An investigation into the role of HIV-exposure in infectious disease mortality in children from

the Western Cape

by

Robert Anthony Reed
RDXROB010

SUBMITTED TO THE UNIVERSITY OF CAPE TOWN
Thesis submitted in partial fulfilment of the requirements for the degree of Masters

of Public Health (MPH)

Department of Public Health and Family Medicine
Faculty of Health Sciences

University of Cape Town

June 2015

Supervisor: Professor David Coetzee

2/11



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



PART 0: PREAMBLE

1/11



DECLARATION

I, Robert Anthony Reed, hereby declare that the work on which this dissertation/thesis is based
is my original work (except where acknowledgements indicate otherwise) and that neither the
whole work nor any part of it has been, is being, or is to be submitted for another degree in this

or any other university.

I empower the university to reproduce for the purpose of research either the whole or any

portion of the contents in any manner whatsoever.

3/11



PART 0: PREAMBLE

CONTENTS

THELE PAZC.c.evveeeeieeeite ettt ettt e ettt e et e et e e et e e e e e e e e ennbeeennraeenraenn 2

DEClaration.....c..vieeiiieeiie ettt e e e e e b e e e aaeeeraeenes 3
COMLENES. ...ttt ettt et e e e e 4
LSt OF fIUIES...eeeieiiieiieeie ettt ettt e eeeebe e aee e 5
LSt OF tabIES. ..ot 6
Y 0] i ¢ 17 PSSR SUUSRUPPRN 7
ACKNOWIEAZEMENLS......ccviiiiiiiieiieeieeee et 11

PART A: PROTOCOL

A DDTEVIATIONS. ..ottt e e e e e e e ee e e e e e e e e e eee e aeaeeeeeeeeeenns 2
| S50 0070 ) FRN R 4
LRSS LS (e 1 LS TR 14

PART B: LITERATURE REVIEW

SEATCH STIALEZY....cvieiuiieiieeiieiie ettt ettt ettt sate et e saaeebeesneaens 2
LItEIALUTE TEVIEW...eeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerereeeeeeeeeeeeererereeereeeeeeereeeeeees 4
RETEIEIICES. ..o e e e e e e e e e e e e e e aeaens 16

PART C: MANUSCRIPT

ATTICIC. ..ttt et 2
RETRIENICES. . ..eeiiieiiee e 16
PART D: APPENDICES

APPEINAIX A .ottt sttt 2
APPENAIX Bi.ooiiiiiii e 6
YN o) 0153116 1. USRS 8
APPENAIX Do e 13

4/11



LIST OF FIGURES

PART D: APPENDICES

Fig.1. Health Research Ethics Committee Approval..........cccccveeeviieecieeniieeneeeene. 16
Fig.2 Child PIP Executive Committee Approval..........cccoeveeriiiiniiiniiieiienieeeeeene 17
Fig.3 Groote Schuur Hospital Approval.........c.ccecerieniiiiniinieieiicneeeneeieeeeeeee 18
Fig.4 New Somerset Hospital Approval.........cccocceieviiiiiiiiiiiniieiiecieeieeee e 19
Fig.5 Red Cross Children's Hospital Approval.........cccccccvveeiiieiiiiiniiecieeieeeieeee 20
Fig.6 Bulletin of World Health Organisation Submission guidelines........................ 21
Fig 7 Data collection fOrm..........cccceveriiriiienienieieeteseeeeee e e 23

5/11



LIST OF TABLES

PART C: MANUSCRIPT

Table 1: Child characteristics and treatments received (%) of cases and controls......................... 5
Table 2: HIV exposure and infection profiles and infectious disease profiles (%) of cases and

[e70) 11570 SO PO TP P PSP O PP PP TUPRORPPO 7
Table 3: Variable associated with death in the univariate logistic regression analysis................... 8

Table 4: Variables associated with death in the multivariate regression model with the best

compared to univariate regresSion MOAC.........eevuveiiuierieeiiierieeitenieeieesee et e sieeebeesseeseteesaaeeaeenenas 10
PART D: APPENDICES

APPENDIX A

Table 1: Variables of interest that were collected...........ocoviiniiiiniiniiiirieeeeee 3
Table 2: HIV-exposure-infection status dummy COdiNg...........cccvveeviieeriieeiiieeieeeiie e eevee e 3
Table 3:Feeding practice dUmMmy COAING.........covuiiiiiiiiiiiieiie ettt 4
Table 4: Nutritional status dUmmy COAING..........cccuieiiieriiiiiiieii et 4
Table 5: Other infection dUMMY COAINE........ecoviiriiiirieriieieeie ettt raesabeeaee e 4
Table 6: Main infection dumMmy COAING........ccccuviiiiiiiiiiieieeeee e e e e e 4
APPENDIX B

Table 1 Summary table of adjusted and unadjusted odds ratios to identify confounders................ 7
APPENDIX C

Table 1 Table showing a summary of the model selection process informed by AIC..................... 9
Table 2. VIF results for final model...........ooooiiiiiiiiiiiieee e 11
Table 3. Logistic regression output for final model b.........ccccoeeiiiieiiiiniiii e, 12
APPENDIX D

Table 1: Variable categories and codes for data collection............ccceevieriierienciienienieeieee e 14

6/11



ABSTRACT

Background

Globally over 2 million children are born to HIV positive mothers annually (WHO, 2010). In the
Western Cape there are approximately 90,000 births per year (Elley, 2006; Statistics South Africa,
2012). HIV prevalence among antenatal attenders in the Western Cape is 17 per cent, below the
national average of 30 per cent (NDOH, 2012). The implementation of HIV testing and prevention
of mother-to-child transmission (PMTCT) programmes in low and middle income nations has risen
sharply over the last decade. In 2012 the Western Cape reduced vertical transmission rates in infants
under 2 months of age to 2 per cent (Sherman et al, 2014). Resulting increases in life expectancy
and reduced MTCT have led to an increase in the population of HIV exposed uninfected children

(HEU).

Studies across Africa have found HEU children experience a greater risk of mortality than HIV
unexposed uninfected (HUU) children (Brahmbhatt et al, 2006; Shapiro et al, 2007; Landes et al,
2012). HEU children also appear to be more susceptible to infectious disease compared to HUU
(Liu et al, 2000; Reikie et al, 2011). Awareness of this vulnerable population is growing (UNAIDS,
2010; Mugwaneza et al, 2011). As the population of HEU children increases so too does the need
for a better local understanding of risks they face. Research investigating the factors influencing
mortality amongst HEU children could aid the identification of high risk children from an earlier

point in life.

Objective

The primary objective of this study was to establish whether there is an association between a child
being HIV-exposed and a child dying from an infectious disease. The study looked to identify the
odds of HIV exposure in cases (those who died from an infectious disease) compared to odds of
HIV exposure in controls (those who did not die). The study also looked to identify other risk

factors associated with mortality and determine the prevalence of HIV exposure in the sample.
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Method

A case control design was used to collect data via medical record review at three hospitals in the
Western Cape. Study sites included two central tertiary hospitals namely Red Cross Hospital
(RCCH) and Groote Schuur and the regional hospital New Somerset Hospital which also serves as a
relief hospital for RCCH. These hospitals account for the majority of paediatric admissions in the

sub-district (Westwood et al, 2012a; Westwood et al, 2012b).

The HIV exposure status of 93 cases admitted with an infectious disease who died was compared
with 93 controls admitted with an infectious disease who did not die. Controls comprised children
under 13 years of age who survived an infectious disease. Cases comprised children under 13 years
of age who died of an infectious disease whilst admitted to hospital. Both cases and controls were

assessed to exposure to HIV and exposure to other factors.

Analysis

Exploratory analysis was used to establish the prevalence of patient characteristics and inform the
methods used in later phases of regression analysis and model selection. Univariate and multivariate
regression analysis was used to answer four questions: (1) Was there an association between
infectious disease mortality and HEU children? (2) Was there an association between infectious
disease mortality and other significant risk factors? (3) Were there any variables that confounded
the association between infectious disease mortality and HEU children? (4) Were there any

variables which modified the association between infectious disease mortality and HEU children?

Univariate logistic regression analysis was applied to all independent variables and was used to
identify variables showing an association with mortality. Independent variables with a p< 0.15 were
eligible for inclusion in further model selection. Multivariate regression analysis was used to
identify the variables associated with mortality controlling for other variables. Model selection used
stepwise addition of variables into a regression model. Final model selection was guided by Akaike
Information Criterion (AIC) to determine the combination of variables that could best account for

mortality.
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Results

38.71% (36/93) of cases were HIV exposed whilst 22.58% (21/93) of controls were HIV exposed
(p=0.017). In terms of HIV exposure-infection status, 32.36% (30/93) of cases were HEU versus
18.28% (17/93) of controls (p=0.06).

Cases and controls only differed significantly according to their main infection (p<0.001).
Gastroenteritis was more common amongst controls (47.31%; 44/93) than in cases (18.28%; 17/93).
LRTI was more common amongst cases (44.09%; 41/93) than controls (38.71%; 36/93). Levels of

septicaemia and meningitis were also higher amongst cases than controls.

Univariate regression analysis found a statistically significant odds of death from an infectious
disease in HEU children twice that of HUU (OR: 2.23, 95% CI: 1.12-4.44). LRTI (OR: 2.95, 95%
CI: 1.44-6.04), septicaemia (OR: 13.80, 95% CI: 3.56-53.47), and meningitis (OR: 6.47, 95% CI:
2.15-19.44) were all significantly associated with increased odds of death. Univariate regression
analysis identified feeding practice a confounder of the association between HIV exposure-infection

status and mortality. Age and sex were also identified as confounders.

The final model allowed us to conclude that being HEU was a risk factor for mortality after
adjusting for age, sex, feeding practice, and main infection. The odds of death for HEU children
was 2.29 times greater than for HUU (aOR: 2.29, 95% CI: 1.06-5.0). LRTI, septicaemia, and
meningitis were all significantly associated with mortality at the 5% level. A child admitted with a
LRTTI had a 3.12 increased odds of dying versus a gastroenteritis admission (aOR: 3.12, 95% CI:
1.47; 6.61). Children admitted with meningitis had an 8.59 times increased odds of death (aOR:
8.59, 95% CI: 2.58-28.60). The largest association was found in children admitted with septicaemia
who demonstrated a 13.44 times increased odds of death (aOR: 13.44, 95% CI: 3.35-53.99).

Conclusion

Considering past research there was reason to believe that HEU children are at increased risk of
death when admitted to hospital with an infectious disease. After controlling for confounders and
the type of infectious disease, HEU children demonstrated an increased odds of death from an

infectious disease compared to HUU (aOR: 2.29, 95% CI 1.06-4.97). This finding indicates an
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inherent risk associated with being HEU. This finding agrees with studies from across Africa (Zaba
et al, 2005; Brahmbhatt et al. 2006; Chilongozi et al, 2008; Kurewa et al, 2010; Mugwaneza, 2011).
Our study also indicated that septicaemia and meningitis present a challenge in critical care.
Children with septicaemia had over 13 times increased odds of death (aOR: 13.44, 95% CI 3.35-
52.99). Children with meningitis had almost a nine times increased odds of death (aOR: 8.59, 95%
CI 1.58-28.60).

