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Abstract

Background: Concurrent anaemia and pneumonia in under-fives living in LMICs is a complex
relationship associated with high morbidity and mortality. Ascertaining whether there is an
increased prevalence of anaemia among pneumonia infected under-fives can provide valuable
insights for more effective treatments. Additionally, highlighting individual and maternal risk
factors of anaemia as well as associated adverse growth outcomes among under-fives can bring

about findings to prioritise resource allocation for anaemia prevention and treatment.

Methods: This cross-sectional sub-study analysed data from the Drakenstein Child Health
Study (DCHS), a South African population-based birth cohort which enrolled pregnant women.
Mother-child pairs were followed prospectively, and a subgroup of children had additional data
collected (including haemoglobin (g/dL) measurements) during episodes of LRTI/pneumonia.
Prevalence ratios were used to assess the impact of LRTI/pneumonia severity on anaemia
status. Binary logistic regression models were used to analyze the effects of predictors on risk
of child anaemia and linear regression models were used to analyze the effect of anaemia on

adverse growth outcomes (WAZ and HAZ).

Results: 28% of first LRTI/pneumonia episodes co-occurred with anaemia (95% CI, 24.9 -
31.8), and median child age was 8.4 months during the episode. When all LRTI/pneumonia
episodes were included, anaemia prevalence was higher among under-fives treated in hospital
compared to those treated in ambulatory care (38.9% compared to 30.3% respectively, p=0.04).
Additionally, children who experienced recurrent LRTI/pneumonia (2+ episodes) were 1.28
times as likely to have anaemia compared to children experiencing a first episode (95% CI,
1.03 - 1.59, p=0.023). Overall, children aged 6-59 months, with low socioeconomic status, and
were exclusively breastfed for more than 1 month were strongly associated with anaemia
(p<0.05). Children with concurrent LRTI/pneumonia and anaemia were found to be at

increased risk of wasting (WAZ) and decreased risk of stunting (HAZ).

Conclusions: This study provides evidence of a high prevalence of concurrent
LRTI/pneumonia and anaemia among under-fives in South Africa. It demonstrates the complex
interplay between these conditions and various risk factors including older child age, maternal
anaemia, exclusive breastfeeding, low socioeconomic status, and food insecurity. These
findings highlight the need for multi-sectoral approaches to address the medical treatment and
underlying social determinants of health that contribute to the burden of LRTI/pneumonia and

anaemia in under-fives.



Abbreviations

ANC: Antenatal care

BMI: Body Mass Index

CI: Confidence Interval

DCHS': Drakenstein Child Health Study
FBC: Full [Complete] Blood Count
HAZ: Height-for-age z-score

Hb: Haemoglobin

HIV: Human Immunodeficiency Virus
IDA: Tron Deficiency Anaemia

IQR: Interquartile Range

LMIC: Low- and Middle-income Countries
LRTI: Lower Respiratory Tract Infection
MCV: Mean Corpuscular Volume

PLT: Platelet Count

PR: Prevalence ratio

SES': Socioeconomic Status

SSA: Sub-Saharan Africa

Under-fives: Children under 5 years of age
VIF: Variance inflation factor

WAZ: Weight-for-age z-score

WCC: White Cell Count

WHO: World Health Organization
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PART A: RESEARCH PROTOCOL



1 INTRODUCTION

1.1 Background

Pneumonia (commonly referred to as a lower respiratory tract infection (LRTI)) is the single
largest infectious cause of death in children worldwide, accounting for 14% of all deaths among
under-fives and disproportionately affecting low- and middle-income countries (LMICs)!. In
South Africa, under-five pneumonia mortality is estimated between 8% to 22%?>*. Children
who die of pneumonia ultimately die of respiratory failure and are unable to deliver sufficient
oxygen to vital organs. In many cases, these children are at increased risk of respiratory failure

because of underlying comorbidities or other risk factors?.

On the other hand, anaemia is a condition in which a deficiency in the number of red blood
cells or the haemoglobin concentration within them leads to reduced oxygen flow to the body’s
tissues®. It is a global public health problem that remains a major challenge for the health and
development of women and children, especially in LMICs®. The World Health Organization
(WHO) reported that in 2019 the prevalence of anaemia among under-fives was estimated to
be 39.8% globally and is highest within the African region (60.2%). South Africa’s estimated
burden (44.4%) is lower than other Sub-Saharan African (SSA) countries, however their

prevalence of under-five anaemia has increased by 3% since 2000°.

The aetiology of anaemia, especially in LMICs, is multifactorial and includes complex
interactions between nutritional deficiencies, genetic disorders, and infectious diseases’-8. Most
commonly, low consumption and absorption of iron-rich foods leads to iron deficiency
anaemia (IDA) which is responsible for approximately 50% of all global anaemia cases’. Risk
factors for anaemia among under-fives in SSA countries include age, birth order, sex,
comorbidities (such as fever, diarrhoea, and respiratory infection), malnutrition or stunting,
maternal age, mother’s anaemia status, household wealth and place of residence!®3°. There are
many potential health consequences of under-five anaemia, especially in the first two years of
life, which include but aren’t limited to, reduced cognitive development, low immunity and
growth weight, fatigue, difficulty with concentration, lethargy, susceptibility to infection, and
increased mortality!!"13. Additionally, children with anaemia are often found to have lower
anthropometric indices (including height-for-age, weight-for-age, and weight-for-height z-

scores)*?.

