraaifontein MOU were collected in order to compare the MOU
population with the study sample in terms of maternal age, the proportion of all HIV-infected mothers, the
proportion of HIV-infected mothers on cART during pregnancy and the proportion of HIV-infected mothers
intending to breastfeed. For description of the analytic cohort continuous numeric variables were explored
for normality by inspection of histograms and box-and-whisker plots. Measures of central tendency and
spread were described as mean and standard deviation for normally distributed numeric variables and as
median and interquartile range if not normally distributed.

Categorical variables were described as

absolute frequencies and percentages. For evaluation of the anthropometric indices, measurements of
weight, length, head circumference and mid-upper-arm-circumference were transformed to corresponding
WHO child growth standards for weight-for-age, length-for-age, weight-for-length, head-circumferencefor-age and mid-upper-arm-circumference-for-age Z-scores. These WHO child growth standards are
gender specific and were calculated according to the exact day of infant age at the time of anthropometric
measurements. WHO child growth standard Z-scores were calculated in R using the WHO
igrowup_standard function (07/10/2013) written for R (208).
Individual associations with variables of interest and the outcome groups (those with at least one
infectious cause hospitalization or death compared to those without an infectious cause hospitalization or
death) as well as individual associations with variables of interest and the exposure groups (HEU and
HUU) were evaluated using the Student’s 2-sample t-test for normally distributed numeric variables,
Wilcoxon rank sum test for non-normally distributed numeric variables, Pearson’s Chi-squared test for
categorical variables that met the appropriate assumptions and Fisher’s exact test if assumptions for the
Chi-squared test were violated. A two-sided alpha level of 0.05 was set as the limit of statistical
significance and a p-value of less than 0.05 interpreted as statistically significant without correction for
multiple comparisons.
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The incidence rate of sick-clinic visits was calculated including all sick-clinic visits recorded in the
numerator over the number of days of infant follow-up directly observed until the last study visit in the
denominator. The risk ratio for the primary outcome of at least one infectious cause hospitalization or
death was calculated with each infant that had at least one primary outcome event included only once in
the numerator over all infants in the analytic cohort including those lost to face-to-face follow-up in the
denominator. The age at the time of primary outcome was explored graphically with Kaplan-Meier curves.

5.4.2

Analysis of primary objective

Primary comparison: Odds ratio adjusted for breastfeeding exposure of at least one infectious cause
hospitalization or death before six months of age in all HEU infants compared to all HUU infants.

For this comparison logistic regression was chosen to determine adjusted odds ratios (OR) and their 95%
confidence intervals. All infants with at least one infectious cause hospitalization of any grade (mildmoderate, severe and very severe) were included in the primary outcome. Although there were infants
lost to face-to-face follow-up during the six months of observation, it was possible to determine the
outcome of all infants including those lost to follow-up through the province wide electronic hospital
administration system and mortality registry. As such, logistic regression was deemed an appropriate
method for calculating adjusted estimates of association for the primary comparison.
5.4.2.1

Control of confounding

Consideration of variables as confounders was based on existing evidence in the literature, the presence
of an association between the potential confounding variable with the exposure of interest (HIV exposure
group) and the outcome, and the alteration of the direction or magnitude of the OR adjusted for the
potential confounder relative to the unadjusted OR. The most important confounders of the relationship
between in-utero HIV exposure and infectious morbidity considered a priori were adverse birth outcomes
(preterm birth, low birth weight), breastfeeding exposure and socio-economic circumstances (Figure 5.1).
Breastfeeding exposure can also be considered to be on the causal pathway between HIV exposure and
infectious morbidity. However as the primary objective of this study was to determine whether an
association exists between in-utero HIV exposure and infectious morbidity through pathways other than
those related to breastfeeding exposure, it was deemed appropriate to control for breastfeeding
exposure for this specific hypothesis. Control for socio-economic differences, preterm birth or low birth
weight and maternal comorbidities were taken into consideration in the study design, through restriction
of eligibility criteria. All maternal demographic, health and obstetric factors, as well as household and
infant birth factors were evaluated for confounding. However, as this was a small study, priority was given
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to controlling for variables established in the literature to be important determinants of infectious
morbidity.
Figure 5.1 Conceptual framework of the relationship between HIV exposure and infant infectious
morbidity
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Variables considered a priori to be on the causal pathway between HIV exposure and infectious morbidity
and thus not considered for adjustment as confounders included the maternal CD4 count, infant anaemia
and infant anthropometric indices (weight-for-age, length-for age and weight-for length). Maternal CD4
count was considered to be on the causal pathway as in-utero exposure to a mother with an immune
system that is suppressed to varying degrees, roughly inversely proportional to the CD4 count, may result
in infant immune system aberrations leading to greater risk for infectious morbidity. Anaemia was
considered to be on the causal pathway as HIV exposed infants exposed to ARVs in-utero, particularly
ZDV, have been observed to have higher rates of anaemia during infancy and anaemia is a risk factor for
infectious morbidity. And impaired infant growth, as measured by infant anthropometric indices, was
considered to be on the causal pathway as HIV and ARV exposed infants may have compromised growth
in-utero or postnatal, and infants with sub-optimal weight- or length-for-age are at greater risk for
infectious morbidity.
Various strategies for the most appropriate manner in which to control for breastfeeding exposure were
considered. Fixed effects logistic regression was performed adjusting for infant breastfeeding status as
breastfed or not breastfed at two weeks (representing ever breastfed or never breastfed respectively) and
six months (representing breastfeeding for the entire duration of risk up to six months or breastfeeding for
less than the entire duration of risk or not at all) individually in separate models. Nested logistic regression
models including and excluding infant breastfeeding status were compared using the likelihood ratio test,
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and a two sided p-value of <0.05 was considered to indicate a significant difference in models. It was
decided a priori that adjustment for breastfeeding would be retained on conceptual grounds, irrespective
of a significant difference in nested models. Stratification was also used as a strategy to control for
breastfeeding exposure. HEU and HUU infants were compared for the primary outcome (infectious cause
hospitalization or death in the first six months of life), conditioned on the presence or absence of any
breastfeeding at two weeks, and separately conditioned on the presence or absence of any breastfeeding
at six months (Figure 5.2). A generalized linear mixed effects logistic regression model was considered.
The glmer function in the lme4 package of R was used to evaluate the utility of a mixed effects model.

Figure 5.2 Schematic representation of stratified analysis conditioned on the presence of any
breastfeeding

Any
breastfeeding
All
Infants

No
breastfeeding

HEU infants
HUU infants
HEU infants
HUU infants

OR for infectious cause hospitalization or death
breastfed HEU infants
vs. breastfed HUU infants
OR for infectious cause hospitalization or death
not breastfed HEU infants
vs. not breastfed HUU infants

HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; OR – odds ratio

5.4.3

Analysis of secondary objective 1

Secondary comparison 1a: Odds ratio for at least one severe infectious cause hospitalization or death in
HEU infants compared to HUU infants adjusted for breastfeeding exposure
Secondary comparison 1b: Odds ratio for at least one very severe infectious cause hospitalization or
death in HEU infants compared to HUU infants adjusted for breastfeeding exposure

The secondary comparisons between HEU and HUU infants for at least one severe infectious cause
hospitalization or death or at least one very severe infectious cause hospitalization or death in the first six
months of life were evaluated in the same manner as the primary comparison described above. The
outcome “severe infectious cause hospitalization or death” is inclusive of events classified as “very
severe”. The outcome “very severe infectious cause hospitalization or death” includes only those events
classified as “very severe”. Infant breastfeeding status at two weeks and six months was controlled for in
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separate models and a stratified analysis conditioned on breastfeeding status at two weeks and six
months was performed.

5.4.4

Analysis of secondary objective 2

Secondary comparison 2: Odds ratio for at least one infectious cause hospitalization or death before six
months of age comparing HEU infants born to mothers on maternally indicated cART during pregnancy
and HEU infants born to mothers on VTP prophylaxis.

The objective of this subgroup analysis was not to understand the effects of the cART or VTP ARV drugs
on HEU infants. Rather, it was to understand the role of the extent of maternal HIV disease in terms of
current or prior immune suppression and whether the association between advanced maternal HIV and
increased infant morbidity and mortality observed prior to the availability of antiretroviral therapy still
exists in the era of maternally indicated cART. During the time of the study, South African adults,
including pregnant women, were only eligible for initiation of cART if they had a CD4 count of below 350
cells/µl or WHO stage 3/4 disease. All pregnant women not already on cART and with a CD4 count of
greater than 350 cells/µl were given VTP prophylaxis for the duration of pregnancy. This meant that
mothers on cART had at some stage experienced severe immune suppression as opposed to mothers on
VTP prophylaxis who had not yet been severely immune suppressed. The maternal antenatal CD4 count
was thus directly associated with receipt of either cART or VTP prophylaxis and thus also directly
associated with the potential of having a detectable or undetectable HIV viral load. In this context the
effect of current or prior severe immune suppression and the effect of cART cannot be disentangled and,
as such, infant groups for this sub-group analysis were defined according to maternally indicated cART or
maternal VTP prophylaxis during pregnancy. Pregnant women that received no ARVs at all during
pregnancy and pregnant women with antenatal CD4 counts below 350 cells/µl, indicating maternal
immune suppression, but only receiving VTP prophylaxis were excluded from this subgroup analysis.
The association between maternal ARV regimen during pregnancy and the primary outcome, at least one
infectious cause hospitalization or death in the first six months of life, was evaluated with logistic
regression multivariable models to determine adjusted odds ratios. This was performed in the same way
as described for the primary comparison of HEU and HUU infants. In addition to the a priori confounders
considered for the primary comparison of socioeconomic status and breastfeeding exposure, timing of
HIV diagnosis was also considered as a potential confounder in this sub-group analysis.
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Chapter 6 Results - Do HEU infants have a greater probability of
infectious morbidity than peer HUU infants?
In this chapter the results of the primary and first secondary objective are presented. Firstly the study
cohort is described in comparison to the study population and the disposition of study participants over
the study duration is presented in section 6.1. The Bivariable analysis of maternal, household and infant
characteristics is presented compared by the exposure groups (HEU and HUU infants) in section 6.2 and
subsequently compared by infants with and without the primary outcome of at least one infectious cause
hospitalization or death in section 6.3. The hospitalizations are characterized in further detail in section
6.4 and finally the multivariable analysis to determine the effect of HIV exposure on the odds of infectious
cause hospitalization or death is presented in section 6.5. Maternal HIV specific detail and the results of
the HEU infant subgroup analysis for the secondary objective 2 are presented in Chapter 7.

6.1

Cohort background

During the study enrolment period from 15 June 2012 to 30 June 2013, 1384 deliveries occurred at
Kraaifontein Midwife Obstetric Unit (MOU); 363 (26.2%) deliveries in HIV-infected women. Two hundred
and sixty four (19.1%) mothers gave informed consent and were enrolled at delivery, 136 HIV-infected
mothers and 128 HIV-uninfected mothers and their newborns. The age of mothers in the study sample
and the MOU population did not differ significantly. The proportion of HIV-infected mothers was higher in
the study sample (51.5%, 136/264) compared to the MOU population (26.2%, 363/1384), as was
expected by the study design. Of the HIV-infected mothers, 36.4% (132/363) of the MOU population and
54.4% (74/136) of the study sample were receiving maternally indicated cART during pregnancy. There
was no difference in the MOU population and study sample in the proportion of HIV-infected mothers
intending to exclusively breastfeed (45.2% and 42.1% respectively). Feeding intention is not routinely
collected at the MOU on HIV-uninfected mothers.
One hundred and seventy eight (67.4%) mothers and infants returned at two weeks of age. Two of these
infants were found to be HIV-infected, one at the two week visit and the second at the two month visit.
These infants were withdrawn from the study and are excluded from all analysis, resulting in 176 mothers
and their confirmed HIV-uninfected infants in the analytic cohort. There were no significant differences in
available baseline characteristics between mothers and infants who returned at two weeks of age and
those who did not (Table 6.1). Of 176 mother-infant pairs eligible for this analysis (94 HEU and 82 HUU),
134 (76.1%) were followed up until six months of age, 75 (80.0%) HEU infants and 59 (72.0%) HUU
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infants. The disposition of study participants over the duration of the study is shown in Figure 6.1 and the
reasons for non-completion of six-month follow-up are shown in Table 6.2.
Table 6.1 Baseline maternal and infant characteristics compared by mother-infant pairs retained in
the cohort at two weeks and those lost before two weeks of infant age
(numeric variables as median (IQR), categorical variables as number (%), unless otherwise indicated)
Total
N=264
Maternal Characteristics
Age
Black African race
Xhosa or Zulu speaking
Never married
Completed secondary education
Primiparous
st
Gestation at 1 antenatal visit (weeks)
Number of antenatal visits
Intention to breastfeed
Delivery CD4 count (cells/µl)
HIV-infected mothers
Antenatal CD4 count (cells/µl)
Pregnancy ARV regimen: (N = 136)
cART
VTP
None

Retained at
2 weeks
N=178

Lost before
2 weeks
N=86

Pvalue

26.8(23.3,30.4)
241(91.3)
205(77.7)
177(67.0)
86(32.6)
62(23.5)
21(17,27)
5(4,6)

26.8(23.3,30.5)
162(91.0)
141(79.2)
119(66.9)
63(35.4)
41(23.0)
20(16,27)
5(4,6)

26.8(23.6,29.8)
79(91.9)
64(74.4)
58(67.4)
23(26.7)
21(24.4)
22(19,28)
4(3,5)

181(68.6)
409(308,588)

118(66.3)
409(303,592)

63(73.3)
419(330,555)

0.84
1.00
0.23
0.28
0.21
0.93
0.29
0.07
0.32
0.81

136(51.5)
421(294,537)

96(53.9)
422(285,538)

40(46.5)
409(299,516)

0.29
0.93
0.11

74(54.4)
58(42.6)
4(2.9)

47(49.0)
45(46.9)
4(4.2)

27(67.5)
13(32.5)
0(0.0)

130(49.2)
38.9(1.6)
3170(411)
12(4.5)
49.0(3.5)

85(47.8)
38.9(1.6)
3165(413)
10(5.6)
49.0(3.6)

45(52.3)
39.0(1.6)
3181(411)
2(2.3)
49.0(3.2)

0.57
0.75
0.78
0.35
0.98

Infant outcomes
HIV infection
4(2.9)
2(2.1)
2(5.0)
All-cause hospitalization
35(13.3)
28(15.7)
7(8.1)
Death
1(0.4)
1(0.6)
0(0.0)
cART – combination antiretroviral therapy; SD – standard deviation; VTP – vertical transmission
prevention prophylaxis

0.60
0.12
1.00

Infant Birth Characteristics
Male
Gestational age – mean (SD)
Weight in grams – mean (SD)
Low birth weight (<2500g)
Length in cm – mean (SD)
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Figure 6.1 Disposition of participants over the duration of study

Delivery: 264 mother-infant pairs
(136 HIV exposed, 128 HIV unexposed)

4 HIV-infected infants withdrawn
38 HEU infants withdrawn (12 voluntary withdrawal, 5 moved away, 21 lost)
46 HUU infants withdrawn (14 voluntary withdrawal, 6 moved away, 26 lost)

2 weeks: 176 mother-infant pairs
(94 HEU infants, 82 HUU infants)
2 HEU infants withdrawn (2 lost to follow-up)
5 HUU infants withdrawn (1 voluntary withdrawal, 1 moved away, 3 lost to follow-up)

2 months: 169 mother-infant pairs
(92 HEU infants, 77 HUU infants)

1 HUU infant death
6 HEU infants withdrawn (1 voluntary withdrawal, 3 moved away, 2 lost to follow-up)
6 HUU infants withdrawn (4 voluntary withdrawal, 2 lost to follow-up)

4 months: 156 mother-infant pairs
(86 HEU infants, 70 HUU infants)

11 HEU infants withdrawn (2 voluntary withdrawal, 3 moved away, 6 lost to follow-up)
11 HUU infants withdrawn (3 moved away, 8 lost to follow-up)

6 months: 134 mother-infant pairs
(75 HEU infants, 59 HUU infants)
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Table 6.2 Infant reasons for non-completion of 6-month follow-up
(all variables are number (%))

Total lost to follow-up by 6 months of age*

Total

HEU

HUU

N=176

N=94

N=82

42(23.9)

19(20.2)

23(28.0)

Death

1(0.6)

0(0.0)

1(1.3)

Voluntary participant withdrawal

8(4.5)

3(3.2)

5(6.1)

Family relocation

10(5.7)

6(6.4)

4(4.9)

Unable to contact

23(13.1)

10(10.6)

13(15.9)

Reasons:

HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; * 2 additional HEU infants missed the
window for data collection for the 6 month visit but were not lost to follow-up
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6.2

Comparison of HEU and HUU infants

Ninety-four HEU infants and 82 HUU infants who returned at two weeks of age and were confirmed HIVuninfected were followed up to six months of age. These infants are compared in terms of maternal
demographic, socioeconomic and obstetric factors, household factors and the following infant factors:
birth outcomes, healthcare characteristics, infant feeding, anaemia and anthropometric measurements.

6.2.1

Maternal characteristics

Maternal demographic, obstetric and health characteristics are shown in Table 6.3. HIV-infected mothers
were significantly older than HIV-uninfected mothers, with median age at delivery of 27.8 versus 24.7
years respectively (p = 0.008). Of the total cohort 91% of mothers were of black African race, 80% were
isiXhosa or isiZulu speaking, and two thirds were never married with no difference in these characteristics
between HIV-infected and uninfected mothers. The majority (94.9%) of mothers had completed school
beyond primary education, but only 35.8% had completed secondary education. The median monthly
maternal income prior to delivery was 1060 South African Rand (ZAR) (approximately 106 Canadian
dollars). Education and income did not differ significantly between HIV-infected and uninfected mothers.
HIV-infected mothers were less often primiparous than HIV-uninfected mothers (17.0% vs. 30.5%, p =
0.05) and had on average one more antenatal clinic visit than HIV-uninfected mothers (5 vs. 4, p = 0.03).
The mothers in the cohort had a median gestational age at first antenatal clinic visit of 20 (interquartile
range (IQR) 16,27) weeks that did not differ by HIV infection status. There were no mothers with
gestational hypertension, gestational diabetes or antepartum or post-partum haemorrhage. Only two
mothers tested positive for syphilis during pregnancy, one HIV-infected and one HIV-uninfected mother.
Six mothers were treated for TB during pregnancy, four HIV-infected and two HIV-uninfected mothers,
and two mothers, one in each group were treated for TB postnatally. There tended to be a greater
proportion of HIV-infected mothers who smoked at any stage during pregnancy than HIV-uninfected
mothers (11.7% (11/94) vs. 3.7% (3/82), p = 0.06), but there was no statistical difference in the proportion
ever using alcohol during pregnancy (17.0% (16/94) vs. 11.0% (9/82), p = 0.32). Two HIV-infected
mothers and no HIV-uninfected mothers reported use of illegal drugs while pregnant. There was no
difference in previous stillbirths (6.4% (5/78) in multiparous HIV-infected mothers vs. 5.3% (3/57) in
multiparous HIV-uninfected mothers, p = 1.0), or deaths in previous children under 5 years of age (7.7%
(6/78) in multiparous HIV-infected mothers vs. 3.5% (2/57) in multiparous HIV-uninfected mothers, p =
0.47). The maternal CD4 absolute count and CD4 percent measured at delivery were both significantly
lower in HIV-infected than HIV-uninfected mothers, with the majority (52.1% (49/94)) of HIV-infected
mothers having CD4 counts below 350 cells/µl compared to 22.0% (18/82) of HIV-uninfected mothers
(p<0.001). Body mass index measured at two weeks postnatal was equivalent in the two groups of
mothers and no mothers required hospital admission or died during the six month follow-up period.
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Table 6.3 Demographic and health characteristics of HIV-infected and HIV-uninfected mothers
(numeric variables as median (IQR), categorical variables as number (%))
Total
N=176
Demographic characteristics
Age
26.8(23.3,30.4)
Race:
Black African
161(91.5)
Coloured
15(8.5)
Language:
Afrikaans
18(10.2)
English
6(3.4)
isiXhosa or isiZulu
140(79.5)
Other
12(6.8)
Marital Status:
Never married
117(66.5)
Married
53(30.1)
Widow/Separated/Divorced
6(3.4)
Education:
No or any primary
9(5.1)
Some secondary
104(59.1)
Completed secondary
63(35.8)
Monthly income in ZAR
1060(285,2265)
Health characteristics
Primiparous
st
Gestation at 1 antenatal
visit (weeks)
Number of antenatal visits
2
Postnatal BMI (kg/m )

HIV infected
N=94

HIV uninfected
N=82

P-value

27.8(23.8,31.1)

24.7(21.8,29.7)

0.008
0.78

87(92.6)
7(7.4)

74(90.2)
8(9.8)

10(10.6)
4(4.3)
76(80.9)
4(4.3)

8(9.8)
2(2.4)
64(78.0)
8(9.8)

64(68.1)
25(26.6)
5(5.3)

53(64.6)
28(34.1)
1(1.2)

6(6.4)
61(64.9)
27(28.7)
1060(280,2290)

3(3.7)
43(52.4)
36(43.9)
1040(385,2180)

0.79

41(23.3)
20(16,27)

16(17.0)
20(16,26)

25(30.5)
20(17,28)

0.05
0.19

5(4,6)
26.6(23.2,29.2)

5(4,6)
26.6(23.1,28.9)

4(3,5)
26.5(23.6,29.5)

0.03
0.42

467(363,675)
39.3(36.2,45.9)

<0.001
<0.001
<0.001

0.51

0.38

0.10

Maternal CD4 at delivery
Absolute count (cells/µl)
409(303,592)
343(235,501)
Percent
33.4(24.5,40.6)
26.1(21.1,32.4)
Categorized (cells/µl)
<350
67(38.1)
49(52.1)
350-499
51(29.0)
21(22.3)
> 500
58(33.0)
24(25.5)
BMI – body mass index; ZAR – South African Rand

18(22.0)
30(36.6)
34(41.5)
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6.2.2

Household characteristics

Characteristics of households in which the infants were resident are shown in Table 6.4. More than half
(52.8% (93/176)) of infants’ were living in informal housing and 99.4% (175/176) had access to a flush
toilet connected to sewerage, but only 47.2% (83/176) had water piped into the dwelling. Although 96.6%
(170/176) had access to electricity, other sources of fuel including gas, wood and paraffin were used for
cooking and heating. Houses had a median of 2 (IQR1,3) rooms and 4(IQR 3,5) occupants and were a
median of 20 (IQR 15,30) minutes walk from the nearest primary healthcare clinic. HEU and HUU infant
households were similar on all these characteristics as well as in possession of various household assets
(Table 6.4). Thirty percent (53/176) of children were cared for during the day by somebody other than
their mother during the first six months of life, but only 7.4% (13/176) attended a daycare center outside
of the home. Although all were eligible, only 28.4% (50/176) of infants were receiving the government
child support grant by six months of age, with no difference between HEU and HUU infants.
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Table 6.4 Household characteristics compared by infant HIV exposure group
(categorical variables as number (%))
Total
N=176

HEU
N=94

Type of house:
Stand alone house
70(39.8)
32(34.0)
Apartment in apartment block
7(4.0)
5(5.3)
House/flat/room in backyard
8(4.5)
4(4.3)
Shack in backyard
56(31.8)
37(39.4)
Shack not in backyard
29(16.5)
14(14.9)
Other
6(3.4)
2(2.1)
Water supply:
Water piped into dwelling
83(47.2)
39(41.5)
Water piped into yard
80(45.5)
51(54.3)
Public tap
13(7.4)
4(4.3)
Sanitation:
Flush toilet (with sewerage)
175(99.4)
94(100)
No toilet facilities
1(0.6)
0(0.0)
Fuel (cook):
Electricity
166(94.3)
88(93.6)
Gas
6(3.4)
3(3.2)
Paraffin
4(2.3)
3(3.2)
Fuel (heat):
Electricity
61(34.7)
37(39.4)
Gas
3(1.7)
1(1.1)
Paraffin
99(56.3)
49(52.1)
Firewood/Other
13(7.4)
7(7.4)
Fuel (light):
Electricity
170(96.6)
89(94.7)
Paraffin
6(3.4)
5(5.3)
Assets:
Radio
103(58.5)
51(54.3)
TV
153(86.9)
78(83.0)
Computer
23(13.1)
10(10.6)
Refrigerator
133(75.6)
69(73.4)
Home phone
5(2.8)
4(4.3)
Cell phone
170(96.6)
91(96.8)
Bicycle
20(11.4)
11(11.7)
Motorcycle or scooter
2(1.1)
2(2.1)
Car or truck
15(8.5)
10(10.6)
Horse or donkey
1(0.6)
1(1.1)
Sheep, goat or cattle
1(0.6)
1(1.1)
HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected

HUU
N=82

P-value
0.21

38(46.3)
2(2.4)
4(4.9)
19(23.2)
15(18.3)
4(4.9)
0.02
44(53.7)
29(35.4)
9(11.0)
0.35
81(98.8)
1(1.2)
0.78
78(95.1)
3(3.7)
1(1.2)
0.57
24(29.3)
2(2.4)
50(61.0)
6(7.3)
0.22
81(98.8)
1(1.2)
52(63.4)
75(91.5)
13(15.9)
64(78.0)
1(1.2)
79(96.3)
9(11.0)
0(0.0)
5(6.1)
0(0.0)
0(0.0)

0.28
0.16
0.42
0.59
0.37
1.00
1.00
0.50
0.42
1.00
1.00
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6.2.3

Infant characteristics

Infant characteristics are shown in Table 6.5. In the total cohort 47.7% (84/176) of infants were male with
a mean gestational age of 38.9 (standard deviation (SD) 1.5) weeks and birth weight of 3171(SD 409)
grams that did not differ significantly between HEU and HUU infants. Five percent (9/176) of infants were
of low birth weight (<2500g) and 7.6% (10/132) of infants did not have complete immunizations by six
months of age. There was no significant difference in TB exposure or treatment between HEU and HUU
infants, seven HEU compared to two HUU infants reported a TB contact at some stage in the first six
months of life and four HEU but no HUU infants had received TB treatment by six months of age.
There was no difference in the number of all cause or sick clinic visits between HIV exposure groups with
a median of 6 (IQR 5,7) all cause visits and 1 (IQR 0,1) sick-clinic visit per infant in the first six months of
life (Table 6.5). Eighty-three infants had no sick clinic visits and 93 infants (47 HEU and 46 HUU) had a
total of 140 sick-clinic visits with 70 visits in each HIV exposure group. The incidence rate of all cause sick
clinic visits did not differ between HEU and HUU infants, 0.47 (95% CI 0.37, 0.59) per 100 infant days in
HEU infants and 0.57 (95% CI 0.45, 0.72) per 100 infant days in HUU infants, for an incidence rate ratio
of 0.82 (95% CI 0.58,1.16) in HEU relative to HUU infants. The incidence rate for respiratory symptom
associated sick clinic visits was 0.27 (95% CI 0.20, 0.36) and 0.36 (95% CI 0.26 ,0.48) per 100 infant
days in HEU and HUU infants respectively for a rate ratio of 0.75 (95% CI 0.48, 1.18). The incidence rate
for diarrhoea associated sick clinic visits was also no different between HEU and HUU infants, 0.07 (95%
CI 0.04, 0.13) and 0.06 (95% CI 0.03, 0.12) respectively for a rate ratio of 1.13 (95% CI 0.42, 3.24). The
majority of visits were for respiratory tract symptoms, 57.1% (40/70) of HEU infant visits and 62.9%
(44/70) of HUU infant visits. Sick-clinic visits for respiratory symptoms were more common than those for
diarrhoeal symptoms. Thirty one percent (55/176) of all infants had at least one sick-clinic visit associated
with respiratory tract symptoms compared to only 9.7% (17/176) of infants who had least one diarrhoeal
associated sick-clinic visit.
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Table 6.5 Infant birth and healthcare characteristics compared by infant HIV exposure group
(numeric variables as median (IQR), categorical variables as number (%), unless otherwise stated)

Male

Total

HEU

HUU

N=176

N=94

N=82

P-value

84(47.7)

46(48.9)

38(46.3)

0.85

Gestational age – mean (SD)

38.91(1.5)

38.7(1.5)

39.1(1.5)

0.06

Birth weight in grams – mean (SD)

3171(409)

3118(375)

3231(440)

0.07

9(5.1)

6(6.4)

3(3.7)

0.51

10(7.6)

5(6.9)

5(8.5)