We can conclude that children born to HIV positive mothers should be considered a vulnerable
group even if vertical transmission has been prevented. Determination of a child's exposure status
could be a valuable tool in identifying vulnerable children and reducing child mortality. Effort

should be focussed upon the retention of HIV-exposed children in care in the Western Cape.
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AIC: Akaike information criterion

AIDS: Acquired Immune Deficiency Syndrome

ARV: Anti-Retroviral

Child PIP: Child Healthcare Problem Identification Programme

CI: Confidence interval

DoH: Department of Health

ELISA: Enzyme-linked immunosorbent assay

HAART: Highly Active Anti-Retroviral Treatment

HIV: Human Immunodeficiency Virus

HR: Hazard Ratio

ICD-10: 10th revision of the International Statistical Classification of Diseases and Related

Health Problems

LRTI: Lower respiratory tract infection

MK: Marasmus-Kwashiorkor

MTCT: Mother-To-Child Transmission
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NDOH: National Department of Health

OR: Odds Ratio

OWFA: Overweight for age

PCR: Polymerase Chain Reaction

PMTCT: Prevention of Mother-To-Child Transmission

RCCH: Red Cross Children's Hospital (Cape Town)

RR: Risk Ratio

TB: Tuberculosis

UNAIDS: The Joint United Nations Programme on HIV and AIDS

UNICEF: United Nations Children's Fund

UWFA: Underweight for age

WHO: World Health Organisation
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Introduction

One and a half million women infected with human immunodeficiency virus (HIV) become
pregnant in low and middle income countries annually (UNICEF, 2012). In South Africa, over
30% of women attending public antenatal facilities are HIV-positive (NDOH, 2011). Despite
this, South Africa's National Plan for reducing mother-to-child HIV transmission (MTCT) has
achieved great success, bringing MTCT rates below 5% (CDC, 2011).

In the Western Cape in 2012 an estimated 17% of all children were born to HIV positive mothers
(NDOH, 2013). With the continued success of prevention of mother to child transmission
(PMTCT) the population of HIV exposed uninfected children (HEU) is only likely to increase
(Sloegrove et al, 2010). Studies of HEU children have shown a higher risk of mortality when
compared to unexposed children (Zaba et al, 2005; Brahmbhatt et al, 2006; Marinda et al, 2007;
Shapiro et al, 2007; Kuhn et al, 2008). Data for the Western Cape reveals that over one third of
under five deaths were due to infectious disease (excluding those living with HIV) (Groenewald
et al, 2013). A review of past research reveals that whilst HEU children are vulnerable to
infectious disease the strength of association can vary significantly by context (Brahmbhatt et al,
2006; Kuhn et al, 2008; Afrean et al, 2014). With this in mind the need for locally focussed
research to direct further investigation and planning of interventions should not be

underestimated.
The aim of this study is to investigate the association between HIV exposure and infectious

disease mortality in children in the Western Cape. The role of other biological and social risk

factors shall also be investigated.

Objectives

e Determine the prevalence of HIV exposure within cases and controls.

4/16



e Establish whether there is an association between infectious disease mortality and HIV

exposure in children admitted to hospital in the Western Cape.

e Identify other significant risk factors associated with mortality.

Methodology

A case-control design will be used to compare HIV exposure status of 93 patients who died from
infectious disease with 93 controls who did not die. A retrospective medical record review of
children admitted to hospitals in Cape Town with infectious disease will be undertaken. The
minimum sample size was calculated based upon a design providing 80% power, a confidence
level of 95%, an assumed exposure prevalence of 17% (NDOH, 2013), with the ability to detect
an odds ratio of 2.7 (Gichuhi et al, 2005; Marinda et al, 2007; Nielsen-Saines et al, 2011). Data

will be analysed using regression analysis to identify factors associated with death.

The individual Child Healthcare Problem Identification Programme (Child PIP) data and medical
records of children and mothers will be reviewed. The data collected will include medical history
and related information such as HIV status, treatments received, feeding practice, and nutritional
status. Socio-demographic information such as age, sex, and address will also be collected. Data

retrieved from records shall be recorded in such a way to ensure that it is not personally

identifiable. The study is not anticipated to affect normal operations of the health facilities.

Inclusion/Exclusion Criteria

Two groups will be studied using this protocol:

. Controls: Children aged under 13 years of age who survived an infectious disease in the Western

Cape between January 2008 to December 2014
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. Cases: Children under 13 years of age who died of an infectious disease in the Western Cape

between January 2008 to December 2014

Separate inclusion and exclusion criteria shall be used for each of the two groups. The criteria for

each are listed below:

Children aged 13 or less with an infectious disease in the Western Cape who survived

Inclusion Criteria

Aged 0 to 13 years of age
Diagnosed with an infectious disease

Survived condition

Exclusion Criteria

Aged over 13 years of age
Diagnosed with an infectious disease

Died from condition

Children under 13 vears of age with an infectious disease in the Western Cape who died

Inclusion Criteria

Aged 0 to 13 years of age
Diagnosed with an infectious disease

Died from condition

Exclusion Criteria
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Aged over 13 years of age
Not diagnosed with an infectious disease

Survived condition

Data Collection

Data will be collected between November 2014 and April 2015. Cases and controls will be
identified using the aforementioned inclusion criteria. Cases will be collected using records held
on the Child Health Care Problem Identification Programme (Child PIP) which serves as a child
mortality audit tool. Controls will be collected from the three sites by first accessing ward
records to identify eligible controls. The patient numbers of controls will be used to collect the
full range of variables from medical records hospital (see Table 1, Appendix D for the full list of
variables). For each of the three sites all eligible cases and controls will be numbered
sequentially. A random number generator will then be used to allow a simple random sample to

be drawn for both cases and controls.

The medical records for cases are available on the Child PIP database. Patient folder numbers
will be collected from Child PIP and written medical records obtained when further detail is

required. Medical records of controls will be accessed through hospital record departments.

Data Entry and Management

Data for both cases and controls will be recorded manually on data collection forms (see Fig. 7,
Appendix D) and then manually re-coded as per the codes shown in Table 1, Appendix D. This
data will then be entered onto a Libre Office Data Spreadsheet (The Document Foundation.
2015. LibreOffice: Version 4.3.7. Berlin, Germany: The Document Foundation) and exported to
STATA 12 (StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX:
StataCorp LP) for data management and statistical analysis. Data will be validated through the

use of double entry for both the raw data collection and recoding of variables. Data will be
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transcribed from the same patients records on separate days and collection sheets compared. Any

conflicting data will be confirmed through rechecking of medical records.

Data and Safety Monitoring

All data will be accessed and stored using password protected software and hard drives. All data

will be retrospectively collected from clinical records. There will be no risk to anyone.

Statistical Analysis

Data will be analysed using STATA 12 (StataCorp. 2011. Stata Statistical Software: Release 12.
College Station, TX: StataCorp LP). A range of statistical methods shall be used. Those used will
include but not be limited to measures of central tendency (mean, median, and mode) and
measures of dispersion such as variance and standard deviation. Significance levels will be used
to inform analysis and varied depending upon the stage of analysis. Tests of significance will be
used such as Chi-square and t-tests. Logistic regression analysis will be used to establish the
association between HIV exposure and death and the association between other independent
variables and death. Logistic regression analysis will also be used to identify confounders and
effect modifiers. When interpreting p-values from univariate analysis a p <0.15 will be
considered sufficient for inclusion in model selection. A significance level of 0.05 will be used

for all other statistical tests and interpretation of the final multivariate model.

Univariate logistic regression

Univariate logistic regression analysis will be applied to all independent variables and be used to
identify variables showing an association with the dependent variable (mortality). Independent
variables with a p< 0.15 will be eligible for inclusion in further model selection. Categorical
variables will be treated as blocks when adding to regression models. As such only one category

in each categorical variable will be required to display a p< 0.15 to qualify an entire variable
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block for inclusion in the next step (see Table 1, Appendix D containing binary and categorical

variables).

Potential confounders will be identified through the use of box plots, Pearson's chi-square test,
and logistic regression to establish whether they satisfy the three criteria of potential

confounders:

1. Variable was associated with the mortality in HUU
2. Variable was associated with being HIV exposed

3. Variable was not in the causal pathway

Any variable satisfying the criteria will be considered a potential confounder. Logistic regression
analysis will then used to confirm such variables as confounders. A variable will be considered a
confounder if its inclusion results in a >10 per cent in the estimate of association with the main

exposures of interest.

Multivariate logistic regression and model selection process

All confounders will be forced into the base model and qualifying variables added one at a time.
The Akaike Information Criterion (AIC) of each successive model will be compared to that of
the base model. The model with the lowest AIC will be selected and taken forward to the next
step until all eligible variables have been added. In the penultimate step all variables discarded
during the model selection process will be readmitted to the model one at a time to ensure
important variables are not omitted. The final step will involve the creation of interaction terms
representing interaction between HIV exposure-infection status and other variable in the final
model. Retainment of interactions in the model will be dependent upon their ability to produce a

lower AIC than the model omitting that interaction.
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Akaike Information Criterion (AIC)

The AIC measures how well a model fits the dataset. As detailed above model selection will
utilise the AIC to determine the best model and identify the variables with significant influence
over mortality. The AIC will inform the selection of a model which fits the data well whilst
containing the minimum number of variables needed to account accurately for the outcome (Tu

and Gilthorpe, 2011; Woodward, 2013).

Variables of Interest

Data will be collected on the following variables: age, sex, child ART, child HIV Status, feeding
practice, HIV exposure, HIV exposure-infection status, maternal HIV status, maternal ART,
mother's health status, primary carer, main infection, nutritional status, other infections,

underlying conditions.

Age in months (Continuous)- Age of child recorded in months and validated through the use of

the child’s date of birth and date of death. Recorded as: 0-155 months.

Child ART received (Binary)- Whether the child had ever been in receipt of ART other than
PMTCT before admission. Recorded as: Yes; No

Child HIV Status (Binary)- According to the results of ELISA or PCR as recorded on medical
record or Child PIP record. Recorded as: HIV negative: HIV positive.

Feeding Practice (Categorical)- The feeding practice used by the mother or other care giver
during the first 12 months of the child's life. Classification depends upon the use of breast
feeding and formula feeding during the first 6 months of life. Recorded as: Never breastfed,

Exclusively breastfed; Mixed feeding

Sex (Binary)- Whether a child was male or female. Recorded as: Male; Female
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HIV exposure status (Binary)- Whether a child was or was not HIV exposed through birth to a
HIV positive mother. Recorded as: Exposed; Unexposed.

HIV exposure-infection status (Categorical)- Whether a child was:

- HIV unexposed-uninfected (HUU): HIV negative child born to a HIV negative mother

- HIV exposed-uninfected (HEU): HIV negative child born to HIV positive mother

- HIV exposed uninfected (HEI): HIV positive child born to HIV positive mother.

Recorded as: HUU; HEU; HEI

Main Infection (Categorical)- The main cause of admission or death as recorded on medical

records. Infectious diseases will be grouped according to categories of disease common in the
Western Cape (Groenewald et al, 2013). Recorded as: Gastroenteritis; TB; LRTI (bronchiolitis,

bronchitis, pneumonia, croup); Septicaemia; Meningitis; Other.

Maternal ART received (Binary)- Whether the child had ever received ART other than PMTCT

before admission. Recorded as: Yes/No

Maternal HIV Status (Binary)- According to the results of ELISA or PCR as recorded on medical

record or Child PIP record. Recorded as: Negative; Positive

Mother's health status (Binary)- Whether the child’s mother was ‘Alive and well' and able to care

for the child or ‘Dead/Sick’ implying the mother was unable to care for child. Recorded as: Alive
and well; Dead/Sick
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Other infection (Categorical)- Whether an additional infection contributed to admission or death.