Anaemia is defined as a blood haemoglobin (Hb) concentration below a specified cut-off

point. Per WHO guidelines, children aged<1.0,>1.0 to 2.0,>2.0 to <6.0, and>6.0 to 59
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months with blood Hb value of <10.7 g/dL, <9.4 g/dL, <9.5 g/dL, and < 11.0 g/dl respectively

are considered anemic!®.

Moreover, studies have shown that pneumonia affects the severity of anemia in children!>!

and likewise, anemia has been found to increase the risk!”!'® and severity of pneumonia'®!®.
Thus, concurrent anaemia and pneumonia in under-fives living in LMICs is a complex
relationship associated with high morbidity and mortality rates, increased hospitalisation, and
a negative effect on socioeconomic development!>!?. Data are limited on the prevalence,

interactions and growth outcomes of concurrent anaemia and pneumonia in under-fives living

in South Africa.
1.2 Rationale

Addressing under-five concurrent pneumonia and anaemia is important as South Africa focuses
on reducing under-five mortality. Ascertaining whether there is an increased prevalence of
anaemia among pneumonia infected under-fives can provide valuable insights for more
effective treatments. Additionally, highlighting individual and maternal risk factors of anaemia
as well as associated adverse growth outcomes among under-fives can bring about findings to
prioritise resource allocation for anaemia prevention and treatment. This will ultimately inform
policies aimed at achieving one of the 2025 Global Nutrition Targets to reduce anaemia in

under-fives?.

2 AIMS AND OBJECTIVES
2.1 Aim

The overall aim is to investigate the prevalence, risk factors, and associated growth outcomes
of anaemia in a cohort of under-fives at the time of LRTI/pneumonia event from a Drakenstein

sub-district near Cape Town, South Africa.

2.2 Objectives

1. To ascertain the prevalence of anaemia in a cohort of under-fives at the time of

LRTI/pneumonia event by:
o LRTI/pneumonia severity (hospitalisation versus ambulatory event)

o LRTI/pneumonia recurrence (1 versus 2+ episodes)
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2. Investigate underlying child and maternal risk factors associated with anaemia in a

cohort of under-fives at the time of LRTI/pneumonia event.

o Including, but not limited to prematurity, child age, HIV exposure,

socioeconomic status (SES), and food security

3. To identify associations between anaemia and adverse growth outcomes in a cohort of

under-fives at the time of LRTI/pneumonia event.

o Including, but not limited to weight-for-age z-scores to determine

undernutrition

3 METHODS

3.1 Study design

This proposed research will be a cross-sectional analysis of data from the Drakenstein Child
Health Study (DCHS), a large prospective birth cohort study which has been described in detail
and published previously?!. The overall aim of the DCHS is to investigate the epidemiology,
risk factors, aetiology, and long-term impact of LRTI/pneumonia on child health. The DCHS
enrolled a cohort of pregnant women over the age of 18 from two primary health clinics over
a 3-year recruitment period from March 2012 to March 2015 and followed the mother-child
pairs until children were at least 5 years old. During this time, maternal and child health were
investigated through longitudinal measurements of risk factors in seven areas (environmental,
infectious, nutritional, genetic, psychosocial, maternal, and immunological) that may impact
on child health. In addition, intensive aetiological and risk factor investigations were completed
during an episode of childhood LRTI/pneumonia. This cross-sectional analysis of data from a
cohort study is an appropriate design due to the ability to capture anaemia status at the time of

LRTI/pneumonia diagnosis.

3.2 Study setting

The setting for the DCHS is two public health clinics (TC Newman and Mbekweni) in the
Drakenstein area in Paarl, a peri-urban area, 60km outside Cape Town, South Africa. During
LRTI/pneumonia episodes, continuous research surveillance is implemented at these clinics as
well as Paarl Hospital, the centralized hospital that serves the entire sub-district. The
community is characterized by low socioeconomic status and a high incidence of

LRTI/pneumonia among infants??, Additionally, anaemia prevalence in a small subgroup of
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children (n=80) enrolled in the DCHS who had presented to hospital with LRTI/pneumonia

was previously estimated at 52.5%7°.

3.3 Study population and sampling

Pregnant women were recruited for DCHS while attending routine antenatal care and
considered eligible if they were at least 18 years old, planned to receive antenatal care at one
of the two study sites, and intended to remain in the area for over one year. Mothers were
enrolled in the DCHS at 20-28 weeks’ gestation and a total of 1143 live births were included

and followed postnatally until at least five years of age.