0.91

All-cause clinic visits per infant

6(5,7)

6(5,7)

6(5,7)

0.78

Sick clinic visits per infant

1(0,1)

1(0,1)

1(0,2)

0.12

All cause

93(52.8)

47(50.0)

46(56.1)

0.43

Diarrhoea

17(9.7)

11(11.7)

6(7.3)

0.53

Respiratory

55(31.3)

26(27.7)

29(35.4)

0.88

Fever

8(4.5)

4(4.3)

4(4.9)

1.00

All cause

140

70

70

Diarrhoea

19(13.6)

11(15.7)

8(11.4)

0.24

Respiratory

84(60.0)

40(57.1)

44(62.9)

0.27

Fever

8(5.7)

4(5.7)

4(5.7)

1.00

Low birth weight
Immunizations not up to date at 6 months
(N=132)

Infants with at least one sick clinic visit:

Total number of sick clinic visits:

HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; SD – standard deviation
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Infant feeding patterns, shown in Table 6.6 were considerably different between the two groups. Almost
all (97.6% (80/82)) HIV-uninfected mothers intended at delivery to exclusively breastfeed their babies
compared to 39.4% (37/94) of HIV-infected mothers. Only one HUU infant never breastfed compared to
62.8% (59/94) of HEU infants who were never breastfed. The median duration of breastfeeding in infants
that were breastfed was no different between HEU and HUU breastfed infants at 112 days (IQR 56,194).
Feeding modes, either exclusive breastfeeding, partial breastfeeding or no breast feeding, were
significantly different between HEU and HUU infants at all time points from two weeks to six months of
age. By six months of age, although only 5% of infants in both groups were still being exclusively
breastfed, only 32.2% (19/59) of HUU infants had ceased all breastfeeding compared to 84.9% (62/73) of
HEU infants.
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Table 6.6 Infant feeding characteristics compared by infant HIV exposure group
(numeric variables as median (IQR), categorical variables as number (%))
Total

HEU

HUU

N=176

N=94

N=82

P-value

Mothers intention to exclusively breastfeed

117(66.5)

37(39.4)

80(97.6)

<0.001

Days of any breastmilk in breastfed infants

112(56,194)

112(56,194)

112(56,194)

0.18

(N=116)
Last visit any breastfeeding reported:

<0.001

Never breastfed

60(34.1)

59(62.8)

1(1.2)

2 weeks

23(13.1)

8(8.5)

15(18.3)

2 months

27(15.3)

9(9.6)

18(22.0)

4 months

15(8.5)

7(7.4)

8(9.8)

6 months

51(29.0)

11(11.7)

40(48.8)

Feeding mode at 2 weeks: (N=176)

<0.001

Exclusive breastfeeding

99(56.3)

32(34.0)

67(81.7)

Partial breastfeeding

17(9.7)

3(3.2)

14(17.1)

No breastfeeding

60(34.1)

59(62.8)

1(1.2)

Feeding mode at 2 months: (N=169)

<0.001

Exclusive breastfeeding

71(42.0)

23(25.0)

48(62.3)

Partial breastfeeding

22(13.0)

4(4.3)

18(23.4)

No breastfeeding

76(45.0)

65(70.7)

11(14.3)

Feeding mode at 4 months: (N=153)

<0.001

Exclusive breastfeeding

33(21.6)

11(13.1)

22(31.9)

Partial breastfeeding

33(21.6)

7(8.3)

26(37.7)

No breastfeeding

87(56.9)

66(78.6)

21(30.4)

Feeding mode at 6 months: (N=132)

<0.001

Exclusive breastfeeding

7(5.3)

4(5.5)

3(5.1)

Partial breastfeeding

44(33.3)

7(9.6)

37(62.7)

No breastfeeding

81(61.4)

62(84.9)

19(32.2)

HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected,
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HEU infants had significantly lower mean haemoglobin (Hb) than HUU infants at two months of age (10.5
(SD 0.9) g/dl vs. 10.8 (SD1.1) g/dl, p = 0.02), but this had resolved by six months of age. Although the
proportion of infants with a grade 1 or more anaemia in the cohort was high at approximately 40% from
two months to six months of age, this did not differ between HEU and HUU infants (Table 6.7).
Considering infant growth parameters, shown in Table 6.8, HEU infants had significantly lower WHO
mean weight-for-age Z-scores at two weeks and two months (Figure 6.2) and significantly lower lengthfor-age Z-scores (Figure 6.3) at birth, two weeks, two months and six months than HUU infants. There
was no difference between HIV exposure groups though in mean weight-for-length Z-score (Figure 6.4),
head circumference Z-score, mid-upper-arm-circumference Z-score or the proportion of infants that were
stunted (length-for-age Z-score < -2) or wasted (weight-for-length Z-score < -2).
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Table 6.7 Infant haemoglobin and anaemia compared by infant HIV exposure group
(numeric variables as mean (SD), categorical variables as number (%))
Total

HEU

HUU

P-value

N=176

N=94

N=82

Mean haemoglobin (SD)
2 weeks (N=167)

14.3(1.9)

14.2(2.0)

14.4(1.8)

0.61

2 months (N=150)

10.6(1.0)

10.5(0.9)

10.8(1.1)

0.02

4 months (N=141)

11.0(0.9)

11.1(1.0)

10.8(0.9)

0.17

6 months (N=127)

11.2(1.0)

11.2(0.9)

11.1(1.0)

0.58

DAIDS anaemia grade
2 weeks: (N=167)

0.43
Normal

137(82.0)

71(81.6)

66(82.5)

Grade 1

17(10.2)

8(9.2)

9(11.3)

Grade 2

13(7.8)

8(9.2)

5(6.3)

2 months: (N=150)

0.83
Normal

91(60.7)

45(56.3)

46(65.7)

Grade 1

41(27.3)

24(30.0)

17(24.3)

Grade 2

16(10.7)

10(12.5)

6(8.6)

Grade 3

2(1.3)

1(1.3)

1(1.4)

4 months: (N=141)

0.22
Normal

74(52.5)

47(59.5)

27(43.5)

Grade 1

49(34.8)

23(29.1)

26(41.9)

Grade 2

14(9.9)

7(8.9)

7(11.3)

Grade 3

4(2.8)

2(2.5)

2(3.2)

6 months: (N=127)

0.58
Normal

76(59.8)

44(62.0)

32(57.1)

Grade 1

38(29.9)

22(31.0)

16(28.6)

Grade 2

10(7.9)

4(5.6)

6(10.7)

Grade 3

3(2.4)

1(1.4)

2(3.6)

DAIDS – Division of AIDS; HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; SD –
standard deviation
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Table 6.8 Infant anthropometric measurements compared by infant HIV exposure group
(numeric variables as mean (SD), categorical variables as number (%))
Anthropometric
Total
HEU
HUU
P-value
measurements
N=176
N=94
N=82
Birth: (N=176)
WAZ
-0.28(0.88)
-0.40(0.83)
-0.17(0.92)
0.08
LAZ
-0.22(1.88)
-0.57(1.87)
0.18(1.88)
0.008
WLZ
-0.39(1.79)
-0.24(1.72)
-0.56(1.87)
0.25
HCZ
-0.10(1.17)
-0.16(1.24)
-0.03(1.09)
0.47
Stunted
28(15.9)
17(18.1)
11(13.4)
0.52
Wasted
26(14.8)
10(10.6)
16(19.5)
0.17
2 weeks: (N=176)
WAZ
-0.18(0.92)
-0.40(0.81)
0.06(0.97)
<0.001
LAZ
-0.98(1.03)
-1.19(0.93)
-0.74(1.10)
0.004
WLZ
0.71(1.03)
0.65(0.98)
0.78(1.09)
0.41
HCZ
0.21(1.09)
0.10(1.08)
0.33(1.09)
0.15
Stunted
28(15.9)
15(16.0)
13(15.9)
1.00
Wasted
1(0.6)
0(0.0)
1(1.2)
0.47
2 months: (N=162)
WAZ
-0.10(1.10)
-0.34(1.03)
0.17(1.12)
0.003
LAZ
-1.03(1.06)
-1.19(1.04)
-0.84(1.06)
0.04
WLZ
1.23(1.12)
1.10(1.12)
1.38(1.12)
0.11
HCZ
0.42(1.11)
0.28(1.15)
0.59(1.04)
0.07
Stunted
29(17.9)
18(20.7)
11(14.7)
0.43
Wasted
0(0.0)
0(0.0)
0(0.0)
NA
4 months: (N=146)
WAZ
0.00(1.12)
-0.09(1.14)
0.12(1.10)
0.25
LAZ
-0.79(1.14)
-0.91(1.40)
- 0.65(1.13)
0.18
WLZ
0.86(1.14)
0.85(1.26)
0.88(0.98)
0.87
HCZ
0.63(1.03)
0.57(1.06)
0.70(1.00)
0.48
MUACZ
0.37(1.02)
0.28(1.08)
0.50(0.93)
0.18
Stunted
23(15.8)
14(17.3)
9(13.9)
0.74
Wasted
0(0.0)
0(0.0)
0(0.0)
NA
6 months: (N=132)
WAZ
0.18(1.19)
0.09(1.17)
0.29(1.23)
0.35
LAZ
-0.53(1.03)
-0.71(0.93)
-0.31(1.10)
0.03
WLZ
0.75(1.29)
0.76(1.30)
0.72(1.28)
0.89
HCZ
0.76(1.12)
0.78(1.18)
0.74(1.06)
0.84
MUACZ
0.48(1.07)
0.38(1.09)
0.59(1.04)
0.27
Stunted
12(9.1)
8(11.0)
4(6.8)
0.60
Wasted
1(0.8)
1(1.37)
0(0.0)
1.00
HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; HCZ – head-circumference Z-score;
LAZ – length-for-age Z-score; MUACZ – mid-upper-arm-circumference Z-score; WAZ – weight-for-age Zscore; WLZ – weight-for-length Z-score
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Figure 6.2 WHO weight-for-age Z-score compared by infant HIV exposure group
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Figure 6.3 WHO length-for-age Z-score compared by infant HIV exposure group
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Figure 6.4 WHO weight-for-length Z-score compared by infant HIV exposure group
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6.3

Comparison of infants with and without the primary outcome by HIV

exposure group
Twenty-seven (15.3%) infants experienced the primary outcome of at least one infectious cause
hospitalization or death in the first 6 months of life, 17 (18.1%) HEU infants and 10 (12.2%) HUU infants
(p = 0.38). Twenty-six of the outcomes were infectious cause hospitalizations and there was one death
(without hospitalization) in an HUU infant. A total of 33 hospitalizations were observed in 28 infants up to
six months of age, 21 hospitalizations in 18 HEU infants and 12 hospitalizations in 10 HUU infants. Of the
33 hospitalizations 27 were for infectious causes, 17 in 17 (18.1%) HEU infants and 10 in 9 (11.0%) HUU
infants. One HUU infant had a second infectious cause hospitalization at 169 days of age. It was possible
to re-establish telephonic contact with 24 (9 HEU and 15 HUU infants) of the 41 infants not maintained in
follow-up to six months, all of whom were alive and healthy at six months of age. Of the 17 infants with
whom telephonic contact was not re-established, three HEU infants were identified through the provincial
electronic health administrative system as being hospitalized. The remaining 7 HEU and 7 HUU infants
were not linked to any hospitalizations or deaths in the Western Cape Province hospital administrative
system or the mortality registry. In our cohort of 176 infants we expected 1.4 infant deaths up to 12
months of age according to our estimate of infant mortality of 7.9/1000; that is in keeping with the single
identified death up to six months of age.
6.3.1

Maternal characteristics

Comparing maternal factors between infants with and without infectious cause hospitalization or death
(Table 6.9) there tended to be a difference in median maternal age with mothers of infants with the
outcome on average being younger than mothers of infants without the outcome (24.7 (IQR 21.0, 29.3)
years vs. 27.0 (IQR 23.4, 30.6) years, p = 0.19). Maternal monthly income prior to delivery was lower in
the group with an infectious cause hospitalization or death but not statistically significantly different to the
group without an infectious cause hospitalization or death (ZAR 650 (IQR 265, 1900) vs. ZAR 1110 (IQR
373, 2292), p = 0.36). The highest level of maternal education did not differ between outcome groups, nor
did gestational age at first antenatal clinic visit or the number of antenatal clinic visits attended. There
was one mother in each group of infants with and without infectious cause hospitalization or death that
tested positive and was treated for syphilis during antenatal screening. No mothers of infants in the
outcome group had a diagnosis of TB during pregnancy or postnatal, compared to 8 (5.4%) mothers of
infants without the outcome, 6 that received TB treatment during pregnancy and 2 that received treatment
postnatal. There was no difference in reported smoking (11.1% (3/27) vs. 7.4% (11/149), p = 0.6), alcohol
(14.8% (4/27) vs. 14.1% (21/149), p = 0.12) or drug use (0.0% (0/27) vs. 1.3% (2/149), p = 1.0) during
pregnancy by mothers of infants with and without infectious cause hospitalization or death respectively.
Neither was there a difference in previous stillbirths (4.3% (1/23) vs. 7.1% (8/112), p = 1.0) or previous
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child deaths under 5 years of age (4.3% (1/23) vs. 6.3% (7/112), p = 1.0) in multiparous mothers of
infants with and without the outcome respectively. The proportion of infants born to mothers with a CD4
count of <350 cells/µl was equivalent in infants with and without the primary outcome (37.0% (10/27) vs.
38.3% (57/149), p = 1.0). Although 22.0% (18/82) of HIV-uninfected mothers had CD4 counts of below
350 cells/µl, no primary outcome events occurred in infants of these mothers.
6.3.2

Household characteristics

The circumstances of the households in which the infants resided were similar in both groups of infants
with and without an infectious cause hospitalization or death, specifically in terms of the type of house, its
size and number of occupants, water and sanitation infrastructure as well as fuel sources available (Table
6.10). The only household asset that differed significantly between the two groups was possession of a
cell phone in the household, 11.1% (3/27) of infants with the outcome were living in households without a
cell phone compared to 2.0% (3/149) of infants without the outcome (p = 0.05).
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Table 6.9 Maternal demographic and health characteristics compared by infant outcome group
(Primary outcome is at least one infectious cause hospitalization or death before 195 days old; numeric
variables as median (IQR), categorical variables as number (%))
Total
N=176

Infants with the
outcome
N=27

Infants without
the outcome
N=149

P-value

Demographic characteristics
Age

26.8(23.8,30.4)

24.7(21.0,29.3)

27.0(23.4,30.6)

Race:

0.19
0.71

Black African

161(91.5)

24(88.9)

137(91.9)

Coloured

15(8.5)

3(11.1)

12(8.1)

Education:

0.82
No or any primary

9(5.1)

1(3.7)

8(5.4)

Some secondary

104(59.1)

18(66.7)

86(57.7)

Completed secondary

63(35.8)

8(29.6)

55(36.9)

1060(285,2265)

650(265,1900)

1110(373,2292)

0.36

41(23.3)

4(14.8)

37(24.8)

0.38

20(16,27)

20(16,27)

20(16,27)

0.72

5(4,6)

5(4,6)

5(4,6)

0.74

26.6(23.2,29.2)

26.1(23.3,29.6)

26.6(23.2,29.0)

0.93

409(303,592)

502(265,843)

408(304,562)

0.23

33.4(24.5,40.6)

34.7(27.0,39.3)

32.7(24.0,40.7)

0.85

Monthly income (ZAR)
Health characteristics
Primiparous
st

Gestation 1 antenatal visit
(weeks)
Number of antenatal visits
BMI postnatal (N=173)
Maternal delivery CD4 count
Absolute count (cells/µl)
Percent
CD4 categorized:

0.03
<350

67(38.1)

10(37.0)

57(38.3)

350-499

51(29.0)

3(11.1)

48(32.2)

> 500

58(33.0)

14(51.9)

44(29.5)

ZAR – South African Rand
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Table 6.10 Household characteristics compared by infant outcome group
(Primary outcome is at least one infectious cause hospitalization or death before 195 days old; numeric
variables as median (IQR), categorical variables as number (%))
Total
N=176

Infants with
the outcome
N=27

Infants without
the outcome
N=149

Type of house:
Stand alone house
Apartment in apartment block
House/flat/room in backyard
Shack in backyard
Shack not in backyard
Other
Water supply:
Water piped into dwelling
Water piped into yard
Public tap
Sanitation:
Flush toilet (with sewerage)
No toilet facilities
Fuel (cook):
Electricity
Gas
Paraffin
Fuel (heat): (3 unknown)
Electricity
Gas
Paraffin
Firewood/Other
Fuel (light):
Electricity
Paraffin
Number of rooms in house
Number of people in household
Distance to clinic (minutes walked)

P-value

0.75
70(39.8)
7(4.0)
8(4.5)
56(31.8)
29(16.5)
6(3.4)

9(33.3)
1(3.7)
0(0.0)
11(40.7)
5(18.5)
1(3.7)

61(40.9)
6(4.0)
8(5.4)
45(30.2)
24(16.1)
3(2.0)
1.00

83(47.2)
80(45.5)
13(7.4)

13(48.1)
12(44.4)
2(7.4)

70(47.0)
68(45.6)
11(7.4)

175(99.4)
1(0.6)

27(100)
0(0.0)

148(99.3)
1(0.7)

166(94.3)
6(3.4)
4(2.3)

27(100)
0(0.0)
0(0.0)

139(93.3)
6(4.0)
4(2.7)

61(35.3)
3(1.7)
99(57.2)
10(5.8)

9(33.3)
0(0.0)
16(59.3)
2(7.4)

52(35.6)
3(2.1)
83(56.8)
8(5.5)

1.00

0.79

0.95

0.59
170(96.6)
6(3.4)

27(100)
0(0.0)

143(96.0)
6(4.0)

2(1,3)
4(3,5)
20(15-30)

2(1,3)
4(3,5)
25(12.5-30)

2(1,3)
4(3,5)
20(15-30)

0.43
0.71
0.95

103(58.5)
153(86.9)
23(13.1)
133(75.6)
5(2.8)
170(96.6)
20(11.4)
2(1.1)
15(8.5)

14(51.9)
24(88.9)
3(11.1)
20(74.1)
1(3.7)
24(88.9)
3(11.1)
0(0.0)
4(14.8)

89(59.7)
129(86.6)
20(13.4)
113(75.8)
4(2.7)
146(98.0)
17(11.4)
2(1.3)
11(7.4)

0.58
1.00
1.00
1.00
0.57
0.05
1.00
1.00
0.25

Assets:
Radio
TV
Computer
Refrigerator
Home phone
Cell phone
Bicycle
Motorcycle or motor scooter
Car or truck
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6.3.3

Infant characteristics

Infants with and without infectious cause hospitalization or death were of similar mean gestational age
(38.6 (SD 1.4) vs. 39.0 (SD 1.5) weeks, p = 0.21) and birth weight (3191 (SD 416) vs. 3167 (SD 0.79)
grams, p = 0.79). There was no significant difference in having incomplete immunizations at six months of
age (4.2% (1/24) vs. 8.3% (9/108), p = 0.67), nor in TB exposure, TB prophylaxis or TB treatment
received (Table 6.11). Forty six percent (68/149) of infants without the outcome of hospitalization or death
did have at least one sick clinic visit, the majority of these for respiratory associated symptoms (55.9%
(38/68)).
Table 6.11 Infant birth and healthcare characteristics compared by infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as median (IQR), categorical variables as number (%), unless otherwise stated)
Infants
without the
outcome
N=149
77(51.7)
68(45.6)
39.0(1.5)
3167(409)
8(5.4)
9(8.3)
6(4.0)
5(3.4)
2(1.3)

P-value

94(53.4)
84(47.7)
38.9(1.5)
3171(409)
9(5.1)
10(7.6)
9(5.1)
7(4.0)
4(2.3)

Infants
with the
outcome
N=27
17(63.0)
16(59.3)
38.6(1.4)
3191(416)
1(3.7)
1(4.2)
3(11.1)
2(7.4)
2(7.4)

6(5,7)
1(0,1)

7(6,8)
2(1,2.5)

6(5,7)
1(0,1)

0.07
<0.001

93(52.8)
17(9.7)
55(31.3)
8(4.5)

25(92.6)
8(29.6)
17(63.0)
0(0.0)

68(45.6)
9(6.0)
38(25.5)
8(5.4)

<0.001
0.001
<0.001
0.61

All cause
140
Diarrhoea
19(13.6)
Respiratory
84(60.0)
Fever
8(5.7)
HEU – HIV exposed uninfected; SD – standard deviation

42
8(19.0)
29(69.0)
0(0.0)

98
11(11.2)
55(56.1)
8(8.2)

0.33
0.21
0.11

Total
N=176
HEU Infants
Male
Gestational age – mean (SD)
Birth weight in grams – mean (SD)
Low birth weight (<2500g)
Incomplete immunizations at 6 months (N=132)
TB contact ever
TB prophylaxis ever
TB treatment ever
All cause clinic visits per infant
Sick clinic visits per infant

0.38
0.27
0.21
0.79
1.00
0.67
0.14
0.29
0.11

Infants with at least one sick clinic visit:
All cause
Diarrhoea
Respiratory
Fever
Total number of sick clinic visits:
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Two-thirds of mothers intended at birth to exclusively breastfeed their infant’s and this did not differ by
outcome group. Although differences in infant feeding did not differ significantly between the outcome
groups, it is noticeable that at all time points there were proportionally more infants not breastfed in the
group with the outcome compared to the group without the outcome (Table 6.12).

Table 6.12 Infant feeding characteristics compared by infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as median(IQR), categorical variables as number (%))

117(66.5)

17(63.0)

Infants
without the
outcome
N=149
100(67.1)

112(56,194)

112(56,194)

112(56,194)

60(34.1)
23(13.1)
27(15.3)
15(8.5)
51(29.0)

12(44.4)
5(18.5)
4(14.8)
1(3.7)
5(18.5)

48(32.2)
18(12.1)
23(15.4)
14(9.4)
46(30.9)

99(56.3)
17(9.7)
60(34.1)

13(48.1)
2(7.4)
12(44.4)

86(57.7)
15(10.1)
48(32.2)

71(42.0)
22(13.0)
76(45.0)

9(34.6)
1(3.8)
16(61.5)

62(43.4)
21(14.7)
60(42.0)

Total
N=176
Mothers intention to exclusively breastfeed
Days of any breast milk in breastfed infants
(N = 116)
Last visit any breastfeeding reported:
Never breastfed
2 weeks
2 months
4 months
6 months
Feeding mode at 2 weeks: (N=176)
Exclusive breastfeeding
Partial breastfeeding
No breastfeeding
Feeding mode at 2 months: (N=169)
Exclusive breastfeeding
Partial breastfeeding
No breastfeeding
Feeding mode at 4 months: (N=153)
Exclusive breastfeeding
Partial breastfeeding
No breastfeeding
Feeding mode at 6 months: (N=132)
Exclusive breastfeeding
Partial breastfeeding
No breastfeeding

Infants with
the outcome
N=27

P-value

0.17

0.84

0.46

0.38

0.28

0.31
33(21.6)
33(21.6)
87(56.9)

4(16.7)
2(8.3)
18(75.0)

29(22.5)
31(24.0)
69(53.5)

7(5.3)
44(33.3)
81(61.4)

1(5.0)
4(20.0)
15(75.0)

6(5.4)
40(35.7)
66(58.9)

0.92
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Mean haemoglobin was significantly lower in infants with the outcome at four months (10.6 (SD 0.7) vs.
11.0 (SD 1.0) g/dl, p = 0.03), with a non-significantly greater proportion of infants with grade 1 or higher
anaemia at four months (65.2% (15/23) vs. 44.1% (52/118), p = 0.08) (Table 6.13). There was no specific
pattern to anaemia preceding or following hospitalization events, with 7 of 21 hospitalized infants having a
grade 1 or 2 anaemia at the study visit directly preceding hospitalization and 7 of 21 hospitalized infants
having a grade 1 anaemia at the study visit following but not preceding hospitalization. Anthropometric
indices were not markedly different between infants with and without an infectious cause hospitalization
or death (Table 6.14).

Table 6.13 Infant haemoglobin and anaemia compared by infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as mean (SD), categorical variables as number (%))
Total
N=176
Mean haemoglobin (SD)
2 weeks (N=167)
2 months (N=150)
4 months (N=141)
6 months (N=127)

Infants with the
outcome
N=27

Infants without
the outcome
N=149

14.2(1.9)
10.6(0.9)
10.6(0.7)
11.0(0.9)

14.3(1.9)
10.6(1.0)
11.0(1.0)
11.2(1.0)

18(75.0)
3(12.5)
3(12.5)

119(83.2)
14(9.8)
10(7.0)

15(71.4)
5(23.8)
1(4.8)
0(0.0)

76(58.9)
36(27.9)
15(11.6)
2(1.6)

14.3(1.9)
10.6(1.0)
11.0(0.9)
11.2(1.0)

DAIDS anaemia grade
2 weeks: (N=167)
Normal
137(82.0)
Grade 1
17(10.2)
Grade 2
13(7.8)
2 months: (N=150)
Normal
91(60.7)
Grade 1
41(27.3)
Grade 2
16(10.7)
Grade 3
2(1.3)
4 months: (N=141)
Normal
74(52.5)
Grade 1
49(34.8)
Grade 2
14(9.9)
Grade 3
4(2.8)
6 months: (N=127)
Normal
76(59.8)
Grade 1
38(29.9)
Grade 2
10(7.9)
Grade 3
3(2.4)
DAIDS – Division of AIDS; SD – standard deviation

P-value

0.86
0.74
0.03
0.24

0.51

0.71

0.08
8(34.8)
13(56.5)
1(4.3)
1(4.3)

66(55.9)
36(30.5)
13(11.0)
3(2.5)

9(47.4)
8(42.1)
1(5.3)
1(5.3)

67(62.0)
30(27.8)
9(8.3)
2(1.9)

0.61
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Table 6.14 Infant anthropometric measurements compared by infant outcome group
(Primary outcome is at least one infectious cause hospitalization or death before 195 days old; numeric
variables as mean (SD), categorical variables as number (%))
Anthropometric
measurements

Total
N=176

Infants with the
outcome
N=27

Infants without the
outcome
N=149

P-value

Birth: [N=176]
WAZ
LAZ
WLZ
HCZ

-0.28(0.88)
-0.22(1.88)
0.39(1.79)
-0.10(1.17)
28(15.9)
26(14.8)

-0.27(0.88)
-0.75(2.00)
0.18(1.80)
-0.07(1.06)
5(18.5)
2(7.4)

-0.29(0.88)
-0.13(1.85)
-0.49(1.78)
-0.11(1.19)
23(15.4)
24(16.1)

Stunted
Wasted
2 weeks: (N=176)
WAZ
-0.18(0.92)
-0.20(0.98)
-0.18(0.91)
LAZ
-0.98(1.03)
-0.96(0.98)
-0.99(1.05)
WLZ
0.71(1.03)
0.64(1.31)
0.72(0.98)
HCZ
0.21(1.09)
0.30(0.75)
0.19(1.14)
Stunted
28(15.9)
3(11.1)
25(16.8)
Wasted
1(0.6)
1(3.7)
0(0.0)
2 months: (N=162)
WAZ
-0.10(1.10)
-0.10(1.40)
-0.10(1.05)
LAZ
-1.03(1.06)
-0.97(1.19)
-1.03(1.04)
WLZ
1.23(1.12)
1.14(1.15)
1.24(1.12)
HCZ
0.42(1.11)
0.54(1.20)
0.40(1.10)
Stunted
29(17.9)
2(9.1)
27(19.3)
Wasted
0(0.0)
0(0.0)
0(0.0)
4 months: (N=146)
WAZ
0.00(1.12)
0.17(1.44)
-0.03(1.06)
LAZ
-0.79(1.14)
-0.76(1.26)
-0.80(1.12)
WLZ
0.86(1.14)
1.04(1.29)
0.82(1.11)
HCZ
0.63(1.03)
0.87(1.03)
0.58(1.03)
MUACZ
0.37(1.02)
0.38(1.44)
0.37(0.92)
Stunted
23(15.8)
4(16.7)
19(15.6)
Wasted
0(0.0)
0(0.0)
0(0.0)
6 months: (N=132)
WAZ
0.18(1.19)
0.37(1.51)
0.15(1.13)
LAZ
-0.53(1.03)
-0.57(1.05)
-0.53(1.03)
WLZ
0.75(1.29)
0.94(1.48)
0.71(1.25)
HCZ
0.76(1.22)
0.96(1.27)
0.73(1.10)
MUACZ
0.48(1.07)
0.32(1.70)
0.51(0.92)
Stunted
12(9.1)
3(15.0)
6(5.4)
Wasted
1(0.8)
0(0.0)
1(0.9)
HCZ – head-circumference Z-score; LAZ – length-for-age Z-score; MUACZ – mid-upper-armcircumference Z-score; WAZ – weight-for-age Z-score; WLZ – weight-for-length Z-score