Recorded as: None; Gastroenteritis; TB; LRTI (bronchiolitis, bronchitis, pneumonia, croup);

Septicaemia; Meningitis; Other.

Primary Carer (Binary)- Whether the carer was the mother or 'other' (father, grandparent, foster
parents, orphanage etc.) Recorded as: Mother; Other

Nutritional Status (Categorical)- Established through clinical observations by physicians and use

of WHO z-score weight-for-age charts noted on medical records as:

- Overweight for Age (OWFA)

- Normal

- Underweight for Age (UWFA)

- Marasmus: A form of serious protein-energy malnutrition (PEM) with protein malnutrition

predominant. Characterised by severe wasting due to the breakdown of fat and muscle for

energy.

- Kwashiorkor: A form of serious PEM due to insufficient calorie intake. Characterised by too

much fluid in body tissues leading to oedema.

- Marasmus-Kwashiorkor (MK): A combination of marasmus and kwashiorkor leading to a

combination of wasting and oedema.

Recorded as: OWFA; Normal; UWFA; Marasmus, Kwashiorkor; MK
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Underlying Condition (Binary)- Whether a child had an underlying condition such as congenital

malformation, condition arising in perinatal period, disease of nervous system. Recorded as:

Present; Not present

Risks

There is a minimal risk of not maintaining anonymity of patient data. To minimise the risk
patient names or identification numbers shall not be used as identifiers on study records. Patient
data shall be anonymised at the first stage of data collection. There is a minimal risk that
unauthorised access to online patient medical records may occur. To minimise this risk patient
medical records and Child PIP data shall be accessed via secure servers, utilising passwords

known only to the researcher.

Benefits

There will be no direct benefits to participants in this study. This study will contribute to a

greater understanding of risk factors for mortality in patients with HIV exposure. This study may

contribute to the direction of future research and the provision of more appropriate treatment.

Privacy and Confidentiality

Data retrieved from Child PIP and medical records shall be recorded in such a way to ensure that
the information is not personally identifiable. Data collected from online medical records shall be
anonymised and retained for research and record keeping purposes. Data shall be destroyed upon

conclusion of the study. All data shall be stored on password protected computers and servers.
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Search Strategy

Searches took place between November 2014-April 2015 through the following online

bibliographic databases and electronic search engines:

- Medline (PubMed)
- Google Scholar

Searches were limited to English language articles published between 1990 to 2015. Key words
relating to HIV, infectious disease, morbidity, mortality, and Africa were combined in pubmed

searches (see details below):

(((HIV) OR hiv exposed) OR hiv exposed but uninfected) AND "africa"

(((HIV) OR hiv exposed) OR hiv exposed but uninfected) AND "infectious disease"

(((HIV) OR hiv exposed) OR hiv exposed but uninfected) AND "mortality"

(((HTV) OR hiv exposed) OR hiv exposed but uninfected) AND "morbidity"

Various articles were also sourced using google search (google.com) utilising terms similar to those

listed above, and by accessing organisational websites including:

- Avert (www.avert.org/hiv-aids-south-africa.htm)

- Centers for Disease Control and Prevention (www.cdc.gov)
- Health-e (www.health-e.org.za)

- Health Systems Trust (www.hst.org.za)

- Western Cape (www.westerncape.gov.za)

- World Health Organisation (www.who.int)

The reference lists of all articles were also reviewed in order to find additional articles not identified

via online and database searches.
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Inclusion Criteria

Below are the types of research and publication eligible for inclusion

- Quantitative studies (with or without control group)
- Systematic reviews

- Descriptive studies

- Organisation/Governmental Reports

Study Selection

All articles were vetted according to the title and abstract. This was followed by a review of the full
content of the article to establish its relevance. All relevant articles were synthesised into the

literature review.
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An Introduction to the issue of HIV-exposed uninfected children (HEU) in Africa and South

Africa

Globally over 2 million children are born to HIV positive mothers annually (WHO, 2010). Mother
to child transmission (MTCT) accounts for over 90 per cent of paediatric HIV/AIDS cases (Koye
and Zeleke, 2013). Two hundred and sixty thousand children were infected with HIV in low and
middle income nations in 2012 (UNAIDS, 2013) with the majority infected via MTCT. In the
Western Cape there are approximately 90,000 births annually (Elley, 2006; Statistics South Africa,
2012). Approximately thirty per cent of women attending antenatal services in the public sector are
HIV infected (NDOH, 2012). However HIV prevalence among antenatal attenders in the Western
Cape is below the national average at 17 per cent (NDOH, 2012). A study by Karpelowsky et al
(2011) provided support for this estimate. In a prospective cohort study, performed at a paediatric
centre in Cape Town, Karpelowsky et al (2011) found similar annual HIV-exposure levels of 15 per

cent.

The implementation of HIV testing and prevention of mother-to-child transmission (PMTCT)
programmes in low and middle income nations has risen sharply over the last decade. As a result the
annual number of children infected with HIV globally began to decline in 2004 (UNAIDS, 2010).
South Africa initiated nationwide single dose nevirapine in 2003 (Meyer, 2007) and polymerase
chain reaction (PCR) testing for infants at 6 weeks in 2004 (Stevens et al, 2006). A national HIV
counselling and testing campaign in 2010 saw HIV testing coverage rise from 25 per cent in 2008 to
46 per cent in 2012 (Shisana et al, 2014). In 2010 South Africa also implemented antiretroviral
therapy (ART) as part of PMTCT from the fourteenth week of pregnancy. This marked a significant
departure from the former practice of starting ART during the final trimester (NDOH, 2010; Barron
et al, 2012). The above measures resulted in 95 per cent of pregnant women being tested for HIV as
0of 2011 (WHO, 2011) and more than 95 per cent of HIV positive pregnant women receiving ARV
treatment as part of PMTCT (UNICEF, 2011; JUNP-HIV/AIDS 2012). As a result national PMTCT
transmission rates declined from 16.4 per cent in 2006 to 2.4 per cent in 2012. In 2012 the Western
Cape reduced vertical transmission rates in infants under 2 months of age to 2 per cent (Sherman et
al, 2014). The resulting increases in life expectancy and reduced MTCT have led to a rise in the

number of HIV-exposed uninfected children (HEU).

Slogrove et al (2011) and Slogrove et al (2012) estimate that 25 per cent of South African newborns
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can be classified as HEU. Studies from a range of contexts have found HEU children experience
greater mortality rates than their HIV unexposed uninfected (HUU) counterparts (Brahmbhatt et al,
2006; Shapiro et al, 2007; Landes et al, 2012). HEU children are also more susceptible to infectious
disease when compared to HUU children (Liu et al, 2000; Reikie et al, 2011). Recognition of this
potentially vulnerable population is growing and efforts to further reduce under five mortality in
sub-Saharan Africa will demand greater focus upon HIV exposed children (Mugwaneza et al, 2011).
Considering what is currently known, calls for more attention to be focussed upon HIV exposed
children at both an individual and population level appear justified and necessary (WHO, 2009;
Shapiro and Lockman, 2010; Slogrove et al, 2010; Sugandhi et al, 2013). Furthermore, if efforts to
reduce mortality amongst HEU children are to be successful then investigation of risk factors
should be considered a research priority (Reikie et al, 2011; Slogrove et al, 2011). Gaining a better
local understanding of risk factors could greatly aid the identification of at risk children from an

earlier point in life.

HEU Children and Mortality

HIV infection is a recognised risk factor for child mortality in southern Africa (Mann et al, 1986).
Mortality in HIV-infected children is up to 18 times higher than in HIV-uninfected children (Ryder
et al, 1994; Taha et al, 1999; Dabis et al, 2001; Mbori-Ngacha et al, 2001; Obimbo et al, 2004). The
influence of HIV-exposure upon mortality has received comparatively little attention and studies
have tended to focus upon its association with morbidity rather than mortality. Despite this a
detailed review of the literature identified studies in a range of contexts investigating the association
between HIV-exposure and mortality. This body of research will be summarised and reviewed in the

remainder of this section.

Studies from a range of countries in Sub-Saharan and Southern Africa highlight the excess mortality
experienced by HEU children compared to HUU. Chilongozi et al (2008) investigated the mortality
of infants by HIV exposure status in a pooled analysis of three Sub-Saharan African countries
(Malawi, Tanzania, and Zambia) prior to the availability of ART. Infants born to HIV-positive
mothers were more likely to die over the 12 month follow-up period than infants born to HIV-

negative mothers (HR: 3.95, 95% CI: 2.3-6.9). This study failed to account for the role of wider
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determinants (such as breastfeeding and nutrition) which may confound the association between
exposure and mortality. An additional limitation is the fact that the study excluded those with pre-
existing or chronic illnesses. As a result the sample in this study was unlikely to be truly
representative of populations in Sub-Saharan Africa. A study in rural Uganda by Brahmbhatt et al
(2006) found that by 18 months of age the cumulative mortality rate in HEU children was
significantly higher than HUU after adjustment for a mother's socio-economic status, age, and
underlying conditions (RR:1.16. p <0.05). However, the extent to which this study can be used to
identify the role of feeding practice is limited given the failure to distinguish between exclusive and
mixed breasfeeding practices. Another pooled analysis combined data from three prospective cohort
studies in Malawi, Tanzania, and Uganda with children classified according to maternal HIV status.
Zaba et al (2005) utilised a three year follow up, substantially longer than Cholingozi et al, (2008)
and Brahmbatt et al (2006). Interestingly the study still found an additional risk of mortality in HEU
children after controlling for age and sex (RR: 2.9, 95% CI: 2.3-3.6). These pooled analyses clearly
indicate an association between HIV exposure and mortality at a regional level. However, despite
the increased power pooled analysis offer one must be aware that they combine data from multiple
populations with diverse standards of care and service delivery. As such, pooled analysis can make
it difficult to identify variations in mortality by nation and district. Therefore, applying the
conclusions to our population in the Western Cape should be done with caution. Another limitation

of the above studies is the impact of attrition bias on the results.