Children experiencing an episode of LRTI/pneumonia were followed up in hospital or at
ambulatory clinics. WHO criteria were used to define LRTI/pneumonia, as previously
described??. Recurrent LRTI/pneumonia was defined as two or more episodes. Overall, there
were 851 LRTI/pneumonia events (excluding 51 congenital episodes) in 453 children?*. For
the purposes of this sub-study, only children who had a full blood count (FBC) collected that
included a haemoglobin measure (g/dL) at the time of illness were included to address the
objectives of this study. When investigating underlying anaemia risk factors and growth
outcomes, all relevant child and maternal data collected at routine study visits and during

LRTI/pneumonia episodes will be included.
3.3.1 Inclusion Criteria
The inclusion criteria for this sub-study are:
e Children 0-5 years of age (under-fives)
e LRTI/pneumonia hospital admission or ambulatory episode as defined by WHO:

o WHO criteria to diagnose LRTI or pneumonia: “Cough and/or difficult
breathing, with or without fever; pneumonia is diagnosed by the presence
of either fast breathing or lower chest wall indrawing where their chest
moves in or retracts during inhalation (in a healthy person, the chest expands

during inhalation)!.”

e FBC collected at time of LRTI/pneumonia event including haemoglobin measure

(g/dL)
3.3.2 Exclusion Criteria

The exclusion criteria for this sub-study are:
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o Congenital events: episodes of LRTI/pneumonia occurring immediately

after birth or before discharge after delivery

3.4 Data Collection

Data collected during the DCHS will be used for this proposed sub-study. This includes

measurements taken during LRTI/pneumonia episodes as well as child and maternal risk factor

data collected at routine visits.

3.4.1 Measures taken during LRTIl/pneumonia events

Child anthropometry measurements were taken and converted to z-scores using

WHO standards®

Laboratory FBCs were collected and included haemoglobin (Hb), white cell count

(WCC), mean corpuscular volume (MCV), and platelet (PLT) values.

o Anaemia was defined using WHO haemoglobin guidelines for children

under-five'#

For hospitalisations only (not applicable for ambulatory care): oximetry, hospital

duration and discharge status

3.4.2 Measures taken during routine visits

Birth information was abstracted by study staff at delivery

A composite locally validated measure from the South African Stress and Health
Study (SASH)?® of socioeconomic status was used encompassing current maternal
employment status, highest level of education completed, household income, and

asset index.

Perceived household food insecurity was assessed through an adapted version of

the USDA Household Food Security Scale - Short Form?’.

Maternal smoking in pregnancy was assessed through self-report, and alcohol use
was measured using the Alcohol, Smoking and Substance Involvement Screening
Test (ASSIST). This is a retrospective questionnaire on moderate-severe alcohol

use?8.

Table 1: Table of Variables

| Variables | Type | Categories
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Child Characteristics at time of LRTI/pneumonia event

Age Numeric (months) | Mean (SD)/Median (IQR)

Height Numeric (cm) Mean (SD)/Median (IQR)

Weight Numeric (kg) Mean (SD)/Median (IQR)

Pneumonia severity Binary categorical | Ambulatory
Hospitalisation

Number of recurrent Numeric (# events) | Mean (SD)/Median (IQR)

LRTI/pneumonia events
experienced per child

Binary categorical

One episode
Two or more episodes

Haemoglobin | Numeric (g/dL) Mean (SD)/Median (IQR)
(Hb) Age categories <1.0 month:
with binary output | Anaemic: <10.7 g/dL
Full Blood Not Anaemic: > 10.7 g/dL
Count (FBC)
> 1.0 to 2.0 months:
Anaemic: <9.4 g/dL
Not Anaemic: >9.4 g/dL
>2.0 to < 6.0 months:
Anaemic: <9.5 g/dL
Not Anaemic: > 9.5 g/dL
>6.0 to 59 months:
Anaemic: <11.0 g/dl
Not Anaemic: > 11.0 g/dl
White cell Numeric (x Mean (SD)/Median (IQR)
count (WCC) | 10"9/L)
Mean Numeric (fl.) Mean (SD)/Median (IQR)
Corpuscular
Volume
(MCV)
Platelet Numeric (X Mean (SD)/Median (IQR)
count (PLT) | 10"9/L)
Oximetry Binary categorical | Below threshold < 95%
Above threshold > 95%
For Hospital Numeric (days) Mean (SD)/Median (IQR)
Hospitalisations | duration
Only Discharge Nominal Discharged home
(not applicable | gatys categorical Died
to ambulatory Transferred
cases)
Birth Characteristics
Sex Binary categorical | Female
Male
Mode of delivery Binary categorical | Vaginal
Caesarean
Gestational age Numeric (weeks) Mean (SD)/Median (IQR)
Birth weight Numeric (grams) Mean (SD)/Median (IQR)
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HIV exposure Binary categorical | Unexposed
Exposed Uninfected
Maternal Characteristics
Age at enrolment Numeric (years) Mean (SD)/Median (IQR)
SES quartiles Ordinal Lowest SES
(sum of standardized SES categorical Low-mod SES
components (education, Mod-high SES
income, assets and High SES
employment)
Current smoking Binary categorical | Yes
No
Prenatal alcohol exposure Binary categorical | Yes
No

Household food insecurity

Binary categorical

Perceived food secure
Perceived food insecure

3.5 Exposures

o For the first objective, looking at prevalence of concurrent anaemia and pneumonia:

o (a) The exposure of interest will be pneumonia severity. LRTI/pneumonia

episodes were treated in hospital or in ambulatory care. LRTI/pneumonia

treatment in hospital is deemed ‘more severe’ than treatment in ambulatory care.

Hence, the exposure will be categorised as:

= Exposed: Hospitalised

= Unexposed: Ambulatory

o (b) The exposure of interest will be recurrent pneumonia.