0.91
0.14
0.09
0.86
0.77
0.38
0.90
0.89
0.76
0.52
0.58
0.15
0.99
0.81
0.70
0.61
0.38
NA
0.53
0.87
0.44
0.21
0.99
1.00
NA
0.64
0.87
0.51
0.45
0.64
0.39
1.00
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6.4

Characterization of hospitalization events

Seventeen HEU and eight HUU infants had a single infectious cause hospitalization and one HUU infant
had two infectious cause hospitalizations before six months of age. These hospitalizations are presented
in detail in section 6.4.1 with regards to the timing of hospitalizations, the type and severity of infectious
events and important infant factors (feeding, nutrition and immunizations) at the time of hospitalization.
Six infants hospitalized for non-infectious causes are presented briefly in section 6.4.2.
6.4.1

Infectious cause hospitalizations

The median age at first infectious cause hospitalization or death was not significantly different in HEU and
HUU infants (HEU 48.5 days (IQR 27.5, 135) vs. HUU 49.0 days (IQR 21, 77), p = 0.29). The time to the
first infectious cause hospitalization or death was no different between HEU and HUU infants and is
shown by Kaplan-Meier curve in Figure 6.5 (log-rank test p = 0.36). The majority of infectious cause
hospitalizations occurred in the first three months of life in both groups, 58.8% (10/17) of HEU infant
hospitalizations and 90% (9/10) of HUU infant hospitalizations (including one HUU infant death), with no
difference at three months of age between the proportions of HEU and HUU infants hospitalized for an
infection (Table 6.15). There was a noticeable difference to the pattern of HEU and HUU infant
hospitalizations over time (Figure 6.6). Although not statistically significantly different, between 91 and
194 days old an additional seven (7.4%) HEU infants were hospitalized, compared to a single (1.2%)
HUU infant (Fishers exact p=0.07). The median length of stay was two days longer in HEU than HUU
infants (HEU 6 days (IQR 2,7) vs. HUU 4 days (IQR 2,4), p = 0.09), but not statistically significantly so.
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Figure 6.5 Kaplan-Meier curves of time to first infectious cause hospitalization or death in HEU
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Table 6.15 Table of cumulative proportions of infants with infectious cause hospitalizations
(including death) over time compared by HIV exposure group
(all variables as number (%))
Infant age

Total (N=176)

HEU (N=94)

HUU (N=82)

30 days

9 (5.1)

6 (6.4)

3 (3.7)

60 days

17 (9.7)

11 (11.7)

6 (7.3)

90 days

20 (11.4)

11 (11.7)

9 (11.0)

120 days

23 (13.1)

13 (13.8)

10 (12.2)

150 days

24 (13.6)

14 (14.9)

10 (12.2)

194 days

27 (15.3)

17 (18.1)

10 (12.2)
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Infant group

Figure 6.6 Infant age at time of primary outcome compared by HIV exposure group
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Three (11.5%) of the 26 infants were hospitalized with mild-moderate events, 9 (34.6%) infants had a
severe major infectious event and 14 (53.8%) infants had a very severe event (Table 6.16). All 26 infants
with an infectious cause hospitalization had at least one event that met DAIDS criteria for a grade 3
event. None of the infants hospitalized required intensive care unit admission. Twenty two of the 26
hospitalized infants experienced a single infectious event during their hospitalization: 13 with lower
respiratory tract infections (6 HEU, 7 HUU), five with diarrhoea (4 HEU, 1 HUU), two HEU infants with
neonatal sepsis, one HEU infant with disseminated (including pulmonary) TB and one HUU infant with
uncomplicated neonatal conjunctivitis. Three HEU infants experienced two infectious events during their
hospitalization: two infants with diarrhoea and concurrent lower respiratory tract infection and one infant
with post-neonatal Shigella sonnei septicaemia with diarrhoea. One HEU infant had three infectious
events during the single hospitalization: neonatal sepsis with concurrent pneumonia and diarrhoea. The
HUU infant hospitalized twice had a single lower respiratory tract infection event at both hospitalizations.
No HEU infants had repeat hospitalizations before six months of age.
The proportion of infants in the total cohort hospitalized at least once with a lower respiratory tract
infection did not differ between HEU and HUU infants (10/94 (10.6%) HEU vs. 7/82 (8.5%) HUU, p =
0.83) (Table 6.16). Neither did the type of lower respiratory tract infection differ between HEU and HUU
infants comprising six events of pneumonia (three each in HEU and HUU infants), nine events of
bronchiolitis (five HEU infants and four HUU infants) and two events of TB (one confirmed and one
probable, both in HEU infants). More HEU than HUU infants were hospitalized with a diarrhoeal episode
(8/94(8.5%) HEU vs. 1/82(1.2%) HUU, Fishers exact p = 0.04)
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Table 6.16 Comparison of HEU and HUU infants by highest grade of severity and type of major
infectious events
(All variables are number (%))
Total N=176

HEU N=94

HUU N=82

P-value

Grade:
Mild-moderate

3(1.7)

2(2.1)

1(1.2)

1.00

Severe

9(5.1)

5(5.3)

4(4.9)

1.00

14(8.0)

10(10.6)

4(4.9)

0.26

17(9.7)

10(10.6)

7(8.5)

0.83

Diarrhoea

9(5.1)

8(8.5)

1(1.2)

0.04

Other*

5(2.8)

4(4.3)

1(1.2)

0.37

Very severe
Type:
LRTI

HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected; LRTI – lower respiratory tract
infection; * Includes 3 HEU infants with presumed neonatal sepsis, 1 HEU infant with post-neonatal
Shigella sonnei septicaemia, and 1 HUU infant with uncomplicated neonatal conjunctivitis

At the time of hospitalization, three infants (two HEU, one HUU) were wasted (weight-for-length Z-score
<-2) and four infants (three HEU, one HUU) were stunted (length-for-age Z-score < -2). Two-thirds (6/9) of
HUU infants with an infectious cause hospitalization were breastfeeding at the time of hospitalization,
compared to only 23.5% (4/17) of HEU infants. Weaning from breast milk may have directly preceded
hospitalization in one HEU infant and two HUU infants. The single HUU infant with diarrhoea was still
breastfed at the time of the event, compared to only one of eight HEU infants with diarrhoea still
breastfed. The nine infants that experienced a diarrhoeal event all lived in households with access to a
flush toilet connected to sewerage and piped water. One HEU infant and three HUU infants did not have
confirmed up to date immunizations at the time of hospitalization.
6.4.2

Non-infectious cause hospitalizations

Six infants were hospitalized for non-infectious events: three HEU infants, one each with uncomplicated
neonatal jaundice without neonatal sepsis, congenital macrocephaly with neurodevelopmental delay and
communicating hydrocephalus; three HUU infants, one each with accidental trauma, a history of apnoea
without sepsis and poor weight gain without underlying infection. The HEU infant with congenital
macrocephaly was born to an HIV-infected mother who initiated an EFV-containing cART regimen late
during the first trimester of pregnancy and the infant with communicating hydrocephalus was born to an
HIV-infected mother who initiated an EFV-containing cART regimen 4 years prior to pregnancy and was
thus on EFV during the first trimester of pregnancy. Both mothers reported no use of alcohol, tobacco or
other illegal drugs during pregnancy.
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6.5

Determining the effect of HIV exposure on infectious morbidity

To resolve the primary objective of determining whether HIV exposure places HEU infants at greater risk
for infectious morbidity in the first six months of life, odds ratios for the primary and secondary outcomes
calculated from multivariable logistic regression models are presented. To further understand the odds of
infectious morbidity in HEU compared to HUU infants beyond the role of breastfeeding, a stratified
analysis is presented comparing HEU and HUU infants within strata of breastfeeding or not breastfeeding
at two weeks and six months of age.

6.5.1

Multivariable analysis

The crude association between HEU infants and the primary outcome showed HEU infants to have a
48% increased risk (RiR 1.48, 95% CI 0.72, 3.06) and 59% greater odds (OR 1.59; 95% CI 0.69, 3.82) of
at least one infectious cause hospitalization or death compared to HUU infants. However, the null
hypothesis could not be rejected. Additional analyses adjusting for potential confounders, presented
below, did not substantially alter the estimate of effect of this primary comparison. With reference to Table
6.17 and Table 6.18, each row represents a logistic regression model for the primary outcome, including
the variable indicated in the row and the term for infant group (HEU relative to HUU). The first aOR
column indicates the aOR for the variable indicated in the row, after adjusting for infant group; the second
aOR column indicates the aOR for the effect of being an HEU infant after adjusting for the variable in the
corresponding row. Increasing maternal age in years had a protective effect on infectious morbidity
(adjusted OR (aOR) 0.94; 95% CI 0.86, 1.02), and strengthened the effect of being an HEU infant on the
odds of infectious morbidity (Table 6.17). It was decided a priori that maternal CD4 count would not be
adjusted for in the final models as this may be on the causal pathway between HIV exposure and
infectious morbidity. The effect of maternal CD4 count on infant infectious morbidity was in the opposite
direction to what was hypothesized and a higher maternal CD4 count increased the odds of infectious
morbidity after adjusting for HIV exposure. This relationship persisted whether the absolute CD4 count
was considered as a continuous variable or a categorical variable (>/<350 cells/µl or >/<500 cells/µl), and
whether the log of the absolute CD4 count or the CD4 percentage was considered. Maternal smoking
during pregnancy or postnatal body mass index did not play a role in determining infectious morbidity,
neither did infant birth or immunization characteristics. The presence or absence of breastfeeding did
alter the point estimates for the effect of being an HEU infant on the outcome at all time points. This
remained so whether categorized as “exclusive breastfeeding”, “partial breastfeeding” or “no
breastfeeding” at each visit, categorized as “any breastfeeding” or “no breastfeeding” at each visit or
categorized by the last visit at which “any breastfeeding” was reported (Table 6.18). At all visits the point
estimate for “no breastfeeding” in reference to “exclusive breastfeeding”, adjusted for being an HEU
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infant, indicated that not breastfeeding was harmful. However, confidence intervals for the point estimate
of not breastfeeding overlapped 1.0 at all time points and were wide.
Table 6.17 Odds ratios for the associations between maternal and infant characteristics and the
primary outcome, adjusted for HIV exposure
aOR (95%CI)

P-value

HEU

P-value

aOR (95%CI)

Maternal characteristics
Maternal age in years

0.94 (0.86, 1.02)

0.14

1.82 (0.78, 4.48)

0.18

1.77 (0.62, 6.37)

0.33

1.49 (0.64, 3.60)

0.36

Gestation in weeks at 1 ANC visit

0.99 (0.92, 1.05)

0.70

1.56 (0.68, 3.77)

0.30

Number of ANC visits

1.00 (0.80, 1.24)

0.97

1.49 (0.64, 3.63)

0.36

Smoking during pregnancy

1.40 (0.30, 5.00)

0.62

1.54 (0.67, 3.74)

0.32

Maternal CD4 count (cells/µl)

1.00 (1.00, 1.00)

0.009

2.22 (0.92, 5.74)

0.09

Maternal CD4 percent

1.02 (0.97, 1.08)

0.36

2.21 (0.74, 6.91)

0.16

Log maternal CD4 absolute

2.06 (0.90, 4.85)

0.09

2.03 (0.85, 5.12)

0.12

Maternal CD4 count > 500

2.94 (1.24, 7.05)

0.01

1.96 (0.83, 4.90)

0.14

1.01 (0.92, 1.11)

0.84

1.58 (0.68, 3.81)

0.29

Female

0.58 (0.25, 1.33)

0.20

1.57 (0.68, 3.79)

0.30

Gestational age in weeks

0.87 (0.66, 1.14)

0.30

1.50 (0.65, 3.63)

0.35

Birth weight in kg

1.26 (0.45, 3.59)

0.66

1.63 (0.71, 3.97)

0.26

Low birth weight

0.63 (0.03, 3.71)

0.68

1.61 (0.70, 3.81)

0.27

Immunizations not up to date at 6 months

0.95 (0.14, 3.92)

0.95

1.61 (0.61, 4.56)

0.35

Multiparous
st

Delivery maternal CD4

2

BMI (kg/m ) postnatal
Infant characteristics

ANC – antenatal clinic; aOR – adjusted odds ratio; BMI – body mass index
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Table 6.18 Odds ratios for the association between infant feeding mode and the primary outcome,
adjusted for HIV exposure
aOR (95%CI)

P-value

2 weeks:
Exclusive breastfeeding
Partial breastfeeding
No breastfeeding

Reference
0.91 (0.13, 3.82)
1.44 (0.49, 4.67)

Exclusive breastfeeding
Partial breastfeeding
No breastfeeding

Reference
0.33 (0.17, 1.93)
1.74 (0.65, 4.89)

Exclusive breastfeeding
Partial breastfeeding
No breastfeeding

Reference
0.48 (0.06, 2.65)
1.62 (0.53, 6.10)

0.70

1.05 (0.39, 2.86)

0.93

1.17 (0.48, 2.99)

0.74

1.29 (0.52, 3.36)

0.59

1.25 (0.39, 3.77)
1.04 (0.36, 2.94)
1.05 (0.48, 3.58)
1.28 (0.48, 3.58)

0.69
0.95
0.92
0.56

1.23 (0.37, 3.79)

0.73

0.31
0.28

4 months:
0.41
0.43

6 months:

No breastfeeding:
(Reference “any” breastfeeding)
2 weeks
2 months
4 months
6 months
Last visit any breastfeeding
reported: (Reference is 6 months)
Never
2 weeks
2 months
4 months
6 months
HEU – HIV exposed uninfected

P-value

0.91
0.52

2 months:

Exclusive breastfeeding
Partial breastfeeding
No breastfeeding

HEU
aOR (95%CI)
1.24 (0.38, 3.77)

Reference
0.67 (0.08, 14.53)
1.25 (0.20, 24.33)

0.74
0.84

1.49 (0.49, 4.67)
2.12 (0.78, 6.05)
2.28 (0.84, 6.63)
1.52 (0.54, 4.50)

0.51
0.15
0.11
0.44

1.97 (0.52, 8.88)
2.49 (0.62, 10.06)
1.56 (0.35, 6.50)
0.62 (0.03, 4.42)
Reference

0.34
0.19
0.54
0.68
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In the final adjusted analysis for the primary outcome of at least one infectious cause hospitalization or
death, controlling for maternal age and any breastfeeding at two weeks of age (model A in Table 6.19)
marginally reduced the odds ratio for HEU infants from 1.59 (95% CI 0.69, 3.82) to 1.45 (95% CI 0.44,
4.45). Controlling instead for any breastfeeding at six months of age also altered the odds ratio trivially to
1.47 (95% CI 0.54, 4.25) (model B Table 6.19). Maternal age may have a non-linear U-shaped
relationship with infant morbidity and mortality, however including maternal age squared or maternal age
cubed did not alter the effect estimate for HEU infants or improve the models. HEU infants did not have a
definitively greater probability of any infectious cause hospitalization or death.
The unadjusted effect of being an HEU infant on very severe infectious cause hospitalization or death
was substantial with an OR of 1.83 (95% CI 0.62, 6.11) that increased further after adjusting for maternal
age and any breastfeeding at two weeks of age (aOR 2.48 (95% CI 0.60, 10.19). Despite the large effect
size the 95% confidence intervals include the null value and it is not possible to conclude a definitive
difference between HEU and HUU infants (model A Table 6.19). Continuing to breastfeed until six months
of age appears protective against very severe infectious cause hospitalization or death with an aOR for
the effect of any breastfeeding at six months of 0.34 (95% CI 0.08, 1.13) and a reduction in the effect of
being an HEU infant to an aOR of 1.37 (95% CI 0.39, 5.57) (model B Table 6.19).
Due to the limited sample size and the low prevalence of outcome events it was not possible to include
multiple measurements of breastfeeding status in a mixed effects model and breastfeeding status was
ultimately modelled as a fixed effect at a single time point with similar results to the fixed effects logistic
regression already presented.
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Table 6.19 Logistic regression models for the odds of the primary and secondary outcomes in
HEU infants relative to HUU infants
Unadjusted

Model A

Model B

OR(95%CI)

aOR(95% CI)

aOR(95% CI)

Primary outcome – any infectious cause hospitalization or death in first 6 months of life
HEU infant

1.59 (0.69, 3.82)

1.45 (0.44, 4.45)

1.47 (0.54, 4.25)

Maternal age (years)

0.95 (0.87, 1.03)

0.94 (0.86, 1.02)

0.94 (0.86, 1.02)

Any breastfeeding at 2 weeks

0.59 (0.26, 1.39)

0.70 (0.22, 2.06)

--------------------

Any breastfeeding at 6 months

0.57 (0.22, 1.36)

--------------------

0.65 (0.21, 1.85)

Secondary outcome 1 – severe infectious cause hospitalization or death
HEU infant

1.42 (0.59, 3.59)

1.61 (0.48, 5.09)

1.31 (0.45, 4.02)

Maternal age (years)

0.95 (0.86, 1.03)

0.94 (0.85, 1.02)

0.94 (0.86, 1.02)

Any breastfeeding at 2 weeks

0.78 (0.32, 1.98)

0.98 (0.29, 3.08)

--------------------

Any breastfeeding at 6 months

0.61 (0.22, 1.51)

--------------------

0.66 (0.21, 2.01)

Secondary outcome 2 – very severe infectious cause hospitalization or death
HEU infant

1.83 (0.62, 6.11)

2.49 (0.60, 10.19)

1.37 (0.39, 5.57)

Maternal age (years)

0.92 (0.82, 1.02)

0.91 (0.80, 1.01)

0.91 (0.80, 1.01)

Any breastfeeding at 2 weeks

0.78 (0.26, 2.36)

1.19 (0.30, 4.48)

--------------------

Any breastfeeding at 6 months

0.34 (0.08, 1.13)

--------------------

0.37 (0.07, 1.52)

aOR – adjusted odds ratio; CI – confidence interval; HEU – HIV exposed uninfected; OR – odds ratio
Model A: the odds of the outcome in HEU compared to HUU infants adjusted for maternal age
(continuous variable) and any breastfeeding at 2 weeks (binary variable)
Model B: the odds of the outcome in HEU compared to HUU infants adjusted for maternal age
(continuous variable) and any breastfeeding at 6 months (binary variable)
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6.5.2

Stratified analysis

A stratified analysis was performed to determine the effect of HIV exposure on the primary and both
secondary outcomes when conditioned on the presence of any breastfeeding (Table 6.20). At two weeks
there was only a single HUU infant not breastfeeding and thus it was not possible to model the
relationship between HIV exposure and infectious morbidity in infants not breastfeeding at two weeks of
age. Amongst infants not breastfeeding at six months of age there was no difference between HEU and
HUU infants for the probability of the primary or secondary outcomes. Amongst only those infants
receiving any breastfeeding at two weeks of age, HEU infants had an increased odds relative to HUU
infants of very severe infectious cause hospitalization or death during the first six months of life (aOR
4.21, 95% CI 1.00, 19.22, p = 0.05). The odds of any infectious cause hospitalization or death and severe
infectious cause hospitalization or death was also increased in HEU infants who were breastfed at two
weeks, compared to HUU infants breastfed at two weeks. However, the confidence intervals for both
these estimates were wide and crossed the null. Similarly amongst infants that were still breastfeeding at
six months of age there tended to be a greater probability of infectious morbidity in HEU than HUU
infants, but the estimates are imprecise with wide confidence intervals. Maternal age was retained in all
stratified models. Confounding by maternal, household and infant factors was evaluated per stratum and
there were no additional variables that substantially altered the point estimate of HEU infants within
strata.
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Table 6.20 Stratified analysis of the effect of HIV exposure on the primary and secondary
outcomes, conditioned on breastfeeding and adjusted for maternal age
Primary outcome
n/N

aOR

Secondary outcome 1
n/N

(95% CI)

aOR

Secondary outcome 2
n/N

(95% CI)

aOR
(95% CI)

No breastfeeding
2 weeks

HEU 11/59
HUU 1/1

6 months

Model not

HEU 8/59

Model not

HEU 5/59

Model not

possible

HUU 1/1

possible

HUU 1/1

possible

HEU 15/80

1.34

HEU 12/80

1.06

HEU 9/80

1.04

HUU 4/25

(0.42, 5.19)

HUU 4/25

(0.32, 4.18)

HUU 3/25

(0.27, 5.09)

HEU 6/35

1.96

HEU 6/35

2.16

HEU 5/35

4.21

HUU 9/81

(0.59, 6.22)

HUU 8/81

(0.64, 7.01)

HUU 4/81

(1.00, 19.22)

HEU 2/14

1.82

HEU 2/14

2.07

HEU 1/14

3.75

HUU 6/57

(0.24, 10.2)

HUU 5/57

(0.27, 12.0)

HUU 2/57

(0.14, 6.0)

Any breastfeeding
2 weeks
6 months

aOR – adjusted odds ratio; HEU – HIV exposed uninfected; HUU – HIV unexposed uninfected
Primary outcome: at least one infectious cause hospitalization or death <194 days old
Secondary outcome 1: at least one severe infectious cause hospitalization or death <194 days old
Secondary outcome 2: at least one very severe infectious cause hospitalization or death <194 days old

6.6

Summary of main findings

Ninety four HEU and 82 HUU infants were followed to six months of age. Eighteen percent (17/94) of
HEU and 12% (10/82) of HUU infants experienced a primary outcome event of at least one infectious
cause hospitalization or death in the first six months of life (Chi-squared p = 0.38) for an unadjusted OR of
1.59 (95% CI 0.69, 3.82). In term infants born to mothers without major obstetric or medical morbidities, in
similar socioeconomic and household circumstances and with an equivalent frequency of out-patient sickclinic visits:
•

There is no evidence of a difference in infectious morbidity comparing HEU and HUU infants that
never breastfed or stopped breastfeeding before six months of age;

•

Breastfed HEU infants compared to breastfed HUU infants may have a four times greater odds
(aOR 4.21, 95% CI 1.00, 19.22) of very severe infectious cause hospitalization or death in the
first six months of life.
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Chapter 7 Results - In the antiretroviral therapy era, is HEU infant
infectious morbidity associated with the extent of maternal HIV
disease?
The objective of this sub-group analysis was to determine whether previous or current severe maternal
immune suppression was associated with HEU infant infectious morbidity by comparing infants of
mothers on maternally indicated cART during pregnancy to HEU infants of mothers without immune
suppression with a CD4 count of 350 cells/µl or greater and on VTP prophylaxis during pregnancy. A
description of HIV-related factors is given for all HIV-infected mothers in the analytic cohort in section 7.1.
Subsequently maternal, household and infant characteristics are compared firstly by maternal ARV
regimen during pregnancy (maternally indicated cART or VTP prophylaxis) in section 7.2 to understand
potential confounding differences between the two groups, and secondly by examining factors potentially
related to the primary outcome of at least one infectious cause hospitalization or death in section 7.3.
Finally, multivariable analysis to determine the effect of maternal ARV regimen in pregnancy on the odds
of infectious cause hospitalization or death is presented in section 7.4.

7.1

Description of all HIV-infected mothers

Ninety-four HIV-infected mothers and their HEU infants were included in this cohort study. Of the 94 HIVinfected mothers 51.1% (48/94) were diagnosed with HIV prior to pregnancy, and 85.1% (80/94) were
considered to have WHO stage 1 (asymptomatic) disease at their first antenatal clinic visit. Fifty percent
(47/94) were receiving maternally-indicated cART, 46.8% (44/94) received VTP prophylaxis and three
mothers, two of whom were diagnosed with HIV at two weeks post-partum, received neither cART nor
VTP prophylaxis. Of the 47 mothers on maternally-indicated cART, 20 (42.6%) mothers initiated cART
prior to pregnancy. The median duration of cART by the time of delivery was 22 (IQR 14, 148) weeks with
a minimum of two weeks and a maximum of 693 weeks. The majority (24/47, 51.1%) of mothers on
cART during pregnancy were receiving the standard adult first line cART regimen at the time of
TDF/3TC/EFV; 13 (27.7%) were receiving the alternative first line regimen of TDF/3TC/NVP; 7 (14.9%)
were receiving alternative first line regimens including ZDV or d4T with 3TC and NVP or EFV, and 3
(6.4%) were on a second line cART regimen including LPV/r. In total, 39 (41.5%) of the 94 HIV-infected
mothers were on a TDF containing regimen and their infants were in-utero TDF exposed, and 48 (51.1%)
mothers were receiving ZDV, four in a cART combination and 44 on VTP prophylaxis and hence their
infants were ZDV in-utero exposed. Of the 44 mothers on VTP prophylaxis, ZDV monotherapy was
initiated during the first trimester in 3 (6.8%) mothers, the second trimester in 27 (61.4%) mothers and the
third trimester in 14 (31.8%) mothers. The antenatal CD4 count was measured at a median of 19 (IQR 13,
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26) weeks prior to delivery and did not differ whether the mothers were on cART or not. The median
antenatal absolute CD4 count in HIV-infected mothers was significantly higher than the CD4 count at
delivery (420 (IQR 284, 539) cells/µl vs. 343 (IQR 236, 501) cells/µl, p = 0.04). Of the 84 mothers on
whom HIV viral load was measured at delivery, thirty seven percent (31/84) had undetectable delivery
HIV viral loads below 40 copies/ml, 30/43 (69.8%) mothers on cART and 1/41 (2.4%) mothers not on
cART. Fourteen (16.7%) of the 84 mothers with measured HIV viral load had delivery viral loads greater
than 10 000 copies/ml, 3/43 (7.0%) mothers on cART and 11/41 (26.8%) mothers not on cART. The
maximum viral load in mothers on cART was 23 580 copies/ml and the maximum viral load in mothers not
on cART was 54 770 copies/ml. See Appendix D for complete data on all 94 HIV infected mothers and
their HEU infants.

7.2

Sub-group: HEU infant comparison by maternally indicated cART or VTP

prophylaxis
Infants of mothers on maternally-indicated cART were compared to infants of mothers on VTP
prophylaxis. This sub-group analysis excludes 5 HIV-infected mothers and their infants, three mothers
that did not receive either cART or VTP prophylaxis during pregnancy and two mothers that received VTP
prophylaxis but should have received cART for antenatal CD4 counts of below 350 cells/µl. Eighty-nine
HIV-infected mothers and their HEU infants were included in this sub-group analysis, 47 HIV-infected
mothers on maternally-indicated cART (further referred to as the cART group) and 42 HIV-infected
mothers on VTP prophylaxis (further referred to as the VTP group).
7.2.1

Maternal characteristics

Mothers in the cART group were significantly older at delivery compared to mothers in the VTP group,
median 29.2 (IQR 26.2, 32.4) years and 27.4 (IQR 23.4, 30.4) years respectively (p = 0.04) (Table 7.1).
Forty-six (97.9%) cART mothers and 37 (88.1%) VTP mothers were of black African race, with no
significant differences in marital status or highest level of education between the two groups. Maternal
income was significantly higher in the cART than the VTP group (ZAR 1600 (IQR 500, 2500) vs. ZAR 560
(IQR 100, 1500), p = 0.007). Gestational age at mothers first antenatal clinic visit and the number of
antenatal clinic visits were similar in both groups, as was maternal body mass index measured at 2 weeks
postnatal (Table 7.1).