Zijenah et al (1998) investigated mortality in infants born to women attending antenatal clinic in
Harare, Zimbabwe. Zijenah et al (1998) found that of infants born to HIV-positive mothers, 19.6 per
cent died compared to 5.4 per cent infants born to uninfected women (p = 0. 01). Another
Zimbabwean study by Marinda et al (2007) found mortality by 24 months was 9.2 per cent for HEU
children versus 2.9 per cent for HUU (p <0.05). Nathoo et al (2005) went further in addressing this
question. Utilising data from Zimbabwe between 1991 and 1995 they conducted a multivariate
analysis of factors associated with infant mortality. Being born to an HIV-infected mother was
found to be an independent risk factor for infant mortality (HR: 3.23, 95% CI: 3.17-15.85). Low
birth weight (HR: 2.80, 95% CI: 1.52-5.13) and maternal death (HR: 2.77, 95% CI: 1.09-7.06) were
also found to be significantly associated with infant death. Whilst mortality was associated with
early signs of HIV infection in infants, these results highlight the excess vulnerability of HEU

infants in Zimbabwe
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All three Zimbabwean studies discussed (Zijenah et al, 1998 Nathoo et al, 2005; Marinda et al,
2007) used data from a period when PMTCT was not part of national policy. Kurewa et al (2010) on
the other hand recruited mothers enrolled on Zimbabwe’s national PMTCT programme. The case-
control study aimed to identify infant mortality trends and risk factors associated with HIV
exposure. Differences in mortality risk between HIV-exposed and HIV-unexposed children emerged
at 6 weeks of age (RR: 9.71, 95% CI: 1.22-77.32). This difference was greatest at 4 months, with
infants born to HIV-positive mothers 22 times more likely to die at this stage (RR: 21.84, 95% CI:
2.93-162.98) (Kurewa et al, 2010). Despite the wide confidence intervals this trend of increasing
mortality through time suggests an important role for social and environmental factors. Other
studies have focused upon trends in mortality through time by utilising longer follow up periods. In
Botswana, Shapiro et al (2007) found that at 6 months 3.6 per cent of HEU infants had died versus
0.8 per cent of HUU infants (p= 0.01). This difference widened further by 24 months of age to 6.7
per cent versus 1.6 per cent (p=0.002). In a west African study, Hong et al (2007) used a cohort of
3600 children born between 1999-2003 to measure the association between being born to a HIV
positive mother and child mortality in Ghana. After controlling for factors influencing infant
mortality (sex, nutritional status, absence of antenatal care, low birth weight, and household
pollution) the hazard ratio for HIV exposure and death increased from HR 3.01 (95% CI 1.64-5.50)
to HR: 3.51 (95% CI 1.87-6.61). The large sample and time frame of this study, plus its use of
nationally representative data (Ghana national heath survey) means it lends robust support to the
linking of HIV-exposure to child mortality. Mugwaneza (2011) utilised a 2 year follow up and
found that HEU children had a 3.5 times greater risk of mortality (HR:3.5, 95% CI: 1.8-6.9).
Mugwaneza et al called for more studies investigating longer term survival in contexts like South

Africa where PMTCT, ART, and promotion of breastfeeding is widespread.

In contrast to the above findings which demonstrate an association between HIV-exposure and
childhood mortality, examples of contrary conclusions are widespread. In Malawi, Taha et al (1999)
found no significant difference between the mortality rates, birth weight, nor immunologic
characteristics of HEU and HUU children. This study also discounted any role for social factors
such as education and socio-economic status. Similarly, Sutcliffe et al (2008) failed to find a
significant increase in mortality between HEU and HUU children in Zambia after adjusting for

biological factors such as haemoglobin and lymphocyte levels. It should be noted however that
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Sutcliffe and colleagues studied a population with no access to ART. They also recruited children
attending a vaccination clinic which may have led to selection bias. A Gambian cohort study
considered longer term survival of 700 children up to 8 years post HIV-exposure (van der Loeff et
al, 2003). Overall the mortality rate of children born to HIV-positive mothers was not significantly
different from children born to HIV-uninfected mothers. Maternal death emerged as major risk
factor for child death, irrespective of maternal or child HIV status. A prospective cohort study at a
maternal clinic in Kigali by Spira et al (1999) also failed to identify any significant increase in
mortality risk for HEU children versus HUU after controlling for age and parity (HR: 0.4, 95% CI:
0.1-1.6). Similarly, a study by Chopra (2008) assessing the effectiveness of South Africa's PMTCT
programme at three locations found no variation in mortality between HEU children and HUU (HR:
0.7, 95% CI 0.3-1.5). Socio-economic status, birth weight, and number of clinic visits also failed to
emerge as risk factors for mortality in HEU children. More recently Zash et al (2014) found no
significant difference in mortality by HIV-exposure status nor feeding practice in neonatal intensive
care units (ICU) in Botswana. This study has limitations however, such as its use of a short 28 day
follow up. The highly controlled nature of ICU may also have moderated the impact of risk factors
faced by children in the study.

The HIV-exposed uninfected child has received increased attention over the past decade (Filteua
2009). The role of HIV-exposure in mortality has been investigated across Africa through a variety
of methods. A recent systematic review by Afran et al (2014) found ‘compelling evidence’ that HEU
children faced increased risk of mortality compared to HUU. This literature review identified many
studies supporting the conclusions of Afran et al. However there is evidence to the contrary and also
various limitations in the current body of research. Most studies used samples from small clinics as
opposed to better resourced tertiary hospitals. Otherstudies were done where PMTCT coverage was
either low or non-existent.As a consequence results from such studies have limited applicabilty to a
Cape Metro setting. The maximum period of follow for most studies was 24 months which limits
their the ability to account for the role of environmental and caregiver factors. Many studies also
combined HEU and HIV-exposed infected (HEI) children into one group. As such the interpretation
of such studies is difficult as it is not possible to establish the proportions of infected and uninfected
children in the HIV exposed category (Ota et al, 2002; Nakiyingi et al, 2003; Ng’weshemi et al,
2003; van der Loef et al, 2003). There is a definite need for more research into the influence of
HIV-exposure on mortality in areas with high coverage of both ARV and PMTCT such as in the
Western Cape.
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The association between HIV exposure and infant mortality from infectious disease

Over 6 million children die due to infectious diseases annually and the majority of deaths occur in
low income countries with high HIV prevalence (Lopez, et al 2006; Black et al, 2008; WHOGHO,
2015). Diarrhoea and pneumonia are the two major causes of child mortality, accounting for 29 per
cent of all child deaths under the age of five (WHO-UNICEEF, 2013). Populations in Sub-Saharan
Africa are particularly vulnerable and 90 per cent of global deaths from both infections occur in the

region (WHO, 2008).

Current literature suggests that HEU children are at increased risk of infectious disease morbidity.
Signs of the increased susceptibility of HEU children emerged over two decades ago (Thea et al,
1993; Hersei et al, 1997).Thea and colleagues studied a cohort of infants born to HIV-positive and
HIV-negative mothers in Zaire. Incidence of persistent diarrhoea amongst HEU infants was almost
double that observed in HUU (4.9 episodes versus 2.7 episodes per 100 child-years). The study
concluded that more public health interventions focussed upon HEU infants were needed. This
study was amongst the first to show maternal HIV status was a key risk factor for diarrhoea

morbidity regardless of an infants HIV status.

Increases in respiratory disease are linked to the increasing prevalence of HIV in South Africa
(Gray and Zar, 2010). According to Spira et al (1999) HEU children are at increased risk of hospital
admission and the development of severe pneumonia. This is supported by other studies that found
that HEU children are at increased risk of pneumonia and mortality versus HUU. More recently a
study in a tertiary hospital in Botswana found HEU children with pneumonia were at increased risk
of mortality compared to HUU after adjusting for age and proximity to clinic (RR: 4.31, 95% CI:
1.44-12.87, p=0.01) (Kelly et al, 2014). In Zimbabwe a sample of 14,000 infants born prior to the
availability of HAART (1996 -2000) was used to investigate rates of hospitalisation in children with
LRTI. The study found that during the neonatal period HEU infants were at greater risk of
hospitalisation than HUU adjusting for age and maternal death (RR: 2.7, 95% CI: 1.6-4.7)
(Koyangi et al, 2011). In Latin America, Mussi-Pinhata et al (2007) found 61 per cent of HEU
infants experienced at least one infection with 17.5 per cent requiring hospitalisation. 40.7 per cent
of respiratory infections led to hospitalisation. Mussi-Pinhata et al (2007) concluded that HEU
infants were too often overlooked as a group at increased risk from severe forms of infectious
disease, particularly LRTI. McNally et al (2007) found that HEU children were less responsive to
treatment for pneumonia when compared to HUU (RR: 6.02, 95% CI: 1.55-23.38). McNally et al
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concluded that pneumonia treatment was inadequate and more research was required to identify
best practice. Studies by Yeung et al (2001), which used data from 70 cohort studies, and Kovacs et
al (1999) reported significantly higher rates of infections via perinatal contagion in HEU children.
Such findings indicate that there is an increased risk of the vertical and postnatal transmission of

infections from HIV-positive mothers to infants (Mofenson et al, 2004)

A number of relevant studies have been conducted in South Africa. Morrow et al (2010), in their
study at Red Cross Children’s Hospital in Cape Town, reported that severe pneumonia and mortality
occurred often in areas with large populations of HEU children. In a further Western Cape study
Slogrove et al (2010) investigated several HEU children admitted with severe infections including
pneumocystis, sepsis, and meningitis. They concluded that HEU children required better follow-up
care. A recent study carried out by Slogrove et al (2012) in the Western Cape followed a cohort of
27 HEU and 28 HUU infants for 12 months to establish whether there was a significant difference
in infectious disease morbidity. HEU infants were almost three times more likely to require
hospitalisation than HUU (HR: 2.74, 95% CI: 0.85-8.78). Given the small sample size of this pilot
study it failed to find a significant difference in the incidence of infectious disease between HEU
and HUU infants. Such findings suggest that further investigation in the Western Cape is necessary
(Slogrove et al, 2012). The literature relating to the role of HIV-exposure in infectious disease
mortality is conflicting however. Findings by Zash et al (2014) detected no significant difference in
antibiotic usage between HEU and HUU children. As such Zash et al ruled out the role of HIV-

exposure in moderating susceptibility to infection or mortality.

Risk factors for mortality amongst HEU children

The apparent higher morbidity and mortality among HEU children could be the result of multiple
risk factors encountered throughout the life course. As such, any attempts to reduce excess
morbidity and mortality will rely upon identification of these factors. The need to account for the
role of wider factors is essential in understanding the true association between HIV-exposure and
mortality. For example Hong et al (2007) found the hazard ratio for mortality associated with HIV
exposure increased from HR: 3.01 (95% CI: 1.64-5.50) to HR: 3.51 (95% CI: 1.87-6.61) after
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controlling for factors relating to the child, mother, and environmental factors. A review of the
literature reveals studies that have considered a range of risk factors. The studies we identified used
different methods of study design, case finding, age groups, and locations. Despite this
heterogeneity of method a set of common risk factors emerged. Risk factors included an impaired
immune system, increased exposure to pathogens, low birth weight, nutrition, feeding practices, and

maternal health. These risk factors shall be discussed in the remainder of this literature review.

Immune System

The tendency for HEU children to exhibit immunologic deficiencies has been known for some time.
Two possible causes of this deficiency have been put forward by de Moraes-Pinto et al (1996) and
Economides et al (1998). de Moraes-Pinto et al found inhibited transfer of antibodies from HIV
positive mothers to their children. Economides et al noted greater levels of apoptosis of
lymphocytes in HEU children due to excessive immune responses in HIV positive mothers. Clerici
et al (2000) found that HEU children display impaired immune systems due to development within
a microenvironment enriched with viral particles. Koyangi et al (2011) and Rombadi et al (2008)
suggest the combination of exposure to increased concentrations of pathogens and reduced antibody
transfer from HIV-positive mothers produces immuneologic abnormalities in HEU children. A study
in South Africa found the innate immune response in HEU children was 'hyper-inflammatory’
leaving them disproportionately vulnerable to infectious disease (Reikie et al, 2011). Despite these
findings it is important to note that the routine provision of PMTCT, and ART in the Western Cape

may mitigate the impact of immune deficiencies.