= Exposed: 2+ episodes

= Unexposed: 1 episode

o For the second objective, looking at risk factors of anaemia, the exposures of interest

will be child age, prematurity, HIV exposure, SES, pneumonia severity:

o Child age (in months)

o Prematurity:

= Exposed: premature birth (defined as delivery <37 completed weeks of

gestation)

16



= Unexposed: non premature birth (delivery >37 completed weeks of

gestation)

o HIV exposure:

= Exposed: HIV child exposure but uninfected

= Unexposed: no HIV child exposure
o Socioeconomic Status (SES) quartiles:

= Exposed: lowest SES

= Unexposed: low-mod SES, mod-high SES, high SES
o Pneumonia severity:

= Exposed: Hospitalised

= Unexposed: Ambulatory

o For the third objective, anaemia associated growth outcomes, the exposure of interest
will be anaemia status, which was determined by FBC haemoglobin concentration

(g/dL) and WHO haemoglobin guidelines for children under-five'*
o Exposed: laboratory confirmed child anaemia
o Unexposed: laboratory confirmed no child anaemia
3.6 Outcomes

e For the first and second objectives, the outcome of interest will be anaemia status,
which was determined by laboratory confirmed FBC haemoglobin concentration (g/dL)

and WHO haemoglobin guidelines for children under-five!4
o Condition: child anaemia
o No Condition: no child anaemia

e For the third objective the outcome of interest will be weight-for-age z-score as

calculated by anthropometry measurements taken at the time of LRTI/pneumonia event

3.7 Data Management and Statistical Analysis

3.7.1 Data management
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All data from the DCHS was entered into an online database, REDCap™, which is overseen
by a Data Manager with strictly enforced limited access, including password protection, and
restricted access to any sensitive data collected. Further, all paper documents are kept in locked
filing cabinets and only accessible to study staff. Specific steps to ensure confidentiality
include the use of participant identifiers (PIDs) for all study data, and these PIDs are de-linked
from any identifying participant information (e.g., name, address, other unique identifiers).
Data being used in this sub-study will have no PIDs. The data will be stored on a password

protected computer and stored as a password protected file, after which it will be deleted.
3.7.2 Statistical analysis

All analyses for this sub-study will be conducted using R Studio Version 2022.12.0 Build 353.
Initially, data will be cleaned where any duplicate data is removed, and missing data identified

and handled appropriately.

Summary statistics will be generated and depending on distribution these will include either
mean and standard deviation or median and interquartile range for numerical variables.
Proportions will be generated for categorical variables. For numerical variables, Shapiro-Wilks
tests will be used to see if the data is normally distributed. If normally distributed, a t-test will
be used and if not, Wilcoxon rank-sum test. Chi-squared tests will be used for categorical

variables.

For the first objective, with exposure being pneumonia severity, children will be grouped by
status into severe (hospitalisation) and non-severe (ambulatory). Children will then be
classified as anaemic or non-anaemic based on WHO criteria and haemoglobin measurements
at time of LRTI/pneumonia event. Prevalence of anaemia will then be determined by
pneumonia severity and prevalence ratios will determine if there is an association between
pneumonia severity and anaemia status (significance level of p<0.05). The same approach will
be taken with pneumonia recurrence exposure. Children will be grouped by status into 1

LRTI/pneumonia episode or 2+ LRTI/pneumonia episodes.

For the second objective, a linear regression will be used to predict haemoglobin (g/dL)
(continuous dependent variable) using a set of independent variables, including child age,
prematurity, HIV exposure, SES, and pneumonia severity. Initially, a univariate linear
regression will be run and those variables that are statistically significant will be added to a
multivariate regression to adjust for confounding. These linear regressions will generate risk

ratios, for which 95% confidence intervals (CI) and p-values will be generated to assess
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statistical significance. In both univariate and multivariate linear regressions, a significance

level of p<0.05 will be used to determine statistical significance.

Additionally, binary logistic regressions will be used to predict anaemia (categorical dependent
variable) using the same independent variables. Children will be classified as anaemic or non-
anaemic based on WHO criteria!* and haemoglobin measurements at time of LRTI/pneumonia
event. Again, a univariate binary logistic regression will be run and those variables that are
statistically significant will be added to a multivariate regression to adjust for confounding.
These binary logistic regressions will generate odds ratios, for which 95% CI’s and p-values
will be generated to assess statistical significance. In both univariate and multivariate binary
logistic regressions, a significance level of p<0.05 will be used to determine statistical

significance.

For the third objective, anaemic and non-anaemic groups will be assessed for associations with
adverse growth outcomes, including but not limited to, weight-for-age z-scores. A significance

level of p<0.05 will be used to determine statistical significance of these associations.

4 ETHICAL CONSIDERATIONS

The Drakenstein Child Health Study (DCHS) received ethics approval and renewal (401/2009)
from the University of Cape Town Faculty of Health Sciences Human Research Ethics
Committee (UCT-HREC) (Appendix A). Ethical approval for this proposed sub-study will be
sought from the UCT-HREC.

4.1 Informed Consent

For the DCHS, mothers gave written informed consent at enrolment and re-consented on an
annual basis to help ensure understanding of the study time commitments. Informed consent
also granted permission for abstraction of data from clinical records. This proposed sub-study
will only be using data that has already been collected as part of the DCHS so no direct contact

will be made with participants and therefore no additional consent is necessary.