Significantly more cART mothers were diagnosed with HIV prior to pregnancy than VTP mothers (33/47
(70.2%) vs. 14/42 (33.3%), p = 0.001) (Table 7.2). As expected, median maternal antenatal and delivery
absolute CD4 counts were significantly lower in cART mothers than VTP mothers, 332 (IQR 232, 420)
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cells/µl compared to 571 (IQR 428, 623) cells/µl antenatally (p<0.001) and 313 (IQR 215, 459) cells/µl
compared to 423 (IQR 288, 556) cells/µl at delivery (p = 0.02). During pregnancy 67.4% (31/46) of cART
mothers had a CD4 count of less than 350 cells/µl. By delivery, 16 (38.1%) VTP mothers had CD4
counts that had dropped below 350 cells/µl. The absolute change in maternal CD4 count between the
antenatal period and delivery differed significantly between the cART and VTP groups. Mothers on VTP
prophylaxis experienced a median drop in CD4 count of 109 (IQR -238,+30) cells/µl between the
antenatal period and delivery compared to mothers on cART who experienced a median increase in CD4
count of 17 (IQR -115,+143) cells/µl. A similar difference was reflected in the percentage change in the
absolute CD4 count between the antenatal period and delivery. Maternal HIV viral load was significantly
lower in cART mothers than VTP mothers. Seventy percent (30/43) of cART mothers had an
undetectable HIV viral load at delivery compared to 2.6% (1/38) of VTP mothers (p<0.001).
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Table 7.1 Maternal demographic & obstetric characteristics compared by maternal pregnancy ARV
regimen
(numeric variables as median (IQR), categorical variables as number (%))
Total

Maternally

VTP

P-

N=89

indicated cART

Prophylaxis

value

N=47

N=42

Demographic characteristics
Age in years

28.1(24.2,31.4)

29.2(26.2,32.4)

27.4(23.4,30.4)

Race:

0.04
0.10

Black African

83(93.3)

46(97.9)

37(88.1)

Coloured

6(6.7)

1(2.1)

5(11.9)

Marital Status:

0.27
Never married

59(66.3)

28(59.6)

31(73.8)

Married

25(28.1)

17(36.2)

8(19.0)

Widow/Separated/Divorced

5(5.6)

2(4.3)

3(7.1)

Education:

0.42
No or any primary

6(6.7)

3(6.4)

3(7.1)

Some secondary

56(62.9)

27(57.4)

29(69.0)

Completed secondary

27(30.3)

17(36.2)

10(23.8)

1060(280,2325)

1600(500,2500)

560(100,1500)

0.007

14(15.7)

7(14.9)

7(16.7)

1.00

20(16,26)

20(16,25)

22(16,26)

0.55

5(4,6)

5(4,6)

5(4,6)

0.85

26.6(23.3,28.8)

26.8(22.9,28.4)

25.9(23.4,29.4)

0.53

Monthly income (ZAR)
Health characteristics
Primiparous
st

Gestation at 1 antenatal visit (weeks)
Number of antenatal visits
BMI postnatal kg/m

2

BMI – body mass index; cART – combination antiretroviral therapy; VTP – vertical transmission
prevention; ZAR – South African Rand
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Table 7.2 Maternal HIV characteristics compared by maternal pregnancy ARV regimen
(numeric variables as median (IQR), categorical variables as number (%))
Total
N=89
HIV diagnosed during pregnancy
Initiation of cART:
Pre-pregnancy
First Trimester
Second Trimester
Third Trimester
Pregnancy cART regimen:
TDF/3TC/EFV
First line non-TDF/3TC/EFV
Second line
Initiation of zidovudine prophylaxis:
First Trimester
Second Trimester
Third Trimester
CD4 count
Antenatal absolute CD4 cells/µl*
Delivery absolute CD4 cells/µl
Delivery CD4 percent
Antenatal CD4 category*:
<350 cells/µl
350-499 cells/µl
>500 cells/µl
Delivery CD4 category:
<350 cells/µl
350-499 cells/µl
>500 cells/µl
Absolute change in CD4 count
Percent change in CD4 count

42(47.2)

Maternally
indicated cART
N=47
14(29.8)

VTP
Prophylaxis
N=42
28(66.7)

-------------------------------------------------------------------------------------

20(42.6)
3(6.4)
13(27.7)
11(23.4)

-------------------------------------------------------------------------------------

----------------------------------------------------------------

24(51.1)
20(42.6)
3(6.4)

----------------------------------------------------------------

----------------------------------------------------------------

----------------------------------------------------------------

3(7.1)
27(64.3)
12(28.6)

422(285,544)
344(246,502)
26.1(21.6,32.5)

332(232,420)
313(215,459)
24.6(18.9,28.9)

571(428,623)
423(288,556)
29.1(22.9,34.4)

31(35.2)
30(34.1)
27(30.7)

31(67.4)
9(19.6)
6(13.0)

0(0.0)
21(50.0)
21(50.0)

46(51.7)
20(22.5)
23(25.8)
-40(-178,70)
-7.8(-39.4,22.6)

30(63.8)
8(17.0)
9(19.1)
17(-115,143)
7.6(-33.7,48.2)

16(38.1)
12(28.6)
14(33.3)
-109(-238, 30)
-18.9(-43.9,7.9)

P-value

0.001

<0.0001
0.02
0.01
<0.0001

0.05

0.003
0.004

#

HIV viral load
Category by copies/ml:

<0.0001
<40
40-999
1000-9999
> 10 000

31(38.3)
30(69.8)
1(2.6)
24(29.6)
8(18.6)
16(42.1)
13(16.0)
2(4.7)
11(28.9)
13(16.0)
3(7.0)
10(26.3)
2.01(1.59,3.08)
1.59(1.59,1.93)
2.98(2.01,3.81) <0.0001
Log10 HIV viral load
cART – combination antiretroviral therapy; VTP – vertical transmission prevention; * 1 antenatal CD4
#
count missing in cART group; 8 HIV viral loads missing (4 in each group)
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7.2.2

Household characteristics

Small differences existed in some household factors between the two groups: 53.2% (25/47) of cART
group infant households compared to 31.0% (13/42) of VTP group infant households had access to
water piped into the dwelling (p = 0.07) and electricity was available in 100% (47/47) of cART compared
to 88.1% (37/42) of VTP group infant households (p = 0.02). There was no difference between the two
groups in the type of house, access to a flush toilet connected to sewerage, the fuel source used for
cooking or heating, and a host of household assets (Table 7.3). The number of rooms, the number of
people living in the household and the distance of the house to the nearest primary health care clinic in
minutes walked were no different between the cART and VTP groups.
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Table 7.3 Household characteristics compared by maternal pregnancy ARV regimen
(numeric variables as median (IQR), categorical variables as number (%), unless otherwise stated)
Total
N=89

Maternally
indicated cART
N=47

VTP
Prophylaxis
N=42

Type of house:
Stand alone house
Apartment in apartment block
House/flat/room in backyard
Shack in backyard
Shack not in backyard
Other
Water supply:
Water piped into dwelling
Water piped into yard
Public tap
Sanitation:
Flush toilet (connected to sewerage)
Fuel (cook):
Electricity
Gas
Paraffin
Fuel (heat):
Electricity
Gas
Paraffin
Firewood/Other
Fuel (light):
Electricity
Paraffin
Number of rooms in house
Number of people living in household
Distance to clinic (minutes walked)

Pvalue
0.39

31(34.8)
5(5.6)
4(4.5)
33(37.1)
14(15.7)
2(2.2)

19(40.4)
4(8.5)
1(2.1)
16(34.0)
6(12.8)
1(2.1)

12(28.6)
1(2.4)
3(7.1)
17(40.5)
8(19.0)
1(2.4)

38(42.7)
47(52.8)
4(4.5)

25(53.2)
21(44.7)
1(2.1)

13(31.0)
26(61.9)
3(7.1)

0.07

1.00
87(97.8)

46(97.9)

41(97.6)

83(93.3)
3(3.4)
3(3.4)

46(97.9)
1(2.1)
0(0.0)

37(88.1)
2(4.8)
3(7.1)

34(38.2)
1(1.1)
47(52.8)
7(7.9)

19(40.4)
0(0.0)
24(51.1)
4(8.5)

15(35.7)
1(2.4)
23(54.8)
3(7.1)

84(94.4)
5(5.6)

47(100)
0(0.0)

37(88.1)
5(11.9)

2(1,3)
4(3,5)
20(10,30)

2(1,3)
4(3,5)
15(10,30)

2(1,3)
4(3,5)
27.5(13.5,30)

0.57
0.64
0.20

22(52.4)
32(76.2)
5(11.9)
29(69.0)
1(2.4)
41(97.6)
4(9.5)
0(0.0)

0.50
0.17
1.00
0.42
0.62
0.47
0.74
0.50

0.13

0.68

0.02

Assets:
Radio
51(57.3)
29(61.7)
TV
74(83.1)
42(89.4)
Computer
10(11.2)
5(10.6)
Refrigerator
66(74.2)
37(78.7)
Home phone
4(4.5)
3(6.4)
Cell phone
88(98.9)
47(100)
Bicycle
10(11.2)
6(12.8)
Motorcycle or motor scooter
2(2.2)
2(4.3)
cART – combination antiretroviral therapy; VTP – vertical transmission prevention

110

7.2.3

Infant characteristics

HEU infants of mothers in the maternally indicated cART group compared to the VTP group did not differ
in gestational age or birth weight (Table 7.4). Nor did they differ in the occurrence of infectious cause
hospitalizations, 8 (17.0%) infants of cART mothers and 7 (16.7%) infants of VTP mothers were
hospitalized for an infectious event. Fewer cART mothers, intended to exclusively breastfeed their babies
than VTP mothers, 31.9% (15/47) vs. 47.6% (20/42), but this was not a statistically significant difference
(p = 0.19) (Table 7.5). Corresponding with this, there was a tendency for fewer infants of cART mothers to
be exclusively breastfed at two weeks of age than infants of VTP mothers (12/47, 25.5% vs. 18/42,
42.9%, p = 0.08), but none of these feeding differences were statistically significant. This feeding pattern
was interrogated further, comparing mothers with undetectable HIV viral loads (below 40 copies/ml), in
whom breastfeeding carries the lowest risk of HIV transmission, compared to mothers with detectable
viral loads for the proportions of infants receiving any breastfeeding at two weeks. Significantly fewer
infants of mothers with undetectable HIV viral loads were receiving any breastfeeding at two weeks
(25.7% (9/35)), compared to 46.2% (18/39) of infants born to mothers with detectable HIV viral loads (p =
0.03).
Significantly more infants in the VTP group had a grade 1 or more anaemia at two months of age
compared to infants in the cART group (55.9% (19/34) VTP vs. 33.3% (14/42) cART, p = 0.02) (Table
7.6). Although more than one third (37.3% (25/67)) of HEU infants were still anaemic at six months of
age this was no longer significantly different between the two groups. When infants were compared
specifically as in utero ZDV-exposed (including the VTP infants and four infants of mothers on ZDV
containing cART) or ZDV-unexposed significantly more ZDV-exposed infants had a grade 1 or more
anaemia at two months compared to ZDV-unexposed HEU infants (Table D.7 in Appendix D).
Considering HEU infant growth, infants in the cART group had mean WHO length-for-age Z-scores that
were significantly lower than that of infants in the VTP group (Figure 7.1). This difference persisted from
two weeks through to six months of age (Table 7.7). A significantly lower mean weight-for-age Z-score
occurred at four and six months in the infants of the cART group (Figure 7.2). There was no difference in
mean weight-for-length Z-score at any time point between infants of the cART or VTP group (Figure 7.3).
The head circumference and mid upper arm circumference Z-scores were significantly lower at four
months in the cART compared to the VTP group but this did not persist at six months of age. When
infants were compared specifically as in-utero TDF-exposed and TDF-unexposed the pattern of a
persistently lower length-for-age Z-score from two weeks through to six months in the TDF-exposed
group persisted. Together with this, the TDF-exposed infants had significantly lower weight-for-age Zscores than the TDF-unexposed group persistently from birth through to six months but equivalent
weight-for-length Z-scores throughout the observation period. The head circumference and mid upper
111

arm circumference Z-scores were significantly lower at four months in the TDF-exposed compared to the
TDF-unexposed group, but this difference did not remain at six months (Table D.8 in Appendix D).
Table 7.4 Infant birth and healthcare characteristics compared by maternal pregnancy ARV
regimen
(numeric variables as median (IQR), categorical variables as number (%), unless otherwise stated)
Total

Maternally

VTP

P-

N=89

indicated cART

Prophylaxis

value

N=47

N=42

Male

43(48.3)

24(51.1)

19(45.2)

0.74

Gestational age in weeks – mean (SD)

38.8(1.5)

38.7(1.7)

38.9(1.3)

0.48

3110(379)

3077(397)

3147(358)

0.38

Low birth weight

6(6.7)

4(8.5)

2(4.8)

0.68

Immunizations not up to date at 6 months*

4(5.8)

3(7.9)

1(3.2)

0.81

All cause clinic visits per infant

6(5,7)

6(5,7)

6.5(5.3,7)

0.44

Sick clinic visits per infant

1(0,1)

1(0,1)

1(0,1.8)

0.43

Receiving CPT at 8 weeks

50(56.2)

30(63.8)

20(47.6)

0.19

Infectious cause hospitalization

15(16.9)

8(17.0)

7(16.7)

1.00

Birth weight in grams – mean (SD)

cART – combination antiretroviral therapy; CPT – cotrimoxazole preventive therapy; SD – standard
deviation; VTP – vertical transmission prevention; * 20 unknown (9 in cART group, 11 in VTP group)
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Table 7.5 Infant feeding characteristics compared by maternal pregnancy ARV regimen
(all variables as number (%))
Total
N=89

Intention to exclusively breastfeed

35(39.3)

Maternally
indicated cART
N=47
15(31.9)

VTP
Prophylaxis
N=42
20(47.6)

Feeding mode at 2 weeks: (N=89)

Pvalue

0.19
0.08

Exclusive breastfeeding

30(33.7)

12(25.5)

18(42.9)

Partial breastfeeding

3(3.4)

3(6.4)

0(0.0)

No breastfeeding

56(62.9)

32(68.1)

24(57.1)

Feeding mode at 2 months: (N=88)

0.10

Exclusive breastfeeding

22(25.0)

9(19.1)

13(31.7)

Partial breastfeeding

4(4.5)

4(8.5)

0(0.0)

No breastfeeding

62(70.5)

34(72.3)

28(68.3)

Feeding mode at 4 months: (N=80)

0.22

Exclusive breastfeeding

10(12.5)

3(7.1)

7(18.4)

Partial breastfeeding

7(8.8)

5(11.9)

2(5.3)

No breastfeeding

63(78.8)

34(81.0)

29(76.3)

Feeding mode at 6 months: (N=69)

1.00

Exclusive breastfeeding

4(5.8)

2(5.3)

2(6.5)

Partial breastfeeding

7(10.1)

4(10.5)

3(9.7)

No breastfeeding
58(84.1)
32(84.2)
cART – combination antiretroviral therapy; VTP – vertical transmission prevention

26(83.9)
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Table 7.6 Infant haemoglobin and anaemia compared by maternal pregnancy ARV regimen
(numeric variables as mean (SD), categorical variables as number (%))
Total

Maternally

VTP Prophylaxis

P-

N=89

indicated cART

N=42

value

N=47
Mean haemoglobin (SD)
2 weeks (N=84)

14.2(2.0)

14.2(2.2)

14.1(1.8)

0.79

2 months (N=76)

10.5(0.9)

10.6(1.0)

10.3(0.9)

0.11

4 months (N=75)

11.1(0.9)

11.2(0.8)

11.0(1.0)

0.20

6 months (N=67)

11.2(0.9)

11.3(0.9)

11.2(0.9)

0.59

DAIDS anaemia grade
2 weeks: (N=84)

0.39
Normal

68(81.0)

34(79.1)

34(82.9)

Grade 1

8(9.5)

3(7.0)

5(12.2)

Grade 2

8(9.5)

6(14.0)

2(4.9)

2 months: (N=76)

0.02
Normal

43(56.6)

28(66.7)

15(44.1)

Grade 1

22(28.9)

7(16.7)

15(44.1)

Grade 2

10(13.2)

7(16.7)

3(8.8)

Grade 3

1(1.3)

0(0.0)

1(2.9)

4 months: (N=75)

0.63
Normal

46(61.3)

26(66.7)

20(55.6)

Grade 1

22(29.3)

10(25.6)

12(33.3)

Grade 2

6(8.0)

3(7.7)

3(8.3)

Grade 3

1(1.3)

0(0.0)

1(2.8)

6 months: (N=67)

0.83
Normal

42(62.7)

24(64.9)

18(60.0)

Grade 1

21(31.3)

11(29.7)

10(33.3)

Grade 2

3(4.5)

1(2.7)

2(6.7)

Grade 3

1(1.5)

1(2.7)

0(0.0)

cART – combination antiretroviral therapy; DAIDS – Division of AIDS; SD – standard deviation; VTP –
vertical transmission prevention
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Table 7.7 Infant anthropometric measurements compared by maternal pregnancy ARV regimen
(numeric variables as mean (SD), categorical variables as number (%), unless otherwise stated)
Anthropometric
measurement

Total
N=89

Maternally indicated
cART
N=47

VTP Prophylaxis
N=42

P-value

Birth: (N=89)
WAZ
-0.35(0.84)
-0.62(0.88)
-0.19(0.79)
0.33
LAZ
-0.47(1.86)
-0.62(1.79)
-0.47(1.96)
0.92
WLZ
-0.23(1.72)
-0.07(1.63)
-0.13(1.82)
0.70
HCZ
-0.36(1.26)
-0.36(1.30)
0.10(1.24)
0.33
Stunted
16(18.0)
8(17.0)
8(19.0)
1.00
Wasted
9(10.1)
5(10.6)
4(9.5)
1.00
2 weeks: (N=89)
WAZ
-0.37(0.83)
-0.49(0.86)
-0.07(0.78)
0.13
LAZ
-1.2(0.93)
-1.3(0.85)
-0.98(0.99)
0.04
WLZ
0.65(0.98)
0.69(0.99)
0.60(0.98)
0.68
HCZ
0.08(1.08)
-0.02(1.17)
0.19(0.96)
0.35
Stunted
14(15.7)
8(17.0)
6(14.3)
0.78
Wasted
0(0.0)
0(0.0)
0(0.0)
NA
2 months: (N=83)
WAZ
-0.31(1.04)
-0.50(1.15)
-0.09(0.85)
0.84
LAZ
-1.17(1.05)
1.40(0.99)
-0.90(1.08)
0.03
WLZ
1.12(1.14)
1.15(1.06)
1.08(1.24)
0.79
HCZ
0.30(1.14)
0.22(1.28)
0.39(0.97)
0.51
Stunted
18(21.7)
11(24.4)
7(18.4)
0.60
Wasted
0(0.0)
0(0.0)
0(0.0)
NA
4 months: (N=77)
WAZ
-0.07(1.15)
-0.36(1.14)
0.24(1.10)
0.02
LAZ
-0.88(1.16)
-1.24(1.03)
-0.50(1.18)
0.004
WLZ
0.86(1.28)
0.83(1.22)
0.89(1.37)
0.83
HCZ
0.57(1.06)
0.31(1.09)
0.85(0.997)
0.02
MUACZ
0.32(1.08)
0.09(1.00)
0.57(1.13)
0.05
Stunted
13(16.9)
9(22.5)
4(10.8)
0.23
Wasted
0(0.0)
0(0.0)
0(0.0)
NA
6 months: (N=69)
WAZ
0.12(1.16)
-0.15(1.12)
0.46(1.12)
0.03
LAZ
-0.68(0.93)
-0.90(0.85)
-0.40(0.95)
0.03
WLZ
0.78(1.32)
0.60(1.30)
0.99(1.32)
0.21
HCZ
0.79(1.19)
0.61(1.13)
1.00(1.24)
0.19
MUACZ
0.40(1.08)
0.21(1.13)
0.63(0.98)
0.10
Stunted
7(10.1)
5(13.2)
2(6.5)
0.45
Wasted
1(1.4)
1(2.6)
0(0.0)
1.00
cART – combination antiretroviral therapy, HCZ – head-circumference Z-score; LAZ – length-for-age Zscore; MUACZ – mid-upper-arm-circumference Z-score; VTP – vertical transmission prevention, WAZ –
weight-for-age Z-score; WLZ – weight-for-length Z-score
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Figure 7.1 Infant WHO weight-for-age Z-score compared by maternal pregnancy ARV regimen
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Figure 7.2 Infant WHO length-for-age Z-score compared by maternal pregnancy ARV regimen
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Figure 7.3 Infant WHO weight-for-length Z-score compared by maternal pregnancy ARV regimen
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7.3

Sub-group: HEU infants - comparison of predisposing characteristics by

primary outcome
Of the 89 infants included in this sub-group analysis 15 (16.9%) experienced the primary outcome of at
least one infectious cause hospitalization in the first six months of life, there were no HEU infant deaths..
7.3.1

Maternal characteristics

Maternal age, education and income were similar in mothers of infants with and without an infectious
cause hospitalization and there were no differences in parity, gestational age at first antenatal clinic visit
or the number of antenatal clinic visits attended (Table 7.8). Similar proportions of mothers of infants with
and without an infectious cause hospitalization were diagnosed with HIV during pregnancy (6/15 (40.0%)
hospitalized vs. 36/74 (48.6%) not hospitalized, p = 0.58) and were receiving cART during pregnancy
(8/15 (53.3%) hospitalized vs. 39/74 (52.7%) not hospitalized, p = 1.00). The timing of initiation of cART
and the cART regimen during pregnancy were no different in mothers of infants with and without an
infectious cause hospitalization (Table 7.9). ZDV prophylaxis was initiated more often in the third trimester
in mothers of infants with the outcome (4/7 (57.1%)) compared to mothers of infants without the outcome
(8/35 (22.9%)), but not statistically significantly so (p = 0.14). The median antenatal and delivery CD4
counts, the change in CD4 count as well as the delivery HIV viral load were no different between the two
groups. Specifically there was no association between antenatal CD4 count below 350 cells/µl and an
infectious cause hospitalization or death, 4/15 (26.7%) infants with the outcome vs. 27/73 (37.0%) infants
without the outcome born to mothers with antenatal CD4 count below 350 cells/µl (p = 0.56).
7.3.2

Household characteristics

Household characteristics were similar in both groups. The type of house, sanitation and possession of
various assets did not differ between households of infants with and without the outcome (Table 7.10).
Only availability of electricity differed significantly between households of infants with the outcome (15/15
(100%)) compared to households of infants without the outcome (69/74 (93.2%), p = 0.02).
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Table 7.8 Maternal demographic and obstetric characteristics compared by HEU infant outcome
group
Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old
(numeric variables as median (IQR), categorical variables as number (%))

Age in years

Total

Infants

Infants not

P-

N=89

hospitalized

hospitalized

value

(N= 15)

(N= 74)

28.1(24.2,31.4)

27.9(22.7,32.0)

28.1(24.3,31.1)

Education:

0.79
0.22

No or any primary

6(6.7)

1(6.7)

5(6.8)

Some secondary

56(62.9)

12(80.0)

44(59.5)

Completed secondary

27(30.3)

2(13.3)

25(33.8)

1060(280,2325)

1050(140,1750)

1080(280,2400)

0.43

14(15.7)

2(13.3)

12(16.2)

1.00

20(16,26)

20(16.5,26)

20(16,25)

0.83

5(4,6)

5(4,6)

5(4,7)

0.51

26.6(23.3,28.8)

27.0(23.4,30.3)

26.6(23.0,28.5)

0.58

Monthly income (ZAR)
Primiparous
st

Gestation at 1 antenatal visit (weeks)
Number of antenatal visits
BMI postnatal kg/m

2

BMI – body mass index; ZAR – South African Rand
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Table 7.9 Maternal HIV characteristics compared by HEU infant outcome group
(numeric variables as median (IQR), categorical variables as number (%))
Total
N=89
cART during pregnancy
Initiation of cART (N=47)
Pre-pregnancy
First Trimester
Second Trimester
Third Trimester
Pregnancy cART regimen (N=47)
TDF/3TC/EFV
First line non-TDF/3TC/EFV
Second line
Initiation of zidovudine prophylaxis
(N=42)
First Trimester
Second Trimester
Third Trimester
CD4 count
Antenatal absolute CD4 cells/µl*
Delivery absolute CD4 count cells/µl
Delivery percent
Antenatal CD4 count category*:
<350 cells/µl
350-499 cells/µl
>500 cells/µl
Delivery CD4 count category:
<350 cells/µl
350-499 cells/µl
>500 cells/µl
Absolute change in CD4 count
Percent change in CD4 count

47(52.8)

Infants
hospitalized
(N= 15)
8(53.3)

Infants not
hospitalized
(N= 74)
39(52.7)

20(42.6)
3(6.4)
13(27.7)
11(23.4)

4(50.0)
0(0.0)
2(25.0)
2(25.0)

16(41.0)
3(7.7)
11(28.2)
9(23.1)

24(51.1)
20(42.6)
3(6.4)

4(50.0)
4(50.0)
0(0.0)

20(51.3)
16(41.0)
3(7.7)

Pvalue
1.00
0.98

0.75

0.14
3(7.1)
27(64.3)
12(28.6)

1(14.3)
2(28.6)
4(57.1)

2(5.7)
25(71.4)
8(22.9)

422(285,544)
344(246,502)
26.1(21.6,32.5)

467(349,642)

411(285,521)

308(218,601)
29.7(22.3,33.6)

350(249,487)
25.6(21.7,31.6)

31(35.2)
30(34.1)
27(30.7)

4(26.7)
4(26.7)
7(46.7)

27(37.0)
26(35.6)
20(27.4)

0.23
0.96
0.31
0.38

0.04
46(51.7)
20(22.5)
23(25.8)
-40(-178,70)
-7.8(-39.4,22.6)

9(60.0)
0(0.0)
6(40.0)
-53(-207,31)
-5.7(-47.2,11.9)

37(50.0)
20(27.0)
17(23.0)
-40(-175,96)
-14.4(-38.4,29.8)

0.45
0.26

#

Delivery HIV viral load :
Category in copies/ml (%)
0.84
<40 copies/ml
31(38.3)
5(38.5)
26(38.2)
40-999 copies/ml
24(29.6)
5(38.5)
19(27.9)
1000-9999 copies/ml
13(16.0)
2(15.4)
11(16.2)
> 10 000 copies/ml
13(16.0)
1(7.7)
12(17.6)
2.01(1.59,3.08)
1.72(1.60,2.88)
2.05(1.59,3.21)
0.44
Log10 HIV viral load
ARV – antiretroviral, cART – combination antiretroviral therapy; * 1 antenatal CD4 count missing in no
#
outcome; 8 HIV viral loads missing (2 in group with the outcome, 6 in group without the outcome)
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Table 7.10 Household characteristics compared by HEU infant outcome group
(numeric variables as median (IQR), categorical variables as number (%))
Total
N=89

Infants
hospitalized
(N= 15)

Infants not
hospitalized
(N= 74)

Type of house:
Stand alone house
Apartment in apartment block
House/flat/room in backyard
Shack in backyard
Shack not in backyard
Other
Water supply:
Water piped into dwelling
Water piped into yard
Public tap
Sanitation:
Flush toilet (connected to sewerage)
Flush toilet (septic tank)
No toilet facilities
Fuel (cook):
Electricity
Gas
Paraffin
Fuel (heat):
Electricity
Gas
Paraffin
Firewood/Other
Fuel (light):
Electricity
Paraffin
Number of rooms in house
Number of people living in household
Distance to clinic (minutes walked)

Pvalue
0.39

31(34.8)
5(5.6)
4(4.5)
33(37.1)
14(15.7)
2(2.2)

4(26.7)
1(6.7)
0(0.0)
8(53.3)
1(6.7)
1(6.7)

27(36.5)
4(5.4)
4(5.4)
25(33.8)
13(17.6)
0(0.0)

38(42.7)
47(52.8)
4(4.5)

9(60.0)
5(33.3)
1(6.7)

29(39.2)
42(56.8)
3(4.1)

87(97.8)
2(2.2)
0(0.0)

15(100)
0(0.0)
0(0.0)

72(97.3)
2(2.7)
0(0.0)

83(93.3)
3(3.4)
3(3.4)

15(100)
0(0.0)
0(0.0)

68(91.9)
3(4.1)
3(4.1)

34(38.2)
1(1.1)
47(52.8)
7(7.9)

5(33.3)
0(0.0)
9(60.0)
1(6.7)

29(39.2)
1(1.4)
38(51.4)
6(8.1)

84(94.4)
5(5.6)

15(100)
0(0.0)

69(93.2)
5(6.8)

2(1,3)
4(3,5)
20(10,30)

1(1,2)
4(3,6)
20(12.5,30)

2(1,3)
4(3,5)
20(10,30)

0.57
0.64
0.20

51(57.3)
74(83.1)
10(11.2)
66(74.2)
4(4.5)
88(98.9)
10(11.2)
2(2.2)

7(46.7)
12(80.0)
2(13.3)
12(80.0)
1(6.7)
14(93.3)
3(20.0)
0(0.0)

44(59.5)
62(83.8)
8(10.8)
54(73.0)
3(4.1)
74(100)
7(9.5)
2(2.7)

0.50
0.17
1.00
0.42
0.62
0.47
0.74
0.50

0.07

1.00

0.13

0.68

0.02

Assets:
Radio
TV
Computer
Refrigerator
Home phone
Cell phone
Bicycle
Motorcycle or motor scooter
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7.3.3