Low birth weight and nutrition

In Kenya Braddick et al (1990) observed that HIV exposed children were experiencing three times
greater likelihood of having a low birth weight (<2500g) at term than their unexposed counterparts
(p =10.007). Following on from this a study from Rwanda by Lepage et al (1991) also found a
propensity for HIV exposed children to have a low birth weight. Bulterys et al (1994) also identified
that HIV-exposed children had significantly lower birth weights than unexposed children (2706g
versus 2825g, p = 0.002). It should be noted however that Bulterys et al did not observe different
mortality rates between HIV-exposed and unexposed children. Gangar (2009) identified that HI'V-

exposed newborns had significantly higher rates of foetal malnutrition than newborns of HIV-
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negative mothers (36 per cent versus 10 percent, p = 0.0002). These results were corroborated by a
randomised controlled trial comparing anthropometry of 125 HEU and 382 HUU Zambian infants
by Filteu et al (2011). This highlighted that HEU infants had a lower birth weight, even when

controlling for socio-economic status and feeding practice.

As we have demonstrated there is substantial evidence from across Africa of an association between
HIV-exposure and low birth weight. Nutrition and low birth weight have also been found to be
associated with mortality in HEU infants. Low birth weight was found to be independently
associated with mortality in HEU infants mortality by Nathoo et al (2005) in Zimbabwe (HR: 2.80,
95% CI 1.52-5.13). Recently, Boerma et al (2014) showed that prematurity was an important
independent risk factors for mortality in HEU infants on PMTCT in Cameroon with prematurity

being one of them (HR: 6.4 (P <0.001).

Maternal health

Studies show that the survival of HIV-exposed children is partially determined by the physical
condition of parents and caregivers. Several studies were identified which support the above
statement. In a multivariate analysis Nathoo et al (2005) found maternal death was independently
associated with infant mortality (HR: 2.77, 95% CI: 1.09 -7.06). A pooled analysis of results from
three longitudinal studies in Malawi, Tanazania, and Uganda by Zaba et al (2005) identified an
increased risk of mortality associated with HIV-exposure (HR: 2.9, 95% CI: 2.3-3.6). The study also
concluded that HIV influenced child survival indirectly through its influence on mother’s survival.
They found HIV-exposed children with a deceased mother were four times more likely to die (HR:
3.9, 95% CI: 2.8-5.5). This association increased upon controlling for the age of the child (HR: 5.2,
95% CI: 3.0-8.5).

Serious maternal illness also appears to have a bearing upon the survival of children. For example
infant mortality was higher among infants whose mothers experienced serious maternal illness or
death than among infants whose mothers experienced neither (HR: 5.8, 95% CI: 3.5, 9.4)
(Chilongonzi et al, 2008). As expected, death and serious maternal illness were more common
amongst HIV-positive mothers, and by the end of follow-up a greater proportion of HEU infants
had died (7.2 per cent) than HUU (4.8 per cent). In their study of the well-being of children in rural
Malawi, Crampin et al (2009) found maternal death was associated with mortality in HIV-exposed

children but not unexposed. However, this study failed to separate exposed children according to
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their HIV status. As such the association between mortality and HIV-exposure may actually be a
consequence of a child being HIV-positive rather than exposure alone (Ryder et al, 1994; Crampin
et al, 2009). Despite the above evidence, other Africa-wide studies have failed to find maternal
health as a significant risk factor for mortality in exposed children (Newell et al, 2004; Kinney et al,
2010).

Feeding practice

Studies have shown that excess morbidity in HEU children was related to decreased levels of
exclusive breastfeeding and increasing replacement feeding (WHO CST, 2000; Filteau, 2009). This
is a particularly pertinent issue for the HIV-exposed child as many mothers tend to reduce
breastfeeding either due to illness or to protect their child from HIV-infection. Initially HIV-infected
mothers were discouraged from breastfeeding to reduce HIV transmission. When PMTCT was first
initiated in South Africa it included a policy of providing free formula to all infected mothers
(BIRTH, 2013). This led to low rates of breastfeeding and it was estimated that in 2012 only 8 per
cent of infected mothers were breastfeeding in South Africa (Bloeman, 2012). Studies have shown
that breastfeeding is essential for reducing infant mortality in resource poor and high HIV

prevalence settings (Shapiro and Lockman, 2010).

Breastfeeding has also been implicated in determining the susceptibility of children to infectious
diseases. One study sampled from HIV-positive mothers in Burkina Faso, Kenya, and South Africa,
and compared a non-breastfed arm with an exclusively breastfed arm. Infants aged zero to 2.9
months who were not breastfed had a 6 fold increased risk of severe infections (95% CI: 2.2, 16.4; p
=0.001) compared to exclusively breastfed infants (Bork et al, 2014). Low levels of exclusive
breastfeeding amongst HIV-positive women have also been linked to the increased mortality of
HEU children. Kafulafula et al (2010) investigated the influence of feeding practice on
gastroenteritis mortality in HEU infants in Malawi. The study found that mortality due to
gastroenteritis was higher in HEU who experienced breastfeeding cessation by 6 months versus

those on prolonged breast feeding (24 per 1000 versus 12 per 1000; p = 0.0002).

In Botswana Shapiro et al (2007) noted that discontinuation of breastfeeding was a major risk factor
for the observed increases in morbidity amongst HIV-exposed children. Mugwaneza's (2011) cohort
study at a PMTCT clinic in Rwanda identified feeding practice as one explanation for the poorer

prognosis of HIV-exposed children over the 2 year follow up (aHR:3.5; 95% CI: 1.8-6.9). Kuhn et
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al (2006) investigated the risk factors for mortality in a birth cohort of HEU infants from Zambia.
Cessation of breastfeeding by 4 months resulted in increased mortality compared to those still
breastfeeding (HR:14.92, 95% CI: 5.44-40.91). In an additional study in 2010 Kuhn et al identified
the influence of early weaning upon the mortality of HEU infants. The trial, conducted in Zambia,
found weaning by 5 months was associated with a 2 fold increased risk of mortality (95% CI:1.13—
3.65) and weaning at 611 months was associated with a larger 3.5 fold increase (95% CI, 1.68—
7.46) (Kuhn et al, 2010). Kuhn and colleagues findings are supported by another Zambian study
which found mixed feeding was associated width a 5.6 fold increase in HEU infants mortality (p =
0.025) (Boerma et al, 2014). However it must be noted that Kuhn et al (2006) and Boerma et al
(2014) failed to use a HUU control group so the value of these findings in relation to our research

question is limited.

Of particular relevance to our study is a cohort study in Kwazulu-Natal conducted by Rollins et al
(2013). This study found no difference in mortality between HIV-exposed and HIV-unexposed
infants controlling for levels of breastfeeding practices. These findings suggest that exclusive breast
feeding may moderate the impact of HIV-exposure. Rollins et al concluded that there is compelling
evidence for the use of exclusive breastfeeding to reduce the mortality amongst HEU infants. Such
findings clearly indicate that early weaning has a deleterious influence upon the survival of HEU

infants.

Summary

Much research has been carried out into the impact of HIV-exposure on the survival of children in
Africa. The literature highlights increased mortality and susceptibility to infectious disease amongst
HIV-exposed children compared to their unexposed counterparts. The immune system, maternal
health, birth weight, and feeding practice appear to mediate the association between exposure and

mortality.

There is strong evidence of higher mortality in HEU compared to HUU children after controlling
for confounding factors (Brahmbhatt et al, 2006; Hong et al, 2007; Chilongozi et al, 2008). HEU
children also demonstrate an increased risk of hospitalisation and mortality with infectious diseases

(McNally et al, 2007; Koyangi et al, 2011; Slogrove et al, 2012). Whilst conflicting findings do
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exist (Zash et al, 2014), a systematic review by Afran et al (2014) concluded that the evidence for

increased mortality risk in HEU children was compelling.

The literature also suggests that HEU children experience impaired immune function due to HIV-
exposure Clerici et al, 2000; Rombadi et al, 2008; Koyangi et al, 2011). Reikie et al (2011) and
Slogrove et al (2011) argue that investigation of this abnormality must be a priority if mortality in
HEU children is to be reduced. Substantial evidence exists for an association between HIV-
exposure and nutritional status (Filteu et al, 2011). Nutrition and low birth weight also show an
association with mortality in HEU infants (Nathoo et al, 2005). Various studies, including a large
pooled analysis (Zaba et al, 2005), suggest that maternal health is significantly associated with
mortality in HIV-exposed children versus unexposed (Crampin et al, 2009). However, evidence to
the contrary does exist (Newell et al, 2004; Kinney et al, 2010). Finally, the literature clearly
indicates the need to consider feeding practice when investigating mortality in HIV-exposed
children. Multiple studies found early cessation and formula feeding play a significant role in

mortality (Kafulafula et al, 2010; Mugwaneza, 2011; Rollins et al, 2013; Boerma et al, 2014).

Despite the above evidence the size and importance of associations vary widely. There are also
some common limitations in the literature. Our study is well placed to address some of these
limitations. For example there is limited information available regarding mortality of HIV-exposed
and unexposed children living in an urban areas, attending tertiary hospitals. There was also a
preponderance of studies in locations without PMTCT coverage (Zijenah et al, 1998; Nathoo et al,
2005; Marinda et al, 2007). There is a clear need for more research into the influence of HIV-
exposure on mortality in areas with high PMTCT coverage (Mugwaneza, 2011).There is also a
shortage of studies looking at longer term survival of children beyond 24 months. Finally, many
studies failed to separate HIV-exposed uninfected children from HIV-exposed infected children in
their analysis. This makes it difficult to separate to influence of HIV infection from that of exposure
alone (Ryder et al, 1994; Ota et al, 2002; Nakiyingi et al, 2003; Ng’weshemi et al, 2003; van der
Loef et al, 2003; Crampin et al, 2009).
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Abstract

Objective

To establish whether there is an association between HIV exposure and infectious disease mortality
in children admitted to hospital in the Western Cape. Also to identify additional risk factors

associated with mortality and the prevalence of HIV exposure.

Methods

A case-control design was used to compare the HIV exposure status of 93 cases admitted with an
infectious disease who died with 93 controls admitted with an infectious disease who did not die.
Clinical and demographic data were collected via record review at three hospitals in the Western

Cape. Factors associated with mortality were identified through regression analysis.

Findings

38.71% (36/93) of cases were HIV exposed versus 22.58% (21/93) of controls (p=0.017). 32.36%
(30/93) of cases were HIV exposed uninfected (HEU) versus 18.28% (17/93) of controls (p=0.06).

Being HEU was a risk factor for mortality after adjusting for age, sex, feeding practice, and main
infection. The odds of death in HEU children was 2.29 times greater than in HUU (aOR: 2.29, 95%
CI: 1.06-5.0). Age, sex, and feeding practice confounded the association between HIV exposure-
infection and mortality. LRTI, septicaemia, and meningitis were all significantly associated with
mortality at the 5% level. Children admitted with septicaemia demonstrated a 13.44 times increased

odds of death (aOR: 13.44, 95% CI: 3.35-53.99).

Conclusion

Children born to HIV positive mothers should be considered a vulnerable group even if vertical
transmission has been prevented. Determination of exposure status could be a valuable tool for

identifying children at increased risk of death. Septicaemia and meningitis also present a challenge

in critical care in our sample.
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Introduction

Over the past decade prevention of mother-to-child transmission (PMTCT) programmes have
formed a key part of HIV control throughout Africa.' As a result transmission from mothers to
infants has declined to 2% in the Western Cape.? One consequence of this success is an increase in

the population of HIV exposed uninfected (HEU) children.

HEU children have a greater risk of mortality compared to HIV unexposed uninfected (HUU)

34387 including South Africa.®® The association between

children in studies from a range of contexts,
HIV exposure and mortality is mediated by multiple factors including maternal health,'® " birth
weight,'” and feeding practice.'*'* There is also evidence that HEU children are more susceptible to
infectious disease.'> ' However, risk factors identified in previous research differ widely and our

knowledge on HIV-exposure in children in the Western Cape is limited.