4.2 Privacy and Confidentiality

All study staff involved in DCHS have gone through extensive Good Clinical Practice (GCP)
training and on-going confidentiality training by management to ensure participant
confidentiality and privacy. Specific steps to ensure confidentiality includes the use of

participant identifiers (PIDs) for all study data, and these PIDs are de-linked from any
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identifying participant information (e.g., name, address, other unique identifiers). Further, all
documents are kept in locked filing cabinets and only accessible to study staff. Study data is
collected in an online database, REDCap™, which is overseen by a Data Manager with strictly
enforced limited access, including password protection, and restricted access to any sensitive

data collected.

4.3 Risk and Benefits

A description of risks, benefits, and reimbursement details of the DCHS study have been

provided and previously approved (HREC 401/2009).
4.3.1 Risks

There are no foreseen risks in this proposed sub-study, as confidentiality will be maintained

and there will be no direct contact with patients.
4.3.2 Benefits

There are no direct benefits to this proposed sub-study. The impact of early childhood anaemia
at the time of LRTI/pneumonia event has not been comprehensively studied in the South
African context. This secondary analysis will contribute novel information to the understanding
of anaemia among children under five with LRTI/pneumonia and help further understand

burden and risk.

4.4 Reporting and Implementation

This proposed sub-study may be submitted to a peer-reviewed journal in collaboration with

and upon approval from original DCHS investigators.

4.5 Logistics
Table 2: Study timeline 2022

Actions May | June | July | Aug | Sept | Oct | Nov | Dec
Literature

Review

Protocol Development
Ethics Review

Submission

Data

Analysis

Thesis

Write-Up

Submission to UCT for MPH
Submission to Journal
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4.6 Budget

This proposed sub-study will be conducted as part of a Master of Public Health (MPH) degree

and as such no budget or payment is required.
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Abstract

Background: Concurrent anaemia and pneumonia in under-fives living in LMICs is a complex
relationship associated with high morbidity and mortality. Ascertaining whether there is an
increased prevalence of anaemia among pneumonia infected under-fives can provide valuable
insights for more effective treatments. Additionally, highlighting individual and maternal risk
factors of anaemia as well as associated adverse growth outcomes among under-fives can bring

about findings to prioritise resource allocation for anaemia prevention and treatment.

Methods: This cross-sectional sub-study analysed data from the Drakenstein Child Health
Study (DCHS), a South African population-based birth cohort which enrolled pregnant women.
Mother-child pairs were followed prospectively, and a subgroup of children had additional data
collected (including haemoglobin (g/dL) measurements) during episodes of LRTI/pneumonia.
Prevalence ratios were used to assess the impact of LRTI/pneumonia severity on anaemia
status. Binary logistic regression models were used to analyze the effects of predictors on risk
of child anaemia and linear regression models were used to analyze the effect of anaemia on

adverse growth outcomes (WAZ and HAZ).

Results: 28% of first LRTI/pneumonia episodes co-occurred with anaemia (95% CI, 24.9 -
31.8), and median child age was 8.4 months during the episode. When all LRTI/pneumonia
episodes were included, anaemia prevalence was higher among under-fives treated in hospital
compared to those treated in ambulatory care (38.9% compared to 30.3% respectively, p=0.04).
Additionally, children who experienced recurrent LRTI/pneumonia (2+ episodes) were 1.28
times as likely to have anaemia compared to children experiencing a first episode (95% CI,
1.03 - 1.59, p=0.023). Overall, children aged 6-59 months, with low socioeconomic status, and
were exclusively breastfed for more than 1 month were strongly associated with anaemia
(p<0.05). Children with concurrent LRTI/pneumonia and anaemia were found to be at

increased risk of wasting (WAZ) and decreased risk of stunting (HAZ).

Conclusions: This study provides evidence of a high prevalence of concurrent
LRTI/pneumonia and anaemia among under-fives in South Africa. It demonstrates the complex
interplay between these conditions and various risk factors including older child age, maternal
anaemia, exclusive breastfeeding, low socioeconomic status, and food insecurity. These
findings highlight the need for multi-sectoral approaches to address the medical treatment and
underlying social determinants of health that contribute to the burden of LRTI/pneumonia and

anaemia in under-fives.
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1.0 Introduction

Pneumonia (commonly referred to as a lower respiratory tract infection (LRTI)) is the single
largest infectious cause of death in children worldwide, accounting for 14% of all deaths among
under-fives and disproportionately affecting low- and middle-income countries (LMICs)!. In
South Africa, under-five pneumonia mortality is estimated between 8% to 22%?>*. Children
who die of pneumonia ultimately die of respiratory failure and are unable to deliver sufficient
oxygen to vital organs. In many cases, these children are at increased risk of respiratory failure

because of underlying comorbidities or other risk factors?.

On the other hand, anaemia is a condition in which a deficiency in the number of red blood
cells or the haemoglobin concentration within them leads to reduced oxygen flow to the body’s
tissues®. It is a global public health problem that remains a major challenge for the health and
development of women and children, especially in LMICs®. The World Health Organization
(WHO) reported that in 2019 the prevalence of anaemia among under-fives was estimated to
be 39.8% globally and is highest within the African region (60.2%). South Africa’s estimated
burden (44.4%) is lower than other Sub-Saharan African (SSA) countries, however their

prevalence of under-five anaemia has increased by 3% since 2000°.