Infant characteristics

HEU infants with and without the primary outcome were of similar mean gestational age (38.5 weeks (SD
1.5) vs. 38.8 weeks (SD 1.5) respectively) and birth weight (3073 grams (SD 380) vs. 3118 grams (SD
381) respectively) (Table 7.11). Of the 69 infants in follow-up at six months, four (5.8%) infants did not
have complete immunizations at six months of age, one (8.3%) infant with an infectious cause
hospitalization and 3 (5.3%) infants without a hospitalization. Infants with the outcome had a median of
two (IQR 1,3) sick-clinic visits compared to a median of zero (IQR 0,1) sick clinic visits in infants without
the outcome (p<0.001). Only 60% (50/83) of infants were receiving trimethoprim-sulphamethoxazole
prophylaxis at eight weeks of age but this did not differ significantly between infants with and without an
infectious cause hospitalization. There was no significant difference in infant feeding mode, and
approximately two-thirds of infants with and without the outcome were not breastfeeding at two weeks of
age (Table 7.12). However, there was a consistent tendency for hospitalized HEU infants to less often be
breastfed at two, four and six months than HEU infants who were not hospitalized.
Table 7.11 Infant birth and healthcare characteristics compared by infant outcome group
(numeric variables as median (IQR), categorical variables as number (%), unless otherwise stated)
Total

Infants

Infants not

N=89

hospitalized

hospitalized

(N= 15)

(N= 74)

P-value

Male

43(48.3)

6(40.0)

37(50.0)

0.67

Gestational age in weeks – mean (SD)

38.8(1.5)

38.5(1.5)

38.8(1.5)

0.29

3110(379)

3073(380)

3118(381)

0.68

Low birth weight

6(6.7)

1(6.7)

5(6.8)

1.00

Immunizations not up to date at 6 months*

4(5.8)

1(8.3)

3(5.3)

0.28

All cause clinic visits per infant

6(5,7)

6.5(6,7)

6(5,7)

0.44

Sick clinic visits per infant

1(0,1)

2(1,3)

0(0,1)

<0.001

50(60.2)

7(53.8)

43(61.4)

0.60

Birth weight in grams – mean (SD)

Receiving CPT at 8 weeks

#

CPT – cotrimoxazole preventive therapy; * 20 unknown (3 in group with the outcome, 17 in group without
#
the outcome); 6 unknown (2 in group with the outcome; 4 in group without the outcome)
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Table 7.12 Infant feeding characteristics compared by HEU infant outcome group
(categorical variables as number (%))
Total
N=89

Intention to exclusively breastfeed

35(39.3)

Infants
hospitalized
(N= 15)
7(46.7)

Infants not
hospitalized
(N= 74)
28(37.8)

Feeding mode at 2 weeks: (N=89)

P-value

0.66
1.00

Exclusive breastfeeding

30(33.7)

5(33.3)

25(33.8)

Partial breastfeeding

3(3.4)

0(0.0)

3(4.1)

No breastfeeding
Feeding mode at 2 months:
(N=88)

56(62.9)

10(66.7)

46(62.2)

Exclusive breastfeeding

22(25.0)

2(13.3)

20(27.4)

Partial breastfeeding

4(4.5)

0(0.0)

4(5.5)

No breastfeeding

62(70.5)

13(86.7)

49(67.1)

0.36

Feeding mode at 4 months: (N=80)

0.43

Exclusive breastfeeding

10(12.5)

1(7.1)

9(13.6)

Partial breastfeeding

7(8.8)

0(0.0)

7(10.6)

No breastfeeding

63(78.8)

13(92.9)

50(75.8)

Feeding mode at 6 months: (N=69)

1.00

Exclusive breastfeeding

4(5.8)

0(0.0)

4(7.0)

Partial breastfeeding

7(10.1)

1(8.3)

6(10.5)

No breastfeeding

58(84.1)

11(91.7)

47(82.5)
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7.4

Determining the effect of maternal ARV regimen during pregnancy on HEU

infant risk for infectious morbidity

To resolve the final objective of determining whether HEU infants born to mothers on maternally-indicated
cART during pregnancy have a greater odds of infectious morbidity in the first six months of life compared
to HEU infants born to mothers on VTP prophylaxis, multivariable logistic regression was used. The
crude association between HEU infants of mothers on cART compared to HEU infants of mothers on VTP
prophylaxis showed no difference between the two groups in the odds of infectious morbidity in the first
six months of life (OR 1.03, 95% CI 0.33, 3.20) (Table 7.13). Controlling for maternal factors including
age, parity and timing of maternal HIV diagnosis did not alter this relationship. Maternal CD4 count was
not adjusted for as the maternal groups were defined partly on antenatal CD4 count. Infant birth
characteristics and trimethoprim-sulphamethoxazole prophylaxis received at two months of age were also
not associated with an infectious cause hospitalization and did not alter the effect of maternal cART or
VTP prophylaxis. Although receipt of any breastfeeding at all time points appears to reduce the odds of
infectious morbidity, controlling for any breastfeeding did not alter the relationship between maternal ARV
group and infant infectious morbidity within this sub-group of HEU infants. When considering the
secondary outcomes of at least one severe or at least one very severe infectious cause hospitalization
the odds ratios also remained close to 1. In this sub-group of HEU infants, there was no evidence that
infants born to mothers on maternally indicated cART were at greater risk for all infectious morbidity or
severe infectious morbidity compared to infants born to mothers on VTP prophylaxis.
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Table 7.13 Odds ratios for the associations between maternal and infant characteristics and the
primary outcome, adjusted for maternal ARV regimen
aOR (95%CI)

P-

cART group

value

aOR (95%CI)

P-value

Maternal characteristics
Maternal age in years

0.97 (0.87, 1.08)

0.64

1.09 (0.35, 3.54)

0.88

1.26 (0.29, 8.70)

0.78

1.02 (0.33, 3.09)

0.97

Gestation in weeks at 1 ANC visit

1.00 (0.91, 1.10)

0.97

1.03 (0.33, 3.21)

0.96

Number of ANC visits

0.94 (0.69, 1.29)

0.71

1.03 (0.34, 3.24)

0.95

2

1.04 (0.91, 1.19)

0.58

1.08 (0.35, 3.41)

0.89

group is pre-pregnancy)

1.49 (0.45, 5.25)

0.85

0.89 (0.26, 3.00)

0.52

Log10 HIV viral load

0.73 (0.34, 1.38)

0.36

0.85 (0.24, 3.10)

0.81

0.74 (0.18, 3.01)

0.68

0.96 (0.23, 3.86)

0.96

Gestational age in weeks

0.88 (0.62, 1.27)

0.47

0.99 (0.32, 3.11)

0.99

Birth weight in kg

0.73 (0.16, 3.22)

0.68

1.00 (0.32, 3.15)

0.98

Low birth weight (<2500g)

0.98 (0.05, 6.79)

0.99

1.03 (0.33, 3.21)

0.96

Trimethoprim-sulphamethoxazole at 2 months

0.62 (0.19, 1.93)

0.41

1.11 (0.36, 3.55)

0.86

2 weeks

0.82 (0.23, 2.59)

0.74

1.00 (0.33, 3.16)

0.99

2 months

0.30 (0.04, 1.20)

0.13

0.97 (0.31, 3.08)

0.96

4 months

0.24 (0.01, 1.33)

0.18

1.00 (0.32, 3.17)

0.99

6 months

0.41 (0.02, 2.37)

0.41

1.05 (0.34, 3.30)

0.93

Multiparous (Reference group is primiparous)
st

BMI (kg/m ) postnatal
HIV diagnosis during pregnancy (Reference

HIV viral load category > 40 copies/ml
(Reference is < 40 copies/ml)
Infant characteristics

Receiving any breast milk (Reference is no
breast milk) at:

ANC – antenatal clinic; aOR – adjusted odds ratio; cART – combination antiretroviral therapy
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Chapter 8 Discussion
HEU infants experience numerous exposures during early life that could theoretically increase their
vulnerability to infectious diseases during infancy compared to HIV unexposed infants. We understand
little though, about how HEU infants compare to HUU infants experiencing similar social, environmental
and nutritional constraints to their health. As explored in Chapter 1, evidence directly comparing infectious
morbidity in HEU and HUU infants, particularly in Africa where the majority of HEU infants are born, is
limited (Table 1.1). The avoidance or attenuation of breastfeeding in HIV exposed infants has certainly
played a role in exacerbating infant morbidity and mortality as have poor birth outcomes (preterm birth,
low birth weight, small for gestational age) associated with maternal HIV. Poverty and compromised
socio-economic circumstances may further concentrate risk for infectious and other morbidities amongst
children in HIV-affected households. Perturbations of the HEU infant immune system have been
observed but have not been investigated in association with infectious morbidity. Through the work
presented in this dissertation we have sought to understand whether a difference in risk remains, beyond
the morbidity associated with universal risk factors for infant morbidity. In this context should HEU infants
still experience a greater risk for infectious morbidity, further investigation of associations between
immunological aberrations and infectious morbidity would be warranted. Interrogation of the clinical
pattern of infectious morbidity observed could aid understanding of the potential mechanism of
vulnerability and define a focus for further immunologic investigations within the vastness of the infant
immune system.
This discussion proceeds firstly with an overview of the mothers, households and infants in the study in
section 8.1, so as to understand how comparable HEU and HUU infants were in terms of potential
confounders of infectious morbidity. This is followed by consideration of similarities, differences and
explanations for the infectious morbidity observed in HEU and HUU infants in this cohort as well as
compared to the existing understanding in the literature of HEU infant infectious morbidity in sections 8.2
and 8.3. A closer look is then taken at the HIV-infected mothers and their HEU infants and whether
infectious morbidity risk within HEU infants is associated with advanced maternal HIV requiring cART in
section 8.4. Observations with regards to potential effects of in utero ARV exposure are discussed in
section 8.5. The chapter concludes with discussion of the challenges, limitations and implications of this
study in sections 8.6 and 8.7.
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8.1

The mothers, households and infants in this study

To pursue the primary study objective of comparing infectious morbidity in the first six months of life
between HEU and HUU infants, this study was designed to reduce potential confounding by maternal
obstetric or other co-morbidities, poor infant birth outcomes and dissimilar household and socioeconomic
environments. This aim of the study design was largely met. The only differences in maternal
characteristics were that HIV-infected mothers in this cohort were significantly older and more often
multiparous than HIV-uninfected mothers, a known trend when comparing HIV-infected and HIVuninfected pregnant women (38,41,42). Older maternal age has been associated with lower neonatal and
infant mortality and could be a confounder to infant infectious morbidity (209,210). The two groups of
pregnant women otherwise were quite similar in terms of demographic and social factors and reflected
the community in which the study was set. HIV-infected and HIV-uninfected mothers had similar obstetric
courses, with no mothers experiencing major obstetric morbidities that could have been associated with
infant morbidity. Maternal syphilis and TB occurred infrequently in this cohort, and there was no
statistically significant difference between smoking or alcohol use during pregnancy in HIV-infected and
HIV-uninfected women, all factors that could be associated with an increase in infant infectious morbidity.
HEU and HUU infants experienced similar household circumstances as well as access to municipal
services. The typical house in the cohort was a two roomed informal shack with access to piped water, a
flush toilet and electricity, occupied by four people and was less than a 30 minute walk away from the
nearest primary healthcare clinic. The similarity in the household and social environments experienced by
both HEU and HUU infants is reassuring that potentially confounding socioeconomic differences between
the two groups were limited by the study design. Importantly, restricting enrolment to well-defined low
socioeconomic neighbourhoods and frequency matching HIV-infected and HIV-uninfected mothers on
rac/ethnicity ensured similar household circumstances and maternal social habits respectively.
The most important difference between HEU and HUU infants was the proportion of infants who were
breastfed: two thirds of HEU infants compared to a single HUU infant were never breastfed. The infants in
this cohort were of term gestation, of normal birth weights and displayed appropriate uptake of
immunizations by six months of age. The important clinical differences between HEU and HUU infants
were an unsustained lower haemoglobin and a shorter length-for-age in HEU infants that are discussed
further in relation to HEU infant in-utero ARV exposure in section 8.5.
Essentially this cohort of HEU and HUU infants and their mothers were well matched except for potential
confounding differences of older age in HIV-infected mothers and a lower proportion of breastfed HEU
infants. These differences were taken into account in the analysis to determine the probability of
infectious cause hospitalization or death in HEU compared to HUU infants in the first six months of life.
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8.2

Infectious morbidity in HEU compared to HUU infants

In the absence of an existing diagnostic classification system that met the needs of our study, a study
specific tool was designed for outcome classification according to the type and severity of the infectious
cause hospitalizations. The PIET-R was evaluated for precision and accuracy through a separate substudy of 50 hospitalization events. There are certainly limitations to the PIET-R classification, but
importantly the results of the evaluation indicated that neither the occurrence of diarrhoea and LRTI
events nor the severity of events would have been over-classified.
Firm conclusions to resolve the primary objective of whether a difference in infectious morbidity exists
between HEU and HUU infants cannot be drawn from the results of this study. Of note, though, is the
consistency in the observed pattern of increased severity of infectious events in HEU infants with a
greater proportion of these infants experiencing infectious cause hospitalizations, very severe
hospitalizations and a longer length of hospital stay, despite a similar rate of sick-clinic visits to HUU
infants. There is evidence from this cohort of three findings: 1) that even in the presence of breastfeeding
HEU infants could have a four times greater odds of a very severe infectious cause hospitalization
compared to HUU infants; 2) infectious morbidity in HEU infants that are not optimally breastfed was no
different to that experienced by HUU infants also not optimally breastfed; and 3) a low maternal CD4
count was not associated with infectious morbidity in this cohort. Discussion follows, in the rest of section
8.2, on the burden of infectious morbidity observed in the cohort and the pattern of infectious morbidity,
specifically the types of infections, severity and timing of the events and how this compares to previous
studies. The CD4 dynamics observed as well as the influence of breastfeeding on infectious morbidity are
also discussed.
8.2.1

All cause infectious morbidity

HEU and HUU infants in this cohort had a similar rate of all-cause sick clinic visits (unadjusted RaR 0.82,
95% CI 0.58, 1.16), indicating not only that the incidence of infections was similar, but also that both
groups of infants accessed health care services in an equivalent manner with similar attention paid to
infant symptoms by caregivers. Despite this similar rate of sick-clinic visits, 18% of all HEU infants,
experienced a primary outcome event of at least one infectious cause hospitalization or death in the first
six months of life compared to 12% of all HUU infants. The 18% hospitalization rate observed in HEU
infants corresponds to that documented in Botswanan and South American and Caribbean HEU infants in
the first 6 months of life, 16% and 17.5% respectively (39,51). In contrast the rate we observed in HUU
infants of 12% was somewhat higher than the 7% observed in HUU infants in the PROMISE EBF study
conducted in Kwa-Zulu Natal, South Africa and 6% of HUU infants hospitalized in the first six months of
life in the Botswanan Mashi study (39,211). The similar rate of HEU hospitalization but higher rate of HUU
hospitalization in our cohort compared to other similar cohorts is reassuring to some extent that the HUU
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hospitalization rate was not underestimated and thus the difference in the rate of hospitalization between
HEU and HUU infants in our cohort was less likely to have been overestimated.
The unadjusted association between HIV exposure and the primary outcome of at least one infectious
cause hospitalization or death showed HEU infants in our cohort to have a 48% greater risk (RiR 1.48,
95% CI 0.72, 3.06) of infectious cause hospitalization or death than HUU infants. This is very similar to a
recently published Mozambican prospective cohort study that included 153 HIV-uninfected infants and
observed an unadjusted RaR of 1.51 (95% CI 0.71, 3.18) for hospital admission in HEU compared to
HUU infants in the first year of life (44). As in our cohort, there was no difference in out-patient sick-clinic
visits between HEU and HUU infants. Moreover, in the presence of a similar rate of all acute lower
respiratory tract infections, HEU infants in the Mozambican study tended to have a greater risk for
clinically severe pneumonia than HUU infants (RaR 5.60, 95% CI 0.67, 46.55, p = 0.056). These findings
corroborate the pattern seen in our South African infants of a similar overall incidence of infections, but a
tendency to more often require hospitalization and experience more severe disease than HUU infants in
this region.

8.2.2

Lower respiratory tract infectious morbidity

Lower respiratory tract infections predominated in this cohort and were the most frequent reason for a
sick-clinic visit and for hospitalization in both HEU and HUU infants. LRTIs accounted for 51% of
hospitalizations and occurred at least once in 11% of HEU and 9% of HUU infants. A number of studies
have noted the burden of respiratory tract infections in HEU infants, but without an HUU control group to
compare to it has not been possible to understand whether these HEU infants are experiencing the
morbidity expected of all infants in their context or something in excess of that (10,50,169,170). Although
the most common reason for admission of HEU infants in our cohort was for an LRTI, this was no
different to the proportion of HUU infants requiring hospitalization for LRTIs. This same observation was
made comparing HEU and HUU Botswanan infants, in whom there was no difference in pneumonia
episodes in the first six months of life (39). They did however differ by 24 months of age with a greater
proportion of HEU infants having experienced a pneumonia episode by this age.
The Drakenstein Child Health Study (DCHS), an ongoing birth cohort study in the Western Cape
Province about 50 km from Kraaifontein, where our study was set, has recently observed an incidence of
pneumonia in HIV-uninfected infants, including both HIV exposed and unexposed, much higher than
previous modelled estimates of pneumonia incidence for low-middle income countries and for South
Africa specifically (47). This highlights the limitations in using national or regional rates as well as
modelled estimates in making comparisons and the need for direct comparison of infants with and without
whatever the relevant exposure is under study, from the same context to understand differences in
morbidity outcomes. In the DCHS, HEU infants had a marginally significantly greater risk for all
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pneumonia in the first year of life, RiR 1.62 (95% CI 1.01, 2.61) following adjustment for maternal
smoking and any formula feeding before six months of age (47). HEU infants however, were at
substantially higher risk for severe pneumonia with an adjusted RiR of 4.04 (95% CI 1.51, 10.8). This is in
keeping with our observation that HEU infants are vulnerable to a greater severity but not necessarily an
increased frequency of common childhood infectious diseases. There is evidence now from a number of
studies to support that while HEU infants experience a substantial burden of respiratory tract infections as
reflected by the incidence of disease, this burden is no different to HUU infants in the same setting in
Southern Africa (39,47). However, as we have shown, these two groups of infants could differ in the
severity of the LRTIs, an observation that deserves further evaluation and is elaborated on in 8.2.4.
8.2.3

Diarrhoeal morbidity

Although LRTIs were the most frequent reason for hospitalization in both HEU and HUU infants in our
cohort, a difference between HEU and HUU infants was observed in terms of diarrhoeal disease.
Significantly more HEU infants were hospitalized at least once with any diarrhoeal disease than HUU
infants, 9% vs. 1% respectively. The rate of diarrhoea was generally low in our cohort with only 10% of
infants having a sick-clinic visit for diarrhoea compared to more than 30% of infants before six months of
age experiencing any diarrhoea episode in the similar Botswanan Mashi cohort (39). This difference may
be a reflection of the municipal services and infrastructure available to the infant households in our cohort
where 93% of households had a safe piped water source and 98% of households had a flush toilet
connected to sewerage. The number of infants with diarrhoea in our cohort was too small to interrogate
further the association between diarrhoea specifically and the absence of breastfeeding in the HEU
infants, which may be the most obvious explanation for this difference between the two groups. However,
the rate of diarrhoea-associated sick clinic visits was no different in HEU and HUU infants (RaR 1.13,
95% CI 0.42, 3.25) indicating that the frequency of diarrhoea was similar in HEU and HUU infants but
HEU infants experienced diarrhoea events of greater severity that significantly more often required
hospitalization. If the deprivation of the protective effects of breastfeeding and the risk of bacterial
contamination of formula milk were the major drivers of this difference it might be expected that the
frequency of diarrhoeal episodes, in general, would be increased in HEU infants as represented by an
increased rate of diarrhoea-associated sick clinic visits. That was not the case in this cohort.
8.2.4

Pattern of infectious morbidity: the timing and severity of infectious events

The temporal pattern of infectious cause hospitalizations as well as the severity of infectious events
tended to differ between HEU and HUU infants. Three-quarters of all the primary outcome events
(infectious cause hospitalization or death) had occurred within the first three months of life with no
difference by three months of age in the proportion of HEU and HUU infants that had experienced a
primary outcome event. Between three and six months of age the two groups diverged with a
continuation of infectious cause hospitalizations in HEU infants but a tapering of hospitalizations in HUU
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infants. HEU infants also tended to experience a greater severity of infections on the background of
similar overall frequency of events. The all-cause sick-clinic visit rate did not differ between HEU and
HUU infants, but HEU breastfed infants had a greater probability of hospitalization with very severe
infectious events than HUU breastfed infants. There is existing evidence in the literature to support this
pattern of timing and severity, but these links have not previously been explicitly made or explored. A
discussion of how the current study’s findings fit within the existing evidence of the timing and severity of
infections in HEU infants follows in sections 8.2.4.1 and 8.2.4.2 respectively.
8.2.4.1

Timing of infectious morbidity

The pattern of no difference in infectious morbidity in the neonatal and early infant period, but rather an
increased risk in HEU infants during mid-infancy, is in keeping with the pattern of infant mortality
observed in the ZVITAMBO study (37). In ZVITAMBO the highest absolute mortality in HEU infants
occurred in the neonatal period, but this was no different to the mortality experienced by HUU infants
during the neonatal period. The relative increase in HEU mortality was greatest in the period from two to
six months of life, reaching 5.5 (95% CI 3.9, 7.9) times that of HUU infants (37).
In keeping with this pattern that greater HEU infant risk becomes apparent in mid-infancy and not during
the neonatal period are the findings from a large South African neonatal sepsis prevention trial (42). HEU
infants were found to have equivalent rates of neonatal sepsis, in the first 28 days of life, to HUU infants.
The prevalence of vaginal colonization of the common causative organisms of neonatal sepsis was
similar in HIV-infected and HIV-uninfected mothers, that could explain why the risk of early onset neonatal
sepsis in HEU and HUU neonates was no different (42). South African and Belgian HEU neonates do
have an increased risk of specifically Group B Streptococcus (GBS) infection compared to HUU neonates
(173,174). However, the greatest difference in risk between HEU and HUU infants in both South Africa
and Belgium was for late-onset (7 to 90 days of life) as opposed to early onset (0 to 7 days of life) GBS.
There is evidence to support that in Southern Africa where risk for neonatal sepsis is high in all infants,
there is no difference in the rate of all-cause neonatal sepsis between HEU and HUU infants (42,63).
However there may well be a greater risk for infectious morbidity and mortality in the post-neonatal and
middle infancy period and for some specific Streptococcal infections (34,37,174). Our findings contribute
to this evidence. It is postulated that this pattern may be in keeping with two described immunological
aberrations in HEU infants: 1) poor placental transfer of maternal antibodies from HIV-infected women to
their foetus in utero and 2) delayed adaptive immune system development in HEU infants. These are
discussed in detail in section 8.3.
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8.2.4.2

Severity of infectious morbidity

Early studies observed a greater relative difference in infant mortality than in infant morbidity or
hospitalization in HEU compared to HUU infants (37–39). Additionally, Southern African HEU infants
have a substantially increased risk for severe community acquired pneumonia but only a marginally
increased risk for all community acquired pneumonia (44,47). Two studies looking at outcome 48 hours
after commencing treatment for severe pneumonia, one in South Africa and the other in Botswana, found
that HEU infants more often failed empiric antibiotic therapy for pneumonia and had higher in-hospital
mortality than HUU infants (35,40). This further speaks to the possibility of more severe disease in HEU
than HUU infants. The current study is the first to have tried to explore more than just the incidence of
infections, but has attempted to understand a possible difference in severity of infections between HEU
and HUU infants. Our observation that HEU infants have a higher probability of very severe infections,
defined as infectious events with signs of a severe event persisting for at least 48 hours, supports these
trends described in the existing literature. This pattern potentially indicates that it is not more frequent
exposure to common infectious pathogens, but possibly an altered immunological or inflammatory
response to the pathogens that results in more severe manifestations of disease in HEU infants. In
relation to the more severe respiratory infections, an alternative potential explanation is that HEU infants
more often experience infections due to atypical pathogens that do not adequately respond to empiric
antibiotic therapy for community acquired pneumonia (196). There are numerous published case reports
of HEU infants with Pneumocystis pneumonia and unpublished reports of confirmed CMV pneumonitis in
HEU infants (40,162,163) (personal communication Dr H. Rabie & Dr. A. Engelbrecht, 2015). In spite of
the limitations of isolated case reports, they do indicate that HEU infants can be infected with unusual
pathogens that cause very severe respiratory disease. Their vulnerability to these atypical organisms
could be due to a combination of increased exposure to opportunistic organisms and altered immune
response (21,163).