HEU children have three times greater risk of mortality than HUU children'” and an increased risk
of severe infection and mortality from diseases such as pneumonia.'® Despite this, HEU children are
overlooked as a vulnerable group at increased risk from infectious diseases.'® Identifying the causes
of increased mortality amongst HEU children in South Africa should be a public health priority"

and attempts to improve the health of HEU children must be informed by local investigations.*

In this study we determined the prevalence of HEU in children admitted to hospital for infectious
diseases and investigated the association between HIV exposure and other risk factors and

infectious disease mortality in the Western Cape.

Methods

A case control study was used to collect data from medical records at three hospitals in the Western
Cape. Study sites included the three public hospitals that admit the majority of children in the
Western Geographic Service Area (GSA) of the Cape Town Metro district.?"-* The sites comprised
two tertiary hospitals of Red Cross Children's Hospital (RCCH) and Groote Schuur and the regional

hospital New Somerset.

Permission to conduct the study was granted by the Provincial Research Sub-directorate, Western

Cape Government, the relevant committees at each of the Hospitals, and the Human Research
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Ethics Committee at the University of Cape Town Health Science provided research ethics approval

(see Fig. 1-5, Appendix D).

Children were defined as cases if they were less than 13 years of age, diagnosed with an infectious
disease upon admission and died due to that condition between January 2008 and December 2014.

Controls were defined in the same manner, except that they survived the condition.

Data was collected between November 2014 and April 2015. Ninety-three cases were collected
using digital records held on the Child PIP database. Ninety -three controls were collected from the
three hospitals by accessing ward registers and medical records. At each of the sites cases and

controls were numbered sequentially and a simple random sample was drawn for both groups.

The diagnosis on admission for all patients was confirmed through review of medical records.
Children whose diagnosis on admission was infectious but changed to a non-infectious cause were

considered ineligible. In accordance with past studies® **

a missing value was assumed to indicate a
worst case scenario regarding treatment received or patient outcome. The deletion of cases or
controls with missing values was not a considered acceptable as it would have reduced sample size

and potentially introduced bias.

The variables of interest are displayed in Table 1, Appendix A. Data were recorded on data
collection sheets (see Fig 7, Appendix D), re-coded (see Table 1, Appendix D) and entered onto a
data spreadsheet (Document Foundation. 2015. LibreOffice:4.3.7.Germany: Document Foundation).
This was then exported to STATA 12 (StataCorp. 2011. Stata Statistical Software: Release 12.Texas:

StataCorp) for statistical analysis. Data were double entered.

Data Analysis

Methods used during exploratory analysis included Pearson's Chi-square test, Fischer's exact test,
and Wilcoxon Rank Sum test using a significance level of 5% to establish statistical significance.
Exploratory analysis informed the analysis of variables in the preceding regression analysis and

model selection.

Univariate logistic regression analysis was used to identify variables associated with mortality.

Variables with a p< 0.15 were eligible for inclusion in model selection. Categorical variables were
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treated as blocks. As such only one category within each variable was required to display a p<0.15
to qualify a variable block for inclusion in model selection. Dummy variables were created to allow
for the consideration of polychotomous categorical variables. The structure and coding of the

dummy variables can been found in Table 2-6, Appendix A.

An a priori framework was used to identify confounders.”> Age and sex were identified as a priori
confounders as they consistently emerged as sources of confounding in the literature.'* 2
Additional confounders were identified through regression analysis. A variable was considered a
confounder if its inclusion resulted in a >10% change in the estimate of association with the main

exposures of interest. All confounders were forced into the base model.”

The presence of
collinearity was investigated prior to model selection and post model selection. Any variable with a
VIF value >10 was considered for removal due to collinearity.” The final decision to remove a

variable was informed by its clinical and analytical value.

Model selection

Multivariate logistic regression models, controlling for identified confounders, were built for the
dependent variable (mortality) utilising independent variables identified via univariate analysis.
Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated for each variable within a
model. Firstly, all confounders were entered into the baseline model. Qualifying variables identified
in univariate analysis (with p< 0.15) were added one at a time. At each step the Akaike information
criterion (AIC) of each model was compared to that of the base model. The model with the lowest
AIC was used as the base model for each successive step until all eligible variables had been added.
In the penultimate step all previously discarded variables were readmitted one at a time to reassess
their influence on the AIC. Finally, interaction terms were used to represent the interaction between
HIV exposure-infection status and other variables. Interactions were retained if they produced a
lower AIC than the model omitting them. Details of each step of model selection can be found in

Table 1, Appendix C.
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Results

Table 1: Child characteristics and treatments received (%) of cases and controls.

Parameter Controls (n=93) Cases (n=93) Total (n=186) p-value
(%) (%) (%)
Sex
Female 53 (56.99) 39 (41.94) 92 (49.46)
Male 40 (43.01) 54 (58.06) 94 (50.54) 0.040*
Median child age (months) (IQR) 10 7 8 0.128
(3-15) (1-14) (2-15)
Child HIV Status
Negative 89 (95.70) 87 (93.55) 176 (94.62)
Positive 4 (4.3) 6 (6.45) 10 (5.38) 0.747
Nutritional Status
OWFA 0 (0.00) 0 (0.00) 0 (0.00)
Normal 58 (62.37) 46 (49.46) 104 (55.91)
UWFA 27 (29.03) 30 (32.26) 57 (30.65)
Marasmus 4 (4.30) 6 (6.45) 10 (5.38)
Kwashiorkor 4 (4.30) 11 (11.83) 15 (8.06) 0.156
Mother Health Status
Dead/sick 9 (9.68) 12 (12.90) 21 (11.29)
Alive/well 84 (90.32) 81 (87.10) 165 (88.71) 0.487
Primary Carer
Other 13 (13.98) 12 (12.90) 25 (13.44)
Mother 80 (86.02) 81 (87.10) 161 (86.56) 0.830
Feeding Practice
Formula 28 (30.11) 38 (40.86) 66 (35.48)
Exclusive Breast 49 (52.69) 40 (43.01) 89 (47.85)
Mixed 16 (17.20) 15 (16.13) 31 (16.67) 0.293
Child ART
Not Received 87 (93.55) 88 (94.62) 175 (94.09)
Received 6 (6.45) 5(5.38) 11 (5.91) 0.756
Mother ART
Not Received 74 (79.57) 69 (74.19) 143 (76.88)
Received 19 (20.43) 24 (25.81) 43 (23.12) 0.385
PMTCT
Not Received 79 (84.95) 63 (67.74) 142 (76.34)
Received 14 (15.05) 30 (32.26) 44 (23.66) 0.007*

p-values derived from Rank Sum test for continuous variables and Chi-square test or Fischer's Exact test for categorical.
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* = statistically significant (p<0.05).

Child characteristics and treatments received are shown in Table 1. Ninety-three cases and 93
controls were enrolled in the study. 58.06% (54/93) of cases were male compared to 43.01% (40/93)
of controls (p=0.04). There was only one other significant difference between cases and controls.
(30/93) of cases had received PMTCT compared to 15.05% (14/93) of controls (p=0.007). There
was no significant difference between cases and controls in terms of age, primary carer, nutritional
status, and feeding practices. There was also no significant difference in the presence of HIV

infection between cases (6.45%; 6/93) and controls (4.3%; 4/93).

Child HIV exposure and infection status and infectious disease profiles

Table 2: HIV exposure and infection profiles and infectious disease profiles (%) of cases and controls.

Parameter Controls (n=93) Cases (n=93) Total (n=186) p-value
(“o) (%) (%)
HIV Exposure Status
Unexposed 72 (77.42) 57 (61.29) 129 (69.35)
Exposed 21 (22.58) 36 (38.71) 57 (30.65) 0.017*
HIV exposure-infection status
HUU 72 (77.42) 57 (61.29) 129 (69.35)
HEU 17 (18.28) 30 (32.36) 47 (25.27)
HEI 4 (4.30) 6 (6.45) 10 (5.38) 0.062
Main Cause
Gastroenteritis 44 (47.31) 17 (18.28) 61 (32.80)
TB 4 (4.30) 4 (4.30) 8 (4.30)
LRTI 36 (38.71) 41 (44.09) 77 (41.40)
Septicaemia 3(3.23) 16 (17.20) 19 (10.22)
Meningitis 6 (6.45) 15 (16.30) 21(11.29) 0.000*
Other Cause
None 71 (76.34) 67 (72.04) 138 (74.19)
Gastroenteritis 8 (8.60) 11 (11.83) 19 (10.22)
TB 1(1.08) 3(3.23) 4 (2.15)
LRTI 9 (9.68) 5(5.3%8) 14 (7.53)
Septicaemia 3(3.23) 4 (4.30) 7 (3.76)
Meningitis 1(1.08) 3(3.23) 4(2.15) 0.528

Underlying Condition (e.g.
congenital malformation

No 83 (89.25) 79(84.95) 162(87.10)
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Parameter Controls (n=93) Cases (n=93) Total (n=186) p-value
(%) (%) (%)

Yes 10 (10.75) 14 (15.05) 24 (12.90) 0.382

p-values derived from Chi-square test or Fischer's Exact test. * = statistically significant (p<0.05)

Table 2 shows the HIV and infectious disease profiles. 38.71% (36/93) of cases were HIV exposed
compared to 22.58% (21/93) of controls (p=0.017). The prevalence amongst controls indicates that
the estimated population prevalence of HIV exposure was 23%. There was no significant difference
between cases and controls in terms of HIV exposure-infection status. 32.36% (30/93) of cases were
HEU versus 18.28% (17/93) of controls (p=0.06). Cases and controls differed significantly
according to their main infection (p<0.001). Gastroenteritis was more common amongst controls
(47.31%; 44/93) than cases (18.28%; 17/93) whilst LRTI was more common amongst cases
(44.09%; 41/93) than controls (38.71%; 36/93). Septicaemia and meningitis were also more

common amongst cases.

Collinearity

HIV status of the child, HIV status of the mother, the health status of the mother and whether the
mother received PMTCT were removed from consideration in the regression analysis as they

displayed VIF values >10.

Logistic Regression Analysis

Table 3: Variable associated with death in the univariate logistic regression analysis.

Parameter OR (95% CI) p value
Sex 1.83 0.041*
(1.03-3.28)
Age (months) 0.10 0.435
(0.98-1.01)
HIV Exposure 2.17 0.018*
(1.14-4.11)
Primary Carer 1.10 0.830
(0.47-2.55)
Child ART 0.82 0.756
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Parameter OR (95% CI) p value
(0.24-2.80)
Maternal ART 1.76 0.100
(0.90-3.44)
Underlying Cause 1.47 0.384
(0.62-3.50)
HIV exposure-infection status
HUU 1.00 reference
HEU 2.23 0.023*
(1.12-4.44)
HEI 1.89 0.340
(0.51-7.04)
Feeding Practice
Formula 1.00 reference
Exclusive Breast 0.60 0.121*
(0.32-1.14)
Mixed 0.69 0.398
(0.29-1.63)
Nutritional Status
Normal 1.00 reference
UWFA 1.40 0.308
(0.73-2.68)
Marasmus 1.89(0.50-7.10) 0.345
Kwashiorkor 3.47
(1.04-11.60) 0228
Main infection
Gastroenteritis 1.00 reference
TB 2.59
(0.58-11.54) 0212
LRTI 2.95 0.003*
(1.44-6.04)
Septicaemia 13.80 0.000*
(3.56-53.47)
Meningitis 6.47 0.001*
(2.15-19.44)
Other infection
None 1.00 reference
Gastroenteritis 1.32 0.577
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Parameter OR (95% CI) p value
(0.49-3.56)
TB 4.24 0.322
(0.46-38.90)
LRTI 0.59 0.364
(0.19-1.85)
Septicaemia 1.41 0.659
(0.30-6.55)
Meningitis 3.18 0.322
(0.32-31.32)

*=p < (.15 (variable qualified for inclusion in model selection).