The aetiology of anaemia, especially in LMICs, is multifactorial and includes complex
interactions between nutritional deficiencies, genetic disorders, and infectious diseases’-8. Most
commonly, low consumption and absorption of iron-rich foods leads to iron deficiency
anaemia (IDA) which is responsible for approximately 50% of all global anaemia cases’. Risk
factors for anaemia among under-fives in SSA countries include age, birth order, sex,
comorbidities (such as fever, diarrhoea, and respiratory infection), malnutrition or stunting,
maternal age, mother’s anaemia status, and socio-economic status (including food
security)!®3!, There are many potential health consequences of under-five anaemia, especially
in the first two years of life, which include but aren’t limited to, reduced cognitive
development, low immunity and growth weight, fatigue, difficulty with concentration,
lethargy, susceptibility to infection, and increased mortality!'!~!3. Additionally, children with
anaemia are often found to have lower anthropometric indices (including height-for-age,

weight-for-age, and weight-for-height z-scores)?!.

Anaemia is defined as a blood haemoglobin (Hb) concentration below a specified cut-off

point. Children aged<1.0,> 1.0 to 2.0,>2.0 to <6.0, and > 6.0 to 59 months with blood Hb
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value of<10.7 g/dL,<9.4 g/dL,<9.5 g/dL, and<11.0 g/dl respectively are considered

anemic!4%9,

Moreover, studies have shown that pneumonia affects the severity of anemia in children!>!

and likewise, anemia has been found to increase the risk!”!'® and severity of pneumonia'®!®.
Thus, concurrent anaemia and pneumonia in under-fives living in LMICs is a complex
relationship associated with high morbidity and mortality rates, increased hospitalisation, and
a negative effect on socioeconomic development!>!?. Data are limited on the prevalence,

interactions and growth outcomes of concurrent anaemia and pneumonia in under-fives living

in South Africa.

Addressing under-five concurrent pneumonia and anaemia is important as South Africa focuses
on reducing under-five mortality. The Drakenstein Child Health Study (DCHS)?! provides
robust data to ascertain whether there is an increased prevalence of anaemia among
LRTI/pneumonia infected under-fives. Additionally, we aimed to examine the associations
between child anaemia, growth outcomes and a range of risk factors among this high-risk
group. Ideally our findings can be used to prioritise resource allocation for anaemia prevention
and treatment as well as inform policies aimed at achieving one of the 2025 Global Nutrition

Targets to reduce anaemia in under-fives?’.

2.0 Methods
2.1 Study setting and design

This proposed research will be a cross-sectional analysis of data from the DCHS, a large
prospective birth cohort study which has been described in detail and published previously?!.
The overall aim of the DCHS is to investigate the epidemiology, risk factors, aetiology, and
long-term impact of LRTI/pneumonia on child health. A cross-sectional analysis of data from
the DCHS cohort opportunely captured anaemia status at the time of LRTI/pneumonia

diagnosis.

The setting for the DCHS birth cohort is two public health clinics (TC Newman and Mbekweni)
in the Drakenstein area in Paarl, a peri-urban area, 60km outside Cape Town, South Africa.
The community is characterized by low socioeconomic status and a high incidence of
LRTI/pneumonia among infants??, Additionally, anaemia prevalence in a small subgroup of
children (n=80) enrolled in the DCHS who had presented to hospital with LRTI/pneumonia

was previously estimated at 52.5%%°.
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2.2 Participants

Pregnant women were recruited for DCHS and considered eligible if they were at least 18 years
old, planned to receive antenatal care at one of the two study sites, and intended to remain in
the area for over one year. Mothers were enrolled at 20-28 weeks’ gestation and a total of 1143
live births were included and followed postnatally until at least five years of age.?! All
assessments were available in English, isiXhosa, and Afrikaans and participants chose their

preferred language.
2.3 Measures

Comprehensive biomedical, environmental, psychosocial, demographic, and physical data of
the mother and child were collected at routine antenatal visits. Children experiencing an
episode of LRTI/pneumonia were followed up in hospital or at ambulatory clinics where

additional data was collected.
2.3.1 Routine antenatal visits

Measures taken during routine visits include: (1) birth information abstracted by study staff at
delivery; (2) a composite locally validated measure from the South African Stress and Health
Study (SASH)?® of socioeconomic status to encompass current maternal employment status,
highest level of education completed, household income, and asset index; (3) maternal smoking
in pregnancy assessed through self-report, and alcohol use measured using the Alcohol,
Smoking and Substance Involvement Screening Test (ASSIST) as well as a retrospective
questionnaire on moderate-severe alcohol use; and (4) perceived household food insecurity

through an adapted version of the USDA Household Food Security Scale - Short Form?”.
2.3.2 LRTIl/pneumonia events

WHO criteria were used to define LRTI/pneumonia, as previously described*?. Recurrent
LRTI/pneumonia was defined as two or more episodes. Measures taken during child
LRTI/pneumonia events include: (1) child anthropometry measurements which were converted
to z-scores using WHO standards®; (2) laboratory FBCs which included haemoglobin (used to
diagnose anaemia'#+??), white cell count, MCV, and platelet values and; (3) for hospitalisations

only: oximetry, hospital duration and discharge status.