8.2.5

The relationship between maternal CD4 count and infant infectious morbidity

Two observations in relation to maternal CD4 count in both HIV-infected and HIV-uninfected mothers in
our cohort require further consideration: 1) the lower than expected CD4 count in HIV-uninfected mothers
and 2) the absence of an association between a low maternal CD4 count and infant infectious morbidity in
either HEU or HUU infants. These two observations are discussed.
The median CD4 count of HIV-uninfected mothers in this cohort was lower than expected at 467 (IQR
363, 675) cells/µl. Twenty two percent (18/82) of HIV-uninfected mothers in our cohort had a CD4 count
th

of below 350 cells/µl at delivery. This is below the 2.5 percentile lower bound of the normal CD4
reference range for South African HIV-uninfected women that is 500 cells/ µl (109). The CD4 count has
been observed to drop below 350 cells/µl in the absence of HIV-infection in African adults
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(37,109,212,213). CD4 count is also known to decline during pregnancy and rebound again post-partum,
possibly due to haemodilution of pregnancy or due to a required maternal state of relative immune
suppression to ensure foetal allograft survival and avoid rejection of foreign foetal tissue by the maternal
immune system (214,215). Compared to Zimbabwean and Botswanan HIV-uninfected pregnant women
the HIV-uninfected women in our cohort still displayed markedly lower CD4 counts at delivery,
Zimbabwean and Botswanan women having a mean CD4 count respectively of 782 (95%CI 759, 805)
cells/µl at delivery and 626 (95% CI 599, 653) cells/µl antenatally (212,216). The HIV-uninfected mothers
in our cohort had CD4 counts even lower than those documented for HIV-uninfected peri-partum women
in neighbouring countries. There is no obvious explanation for this in our cohort. In the absence of CD4
reference ranges for South African HIV-infected and HIV-uninfected pregnant women, further study and
understanding of this observation could be valuable.
It was observed in both HEU and HUU infants in our cohort that a low maternal CD4 count at delivery was
not associated with infectious cause hospitalization or death. More than half of the infants that
experienced a primary outcome event were born to mothers with a CD4 count of 500 cells/µl or greater
and no HUU infants born to HIV-uninfected mothers with an unusually low CD4 count of below 350
cells/µl experienced an infectious cause hospitalization or death. The absolute CD4 count can not be
interpreted as an equivalent representation of immune function in HIV-infected and HIV-uninfected
women in this cohort. HIV-infected women have a chronic infectious disease that specifically targets CD4
lymphocytes while HIV-uninfected women do not have an immune compromising disease and are
generally healthy. A CD4 count of below 350 cells/µl as an isolated measure in an HIV-uninfected
women of otherwise good health cannot be equated to a CD4 count of below 350 cells/µl in an HIVinfected women in whom it signifies immune suppression. As illustrated by our study, 22% of HIVuninfected mothers had a CD4 count of below 350 cells/µl, and these mothers and their infants were
healthy, showing that measurement of a single parameter cannot fully represent immune function. It was
decided a priori that maternal CD4 count could lie on the causal pathway between HIV exposure and
infant infectious morbidity and thus would not be adjusted for in multivariable models of this association.
Adjusting for CD4 count in multivariable models including both HIV-infected and HIV-uninfected women
may adjust for different indicators in each group of women. Despite CD4 count having a statistically
significant effect on the odds of infectious cause hospitalization or death, the a priori analytic strategy was
maintained. The observation in this cohort that a higher, as opposed to a lower, maternal CD4 count was
associated with increased infectious morbidity in both HEU and HUU infants is probably a spurious
finding in HUU infants, but may be important in HEU infants and is discussed in detail in section 8.4. It is
at least reassuring that within HIV-uninfected women, the infants of mothers with an unusually low CD4
count were not compromised in any obvious manner.
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8.2.6

Infectious morbidity risk beyond suboptimal breastfeeding

This study did not set out to determine the effect of breastfeeding on HEU infant infectious morbidity.
Rather, the primary objective was to determine whether there is a greater probability of infectious
morbidity in HEU infants relative to HUU infants through HIV-specific pathways besides those related to
avoidance of breastfeeding and other universal infant risk factors. This required that the association
between breastfeeding and infectious morbidity be measured and appropriately adjusted for in analysis.
Despite our imperfect quantification of the effect of breastfeeding, the stratified analysis conditioned on
the presence of any breastfeeding at two weeks proved valuable in understanding whether HIV-specific
factors other than breastfeeding could have an influence on HEU infant infectious morbidity.
HEU infants in our cohort who did receive any breastfeeding for a similar duration to HUU infants who
received any breastfeeding, had a substantially greater odds of very severe infectious morbidity
compared to their HUU breastfed peers (aOR 4.21, 95% CI 1.00, 19.22, p = 0.05). Thus, in the context of
similar breast milk exposure in both HEU and HUU infants a mechanism other than the lack of protection
afforded by breast milk should be considered for the increased probability of very severe infectious
morbidity seen in HEU infants. Breastfeeding is protective regardless of infant HIV exposure, and it is
clearly established in the literature that avoidance or attenuation of breastfeeding has been detrimental to
HEU infant health and survival in Southern Africa (32,70,75–77). In our cohort, irrespective of HIV
exposure, all infants who were not breastfed experienced a greater probability of infectious morbidity than
infants who were either exclusively or partially breastfed at all evaluated time points. It is recognized that
the estimates of this effect were equivocal in this study, but the point estimates are in keeping with what
would be expected based on prior evidence of the detrimental effect of not breastfeeding (70).
Part of the challenge in understanding the magnitude of the effect of breastfeeding on reducing infectious
morbidity is that ultimately, in statistical models, breastfeeding is represented simplistically. The models
do not take into account the entirety of breast milk exposure including duration, quantity and quality of
breast milk. Few studies have had sufficient size to consider infant feeding according to all the WHO
defined categories (exclusive breastfeeding, predominant breastfeeding, partial breastfeeding and no
breastfeeding), or been able to accurately incorporate the time spent in each of these categories in
multivariable models (41). Added to this is that infant feeding choices and the counselling surrounding
infant feeding in the context of a high HIV prevalence has undergone many changes over the last two
decades as infant feeding policies have changed (24). At the time of our study, the Western Cape
Province was transitioning away from providing free infant formula to HIV-infected mothers who chose to
breastfeed, to promoting breastfeeding as the feeding mode of choice for all infants, with antiretroviral
prophylaxis to HIV-exposed breastfeeding infants.
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The observation that fewer HEU infants of mothers with undetectable HIV viral loads were breastfed than
HEU infants of mothers with detectable HIV viral loads is concerning. It may indicate that VTP guidelines
are not reaching their intended goal. In terms of HIV transmission risk breastfeeding is safest in mothers
who have a suppressed HIV viral load and whose infants are exposed to the lowest possible viral dose
(217). One of the possible benefits of expanding cART availability in South Africa to all HIV-infected
pregnant women irrespective of CD4 count, is that HIV-infected mothers can breastfeed with less fear of
HIV transmission to their infants (113). It is possible that mothers on cART with more advanced disease
chose not to breastfeed due to constraints on their physical capacity to breastfeed. However, HIV-infected
mothers in our cohort did not experience major comorbidities and none required hospitalization during
their infants first six months of life. The majority of HIV-infected people once on cART, and particularly
once their HIV viral load is suppressed, experience a general improvement in physical health (218). This
study represents a single community of HIV-infected women, that in most respects is very similar to many
of the HIV-infected communities in South Africa. Although this single community observation can not be
generalized to all HIV-infected women in South Africa, it signifies that we do not fully understand how the
infant feeding messages provided by primary healthcare workers are understood and applied in broader
community contexts with many other competing priorities that are taken into consideration in a mothers
decision to breastfeed.
This study cannot comment on the impact of infant feeding choices on HEU infant infectious morbidity in
South Africa, and has likely done an injustice to the true effect of breastfeeding simplistically represented
in the statistical models. It is fully recognized that breastfeeding is to the benefit of HEU infants and has a
large role to play in reducing their excess morbidity and mortality. We have evidence though that supports
that pathways other than deprivation of breast milk require consideration and study to comprehensively
understand HEU infant risk for infectious morbidity.

8.3

Potential immunologic explanations for HEU infant infectious morbidity

The difference in infectious morbidity between HEU and HUU infants in this cohort was apparent in the
severity and timing of infectious events. Barring HIV exposure, these two groups of infants were very
similar on factors representing a number of pathways to infectious morbidity, specifically their
socioeconomic environment, maternal obstetric and general health, birth outcomes, immunization and
nutritional status. Breastfeeding, or the lack thereof in HEU infants did explain some of their increased
infectious morbidity, but not all of it. Three possible immunologic explanations for the pattern of infectious
morbidity observed are discussed. These include 1) the poor transplacental transfer of maternal
antibodies; 2) delayed functional infant immune development and 3) breast milk immunologic quality in
HIV-infected mothers.
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8.3.1

Deficient transplacental antibody transfer

It is well established that the active transfer of maternal antibodies across the placenta is deficient in HIVinfected women but this has not yet been directly associated with an increased risk for infections in HIV
exposed infants (125,127,128). Maternally acquired antibody levels are highest at birth and wane with
time to reach a nadir by approximately six months of age (172). By this stage the normally developing
infant immune system has already gained capacity to respond to infectious threats and infants have
received most of their primary series of vaccinations. Although HEU infants may start life with lower
levels of maternally acquired antibodies than HUU infants, these levels may still initially be sufficient to
afford protection during the neonatal period. The initial quantity of maternal antibodies received by the
foetus determines the duration of passive protection provided (219). It is possible that as maternally
acquired antibody levels wane they reach the nadir earlier in HEU infants than HUU infants and before
the HEU infant immune system has developed sufficient competence. This would leave these infants with
a critical period of vulnerability during the post-neonatal period when maternally acquired antibodies have
declined but infants have not yet developed their own immune competence. HEU infants respond as well,
if not better, to vaccination than HUU infants in terms of the quantity of vaccine specific antibodies they
produce (128,131). However, little is known about the functional capacity of these antibodies and whether
they afford equivalent protection as found in HUU infants . Deficient maternal antibody transfer in HIVinfected women is associated with a high HIV viral load but not with a low CD4 count (127). One of the
characteristics of the dysfunctional immune activation experienced by HIV-infected people not yet on
cART is a non-specific hypergammaglobulinaemia (107). It has been postulated that in the presence of
this non-specific hypergammaglobulinaemia there may be competition between the non-specific IgG
antibodies and the beneficial specific IgG antibodies for the placental receptors (hFcRN) that actively
transport IgG across the placenta from the maternal to the foetal side (125). If this is so, maternal cART,
by controlling HIV viral replication and non-specific hypergammaglobulinaemia, may aid in improving
transplacental transfer of maternal antibodies. What is known about maternal-foetal antibody transfer in
HIV-infected women comes from the pre-antiretroviral therapy era in women largely not on cART. The
effect of maternal cART on the dynamics of maternal-foetal antibody transfer has not yet been studied.
8.3.2

Delayed functional immune development

Whether HIV exposed or not, the neonatal period holds the greatest absolute risk for infectious morbidity
of any period during life, due in part to the immature nature of the newborn immune system (172). Under
appropriate circumstances, the neonatal and infant immune system gains in function and competence
and can better protect against infectious insults with time. It could be that at birth both HEU and HUU
infants have equally immature immune systems with the same risk for neonatal infections. While HUU
infants undergo normal immune maturation in the early months of life this maturation may be temporarily
delayed or altered in HEU infants. Functional rather than quantitative differences in cells of the innate
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immune system (monocytes and dendritic cells) have been observed in HEU compared to HUU infants
specifically in response to bacterial antigens in the first two months of life (116). At 2 weeks of age HEU
infants demonstrated a lower proportion of B-lymphocytes, cells that link the innate with the adaptive
immune system (116). A more pronounced loss of adaptive immune function was observed at 14 weeks
than at 6 weeks of age in HEU compared to HUU infants (220). Despite demonstrating robust Tlymphocyte counts, HEU infants experienced a profound loss of function of their T-lymphocytes as
demonstrated by their restricted or absent cytokine production in response to BCG and Bordetella
pertussis vaccine-antigen-specific stimulation (220). Significant loss of T-lymphocyte function remained at
14 weeks, even after controlling for birth weight, gestational age and breastfeeding and was not
associated with maternal CD4 count in HEU infants. This deficit in adaptive immune function during the
post-neonatal period could be in keeping with a diverging trajectory of HEU and HUU infant immune
development as infancy progresses. An important next step in delineating the potential mechanism of
HEU infant infectious morbidity will be to look at organism specific causes of infectious morbidity, their
timing and their association with specific immune deficits.
8.3.3

Breast milk immunologic quality

Breastfeeding HEU infants in our cohort still had a greater probability of very severe infectious morbidity
than similarly breastfed HUU infants. This finding has been seen elsewhere and scientists have pondered
whether the immunologic quality of HIV-infected mothers breast milk is inferior and thus the
immunological protection afforded to their infants less than that for HUU infants (39,221). A case-control
sub-study nested in the Mashi study looked at the immunologic parameters of breast milk in relation to
HEU infant infectious morbidity (39). There was no difference in measured breast milk immunologic
parameters between HEU infants who experienced a severe respiratory tract infection or episode of
diarrhoea compared to control HEU infants without these infections. There was no difference in
immunoglobulin levels to common respiratory and enteric pathogens, innate immune factors of lactoferrin
and lysozyme or in breast milk cytokines measured. Comparing the breast milk of HIV-infected and HIVuninfected mothers, again there was largely no difference in the measured immunologic factors between
these two groups. However, this study looked at quantitative rather than qualitative functions of
immunologic factors. While the amount of these factors might be similar, functionality of these protective
factors in HIV-infected women warrants further study. A sub-study of ZEBS has recently evaluated the
role of human milk oligosaccharides (HMOs) in HEU mortality (221). Human breast milk is rich in HMOs
that act as prebiotics to promote healthy gastrointestinal tract flora and provide other beneficial immune
modulating functions in breastfed infants (222). In ZEBS higher breast milk concentrations of some
specific HMOs was protective against infant mortality while breastfeeding. Breastfeeding was only
associated with a reduced mortality in HEU infants receiving breast milk with high concentrations of
fucosylated-HMOs. HEU infants receiving breast milk poor in fucosylated-HMOs had no survival
advantage compared to infants that had stopped breastfeeding (221). ZEBS did not have an HIV137

unexposed infant control group to compare to. However, constituents of breast milk could explain the
differences observed between breastfed HEU and HUU infants in our cohort.

8.4

The extent of maternal HIV disease and HEU infant infectious morbidity

The purpose of the final objective was to determine whether the association of greater infectious
morbidity observed in HEU infants born to mothers with advanced HIV during the pre-cART era has
endured in the era of expanding availability of cART for pregnant women (10,31,38). As of December
2014 South Africa implemented WHO Option B+ for prevention of vertical HIV transmission, that
recommends cART for all pregnant women irrespective of CD4 count (113). Thus, our study was the last
opportunity to compare infants of mothers on maternally-indicated cART to infants of mothers without
advanced immune suppression and not yet on cART. Infants were compared specifically for infectious
cause hospitalizations or death according to whether the mother was on maternally-indicated cART or
VTP prophylaxis during pregnancy. Important differences existed between mothers on maternallyindicated cART and mothers on VTP prophylaxis. Mothers on cART had more often been diagnosed with
HIV prior to pregnancy than mothers on VTP prophylaxis. Antenatal and delivery CD4 counts and HIV
viral load at delivery were substantially lower in mothers on cART compared to mothers on VTP
prophylaxis. Although mothers on VPT prophylaxis experienced a profoundly larger drop in CD4 count by
the time of delivery. Finally, mothers on cART were significantly older with a substantially higher income
prior to the birth of the baby, than mothers on VTP prophylaxis. There were no other differences in
demographic or obstetric factors. Infants of mothers on cART more often lived in households with
electricity, but the households were otherwise quite similar. The infants in each group were equivalent in
terms of gestational age, birth weight, immunization uptake and number of all-cause and sick clinic visits.
These differences were considered in determining whether there was a difference in the probability of
infectious morbidity between HEU infants of mothers on maternally-indicted cART and HEU infants of
mothers on VTP prophylaxis.
There was no evidence for a difference in the probability of an infectious cause hospitalization in the first
six months of life between HEU infants of mothers on maternally-indicated cART or on VTP prophylaxis
during pregnancy (OR 1.03, 95% CI 0.33, 3.20). Controlling for maternal demographic and obstetric
factors did not alter this relationship, neither did controlling for timing of maternal diagnosis of HIV. Also
there was no difference in infectious morbidity between the two groups of infants after controlling for
receipt of cotrimoxazole preventive therapy or any breastfeeding. When considering the secondary
outcomes of at least one severe or at least one very severe infectious cause hospitalization there was no
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difference between the infants of mothers on maternally indicated cART compared to infants of mothers
on VTP prophylaxis.
Our findings of no difference in infectious morbidity by maternal ARV regimen contrast with observations
of greater HEU infant mortality and morbidity associated with advanced maternal HIV in the pre-cART era
(10,31,38). The provision of cART to HIV-infected mothers could have remarkably altered the in-utero
experience of their HIV-exposed infants and may have had an impact on infant health.
Potential explanations include: 1) the contrasting maternal states of improving immune function in cART
mothers and declining immune function in VTP mothers; 2) rapid control of dysfunctional immune
activation in cART mothers compared to ongoing immune activation in VTP mothers; 3) the reduced risk
for opportunistic infections in mothers experiencing immune reconstitution on cART and 4) the positive
impact of the healthcare system for cART mothers and their infants. Each explanation is explored below.

8.4.1

Maternal disease stabilisation versus disease progression

Whether the rate of change of the CD4 count during pregnancy, as opposed to the absolute CD4 count,
might influence infant well-being was considered. Although mothers on VTP in our cohort did not have
CD4 depletion early in pregnancy, they did experience a significant decline in CD4 count during
pregnancy. Mothers on cART experienced a rise in CD4 count between the antenatal period and delivery,
whereas mothers on VTP prophylaxis experienced a median decline of more than 100 cells/µl. This CD4
decline is unlikely to be solely due to the expected pregnancy-associated CD4 decline irrespective of HIVinfection and the change in CD4 count in the VTP mothers in this cohort was of greater magnitude than
that observed in other HIV-infected African pregnant women (215). In two studies CD4 count was lower
by 51 (95% CI 30,72) cells/µl and 70 (95% CI 51,90) cells/µl during pregnancy and post-partum periods
respectively (216,223). In our cohort 38% of HIV-infected mothers on VTP had a CD4 decline to below
350 cells/µl by delivery, making them eligible for cART when their infant was born. Therefore, VTP
mothers may have undergone measurable disease progression during pregnancy compared to disease
stabilisation or improvement in mothers on cART. However, we found no evidence for an association
between infant infectious morbidity and the maternal antenatal CD4 count, delivery CD4 count or change
in CD4 count that would support this explanation. The CD4 count is only one part of the immune system
affected by HIV and using a quantitative measure of CD4 cells does not fully represent the impact of HIV
on maternal immune function. There may be unmeasured maternal immune parameters, other than CD4
cell quantitative depletion, that mediate the influence of maternal HIV disease progression on infant
immune function and infectious morbidity risk (108,224).
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8.4.2

Maternal immune suppression versus immune activation

As described in section 1.4.1.1, HIV-infection impacts the HIV-infected person through two contrasting
pathways: firstly, immune suppression with long term consequences even after initiation of cART, and
secondly, dysfunctional immune activation that responds rapidly to suppression of HIV replication due to
cART (104,108,110). Although quantitative increases in CD4 T-lymphocytes occur in response to
effective cART, complete normalization of the T-lymphocyte phenotype with total resolution of immune
suppression is rare (114,115,225). Suppression of HIV replication by cART on the other hand, rapidly
reduces the immune activation from B-lymphocytes responsible for hypergammaglobulinaemia (226).
Mothers on cART in this cohort were heterogeneous in terms of antenatal CD4 count, two-thirds of the
sample comprising mothers who were still severely immune compromised with CD4 counts below 350
cells/µl. In approximately one-third of mothers, CD4 counts had already risen to above 350 cells/µl in
response to cART. Although quantitatively the CD4 count may recover once cART has been initiated, Tlymphocyte homeostasis may never be fully restored if cART is initiated when the CD4 cell count is below
350 cells/µl (115,225). Thus, mothers on cART with CD4 counts above 350 cells/µl were likely to differ
immunologically to mothers on VTP prophylaxis who had not yet reached the same state of immune
suppression despite having similar CD4 counts. Eighty percent of mothers on cART had suppressed or
nearly suppressed HIV viral loads and likely had less immune activation than mothers on VTP prophylaxis
with minimal viral suppression. The mothers on cART may still experience long term consequences of
severe immune suppression in the presence of minimal dysfunctional immune activation. In contrast, the
mothers on VTP prophylaxis do not yet have severe immune suppression but do have ongoing
dysfunctional immune activation. These are likely two different states of immune dysregulation and may
affect the foetus differently.
A consequence of the dysfunctional immune activation experienced by HIV-infected people is a nonspecific increase in B-lymphocyte activity and consequent immunoglobulin production. Where
immunoglobulins are usually directed towards specific pathogens, this state of hypergammaglobulinaemia
in HIV-infected people is non-specific and does not provide protection against pathogens. HEU infants
may have immunological consequences from in-utero exposure to maternal B-lymphocyte dysregulation
and hypergammaglobulinaemia. HEU infants have higher non-specific IgG levels than HIV unexposed
infants that are positively correlated with maternal pregnancy IgG through to five years of age (133). That
this correlation between maternal and HEU child IgG persisted until 5 years of age suggests that HEU
infants exposed to HIV-infected mothers with unrestricted immune activation, undergo a fundamental and
lasting change in immune function early in life (133). The infant IgG levels are not correlated with
maternal CD4 count or maternal HIV viral load, indicating that there is something else about the maternal
immune system perturbations influencing infant IgG levels. In our cohort, there was no association
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between maternal CD4 count or HIV viral load with infectious morbidity, but further immune function of the
mothers and infants was not explored.
Finally, it is possible that immunological factors that previously accentuated HEU infant morbidity and
mortality risk in mothers at the lower end of the CD4 spectrum are now being addressed by cART and
that the effect of maternal immune suppression is becoming less. During the pre-cART era the mothers
with the most advanced HIV, whose infants had the greatest risk for morbidity and mortality, had the
lowest CD4 counts and the highest HIV viral loads. These infants in the pre-ART era were exposed to in
utero environments altered by both severe immune suppression and marked immune activation, both
potentially contributing to their poor outcomes. In the era of maternally-indicated cART and VTP
prophylaxis, and in our cohort, infants were exposed to in-utero environments altered by either immune
suppression or immune activation respectively. The unrestricted viral replication-induced immune
activation present in mothers on VTP prophylaxis may be of similar or greater consequence to the
developing foetus as the long term effects of immune suppression in the mothers receiving cART. This
could explain why infectious morbidity in infants of mothers qualifying for VTP prophylaxis was no less
than that of infants born to mothers on maternally-indicated cART.

8.4.3

Improved maternal physical well-being

HIV-infected people in the pre-cART era experienced a great burden of opportunistic infections due to
untreated severe immune suppression (227). In the current era, the risk of opportunistic infections has
been reduced in mothers with low CD4 counts on cART with less exposure to their infants in-utero and
thereafter to these opportunistic pathogens. Cytomegalovirus (CMV) is an important co-pathogen in HIVinfected severely immune suppressed adults. Infant CMV exposure can occur in-utero and during
breastfeeding. Maternal CD4 count of below 200 cells/µl was independently associated with congenital
CMV in HIV-exposed infants in Cape Town, after adjusting for maternal cART or VTP prophylaxis (18).
CMV altered T-cell differentiation in Gambian infants and a higher breast milk CMV viral load was
associated with lower weight and length-for-age Z-scores in Malawian HEU infants (182,228). Although
these CMV induced alterations have not been studied in direct association with wider infectious morbidity
in HEU infants, they demonstrate that CMV infection has substantial consequences in infants. European
HEU infants have a higher prevalence of congenital CMV than HUU infants, although this is being
reduced with expanding maternal cART (181). In this way maternally-indicated cART may correct the
previously observed difference in risk for morbidity and mortality in HEU infants by reducing the burden of
maternal opportunistic infections, particularly CMV. Maternal and infant CMV in our cohort was not
evaluated further for this dissertation but is the topic of a sub-study in progress.
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Mothers on cART were in regular monthly or bi-monthly follow-up in a primary healthcare clinic system.
HIV-infected mothers not yet immune suppressed and not qualifying for maternally-indicated cART, were
seen less often postnatally, at most every six months at the primary healthcare clinic for a repeat CD4
count. Many were in no postnatal follow-up at all. There may be unmeasured benefits for both the mother
on cART and her infant in being well connected to a healthcare system with opportunities for general
health information provision, advice seeking and access to formal and informal support services that the
mothers on VTP prophylaxis may not have experienced.

8.5

Potential effects of ARV exposure observed in HEU infants

This study was not designed to evaluate the safety or consequences for HEU infants of antiretroviral
exposure. There were however three noteworthy observations within HEU infants deserving further
discussion: 1) the association between a lower infant haemoglobin and exposure to ZDV prophylaxis; 2) a
persistently lower length-for-age Z-score in TDF-exposed infants than if mothers were only on VTP
prophylaxis; and 3) the observation of two congenital central nervous system defects in infants exposed
to first trimester EFV.
8.5.1

Anaemia in zidovudine-exposed HEU infants

HEU infants compared to HUU infants had a significantly lower mean haemoglobin (Hb) at two months of
age, but did not differ significantly in the proportion of infants with a DAIDS grade 1 or more anaemia.
This pattern was mirrored within the HEU infant sub-group analysis. The HEU infants born to mothers on
VTP prophylaxis had a lower mean Hb at two months of age and significantly more infants had a DAIDS
grade 1 or higher anaemia than those of mothers on cART. Mothers on VTP prophylaxis all received
ZDV during pregnancy which has been associated with anaemia in infants (137,138). This observation
was sustained when all infants exposed to ZDV, including those of mothers on ZDV for VTP prophylaxis
as well as those of mothers on a ZDV containing cART regimen, were compared to all HEU infants not
exposed to ZDV. The most likely explanation for the difference in Hb in HEU compared to HUU infants at
two months of age is due to ZDV-associated anaemia in the ZDV-exposed HEU infants. Whether or not
ZDV-associated anaemia puts HEU infants at increased risk for infectious morbidity has not been
established. In this cohort the infant Hb was significantly lower at four months of age in infants with an
infectious cause hospitalization or death compared to infants without an infectious cause hospitalization
or death. Within HEU infants, the mean Hb at four months was also significantly lower in infants with the
primary outcome compared to those without the primary outcome. The majority (23 of 26) of infectious
cause hospitalizations had occurred by four months of age. The association seen between infants with
the primary outcome and anaemia at four months of age is unlikely to be causally related to the infectious
cause hospitalizations but more likely as a consequence of the infection resulting in hospitalization.
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Although we have evidence for a ZDV-associated anaemia in HEU infants this is unlikely to be causally
associated with an increased risk for infectious morbidity in this cohort.
8.5.2

Shorter length in tenofovir-exposed HEU infants

HEU infants in our cohort had significantly lower mean length-for-age Z-scores (LAZ) than HUU infants
from two weeks of age persisting to six months of age. This pattern was again mirrored in the HEU subgroup comparison, but this time the HEU infants of mothers on maternally-indicated cART during
pregnancy had significantly lower mean LAZ than HEU infants of mothers on VTP prophylaxis. This
association with a persistently lower LAZ was even stronger when infants specifically exposed to TDF
were compared to all HEU infants not exposed to TDF. There was no association in this cohort with a
lower LAZ or stunting and infectious morbidity in the total cohort of HEU and HUU infants, nor in the subgroup of HEU infants compared by TDF-exposure. Although not a stated objective of this study, this was
the last opportunity to compare TDF-exposed and TDF-unexposed HEU infants. As South Africa has now
moved to cART for all pregnant women irrespective of CD4 count, most HIV-infected pregnant women
now receive a TDF-containing triple ARV regimen whether for maternal therapy or for prophylaxis.
That a shorter length in cART and specifically TDF-exposed HEU infants was present already at two
weeks of age and was seen in the context of appropriate and equivalent weight-for-length Z-scores,
suggests that this difference in length-for-age was less likely due to long-term nutritional compromise, as
is often the cause of stunting and reduced length-for-age. Rather it was possibly as a result of an in-utero
effect or early postnatal effect. Eighty three percent of mothers on cART were receiving a TDF containing
regimen during pregnancy. TDF is known to alter bone metabolism resulting in reduced bone mineral
density in HIV-infected children treated with TDF (142,143). Due to this observation in HIV-infected
children the potential for bone toxicity with TDF in-utero exposure has been a concern, particularly in
relation to birth growth outcomes. However, this concern in terms of compromised growth at birth has not
been borne out in previous US or African cohorts of TDF in-utero exposed HEU infants (144–146). In a
recent cross-sectional evaluation of bone mineral content measured by dual-energy X-ray absorptiometry
at two weeks of age, TDF-exposed neonates had a significantly lower bone mineral content than TDFunexposed neonates following control for confounders (229).
Our findings concur with this pattern of normal growth at birth in TDF-exposed HEU infants. Yet, by two
weeks of age a difference in LAZ became apparent in TDF-exposed HEU infants in our cohort and was
sustained until last follow-up at six months. Two US cohort studies have also observed later growth
differences in TDF-exposed HEU infants in the presence of equivalent birth growth parameters (144,145).
The Perinatal HIV/AIDS Cohort Study (PHACS) in the US, observed a significantly lower LAZ at 1 year of
age in TDF-exposed HEU infants (144). The International Maternal Paediatric Adolescent AIDS Clinical
Trials Group (IMPAACT P1025) observed a lower weight-for-age Z-score at six months despite similar
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birth weight (145). PHACS did not have interval observations between birth and one year of age to
directly compare to the early onset of lower length-for-age in our cohort and IMPAACT P1025 looked only
at differences in weight at birth and six months and not at length. In contrast to the US cohorts and our
cohort, the only previous African study to consider the potential of bone toxicity in TDF-exposed HEU
infants found no important differences in weight or length up to four years of age in 62 infants with no TDF
in-utero exposure compared to 111 infants exposed to TDF in-utero for at least 90% of pregnancy days
(146).
With expansion of cART to all HIV-infected pregnant South African women, irrespective of CD4 count,
almost all HIV-exposed infants will now be TDF in-utero exposed. This pattern of potentially delayed
consequences for long bone growth despite having no growth deficits at birth certainly requires further
longitudinal study of TDF-exposed HIV exposed infants and children. In the foreseeable future HEU
infants will always be exposed to antiretroviral drugs to prevent vertical HIV infection. Should this
association between TDF in utero exposure and shorter length growth be observed in larger cohorts,
available alternatives to TDF should be considered for first line cART in pregnant women.
8.5.3

Central nervous system defects in HEU infants with first trimester efavirenz exposure

Two HEU infants in this cohort born to mothers receiving EFV containing cART regimens during their first
trimester of pregnancy were identified with congenital central nervous system (CNS) abnormalities, one
with congenital macrocephaly and neurodevelopmental delay and another with communicating
hydrocephalus of unknown aetiology. Since the report of CNS and facial teratogenic defects in monkeys
following first trimester EFV exposure at levels similar to human exposure, and isolated case-reports of
human CNS defects following first trimester EFV exposure, there has been concern regarding the safety
of including EFV as part of first-line cART regimens for use in women of child-bearing age (147,156).
Small studies vary in their observations of the risk associated with EFV exposure (230–232).
Reassurance is provided through ongoing prospective surveillance conducted by the Antiretroviral
Pregnancy Registry (APR) that has followed 825 cases of first trimester EFV exposure up to July 2014
and found no risk (147). This represents sufficient cases to exclude a doubling in the risk of all birth
defects compared to second or third trimester EFV exposure. Two cases of CNS defects have been
reported in the 825 first trimester EFV exposure cases and monitoring in this regard is ongoing in the
APR. The majority of cases reported in the APR are from North America. A more widely generalizable
systematic review and meta-analysis included the APR cases as well as United Kingdom, Northern
Ireland, West and Southern African cohorts, totalling 1437 cases of first trimester EFV exposure (157). By
meta-analysis, the relative risk of any birth defects due to EFV first trimester exposure compared to other
ARV first trimester exposure was 0.85 (95% CI 0.61, 1.20). Our small cohort study was not designed to
systematically identify congenital anomalies and no conclusions can be drawn about an association
between first trimester EFV exposure and the risk for CNS or other birth defects. Fifty percent of mothers
144

on cART in this cohort were on an EFV containing regimen. Since the conduct of this study EFV use in
South African women of child-bearing age has expanded tremendously with the adoption nationally of an
EFV containing triple ARV regimen for first-line antiretroviral therapy in all pregnant women irrespective of
CD4 count. Essentially all South African HIV exposed newborns will also be EFV exposed in the future,
warranting a structured prospective pharmacovigilance system to ensure the safety of these highly
exposed infants. Alongside this, establishment of national systematic surveillance of congenital
anomalies in South Africa, will provide population rates of congenital anomalies, currently lacking, with
child health benefits beyond only understanding of ARV exposure risks.