Table 3. presents the variables associated with death from the univariate logistic regression analysis.
Boys were almost two times more likely to die than girls (OR: 1.83; 95% CI: 1.03-3.28). Children
who were exclusively breastfed demonstrated a 40% reduction in the odds of death compared to

children who were formula fed (OR: 0.6; 95% CI: 0.32-1.14).

Exposure to HIV (regardless of infection status) was associated with a greater than two-fold
increased odds of death (OR: 2.17; 95% CI:1.14-4.11). The odds of death in HEU children was
twice that of HUU children (OR: 2.23; 95% CI: 1.12-4.44). With gastroenteritis as the reference
children with LRTI (OR: 2.95; 95% CI: 1.44-6.04), septicaemia (OR: 13.80; 95% CI: 3.56-53.47),
and meningitis (OR: 6.47; 95% CI: 2.15-19.44) were more likely to die than children with

gastroenteritis.

Confounders of the association between mortality and HIV exposure-infection status

In the regression analysis only feeding practice emerged as a confounder of the association between

HIV exposure-infection status and mortality (see Table 1, Appendix B).

Model selection process and interpretation

Table 4: Variables associated with death in the multivariate regression model with the best compared to univariate

regression model

Model b1 Univariate analysis
Variable Adjusted OR (95% CI) Unadjusted OR (95% CI)
IAge (months) 0.99 0.10
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Model b1 Univariate analysis
Variable Adjusted OR (95% CI) Unadjusted OR (95% CI)
(0.98-1.01) (0.98-1.01)
Sex 1.84 1.83
(0.96-3.53) (1.03-3.28)
Feeding Practice
exclusive formula 1.00 1.00
exclusive breast 0.76 0.60
(0.36-1.61) (0.32-1.14)
mixed feeding 0.84 0.69
(0.31-2.28) (0.29-1.63)
Main infection
Gastroenteritis 1.00 1.00
TB 2.45 2.59
(0.52-11.45) (0.58-11.54)
LRTI 3.12 2.95
(1.50-6.61) (1.44-6.04)
Septicaemia 13.44 13.80
(3.35-53.99) (3.56-53.47)
Meningitis 8.59 6.47
(2.58-28.60) (2.15-19.44)
HIV exposure-infection status
HUU 1.00 1.00
HEU 2.29 223
(1.06-4.97) (1.12-4.44)
HEI 2.17 1.89
(0.51-9.22) (0.51-7.04)

Model bl: Hosmer-Lemeshow chi2(8) = 7.83, Prob > chi2 = 0.4503, number of observations =186, number of groups =
10

Table 4 shows the association of variables with death in the multivariate regression model. The
model selection process identified the model containing age, gender, feeding practice, main
infection, and HIV exposure-infection status as the best model. As age, sex and feeding practice
were identified as confounders they were retained in modelling despite their statistical non-
significance at the 5% level. With regards to HIV exposure-infection status, the odds ratio for HEU
is significant at a 5% level of significance (aOR: 2.29; 95% CI: 1.06-4.97). Of the main infections
only TB was not significantly associated with mortality whilst LRTI, septicaemia, and meningitis

were all significantly associated with mortality at the 5% level. From this model we can conclude
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that age, gender, feeding practice, main infection type, and HIV exposure-infection status combine

to have a significant influence over mortality.

Details of the final model output are shown in Table 3, Appendix C and the full model selection
processes is displayed in Table 1, Appendix C. Multicollinearity was not present between any of the

variables in the final model (see Table 2, Appendix C).

Role of infectious disease in mortality

After adjusting for age, sex, feeding practice, and exposure-infection status, a child admitted with a
LRTI had a 3.12 increased odds of dying versus a child admitted with gastroenteritis (aOR: 3.12,
95% CI: 1.47; 6.61). Children admitted with meningitis had an 8.59 times increased odds of death
(aOR: 8.59; 95% CI: 2.58-28.60). The largest association was found in children admitted with
septicaemia who demonstrated a 13.44 times increased odds of death (aOR: 13.44; 95% CI: 3.35-

53.99). TB was not significantly associated with morality.

Role of HIV exposure in mortality

After adjusting for age, sex, feeding practice and main infection being HEU remained a risk factor
for mortality increasing from OR: 2.23 (95% CI: 1.12-4.44) to aOR: 2.29 (95% CI: 1.06-5.0).
Compared to HUU children the odds of death for HEU children were 2.29 times greater. HEI
children did not demonstrate a significant increased odds of death compared to HUU however (aOR
2.17,95% CI1 0.51; 9.22). No significant interaction effects were found in the association between

HIV exposure-infection status and mortality (see Table 1, Appendix C).

Discussion

5:17:29.30 ywe had reason to believe that HEU children are at

Based on findings from a range of studies
increased risk of death when admitted to hospital with an infectious disease. Our findings support
this hypothesis. After controlling for confounders and main infectious disease, HEU children
demonstrated over twice the odds of death compared to HUU (aOR: 2.29; 95% CI: 1.06-4.97). Our

model highlights an inherent risk associated with being HEU, independent of the type of infectious
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disease. HIV prevalence in our controls was 5.38% (10/186), in line with estimates of early vertical
transmission in the Western Cape.*' The prevalence of HIV exposure of 38.71% (36/93) in our

controls is larger than expected given a NDoH prevalence estimate of 17% in the Western Cape.™

Feeding practice was not found to be significantly associated with mortality. However, in agreement

with prior studies®'*"”

we found feeding practice confounded the association between HIV
exposure-infection status and mortality. Our failure to identify significant interactions, particularly
with age is surprising. Prior studies found the higher risk of death in HEU children declined with

age.’®* This failure is likely due to a lack of power in our study.

In multivariate regression the association between each infection and mortality sharpened.
Septicaemia remained most strongly associated with mortality (aOR: 13.44, 95% CI 3.34-53.99).
Meningitis showed the largest increase in association in the final model with its unadjusted odds
ratio rising from 6.47 (95% CI 2.15-19.44) to 8.59 (95% CI 2.58-28.60). Age and sex have
consistently been identified as confounders of the association between infection and mortality** *
which may explain this inflation in association in multivariate regression. Septicaemia presents a
real challenge in our sample, and children with septicaemia had a 13 times increased odds of death
(aOR: 13.44; 95% CI: 3.35-52.99). Inadequate access to diagnostic tools for septicaemia has been
identified in the Western Cape™ and this may offer some explanation for our finding. Studies have

t37

found that septicaemia survival is largely determined by prompt treatment”” with every hour without

resuscitation increasing the risk of mortality by 40%.

A child's HIV status, mothers health status, nutritional status, and the presence of other infections
and underlying conditions did not show significant association with mortality. This finding contrasts
with other studies.'**** Possible explanations for our findings include the high standards of care,*

better infrastructure, and higher levels of extended family childcare*" **

in the Western Cape relative
to locations of previous studies.” These studies often sampled from rural clinics offering lower

standards of clinical care compared to urban hospitals.*

Strengths

Mortality cannot precede HIV exposure, as such interpretation of our results is not complicated by
concerns for temporality. The use of multivariate analysis allowed us to control for the confounders

of age, sex, and feeding practice. This increases external and internal validity and increases the
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likelihood that we are observing the true association between HEU children and mortality. Much of
the previous research into HEU children has been conducted in countries and time periods when
PMTCT and ART was not available. By researching Western Cape from 2008-2015 we have
produced findings relevant to an increasing number of contexts where PMTCT is now part of
routine care. Previous studies have failed to establish HIV infection status of HIV exposed children.
As such their ability to identify the independent influence of HIV exposure on mortality was
limited.*** As our study collected information on both HIV exposure and infection status we were
able to investigate mortality in HIV exposed uninfected children and not simply HIV exposed

children.

Limitations

Our sample size was sufficient to confirm the findings of larger studies regarding the association
between being HEU and mortality.> % ** However, due to a relatively small sample our study
lacked the power to detect associations of other variables with mortality. For example, there were
just ten HEI children and we were unable to identify a significant association. This is despite larger
studies identifying HEI children as being at increased risk of death.>* Sample size also diminished
our capacity to identify confounders and interactions. Resource constraints meant some socio-
economic variables could not be collected. Previous studies identified a range of socio-economic

variables as confounders of the association between HIV exposure and mortality.> *°

It is inevitable with a medical record review that the data used was not recorded with our research
purpose in mind.** Therefore the validity of our data is vulnerable to measurement error by health
staff. Inaccuracies in recording, testing, and anthropometry measurements may have led to the

misclassification of characteristics.

Our study sampled from three hospitals in the Western Cape and the results may not be
generalisable to other regions. Data from the sites was also pooled which may have masked
important differences in patient variables, standards of care, and diagnoses. However, as cases and
controls were comprised of equal proportions from each hospital this should not influence the
observed associations. Finally, older children in our study would have been born when PMTCT was
not available and their experience of having a HIV positive mother would have differed compared
to a child born after 2008. This limitation makes it difficult to apply our findings to children born

from 2015 onwards.
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It is possible that our study underestimates the odds of mortality in HEU children. The children in
our sample may have easier access to hospital compared to children in rural Western Cape. We also
only collected data from children attending hospital. Therefore one could argue that those attending
hospital may be inherently healthier and more health aware than those not attending hospital. Some
variables relied upon self-reporting and recall bias is a concern. For example, mothers of severely ill
children may recall details more accurately than mothers of less severely ill children. Investigator
bias is another concern as more severely ill children may have been investigated more thoroughly
by clinicians. As a result the diagnosis of conditions may have differed between cases and controls.
Missing values were another potential source of bias. We identified six medical records containing a
missing values. These records were unequally distributed between cases and controls and may have

biased our measures of association.

The cross-sectional nature of this study meant we were only able to establish patient characteristics
at one point in time. We could not account for multiple transitions between variable categories over
time. This limitation may have prevented us from identifying the true influence of feeding practice
It is also possible that HIV-negative mothers may have seroconverted after delivery or most recent
test. Therefore a child may have been misclassified as HIV unexposed. Added to this, some children
may have been untested due to their age (18% were < 6 weeks) and others may have become
infected after providing their last test. Therefore unidentified HIV infection in children may have

been responsible for the association between being HEU and mortality.

Conclusion

HEU children demonstrate an odds of death that is over twice that of HUU children after controlling
for confounders and type of infectious disease. This finding indicates an inherent risk associated
with being HEU and is in line with studies across Africa.™'”*-*" Children born to HIV positive
mothers should be considered a vulnerable group even when MTCT has been prevented. The
determination of exposure status could be valuable in identifying vulnerable children and reducing
mortality. Children admitted to hospital with LRTI, septicaemia, and meningitis had an increased

odds of dying. Septicaemia and meningitis present a challenge in critical care in our sample.