2.4 Statistical analysis
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All analyses were conducted using R Studio Version 2022.07.1 Build 554. Initially, data was
cleaned where any duplicate data was removed, and missing data identified and handled

appropriately.

Sample characteristics and clinical variables are presented as means (SD) for continuous data
and frequencies (%) for categorical data. When continuous data were not normally distributed,
median, and interquartile range (IQR) were presented. Continuous variables with normal
distribution were compared with unpaired t-tests and when distribution was skewed the
Wilcoxon rank-sum test was used. Categorical variables were compared with Chi-squared

tests.

The primary exposure was pneumonia severity whereby children were classified as severe
(hospitalisation) or less severe (ambulatory) and the outcome was anaemia status which was
classified as anaemic or non-anaemic based on haemoglobin measurements and WHO
criteria'*? at time of LRTI/pneumonia event. The same approach was taken with pneumonia
recurrence exposure whereby children were grouped into 1 anemia episode and 2+ episodes.
Prevalence ratios, 95% CI’s and p-values were used to assess the measure of association
between pneumonia severity or recurrence and anaemia status. A significance level of p <0.05

will be used to determine statistical significance.

To assess the outcome of anaemia status, with risk factor exposures, binary logistic regressions
were used to predict anaemia (binary dependent variable) using a set of independent variables,
including child age groups, sex, prematurity (<37 weeks’ gestation), HIV exposure uninfected,
maternal anaemia status during ANC, exclusive breastfeeding for >1 month, sessum score (a
sum of standardised SES components including education, income, assets, and employment),
and food insecurity during ANC. Children were classified as anaemic or non-anaemic based
on haemoglobin measurements at time of LRTI/pneumonia event and WHO criteria'*%°. An
univariate binary logistic regression was run and those variables that are statistically significant
(p<0.05) were added to a multivariate binary regression to adjust for confounding. These binary
logistic regressions generated odds ratios, for which 95% CI’s and P-values were generated to
assess statistical significance (p<0.05). Collinearity diagnostics (variance inflation factor
(VIF)) and goodness-of-fit statistics (Hosmer-Lemeshow) were calculated to test the

robustness of the model.

To analyze the impact of anaemia exposure on growth outcomes (WAZ and HAZ), we

performed univariate and multivariate linear regression analysis with anaemia exposure as the
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independent variable and WAZ and HAZ as the dependent variables. Child weight and height
measurements at the time of LRTI/pneumonia event were converted to z-scores for weight-for-
age (WAZ) and height-for-age (HAZ). Both univariate and multivariate linear regressions
generated risk ratios, for which 95% CI’s and P-values were generated to assess statistical
significance (p<0.05). Collinearity diagnostics (variance inflation factor (VIF)) and goodness-
of-fit statistics (Hosmer-Lemeshow) were calculated to test the robustness of the multivariate

models.

3.0 Results

A total of 1143 live births were enrolled in to the DCHS and followed postnatally until at least
five years of age.?! Overall, there were 851 LRTI/pneumonia events (excluding 51 congenital
episodes) in 453 children®*. For the purposes of this sub-study analysis, only children who had
a full blood count (FBC) collected that included a haemoglobin measure (g/dL) at the time of
LRTI/pneumonia event were included to address the objectives of this study. Once missing or
unplausible haemoglobin data were removed, the final analysis for this cross-sectional sub-

study included 716 LRTI/pneumonia events from 388 children (Figure 1).

Figure 1. Drakenstein Child Health Study (DCHS) flowchart

1225 mothers enrolled into the
Drakenstein Child Health Study

88 mothers excluded:
- Loss to follow up
- Miscarriages / stillbirth

1143 live births to 1137 mothers

141 children loss to follow up
from parent cohort at 2 years

A

851 LRTI/pneumonia events in
453 children (excluding 51
congenital episodes)

No child haemoglobin value (n=129)
Abnormal haemoglobin value (n=6)

716 LRTI/pneumonia events in
388 children
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3.1 Baseline characteristics at first LRTI/pneumonia episode

Table 1 shows characteristics of children at the time of first LRTI/pneumonia episode with and
without anaemia. Twenty-eight percent of first LRTI/pneumonia episodes co-occurred with
anaemia (of which median child age at episode was 8.38 months). Most anemic children
were > 6.0 to 59 months old (63.06%) and when broken down by age categories (<1.0,> 1.0
to 2.0,>2.0 t0 <6.0, and > 6.0 to 59 months), anaemic children were older than non-anaemic
children (p<0.001). In terms of overall LRTI/pneumonia severity, 68.47% of first
LRTI/pneumonia episodes were treated in ambulatory care. Overall, the WAZ and HAZ scores

were below average when compared to the reference population.

In terms of birth characteristics, there were no differences between groups for sex, premature
birth (<37 weeks’ gestation), birth delivery type or HIV exposure (uninfected). Due to a highly
effective antenatal antiretroviral therapy programme, there was a low prevalence of HIV

exposure uninfected amongst children.