8.6

Challenges and limitations

The study experienced implementation challenges of inadequate enrolment in conjunction with
substantial early attrition and lower outcome event rates than anticipated. Analytic challenges were
experienced in adequately controlling for differences in breastfeeding. Reasons for these challenges, their
impact on the study and additional limitations are considered below.
8.6.1

Implementation challenges

Only eighty percent of the enrolment target was reached (264 of a targeted 330 mother-infant pairs)
following extension of the enrolment duration from nine to 12 months. Budget constraints limited further
extension of enrolment. Of the 260 HIV-uninfected infants eligible for the study, only two-thirds returned at
two weeks of age to continue in follow-up. Although efforts were made to sensitize pregnant women
about the study at their antenatal clinic visits so that they had time prior to delivery to consider their
participation, timing of enrolment at delivery possibly placed undue pressure on mothers to agree to
participation. This high rate of early attrition was greatest at the start of the study and coincided with a
new study team eager to fulfill enrolment targets. The study also commenced during the rainy winter
season in Cape Town which was possibly an environmental deterrent to attending the first study visit with
a two week old infant. Every effort was made by the study team to make attendance of study visits as
convenient as possible for mothers and their infants including later pick-up times at the most convenient
location for mothers. Retention was subsequently better once mothers and infants returned for the two
week visit. Similar early attrition has been observed as a challenge in other South African observational
cohort studies with peripartum enrolment (233,234).
This marked early attrition could have introduced selection bias into the comparison between the HEU
and HUU infants retained in the cohort should there have been important differences related to risk for
infectious morbidity between HEU and HUU infants that did not return to continue in the study. Similar
proportions of HEU (32%) and HUU (36%) infants were lost following enrolment and according to
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available maternal and infant baseline characteristics the infants lost were no different to those retained.
Thus, it is reassuring that the infants included in the analytic cohort are representative of the initial sample
of infants that included almost 20% of the population of infants born at Kraaifontein MOU.
Fewer primary outcome events, infectious cause hospitalizations or deaths, occurred than originally
anticipated. This could be due to a combination of failure to identify all outcome events or improving infant
health in South Africa. However, we think it unlikely that we failed to identify outcome events. Through the
use of the province wide unique healthcare identification number issued to every infant at birth, we were
able to link all our study participants, including those lost to face-to-face follow-up, with the Western Cape
Province electronic hospital administrative system as well as the mortality database. This allowed for
complete determination of all hospitalizations that occurred within the Western Cape Province. We were
unable to later re-establish direct contact with seven (7.4%) HEU and seven (8.5%) HUU infants who
were not linked to any hospitalization or mortality events through the Western Cape Province databases.
It is possible that these infants could have migrated out of the province and hospitalizations or deaths in
these infants could have been missed. There is no obvious reason though that the rate of hospitalization
or death observed in the rest of the cohort would have been different in these 14 infants and the
identification of a single infant death before six months of age is in keeping with our a priori estimated
infant mortality rate in this cohort.
A more likely explanation for the unexpected decrease in events is improved infant health outcomes.
South Africa has experienced a steady reduction in infant and under-5 mortality during the past five years
since the introduction of an effective vertical HIV transmission prevention programme and enhancement
of the infant vaccination schedule in 2009 (55,57). This positive trend in child survival has specifically
impacted on pneumonia and diarrhoea morbidity experienced by all infants in South Africa (57). This may
account for the substantially lower rate of infectious cause hospitalizations observed in this cohort study
than that observed in the initial pilot study conducted between 2009 and 2011. The likelihood of a lower
outcome rate was taken into account in the sample size calculations for the study However, the resource
constraints limited the size of the sample initially enrolled. This combined with difficulties with early
retention of participants already discussed, left the study under-powered for the primary objective.
8.6.2

Analytic challenges

Due to a local infant feeding policy in transition during the study design phase, it was decided not to enrol
infants according to intended feeding mode but to deal with these differences in analysis. This presented
a major analytic challenge in how to most appropriately adjust through regression for the influence of
breastfeeding so as to achieve the primary objective of determining the effect of HIV exposure
unconfounded by the effect of breastfeeding. The analysis in this regard was limited further by working
146

with a small sample size, as well as the distribution of breastfeeding that discriminated almost exclusively
according to HIV exposure. Stratified analysis proved helpful to overcome some of these challenges.
Many longitudinal studies, that consider child health outcomes, collect detailed infant feeding information
at multiple visits. The hope in collecting this rich feeding detail is that it will be possible to accurately
reflect the infant feeding reality and its effect on the outcome of interest in statistical models. Despite
collection of rich detail, infant feeding status is often reduced to a single variable of simplified categories
at one time point (47,211,235). Multilevel models, otherwise known as mixed or random effects models,
have an advantage over single level logistic regression in that repeated measurements of breastfeeding
status at multiple time points can be included in the model simultaneously. The correlated nature of the
repeated breastfeeding measures within individuals is taken into consideration so as not to underestimate
the standard error for the effect of the variable with repeated measurements (236). Multilevel models can
also take into account varying effects of breastfeeding at different time points (237). This is a desirable
manner in which to incorporate maximal feeding information to approximate reality in a statistical model.
A mixed effects model still requires an adequate sample size to include the number of terms representing
infant feeding at various time points in the model. And even with mixed effects models there is also the
limitation that unmeasured factors influencing the mothers choice to breastfeed could be associated with
the infant outcome and remain as residual confounders. Due to our limited sample size and limited
number of outcome events we were not able to make use of mixed effects models and were constrained
to dichotomizing feeding at a single time point for inclusion in the fixed effect regression models.
Breastfeeding status at two weeks of age discriminated almost completely according to HIV exposure,
with only a single HUU infant not breastfeeding at two weeks of age compared to two thirds of HEU
infants not breastfeeding at two weeks. The single never breastfed HUU infant experienced a very severe
infectious cause hospitalization compared to 5 of 59 (8.5%) never breastfed HEU infants. This gave an
artificial OR of close to zero for HEU relative to HUU never breastfed infants and explains why the
unstratified aOR for very severe infectious cause hospitalization or death is lower than the stratified
estimate for the stratum breastfeeding at two weeks (aOR 2.5 vs. 4.2). The single observation in the HUU
non-breastfeeding category requires that the unstratified estimates adjusted for breastfeeding status at
two weeks must be interpreted with caution.
With the limitations in controlling for breastfeeding in the unstratified logistic regression estimates,
stratification provided an alternative approach to deal with confounding by breastfeeding on the effect of
HIV exposure. Stratified analyses conditioned on the presence or absence of any breastfeeding
separately at two weeks and at six months were performed. While it was not possible to compare HEU
and HUU infants never breastfed at two weeks due to the single HUU infant in this stratum, some
information could be gleaned from how HEU breastfed and HUU breastfed infants compared to each
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other. This helped to identify that there was a greater probability of very severe infectious cause
hospitalization or death amongst HEU infants even when breastfed compared to HUU also breastfed
infants. The stratified analysis conditioned on the presence or absence of breastfeeding at six months
revealed the possibility that the effect of HIV exposure could be modified by breastfeeding. Amongst
infants breastfeeding at six months there was possibly a greater probability of infectious morbidity in HEU
compared to HUU infants. On the other hand, HIV exposure was not associated with a greater probability
of infectious morbidity when comparing HEU and HUU infants both not breastfeeding at six months, both
groups experienced equally high probabilities of infectious morbidity. When effect modification is present
it is not appropriate to present the unstratified estimates of effect (238). Unfortunately the confidence
intervals around these estimates do not allow firm conclusions about the presence or absence of effect
modification by breastfeeding on HIV exposure, and it is possible that the appearance of effect
modification is spurious due to the imprecision of the estimates. As such, recognizing the limitations in the
unstratified and stratified aOR estimates, both have been presented.
8.6.3

Additional study limitations

The inadequate sample size hinders any definitive conclusions that can be drawn from this study with
regards to differences in overall risk for infectious morbidity in HEU and HUU infants. We may not have
identified a substantial difference between HEU and HUU infants due to inclusion of the lowest risk HIVinfected mothers and lowest risk infants. This was done with intent to determine whether there is
evidence for pathways other than the universal pathways that determine infectious morbidity risk in all
infants, both HIV exposed and unexposed. The deficiencies in the sample size were countered,
somewhat, by the well matched infant groups that limited confounding by differences in birth outcomes
(preterm birth and low birth weight), household and socioeconomic factors. It is recognized that even
though infants were well matched on measured socioeconomic factors there is always the potential for
unmeasured differences and residual confounding.
Follow-up for this analysis was limited to six months of age. Due to provincial administrative reasons
linkage with the provincial mortality registry was only possible until December 2013, when the youngest
infants in our cohort would have been six months of age. This made complete outcome determination
impossible beyond this point. Resource considerations were an additional factor limiting further intensive
follow-up of the cohort. Long term follow-up of HEU infants is certainly valuable to better understand this
vulnerable group. However, to understand the difference in infectious morbidity between HEU and HUU
infants, the period of greatest relative risk in HEU infants observed in the large early studies was before
six months of age (37,38). An increase in HEU infant morbidity and mortality has been observed beyond
six months of age associated with weaning (32,75). Eighty five percent of HEU infants in our cohort had
already weaned from breast milk by six months of age, and in this cohort infectious morbidity was not
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clearly linked to weaning, making an increase in morbidity associated with weaning beyond six months of
age unlikely in this particular context.
It would have been advantageous to have conducted aetiological investigations during infectious cause
hospitalizations that could further our understanding of the specific vulnerabilities and mechanisms of
HEU infant infectious morbidity risk. Such resources were not available and the sample size was
insufficient to probe further into associations with specific types of infections (diarrhoea, LRTI, bacterial
sepsis) or specific causative organisms.

8.7
8.7.1

Recommendations and implications
The importance of an appropriate control group

In Southern Africa, where the vast majority of infants are vulnerable to high rates of morbidity and
mortality irrespective of HIV exposure, and where income inequality is marked, comparison of HEU infant
outcomes to population rates of disease or other reference standards can be misleading (52,55). As an
example, we used the WHO child growth standards to calculate gender and age appropriate Z-scores of
the various anthropometric indices measured, for comparison between HEU and HUU infants (78).
Studies of growth and nutrition in HEU African infants have correctly concluded that HEU infants have
high rates of growth faltering in comparison to the WHO growth standards, but this has not helped to
understand how they compare to HUU children experiencing the same constraints on growth during
childhood (80–82). The WHO growth standards are not designed to be a reference comparison that can
be generalized to all child populations across the world. Rather, they are designed as standards of growth
achieved by healthy children and what should be strived for to achieve children of maximal health (239).
Thus when these growth standards are applied in countries in Southern and Eastern Africa, where
malnutrition and infectious disease burdens are high, up to 50% of children may be regarded as stunted
according to the WHO LAZ standard (79). We observed a difference in LAZ in HEU compared to HUU
infants, HEU infants were shorter possibly as a result of cART or specifically TDF exposure. However,
HUU infants were also shorter than the WHO standards with mean LAZ well below the WHO standard
mean. The difference between HEU and HUU infants was much smaller than the difference between
HEU infants and the WHO standard, and without the appropriate HUU comparison group alarming
conclusions could have been drawn about the extent of HEU growth impairment due to HIV exposure.
This example underscores the importance of having an appropriate HUU control group to compare HEU
outcomes to in the context of universally high rates of infant morbidity.
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8.7.2

Looking beyond incidence of morbidity

We chose infectious cause hospitalizations as the primary outcome because it is a more objective
outcome event than reported sick-clinic visit rates. But even hospitalization rates could be biased if
healthcare professional decision making with regards to hospital admission is systematically different in
one group than another, particularly due to concern amongst caregivers and healthcare professionals
about the high risk nature of HEU infants. Using the PIET-R severity grading we were able to have
certainty around the need for hospital admission in both groups of infants based on the extent of their
presenting symptoms and that one group was not being over hospitalized compared to the other. Using
the DAIDS grading would not have given us this clarity; all 26 infants with an infectious cause
hospitalization had at least one event graded as a DAIDS grade 3 event, no events were graded as grade
4 (life-threatening) and the one death received a grade 5. The pattern observed in this cohort of a greater
severity of infectious morbidity in HEU infants would have also been missed using only the DAIDS grade.
The PIET-R, that graded hospitalization events as mild-moderate, severe or very severe, allowed for a
more detailed understanding of the differences in infectious morbidity between HEU and HUU infants. To
move forward in understanding differences in infectious morbidity risk in HEU infants, it would be
constructive for future studies in this field to reach consensus on the use of standardized objective
infectious event outcome definitions. This could aid comparison as well as collaboration across
geographic settings. The Brighton Collaboration is a successful example in this regard, achieving global
standardization of definitions for the evaluation and surveillance of adverse events following
immunizations (188).
8.7.3

Implications

Although the estimate from this study of increased infectious morbidity risk in HEU infants is imprecise, it
raises the possibility that there could be a strong association between HIV exposure and infectious
morbidity. The unadjusted association between HIV exposure and the primary outcome showed HEU
infants to have a 48% greater risk for any infectious cause hospitalization or death compared to HUU
infants in the first 6 months of life (RiR 1.48, 95% CI 0.72,3.06). A similar effect size was seen in a recent
Mozambican cohort (44). HIV exposure without HIV infection could account for up to one-third of
infectious cause hospitalizations in HEU infants. At a population level this translates to 12.5% of
infectious cause hospitalizations in all HIV-uninfected infants under six months of age could be as a
consequence of being born to an HIV-infected mother. In South Africa this could account for an excess of
35 000 infant hospitalizations per year. Even if the true RiR is only 1.1, being an HEU infant could still
account for approximately 3% of infant infectious cause hospitalizations and an excess of 8100 infant
hospitalizations per year in South Africa. This highlights the potential contribution of HIV exposure,
without HIV-infection, through both universal and HEU-unique pathways, to infant morbidity and motivates
for further dedicated study of HEU infants. See Appendix E for calculation of above attributable and
population attributable fractions.
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Chapter 9 Conclusion
In this cohort study of term HEU and HUU infants experiencing similar social and household
circumstances, breastfeeding HEU infants had a substantially greater probability of very severe infectious
morbidity than breastfeeding HUU infants. HEU infants tended to experience a greater severity of
infectious morbidity in the context of a similar frequency of infections, the greatest relative difference
between HEU and HUU infants occurring between three and six months of age. Within HEU infants, and
in the context of maternally-indicated cART, the severity of maternal HIV disease measured by CD4 count
or HIV viral load was not associated with infant infectious morbidity outcomes. Despite its limitations, this
study has helped to identify a more specific pattern to HEU infectious morbidity not previously described
in the absence of appropriate HUU control groups and discriminating outcome measurement tools. The
observed pattern could be in keeping with mechanisms related to HEU-unique exposures including
deficient transplacental acquisition of maternal antibodies, delayed functional immune development in
HEU infants or altered immunologic quality of HIV-infected maternal breast milk.
It is fully recognized that enhanced efforts to improve uptake of sustained breastfeeding in South African
HIV exposed infants are required. We suggest that two further avenues warrant exploration to potentially
improve HEU infant outcomes: 1) evaluating the quality of breast milk in HIV-infected mothers and
whether it differs to HIV-uninfected mothers; if so to identify ways that breast milk quality could be
enhanced 2) to understand whether the observed deficit in maternally derived antibodies in HEU infants is
specifically associated with infectious morbidity; if so can the most vulnerable stage during infancy be
defined and will maternal cART or an augmented infant or maternal vaccination schedule be able to
ameliorate this vulnerability? In addition a long-term sustainable pharmacovigilance surveillance system
urgently needs to be established in South Africa to understand the effects of in-utero antiretroviral
exposure in 30% of South African infants, children and future adults.
To definitively understand HEU infant infectious morbidity risk, substantially larger studies with
appropriate HUU infant comparison groups are going to be necessary. The field would benefit from
enhanced collaboration amongst researchers to achieve the quality of evidence required to improve HEU
infant outcomes in Southern Africa. Agreement on standardized infectious morbidity outcome
measurement would allow for collaboration of multiple cohorts while still pursuing their own unique
individual hypotheses and objectives. In designing further studies and looking for possible interventions to
secure HEU infant well-being, researchers need to be cognisant of the vulnerabilities that all infants and
children in Southern Africa experience, whether HIV exposed or not. Interventions that are found to
improve health in HEU infants may very well also improve outcomes for HUU infants. The bigger picture
of improving health and well-being for all infants in this setting needs to be kept in mind, and one group
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should not be heavily prioritized to the detriment of the other. If future clinical trials should be
implemented to test interventions for improvement of HEU infant outcomes, strong consideration should
be given to inclusion of HIV unexposed infants, as they too could derive benefit from the interventions
under study. HEU infants comprise almost one third of the South African infant population and their health
and wellbeing, beyond avoiding HIV-infection, deserve a more prominent position in the local and
international HIV research agenda.
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Appendices
Appendix A PIET-R case-definitions
Table A.1 Table of PIET-R case-definitions
Classification
Definition of case
A. Lower respiratory tract infections
1. Pneumonia
History of cough or difficulty
breathing
PLUS tachypnea for age or oxygen
required
WITHOUT wheeze

2. Bronchiolitis

History of cough or difficulty
breathing
PLUS wheeze or evidence of
hyperinflation on physical exam

3. Laryngotracheobronchitis
(LTB)

History of cough or difficulty
breathing
PLUS stridor

4. Tuberculosis

Started TB treatment in hospital
OR
Close TB contact PLUS chest X-ray
suggestive of pulmonary TB
OR
Bacteriological confirmation on
sputum, gastric aspirate, biopsy
OR
A close TB contact PLUS 2 of
• Persistent cough >14/7
• Persistent fever >14/7
• Unsatisfactory weight gain
• Fatigue, reduced
playfulness

Definition of severe case
At least 1 of
• Lower chest wall indrawing or nasal
flaring
• Not able to drink or breastfeed
• Vomiting everything
• Convulsions during this illness
• Lethargic or unconscious
• Oxygen saturation < 92% on room air
• Any oxygen required
At least 1 of
• Tachypnea for age
• Lower chest wall indrawing or nasal
flaring
• Not able to drink or breastfeed
• Vomiting everything
• Convulsions during this illness
• Apnea on history or witnessed
• Lethargic or unconscious
• Oxygen saturation < 92% on room air
• Any oxygen required
At least 1 of
• Stridor on inspiration and expiration
• Not able to drink or breastfeed
• Lethargic or unconscious
• Oxygen saturation < 92% on room air
Hospital diagnosed extrapulmonary/miliary TB
OR
At least 1 of
• Tachypnea for age PLUS lower chest
wall indrawing or oxygen required
• Headache, neck stiffness, drowsiness,
irritability, convulsions
• Hepatosplenomegaly
• Peripheral oedema
• Distended abdomen with or without
ascites
• Angulation of the spine/gibbus
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Classification
Definition of case
B. Diarrhoeal disease

Definition of severe case

1. Acute
diarrhoea

Liquid stools (more unformed than
usual) with increased number of
stools for < 14 days

2. Persistent
diarrhoea

Liquid stools (more unformed than
usual) with increased number of
stools for > 14 days

3. Dysentery

Any blood in the stool

At least 2 of
• Lethargic or unconscious
• Sunken eyes
• Not able to drink or drinking poorly
• Skin pinch takes > 2 seconds to return
At least 2 of
• Lethargic or unconscious
• Restless or irritable
• Sunken eyes
• Not able to drink, drinking poorly,
drinking eagerly, thirsty
• Skin pinch takes > 1 second to return
At least 1 of
• Age < 12 months
• Any dehydration present

C. Skin and mucocutaneous infections
1. Measles

2. Varicella zoster

3. Non-specific
viral exanthem
4. Stomatitis

5. Bacterial skin
infection

Fever AND diffuse maculopapular
rash
PLUS 1 of
• Cough
• Coryza
• conjunctivitis
Fever AND diffuse vesicular rash

Fever AND rash
AND doesn’t meet criteria for
measles or varicella
Erythema AND oral mucosal
ulceration (lips, gingiva, tongue)
At least 1 of
• Impetigo (diffuse pustular
eruption)
• Abscess

At least 1 of
• Pneumonia (as previously defined)
• LTB (as previously defined)
• Diarrhoea (as previously defined)
• Any general danger sign
At least 1 of
• Pneumonia (as previously defined)
• LTB (as previously defined)
• Diarrhoea (as previously defined)
Any general danger sign
Any general danger sign

At least 1 of
• Stridor
• Unable to eat orally
Any general danger sign
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Classification
Definition of case
D. Invasive bacterial infections
1. Neonatal
Hospital diagnosis < 28 days
sepsis
a. Confirmed – blood or CSF
culture positive
b. Presumed – no positive
culture, treated for neonatal
sepsis with a minimum of 7
days of intravenous
antibiotics
2. Post-neonatal
Hospital diagnosis > 28 days
sepsis
a. Confirmed – blood culture
positive
b. Presumed – no positive
culture, treated for bacterial
sepsis with a minimum of 7
days of intravenous
antibiotics
3. Urinary tract
Hospital diagnosis
sepsis
PLUS sterile urine culture positive
for urinary tract pathogen
4. Meningitis
Hospital diagnosis
PLUS abnormal CSF findings
5. Septic arthritis
Specialist diagnosis
6. Osteomyelitis
Specialist diagnosis
7. Pyomyositis
Specialist diagnosis
E. Congenital infections
1. Congenital
Paediatrician diagnosis
tuberculosis
2. Congenital
Paediatrician diagnosis
cytomegalovirus
3. Congenital
Paediatrician diagnosis
syphilis
4. Neonatal
Paediatrician diagnosis
herpes simplex
5. Other
Paediatrician diagnosis

Definition of severe case
All considered as severe

All considered as severe

All considered as severe

All considered as severe
All considered as severe
All considered as severe
All considered as severe

All considered as severe
All considered as severe
All considered as severe
All considered as severe
All considered as severe

179

Appendix B PIET-R Evaluation
B.1

v

v
v

v

v

v

v
v

v
v
v

v

v
v

v

v

v
v

v

v

v

v
v
PIET-R Hospitalization Event Gold Standard Source Document

v

Hospitalization event ID: _____________
Infant age: __________ completed months
Date of admission: __________________ (dd/mon/yyyy)
Date of discharge: __________________ (dd/mon/yyyy)

Confirmation of eligibility criteria:

1=Yes

3=No 77=Unknown

1.

Infant between 1 and 12 months of age

v

v

v

2.

Hospitalized in general paediatric ward

v

v

v

3.

HIV-infection excluded

v

v

v

4.

No previous hospitalization for this infant included in evaluation

v

v

v

Gold Standard Diagnosis:

1=Mild-Mod

2=Severe

4=Not Present

1. Lower respiratory tract infection:
a. Pneumonia.....................................................

v

v

v

b. Bronchiolitis....................................................

v

v

v

c.

v

v

v

a. Acute diarrhoea.................................................

v

v

v

b. Persistent diarrhoea..........................................

v

v

v

Tuberculosis...................................................

2. Diarrhoea:
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B.2

PIET-R: Abstraction Source Document

Hospitalization event ID: _______________
Abstractors ID: ________________________

Section A: Doctors Problem List
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
________________________________________

Section B: History

1=Yes < 14d

2=Yes > 14d

3=No

77=Unknown

1. Cough ................................................................
2. Fever ..................................................................
3. Liquid stools........................................................
1=Yes

3=No

77=Unknown

4. Difficulty breathing.............................................................................
5. Apnoea episodes...................................................................................
6. Not able to drink or breastfeed..........................................................
7. Not able to eat orally..........................................................................
8. Vomiting everything..........................................................................
9. Bloody stools.....................................................................................
10. Convulsions during this illness..........................................................
11. Fatigue or reduced playfulness...........................................................
12. O2 required during transfer from clinic.............................................
13. Weight loss or unsatisfactory weight gain.........................................
14. Close TB contact..................................................................................

181

Section C: Physical Examination
1=Yes

3=No

77=Unknown

3=No

77=Unknown

1. O2 saturation < 92% on pulse oximeter..............................................
2. Any form of O2 (NPO2, NCO2, HB O2, NCPAP, ETT) ........................
3. Lower chest indrawing, recession, nasal flare....................................
4. Unable to drink orally, require NG, OG or IV fluid...............................
5. Vomiting everything............................................................................
6. Convulsions (witnessed) during admission........................................
7. Acutely unwell, lethargic, unconscious...............................................
8. Apnoea episodes witnessed during admission.....................................
9. Skin pinch > 2 sec (CRT > 2 sec)......................................................
10. Tachypnea for age.............................................................................
11. Persistently irritable > 2 days..............................................................
12. Cervical lymph node mass > 2x2cm..................................................
13. Bilateral pitting oedema, dorsum hands or feet..................................

1=Yes

14. Hydration normal......................................................................................
If No indicate abnormality, otherwise continue with 15.
a) Sunken eyes, dry mucous membs or sunken fontanel ...........
b) Skin pinch 1-2 sec (CRT 1-2 sec) or reduced skin turgor............
c) Not able to drink........................................................................
d) Drinking poorly.........................................................................
e) Drinking eagerly/thirsty...........................................................
f) Other (specify)_____________________________________
1=Yes

3=No

77=Unknown

15. Musculoskeletal exam normal.................................................................
If No indicate abnormality, otherwise continue with 16.
a) Gibbus or spinal angulation.......................................................
b) Other (specify)_____________________________________
1=Yes

3=No

77=Unknown
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v
v

v
v

v

v
v
v

v
v
v

v
v
v
v
v

v
v
v
v
16. Respiratory exam normal..........................................................................
v
v
If No indicate abnormality, otherwise continue with 17.
v
a) Reduced cardiac dullness or hyperresonance........................
v
th

b) Liver ptosis (upper border in 7 ICS or below)........................
v
c) Wheeze not further described.................................................

v
v
v
v

d) Wheeze bronchodilator responsive...........................................
e) Wheeze bronchodilator unresponsive / low monophonic.........
f)

Other (specify)_____________________________________
1=Yes

3=No

77=Unknown

17. Abdominal exam normal.........................................................................
If no indicate abnormality, otherwise continue with 25.
a) Abdominal distension..................................................................
b) Hepatomegaly.............................................................................
c) Splenomegaly..............................................................................
d) Ascites........................................................................................
e) Other (specify)_____________________________________
1=Yes

3=No

77=Unknown

3=No

77=Unknown

18. Central Nervous system exam normal......................................................
If No indicate abnormality, otherwise continue with Section D.
a) Level of consciousness reduced/altered......................................
b) Neck stiffness...............................................................................
c) Other (specify)_____________________________________

Section D: Hospital diagnoses and Chest X-Ray findings
1=Yes

1. Hospital diagnosed pulmonary TB, started on treatment...........................
2. Hospital diagnosed extrapulmonary or miliary TB, started on treatment...
3. Abnormal Chest X-Ray suggestive of TB (see instructions)
4. Abnormal Chest X-Ray with hyperinflation (see instructions)
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B.3

v
v

v

v

v

v
v
v

v
v

v
v

v
v

v

v

v

PIET-R: Final Classification and Grade Source Document

Hospitalization event ID: ____________
Abstractors ID: ____________________

PIET-R Classification & Grade:

1=Mild-Mod

2=Severe

3=Ungraded

4=Not Present

1. Lower respiratory tract infection:
a. Pneumonia.................................
b. Bronchiolitis...............................
c.

Tuberculosis..............................