Future research utilising larger samples should consider how the association between HEU children

and mortality is influenced by effect modifiers. Mixed-method studies should also consider the role
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of socio-economic factors. Studies investigating underlying biological mechanisms should also be

encouraged.
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Table 1: Variables of interest that were collected.

Variable

Description

IAge in months (Continuous)

\Age of child in months. Recorded as: 0-155 months.

Child ART received (Binary)

'‘Whether a child had ever received ART other than PMTCT before admission.
Recorded as: Yes; No

Child HIV Status (Binary)

\According to the results of ELISA or PCR as recorded on medical record or
Child PIP record. Recorded as: HIV negative: HIV positive.

Feeding Practice (Categorical)

Feeding practice used by the mother during the first 6 months. Recorded as:
Never breastfed; Exclusively breastfed; Mixed feeding

Sex (Binary)

Recorded as: Male; Female

HIV exposure status (Binary)

'Whether a child was or was not HIV exposed through birth to a HIV positive
mother. Recorded as: Exposed; Unexposed.

IHIV exposure-infection status
(Categorical)

Recorded as: HUU (HIV negative child born to a HIV negative mother); HEU:
(HIV negative child born to HIV positive mother); HEI (HIV positive child born
to HIV positive mother).

Main Infection (Categorical)

Main cause of admission or death as recorded on medical records. Recorded as:
Gastroenteritis; TB; LRTI (bronchiolitis, bronchitis, pneumonia, croup);
Septicaemia; Meningitis; Other.

Maternal ART received (Binary)

'Whether the child had ever received ART other than PMTCT before admission.
Recorded as: Yes/No

Maternal HIV Status (Binary)

Results of ELISA/PCR as recorded on medical record. Recorded as: Negative;
Positive

Mother's health status (Binary)

Whether a mother was ‘Alive and well' and able to care for the child or
‘Dead/Sick ’and unable to care for child. Recorded as: Alive and well;
IDead/Sick

Other infection (Categorical)

'Whether an additional infection contributed to admission or death. Recorded as:
None; Gastroenteritis; TB; LRTI (bronchiolitis, bronchitis, pneumonia, croup);
Septicaemia; Meningitis; Other.

Primary Carer (Binary)

'Whether the carer was the mother or 'other' (father, grandparent, foster parents,
orphanage etc.). Recorded as: Mother; Other

Nutritional Status (Categorical)

Established by physician and use of WHO z-score weight-for-age charts (see
IAppendix). Recorded as: Overweight for Age (OWFA), Normal, Underweight
for Age (UWFA), Marasmus, Kwashiorkor, Marasmus-Kwashiorkor (MK)

[Underlying Condition (Binary)

'Whether a child had an underlying condition such as congenital malformation,
condition arising in perinatal period, disease of nervous system. Recorded as:
IPresent; Not present

Table 2: HIV-exposure-infection status dummy coding

HIV-exposure-

infection Status

Dummy variables

HEU HEI
HUU 0 0
HEU 1 0
HEI 0 1
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Table 3:Feeding practice dummy coding

Feeding ractice

Dummy variables

Exc. breast Mixed
Formula 0 0
Exc. breast 1 0
Mixed 0 1

Table 4: Nutritional status dummy coding

Nutritional Status

Dummy variables

UWFA

Marasmus

Kwashiorkor

Normal

0

0

UWFA

Marasmus

Kwashiorkor

S| O |~

0
1
0

0
0
1

Table 5: Other infection dummy coding

Other Infection

Dummy Variables

Gastroenteritis TB

LRTI

Septicaemia

Meningitis

None

0

0 0

0

Gastroenteritis

TB

LRTI

Septicaemia

Meningitis

=R el el e s

S| |Oo |~ |O O

SO | = |Oo O
S (= | o | o O

0
0
0
0
1

Table 6: Main infection dummy coding

Main infection

Dummy Variables

B

LRTI

Septicaemia

Meningitis

Gastroenteritis

0 0

0

B

LRTI

Septicaemia

SO | = | O

S|~ | O

0
0
1

0
0
0
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Meningitis
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Table 1 Summary table of adjusted and unadjusted odds ratios to identify confounders

Adjusted for Unadjusted OR Adjusted OR % Change
Unadjusted
HEU 2.23 - -
HEI 1.89 - -
Primary carer
HEU 2.23 2.25 -1.06%
HEI 1.89 1.92 -1.59%
Maternal ART
HEU 2.23 2.2412 -0.54%
HEI 1.89 1.9029 -0.43%
Feeding practice
HEU 2.23 2.0744 -6.94%
HEI 1.89 1.6904 -10.75%
Nutritional Status
HEU 2.23 2.1626 2.98%
HEI 1.89 1.8545 2.12%
Underlying condition
HEU 2.23 2.2259 0.14%
HEI 1.89 1.7820 5.95%
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Table 1 Table showing a summary of the model selection process informed by AIC

Model Independent variables in model AIC
STEP 1
Confounders
empty :none (constant only) -
b age + sex + [exc. breast + mixed feeding] 261.02
age + sex + [exc. breast + mixed feeding] + sex*age 263.02
d age + sex + [exc. breast + mixed feeding] + sex*exc.breast + 264.58
sex*mixed feeding
e age + sex + [exc. breast + mixed feeding] + age*exc.breast + 262.11
age*mixed feeding
STEP 2
base age + sex + [exc. breast + mixed feeding] 261.02
b
al +[TB+LRTI + septic.+ menin.] 242.80
a2 + [HEU + HEI] 260.46
STEP 3
base age + sex + [exc. breast + mixed feeding] + [TB + LRTI + septic.+ 242.80
al menin.|
bl + [HEU + HEI] 241.79
STEP 4
base age + sex + [exc. breast + mixed feeding| + [TB + LRTI + septic.+ 241.79
bl menin.] + [HEU + HEI]
cl + maternal ART 243.51
STEPS
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Interactions with sex

base age + sex + [exc. breast + mixed feeding] + [TB + LRTI + septic.+ 241.79
bl menin.] + [HEU + HEI]
dl + [sex*TB + sex*LRTI + sex*septic + sex*menin. ] 243.89
d2 + [sex*HEU + sex*HEI] 243.35
STEP 6
Interactions with age
base age + sex + [exc. breast + mixed feeding] + [TB + LRTI + septic.+ 241.79
bl menin.] + [HEU + HEI]
d3 + [age*TB + age*LRTI + age*septic. + age*menin. ] 242.25
d4 + [age*HEU + age*HEI] 251.35
STEP 7
Interactions with feeding practice
base age + sex + [exc. breast + mixed feeding] + [TB + LRTI + septic.+ 241.79
bl menin.] + [HEU + HEI]
ds [exc. breast*HEU + mixed feeding*HEU + exc. breast*HEI + 243.30
mixed feeding*HEI]
do [exc. breast*TB + mixed feeding*TB + exc. breast*LRTI 246.40
mixed feeding*LRTI + exc. breast*septic.+ mixed feeding*septic +
exc. breast*menin + mixed feeding*menin]|
STEP 8
Interactions with HEI/HEI
base age + sex + [exc. breast + mixed feeding]| + [TB + LRTI + septic.+ 241.79
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b1 menin.] + [HEU + HEI]

d7 HEU*TB + HEI*TB + HEU*LRTI + HEI*LRTI + HEU*septic + 251.17

HETI*septic + HEU*menin + HEI*menin

STEP 9

Readmission

base age + sex + [exc. breast + mixed feeding] + [TB + LRTI + septic.+ 241.79

bl menin.] + [HEU + HEI]

gl mart2 243.51

As shown in Table 1 the model selection process identified mode b1 as the optimal model

Table 2. VIF results for final model

Variable VIF
LRTI 1.83
Exclusive breast 1.70
sex 1.70

Age 1.37
Meningitis 1.32
HEU 1.26
Septicaemia 1.23
Mixed feeding 1.21
TB 1.12

HEI 1.07

As shown in Table 2. multicollinearity was not present between any of the variables in the final

model according to the VIF threshold of >10.
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Table 3. Logistic regression output for final model b1

LOGISTIC REGRESSION No. Obs 186

LR chi2(10) 18,06

Prob > chi2 0.0000
LR -109.89654 Pseudo R2 0.1476
death OR SE z P>z [95% Conf. Interval]
age 9928447 1 0074438 | -0.96 0.338 9783617 1.007542
sex 1.840587 | 6103002 | 1.84 0.066 9609827  3.525307
exc. breast  |.7613173 | 5904315 | -0.71 0.475 3604497  1.608003
mixed feed 8405495 | 4374031 | .0.34 0.733 3102729 2.277103
TB 2446383 | 1 926798 | 1.14 0.256 5225272 11.45355
LRTI 3116721 1 195579 | 2.96 0.003 1.469521  6.610283
septicaemia  |13.44025 | 9 535949 | 3.66 0.000 3345597 53.99341
meningitis 8.594364 | 5377503 | 351 0.000 2582352 28.60304
HEU 2290338 | 9044517 | 2.10 0.036 1.056237 4.966358
HEI 216548 |1 600964 | 1.05 0.296 5084534 9.222678
constant 2744411 | 1359788 | -2.61 0.009 1039202 7247672

Model bl: Hosmer-Lemeshow chi2(8) = 7.83, Prob > chi2 = 0.4503, number of observations =186, number of groups =

10.

Table 3 shows the regression output of the final model. It is statistically significant (p < 0.0001) and

we can conclude that age, gender, feeding practice, main infection type, and HIV exposure-infection

status combine to have a significant influence over mortality. The model passed the Hosmer-

Lemeshow test (p = 0.4503) confirming that model fit the data well.

12/24




APPENDIX D

13/24



Table 1: Variable categories and codes for data collection

Variable Measurement and Code
Death 1 if Yes
(dependent variable) 0 if no
Sex 1 if make
0 if female
Age Age in months
Weight Category 1 if Overweight for Age
2 if Normal
3 if Underweight for Age
4 if Marasmus
5 1f Kwashiorkor
6 if Marasmus-Kwashiorkor
Mother health status 1 if Alive/well
0 if Dead
Primary care giver 1 if Mother
2 if Father

3 if Grandparent

4 if Other

Primary care giver

1 if Mother

0 if Other

HIV exposure status

1 if exposed

0 if unexposed

HIV exposure-infection status

0 if HIV unexposed uninfected (HUU)
1 if HIV exposed uninfected (HEU)

2 if HIV exposed infected (HEI)

Child HIV status 1 if HIV positive
0 if HIV negative
Mother HIV status 1 if HIV positive
0 if HIV negative

Feeding practice 0 if No breastfeeding
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1 if Exclusive breastfeeding

2 if Mixed feeding

Child ART 1 if ever received
0 if never received

Perinatal ART 1 if ever received
0 if never received

Maternal ART 1 if ever received

0 if never received

Main infection

1 if Gastroenteritis
2 if TB

3 if LRTI

4 if Septicaemia

5 if Meningitis

6 if Other

Underlying condition I

1 if present

0 if not present

Other infection

0 if None

1 if Gastroenteritis
2 if TB

3 if LRTI

4 if Septicaemia

5 if Meningitis

6 if Other
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Fig 7 Data collection form

Data collection farm

A | B c | D | E | F | G | H | |
No. | Death Sex . Age(m) DOB = DOA D.C.D | Mother Health Status |~ Primary Carer

L= RE SRR BR 5 I SR PR AR

Fage 1
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Data collection form

Main Infection

_Ar

RRNRICERER

Page 3
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