2. Diarrhoea:
a. Acute diarrhoea...........................
b. Persistent diarrhoea....................

3. Unclassified..........................................
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B.4

PABAK descriptive classification according to Byrt

Table B.1 PABAK descriptive classification
(199)
Kappa

Interpretation

0.93-1.00

Excellent agreement

0.81-0.92

Very good agreement

0.61-0.80

Good agreement

0.41-0.60

Fair agreement

0.21-0.40

Slight agreement

0.01-0.20

Poor agreement

0.00 or less

No agreement
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Appendix C Study variables

Table C.1 Table of variables
Variable

Type

Source

Response options

HIV status

Binary

1=HIV-infected; 2=HIVuninfected

Age

Numeric continuous

Maternal obstetric record &
confirmed with rapid HIV test at 2
week visit
Maternal baseline interview

Race

Nominal

Maternal baseline interview

Language

Nominal

Maternal baseline interview

Marital status

Nominal

Maternal baseline interview

Maternal education

Nominal

Maternal baseline interview

Monthly income in ZAR
Primiparous
Gestational age at first antenatal
visit
Number of antenatal clinic visits
Antenatal syphilis status

Numeric continuous
Binary
Numeric integer

Maternal baseline interview
Maternal obstetric record
Maternal obstetric record

Numeric integer
Nominal

Maternal obstetric record
Maternal obstetric record

Obstetric complications

Nominal

Maternal obstetric record

TB treatment during pregnancy
TB treatment postnatal

Binary
Binary

Maternal baseline interview
Maternal interview at each visit

Maternal variables – all mothers

Years/days; calculated from
date of birth
1=Black African, 2=Coloured,
3=Asian or Indian, 4=White,
5=Other
1=Afrikaans, 2=English,
3=Xhosa, 4=Zulu, 5=Other
1 = never married, 2 = married,
3 = widowed/separated/divorced
1 = no or any primary, 2 = some
secondary, 3 = completed
secondary
Range 0-20 000
1 = Yes, 2 = No
Number of completed weeks
Range 0-12
Positive; Negative;
Indeterminate
1 = gestational hypertension, 2 =
gestational diabetes, 3 =
antepartum haemorrhage, 4 =
postpartum haemorrhage
1 = Yes, 2 = No
1 = Yes, 2 = No
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Variable

Type

Source

Response options

Smoked during pregnancy

Ordinal

Maternal baseline interview

Alcohol use during pregnancy

Ordinal

Maternal baseline interview

Illicit drug use during pregnancy
Previous still births
Previous child death (<5 years old)
Delivery CD4 absolute count in
cells/µl
Delivery CD4 %
Feeding intention at delivery

Binary
Numeric integer
Numeric integer
Numeric continuous

Maternal baseline interview
Maternal baseline interview
Maternal baseline interview
Laboratory result

1 = never (did not smoke on any
day during pregnancy), 2 =
occasionally (smoked but not
every day during pregnancy), 3
= daily (smoked every day or
most days during pregnancy)
1 = never, 2 = only once during
the pregnancy, 3 = once or twice
a month, 4 = about once a
week, 5 = 2-3 times a week, 6 =
4 or more times a week
1 = Yes, 2 = No
Range 0-5
Range 0-5
Range 0-3000

Numeric continuous
Nominal

Laboratory result
Maternal baseline interview

Numeric continuous

Measured at 2 week visit

Binary derived from date of HIV
diagnosis and baby's date of birth
Ordinal derived from start date of
cART and baby's date of birth

Maternal baseline interview

Timing of initiation of ZDV

Ordinal derived from start date of
ZDV and baby's date of birth

Maternal obstetric record

ARV type during pregnancy
WHO HIV stage during pregnancy

Nominal
Nominal

Maternal obstetric record
Maternal obstetric record

Antenatal CD4 absolute count

Numeric continuous

Maternal obstetric record

Body mass index in kg/m

2

Maternal HIV specific variables
Timing of HIV diagnosis
Timing of initiation of cART

Maternal baseline interview

Range 0%-60%
1 = only breast milk, 2 = only
formula milk, 3 = combination of
breast milk, formula milk or
solids
Range 12-40

1 = pre-pregnancy, 2 =
pregnancy
1 = pre-pregnancy, 2 = 1st
trimester, 3 = 2nd trimester, 4 =
3rd trimester, 5 = None
1 = 1st trimester, 2 = 2nd
trimester, 3 = 3rd trimester, 4 =
None
1 = ZDV, 2 = cART, 3 = None
1 = stage 1, 2 = stage 2, 3 =
stage 3, 4 = stage 4
Range 0-3000
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Variable

Type

Source

Response options

Delivery HIV viral load
cART regimen

Numeric continuous
Nominal - derived from report of
individual ARVs received

Laboratory result
Maternal interview at each visit

cART regimen line

Binary - derived from report of
individual ARVs received

Maternal interview at each visit

Maternal cART adherence

Nominal

Maternal interview at each visit

Range <40 – 7 million
1 = "None", 2 = "TDF/3TC/NVP",
3 = "TDF/3TC/EFV", 4 =
"TDF/3TC/LPVr", 5 =
"d4T/3TC/NVP", 6 =
"ZDV/3TC/NVP", 7 =
"d4T/3TC/EFV", 8 =
"ZDV/3TC/EFV", 9 =
"ZDV/3TC/LPVr", 10 = "Other"
1 = first line (all NNRTI based
regimens), 2 = second line
(TDF/3TC/LPVr; ZDV/3TC/LPVr)
1 = Very poor, 2 = Poor, 3 =
Fair, 4 = Good, 5 = Very Good,
6= Excellent

Household variables
Type of house

Nominal

Maternal baseline interview

Water supply

Nominal

Maternal baseline interview

Sanitation

Nominal

Maternal baseline interview

Fuel for cooking

Nominal

Maternal baseline interview

Fuel for heating

Nominal

Maternal baseline interview

Fuel for light
Number of rooms in the house
Number of people in the household

Nominal
Numeric integer
Numeric integer

Maternal baseline interview
Maternal baseline interview
Maternal baseline interview

1 = stand alone house, 2=
apartment in apartment block, 3
= house/flat/room in backyard, 4
= shack in backyard, 5 = shack
not in back yard, 6 = other
1 = water piped into dwelling, 2
= water piped into site/yard, 3 =
public tap,
1 = flush toilet (connected to
sewage), 2 = flush toilet (with
septic tank), 3 = no
facility/bush/field
1 = electricity, 2 = gas, 3 =
paraffin
1 = electricity, 2 = gas, 3 =
paraffin, 4 = firewood, 6 = other
1 = electricity, 2 = paraffin
Range 1-10
Range 1-20
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Variable

Type

Source

Response options

Distance to clinic in minutes
Household assets

Numeric integer
Binary

Maternal baseline interview
Maternal baseline interview answered Yes or No for
household possession of each
asset

Daytime caregiver

Nominal

Maternal baseline interview

Daycare attendance
Child support grant received

Binary
Binary

Maternal baseline interview
Maternal interview at 6 month visit

Range 1-60
Radio, TV, Computer, Fridge,
Home phone, Cell phone,
Bicycle, Motorcycle, Car or
truck, Donkey or horse, Sheep
goats or cattle,
1 = Mother, 2 = Mother's
husband/partner, 3 = Child's
father if not mother's partner, 4 =
Grandmother, 5 = Other family,
6 = Other non-family
1 = Yes, 2 = No
1 = Yes, 2 = No

Infant variables
Gender
Gestational age at birth
Birth weight in grams
Birth length in cm
Birth head circumference in cm
Immunizations up to date
Current TB contact
Currently on TB prophylaxis
Currently receiving TB treatment
Number of all-cause clinic visits
Number of sick clinic visits
Symptoms for sick clinic visit

Binary
Numeric integer
Numeric continuous
Numeric continuous
Numeric continuous
Binary
Binary
Binary
Binary
Numeric integer
Numeric integer
Nominal

Birth record
Birth record
Birth record
Birth record
Birth record
Road to health book at each visit
Caregiver interview at each visit
Caregiver interview at each visit
Caregiver interview at each visit
Caregiver interview at each visit
Caregiver interview at each visit
Caregiver interview at each visit

Current feeding mode

Nominal - derived from more
detailed feeding categories

Caregiver interview at each visit

Weight in kg
Length in cm

Numeric continuous
Numeric continuous

Measured at each visit
Measured at each visit

Male; Female
Number of completed weeks
Range 2000g-4500g
Range 40cm-55cm
Range 30cm-50cm
1 = Yes, 2 = No
1 = Yes, 2 = No
1 = Yes, 2 = No
1 = Yes, 2 = No
Range 0-5
Range 0-5
1 = cough, 2 = Fever, 3 =
Diarrhoea, 4 = Poor feeding, 5 =
Poor growth, 6 = Other
1 = exclusive breastfeeding, 2 =
partial breastfeeding, 3 = mixed
breastfeeding
Range 2.00kg-12.00kg
Range 40cm – 100cm
189

Variable

Type

Source

Response options

Head circumference in cm
Haemoglobin in g/dl
HIV-PCR (HEU infants only)
HIV-ELISA (HUU infants only)

Numeric continuous
Numeric continuous
Binary
Binary

Measured at each visit
Measured at each visit
Laboratory result, 2 and 6 months
Laboratory result 6 month visit

Range 30cm-60cm
Range 5g/dl-20g/dl
Positive; Negative
Reactive; Non-reactive

Hospitalization variables
Number of hospitalizations
Age at hospitalization

Numeric integer
Numeric continuous

Abstraction (PIET-R CRF)
Abstraction (PIET-R CRF)

Length of stay

Numeric integer

Abstraction (PIET-R CRF)

Infectious event type

Nominal

Abstraction (PIET-R CRF)

Infectious event severity grade
(PIET-R)
Infectious event severity grade
(DAIDS)
Non-infectious event type

Binary

Abstraction (PIET-R CRF)

Ordinal

Abstraction (PIET-R CRF)

Range 0-5
Days, calculated from dates of
admission and birth
Days, calculated from dates of
admission and discharge
1 = Pneumonia, 2 =
Tuberculosis - confirmed, 3 =
Tuberculosis - probable, 4 =
Bronchiolitis, 5 = Acute
diarrhoea, 6 = Persistent
diarrhoea, 7 = Dysentery, 8 =
Non-specific viral exanthem, 9 =
Invasive bacterial infection Neonatal, 10 = Invasive
bacterial infection - Postneonatal
Mild-moderate; Severe; Very
severe
1,2,3,4

Nominal

Abstraction (PIET-R CRF)

1 = Neonatal Jaundice, 2 =
Acute malnutrition, 3 = Chronic
malnutrition, 4 = Chronic noninfectious condition , 5 = Other,
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Appendix D Subgroup of all HEU infants – additional tables
Table D.1 Maternal characteristics compared by HEU infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as median(IQR), categorical variables as number (%))
Total
N=94
Age in years
Primiparous
st

Gestation at 1 antenatal visit (weeks)
Number of antenatal visits
Intention to exclusively breastfeed
BMI postnatal kg/m

2

HIV diagnosed prior to pregnancy

Infants with

Infants without

the outcome

the outcome

N=17

N=77

Pvalue

27.8(23.8,31.1)

27.9(23.2,32.0)

27.8(24.2,30.7)

0.54

16(17.0)

2(11.8)

14(18.2)

0.73

20(16,26)

20(16,26)

20(16,26)

0.96

5(4,6)

5(4,6)

5(4,6)

0.49

37(39.4)

8(47.1)

29(37.7)

0.66

26.0(23.1,28.7)

25.8(23.2,29.8)

26.3(23.1,28.6)

0.91

48(51.1)

10(58.8)

38(49.4)

0.23

Pregnancy antiretroviral regimen:

0.15

cART for maternal indication

47(50.0)

8(47.1)

39(50.7)

Zidovudine prophylaxis

44(46.8)

7(41.2)

37(48.1)

None

3(3.2)

2(11.8)

1(1.3)

Timing of cART initiation:

1.00

Pre-pregnancy

20(42.6)

4(50.0)

16(41.0)

First trimester

3(6.4)

0(0.0)

3(7.7)

Second trimester

13(27.7)

2(25.0)

11(28.2)

Third trimester

11(23.4)

2(25.0)

9(23.1)

Pregnancy cART regimen:

0.77

TDF/3TC/EFV

24(51.1)

4(50.0)

20(51.3)

First line non-TDF/3TC/EFV

20(32.6)

4(50.0)

16(41.0)

Second line

3(6.4)

0(0.0)

3(7.7)

Timing of zidovudine initiation:

0.21

First trimester

3(6.8)

1(14.3)

2(5.4)

Second trimester

27(61.4)

2(28.6)

25(67.6)

Third trimester

14(31.8)

4(57.1)

10(27.0)

3TC – lamivudine; BMI – body mass index; cART – combination antiretroviral therapy; EFV – efavirenz;
TDF – tenofovir disoproxil fumarate; WHO – World Health Organisation

191

Table D.2 Maternal CD4 and HIV viral load compared by HEU infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as median(IQR), categorical variables as number (%))
Total
N=94

Infants with the

Infants without the

outcome

outcome

N=17

N=77

458(384,640)

410(284,515)

Pvalue

CD4 count
Antenatal absolute count*

420(284,539)

0.19

Antenatal CD4 count
category*:

0.40
<350

33(36.3)

4(25.0)

29(38.7)

>350

58(63.7)

12(75.0)

46(61.3)

343(236,501)

308(202,694)

346(246,486)

0.87

26.1(21.1,32.4)

29.7(18.9,33.8)

25.5(21.4,30.8)

0.35

Delivery absolute count
Delivery percent
Delivery CD4 count
category:

0.60
<350

49(52.1)

10(58.8)

39(50.7)

>350

45(47.9)

7(41.2)

38(49.4)

Delivery HIV viral load

#

Category:

0.67
<40

31(36.9)

5(35.7)

26(37.1)

40-999

25(29.8)

6(42.9)

19(27.1)

1000-9999

14(16.7)

2(14.3)

12(17.1)

>10000

14(16.7)

1(7.1)

13(18.6)

2.1(1.6,3.2)

1.87(1.59,2.9)

2.1(1.6,3.3)

Log10 HIV viral load

0.42

*3 missing antenatal CD4 counts; 10 missing HIV viral loads, 3 in outcome group and 7 in no outcome
group
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Table D.3 Infant characteristics compared by HEU infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as median(IQR), categorical variables as number (%), unless otherwise stated)
Total
N=94

Infants with

Infants without

the outcome

the outcome

N=17

N=77

P-value

Male

46(48.9)

8(47.1)

38(49.4)

1.00

Gestational age – mean(SD)

38.7(1.5)

38.41(1.4)

38.78(1.5)

0.35

3118(375)

3084(371)

3125(377)

0.68

Low birth weight

6(6.4)

1(5.9)

5(6.5)

1.00

Immunizations not up to date at 6 months

5(6.9)

1(5.9)

4(5.2)

0.48

Total all-cause clinic visits

6(5,7)

6(5,7)

6(5,7)

0.50

Total sick clinic visits

1(0,1)

2(1,3)

1(0,1)

<0.001

Receiving CPT at 8 weeks

51(54.3)

7(41.2)

44(57.1)

0.35

Excellent adherence to CPT at 8 weeks

49(96.1)

7(100)

42(95.5)

1.00

Birth weight in grams – mean(SD)

CPT – cotrimoxazole preventive therapy
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Table D.4 Infant feeding characteristics compared by HEU infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; all variables
as number (%))
Total

Infants with

Infants without

P-

N=94

the outcome

the outcome

value

N=17

N=77

Feeding mode at 2 weeks: (N=94)

1.00

Exclusive breastfeeding

32(34.0)

6(35.3)

26(33.8)

Partial breastfeeding

3(3.2)

0(0.0)

3(3.9)

No breastfeeding

59(62.8)

11(64.7)

48(62.3)

Feeding mode at 2 months: (N=92)

0.32

Exclusive breastfeeding

23(25.0)

2(12.5)

21(27.6)

Partial breastfeeding

4(4.4)

0(0.0)

4(5.3)

No breastfeeding

65(70.7)

14(87.5)

51(67.1)

Feeding mode at 4 months: (N=84)

0.45

Exclusive breastfeeding

11(13.1)

1(6.7)

10(14.5)

Partial breastfeeding

7(8.3)

0(0.0)

7(10.1)

No breastfeeding

66(78.6)

14(93.3)

52(75.4)

Feeding mode at 6 months: (N=73)

1.00

Exclusive breastfeeding

4(5.5)

0(0.0)

4(6.7)

Partial breastfeeding

7(9.6)

1(7.7)

6(10.0)

No breastfeeding

62(84.9)

12(92.3)

50(83.3)
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Table D.5 Infant haemoglobin and anaemia compared by HEU infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as mean(SD), categorical variables as number (%))
Total

Infants with the

Infants without

N=94

outcome

the outcome

N=17

N=77

P-value

Mean Haemoglobin (SD)
2 weeks (N=87)

14.2(2.0)

14.3(2.1)

14.2(2.00)

0.88

2 months (N=80)

10.5(0.9)

10.4(0.9)

10.5(0.9)

0.92

4 months (N=79)

11.1(1.0)

10.6(0.8)

11.2(1.0)

0.04

6 months (N=71)

11.2(0.9)

10.9(0.9)

11.3(0.9)

0.20

DAIDS anaemia grade
2 weeks: (N=87)

0.14

Normal

71(81.6)

10(71.4)

61(83.6)

Grade 1

8(9.2)

2(14.3)

6(8.2)

Grade 2

8(9.2)

2(14.3)

6(8.2)

2 months: (N=80)

0.78

Normal

45(56.3)

8(61.5)

37(55.2)

Grade 1

24(30.0)

4(30.8)

20(29.9)

Grade 2

10(12.5)

1(7.7)

9(13.4)

Grade 3

1(1.25)

0(0.0)

1(1.5)

4 months: (N=79)

0.37

Normal

47(59.5)

6(42.9)

41(63.1)

Grade 1

23(29.1)

6(42.9)

17(26.2)

Grade 2

7(8.9)

1(7.1)

6(9.2)

Grade 3

2(2.5)

1(7.1)

1(1.5)

6 months: (N=71)

0.12

Normal

44(62.0)

5(41.7)

39(65.0)

Grade 1

22(31.0)

6(50.0)

16(26.7)

Grade 2

4(5.6)

0(0.0)

5(8.3)

Grade 3

1(1.4)

1(8.3)

0(0.0)

DAIDS – Division of AIDS; SD – standard deviation
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Table D.6 Infant anthropometric measurements compared by HEU infant outcome group
(Primary outcome is at least 1 infectious cause hospitalization or death before 195 days old; numeric
variables as mean(SD), categorical variables as number (%))
Total
N=94

Infants with the
outcome
N=17

Infants without the
outcome
N=77

P-value

Birth: (N=176)
WAZ
LAZ
WLZ
HCZ

-0.40(0.83)
-0.57(1.87)
-0.24(1.72)
-0.16(1.24)
17(18.1)
10(11.4)

-0.47(0.81)
-0.80(2.31)
-0.34(1.70)
-0.04(1.20)
3(17.7)
2(11.8)

-0.38(0.83)
-0.52(1.77)
-0.21(1.73)
-0.19(1.26)
14(18.2)
8(10.4)

Stunted
Wasted
2 weeks: (N=176)
WAZ
-0.40(0.81)
-0.56(0.92)
-0.36(0.79)
LAZ
-1.19(0.93)
-1.19(0.89)
-1.20(0.94)
WLZ
0.65(0.98)
0.36(1.09)
0.72(0.95)
HCZ
0.10(1.08)
0.08(0.66)
0.10(1.15)
Stunted
15(16.0)
3(17.7)
12(15.6)
Wasted
0(0.0)
0(0.0)
0(0.0)
2 months: (N=162)
WAZ
-0.34(1.03)
-0.63(1.42)
-0.28(0.94)
LAZ
-1.19(1.04)
-1.21(.38)
-1.18(0.97)
WLZ
1.10(1.12)
0.68(1.05)
1.18(1.12)
HCZ
0.28(1.15)
0.11(1.21)
0.31(1.15)
Stunted
18(20.7)
2(14.3)
16(21.9)
Wasted
0(0.0)
0(0.0)
0(0.0)
4 months: (N=146)
WAZ
-0.09(1.14)
-0.31(1.45)
-0.04(1.07)
LAZ
-0.91(1.40)
-1.11(1.21)
-0.86(1.13)
WLZ
0.85(1.26)
0.77(1.32)
0.86(1.26)
HCZ
0.57(1.06)
0.67(1.11)
0.55(1.05)
MUACZ
0.28(1.08)
-0.14(1.41)
0.37(0.98)
Stunted
14(17.3)
4(26.7)
10(15.2)
Wasted
0(0.0)
0(0.0)
0(0.0)
6 months: (N=132)
WAZ
0.09(1.17)
-0.11(1.32)
0.13(1.13)
LAZ
-0.71(0.93)
-0.88(0.91)
-0.68(0.94)
WLZ
0.76(1.30)
0.64(1.35)
0.79(1.30)
HCZ
0.78(1.18)
0.89(1.29)
0.75(1.16)
MUACZ
0.38(1.09)
-0.20(1.50)
0.51(0.96)
Stunted
8(11.0)
3(23.1)
5(8.3)
Wasted
1(1.4)
0(0.0)
1(1.7)
HCZ – head-circumference Z-score; LAZ – length-for-age Z-score; MUACZ – mid-upper-armcircumference Z-score; WAZ – weight-for-age Z-score; WLZ – weight-for-length Z-score

0.70
0.64
0.79
0.65
1.00

0.42
0.96
0.23
0.93
1.00
NA
0.39
0.93
0.12
0.23
0.72
NA
0.51
0.49
0.82
0.70
0.20
0.28
NA
0.54
0.49
0.71
0.73
0.12
0.29
1.00
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Table D.7 Infant haemoglobin and anaemia compared by in-utero ZDV-exposure
(Numeric variables as mean(SD), categorical variables as number (%))
Total

ZDV-exposed

ZDV-unexposed

N=94

N=48

N=46

P-value

Mean haemoglobin (SD)
2 weeks (N=87)

14.2(2.0)

14.2(1.8)

14.3(2.2)

0.78

2 months (N=80)

10.5(0.9)

10.3(0.9)

10.6(1.0)

0.17

4 months (N=79)

11.1(1.0)

10.9(1.0)

11.2(0.9)

0.24

6 months (N=71)

11.2(0.9)

11.3(1.0)

11.2(0.9)

0.54

DAIDS anaemia grade
2 weeks: (N=87)

0.04

Normal

71(81.6)

37(80.4)

34(82.9)

Grade 1

8(9.2)

7(15.2)

1(2.4)

Grade 2

8(9.2)

2(4.3)

6(14.6)

2 months: (N=80)

0.03

Normal

45(56.3)

18(46.2)

27(65.9)

Grade 1

24(30.0)

17(43.6)

7(17.1)

Grade 2

10(12.5)

3(7.7)

7(17.1)

Grade 3

1(1.3)

1(2.6)

0(0.0)

4 months: (N=79)

0.40

Normal

47(59.5)

22(53.7)

25(65.8)

Grade 1

23(29.1)

14(34.1)

9(23.7)

Grade 2

7(8.9)

3(7.3)

4(10.5)

Grade 3

2(2.5)

2(4.9)

0(0.0)

6 months: (N=71)

0.88

Normal

44(62.0)

23(65.7)

21(58.3)

Grade 1

22(31.0)

10(28.6)

12(33.3)

Grade 2

4(5.6)

2(5.7)

2(5.6)

Grade 3

1(1.4)

0(0.0)

1(2.8)

DAIDS – Division of AIDS; SD – standard deviation; ZDV - zidovudine
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Table D.8 Infant anthropometric measurements compared by in-utero TDF-exposure
(All variables as mean (SD))
Total

TDF-exposed

TDF-unexposed

N=94

N=39

N=55

P-value

Birth: (N=176)
WAZ

-0.40(0.83)

-0.57(0.89)

-0.28(0.76)

0.12

LAZ

-0.57(1.87)

-0.85(1.72)

-0.38(1.96)

0.22

WLZ

-0.24(1.72)

-0.19(1.38)

-0.26(1.92)

0.85

HCZ

-0.16(1.24)

-0.24(1.34)

-0.09(1.18)

0.59

WAZ

-0.40(0.81)

-0.59(0.92)

-0.26(0.70)

0.06

LAZ

-1.19(0.93)

-1.47(0.85)

-1.00(0.94)

0.01

WLZ

0.65(0.98)

0.68(1.01)

0.63(0.97)

0.81

HCZ

0.10(1.08)

-0.03(1.18)

0.19(1.00)

0.36

WAZ

-0.34(1.03)

-0.61(1.21)

-0.13(0.82)

0.04

LAZ

-1.19(1.04)

-1.49(1.00)

-0.95(1.06)

0.02

WLZ

1.10(1.12)

1.11(1.05)

1.10(1.17)

0.96

HCZ

0.28(1.15)

0.15(1.28)

0.37(1.05)

0.40

WAZ

-0.09(1.14)

-0.44(1.21)

0.15(1.04)

0.03

LAZ

-0.91(1.4)

-1.31(0.98)

-0.64(1.18)

0.006

WLZ

0.85(1.26)

0.78(1.18)

0.89(1.33)

0.69

HCZ

0.57(1.06)

0.25(1.12)

0.79(0.96)

0.03

MUACZ

0.28(1.08)

-0.02(1.02)

0.48(1.08)

0.04

WAZ

0.09(1.17)

-0.19(1.17)

0.31(1.13)

0.07

LAZ

-0.71(0.93)

-0.92(0.82)

0.55(0.99)

0.08

WLZ

0.76(1.30)

0.56(1.33)

0.93(1.28)

0.24

HCZ

0.78(1.18)

0.64(1.19)

0.89(1.17)

0.36

MUACZ

0.38(1.09)

0.14(1.20)

0.58(0.98)

0.10

2 weeks: (N=176)

2 months: (N=162)

4 months: (N=146)

6 months: (N=132)

HCZ – head-circumference Z-score; LAZ – length-for-age Z-score; MUACZ – mid-upper-armcircumference Z-score; TDF – tenofovir disoproxil fumarate; WAZ – weight-for-age Z-score; WLZ –
weight-for-length Z-score

198

Appendix E Population effect of HIV exposure

South Africa has an infant population of approximately one million, 300 000 of these being HEU infants
(8,62). Considering the proportion of infants hospitalized for an infectious cause in this study (18.1% of
HEU and 12.2% of HUU), it is estimated that approximately 139 700 HIV-uninfected infants are
hospitalized in the first six months of life. Using the unadjusted risk ratio of 1.48 (95% CI 0.72, 3.06) for an
infectious cause hospitalization or death in HEU relative to HUU infants, the attributable fraction in HEU
infants was 32.4% (Table E.1). Almost one third of infectious cause hospitalizations in HEU infants could
be as a result of being born to an HIV-infected mother, irrespective of the mechanism through which HIV
exposure increases risk for infectious morbidity. The population attributable fraction at a risk ratio of 1.48
and HIV exposure prevalence of 30% would be 12.6%. Approximately one eighth of all infectious cause
hospitalizations in South African HIV uninfected infants under six months of age could be as a result of
consequences associated with being born to an HIV-infected mother in the absence of infant HIVinfection. In absolute numbers, of the estimated 139 700 HIV-uninfected infants with an infectious cause
hospitalization in the first six months of life, roughly 17 600 infants could be hospitalized as a
consequence specifically of being born to an HIV-infected mother, after removing the baseline risk for
infectious cause hospitalizations in all HIV-uninfected infants. Alternative risk ratios and their
corresponding attributable fractions and population attributable fractions are shown in Table E.1. Should
the true RiR be as low as 1.1 the attributable fraction and population attributable fraction would be 9.1%
and 2.9% respectively. Should the true RiR be closer to 3, the upper bound of the 95% CI, the
attributable fraction and population attributable fraction could be as high as 66.7% and 38.2%
respectively.
Table E.1 Attributable fraction and population attributable fraction for estimates of the risk ratio
for infectious cause hospitalization or death in HEU relative to HUU infants in South Africa
(Observed risk ratio in this study indicated in bold)
Risk

Attributable

Population attributable

Excess hospitalizations

Annual excess

ratio

fraction (%)

fraction (%)

infants 0-6 months

hospitalizations

1.10

9.1

2.9

4 050

8 100

1.30

23.1

8.3

11 600

23 200

1.48

32.4

12.6

17 600

35 200

3.00

66.7

38.2

53 300

106 600
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