Maternal characteristics were similar between groups including age, smoking and alcohol use
in pregnancy or maternal anaemia during ANC. Interestingly, a higher proportion of anemic
children were exclusively breastfed for more than 1 month (p=0.047). Childhood anaemia has
been found to be worse as the duration of breastfeeding increases due to the limited iron content

in breast milk from anaemic mothers exposed to poor nutrition and low food security>’.

Sociodemographic characteristics were different between groups as calculated by the overall
sessum score which is the sum of standardised SES components from SASH?® including
current maternal employment status, highest level of education completed, household income,
and asset index. Anaemic children had statistically significantly lower sessum scores (p=0.035)
compared to non-anaemic children. There were no differences between groups for food

security at ANC or 14 weeks post-delivery.

Table 1. Characteristics of anaemic versus non-anaemic children at the time of first LRTIl/pneumonia

episode
Variable Overall Anaemia No Anaemia P-value
(n=388) (n=111) (n=277)

Child characteristics
Child age, months (median 5.57 8.38 5.03 0.13
(IQR)) (2.66-15.68) (2.66-16.14) (2.66-15.16)
Age categories, months

<1.0 10 (2.58%) 2 (1.80%) 8 (2.89%)

>1.0t02.0 52 (13.40%) 14 (12.61%) 38 (13.72%)

>2.0t0<6.0 141 (36.34%) 25 (22.52%) 116 (41.88%) <0.001
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>6.0to0 59 185 (47.68%) 70 (63.06%) 115 (41.52%)
LRTI Severity
Ambulatory 285 (73.45%) 76 (68.47%) 209 (75.45%) 0.20
Hospitalisation 103 (26.55%) 35(31.53%) 68 (24.55%) ]
WAZ -0.48 (1.62) -0.63 (1.87) -0.42 (1.50) 0.63
HAZ -1.07 (1.98) -1.43 (2.29) -0.92 (1.82) 0.20
Birth characteristics
Sex (male) 218 (56.19%) 60 (54.05%) 158 (57.04%) 0.67
Premature (<37 weeks’ 71 (18.30%) 24 (21.62%) 47 (16.97%) 0.35
gestation)
Caesarean delivery 69 (17.78%) 23 (20.72%) 46 (16.61%) 0.40
HIV exposed uninfected 87 (22.42%) 29 (26.13%) 58 (20.94%) 0.33
Maternal and socio-economic characteristics
Site (Mbekweni) 218 (56.19%) 67 (60.36%) 151 (54.51%) 0.34
Maternal age at birth, years | 26.0 (21.8-31.2) | 25.3 (22.0-31.2) | 26.4 (21.7-31.2) 0.64
(median (IQR))
Maternal anaemia during 137 (35.31%) 40 (36.04%) 97 (35.02%) 0.73
ANC
Exclusive breastfeeding for | 209 (53.87%) 69 (62.16%) 140 (50.54%) 0.047
>1mo
Maternal smoking during 97 (25.00%) 28 (25.91%) 69 (24.91%) 0.90
pregnancy
Maternal alcohol use 65 (16.75%) 18 (16.22%) 47 (16.97%) 0.93
during pregnancy
Sessum score -0.12 -0.20 -0.11 0.035
(median (IQR)) (-1.21 - 1.40) (-1.58 - 0.86) (-1.13 - 1.72)
Food insecurity (ANC) 110 (28.35%) 39 (35.14%) 71 (25.61%) 0.15
Food insecurity (14 wks) 40 (10.31%) 10 (9.01%) 30 (10.83%) 0.67

Footnote: Data are n/N(%) or mean (SD) unless otherwise indicated. Continuous variables with normal
distribution were compared with unpaired t-tests and when distribution was skewed the Wilcoxon rank-
sum test was used. Categorical variables were compared with Chi-squared tests. Anaemia was classified
per the WHO recommendations for women and children'*?’. Child weight and height measurements
were converted to z-scores for weight-for-age (WAZ) and height-for-age (HAZ). Sessum score is a sum
of standardised SES components from SASH? including current maternal employment status, highest
level of education completed, household income, and asset index. Other components of the variables
displayed in 1 x 1 contingency cells were not shown (including sex (female), full-term (=37 weeks’
gestation), vaginal delivery, HIV unexposed, Site TC Newman, maternal no anaemia during ANC, not
exclusively breastfeeding for >1mo, no maternal smoking during pregnancy, no maternal alcohol use
during pregnancy, Food secure (ANC), and Food secure (14 wks)).

3.2 LRTIl/pneumonia severity and child anaemia

In this cross-sectional sub-study, the overall prevalence of anaemia among under-fives at the
time of any LRTI/pneumonia episode was 32.3% (95% CI, 28.9-35.9). The prevalence of
anaemia among under-fives treated in hospital was 38.9% (95% CI, 31.4-46.9) and 30.3%
(95% CI, 26.6-34.4) among under-fives treated in ambulatory care (Figure 2). The prevalence
ratio (PR) between hospitalised and ambulatory cases was 1.28 (95% CI, 1.02 - 1.61, p=0.040),
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indicating that under-fives with hospitalised LRTI/pneumonia were 1.28 times as likely to have

anaemia compared to under-fives with ambulatory LRTI/pneumonia.

Figure 2. Prevalence of Anaemia by LRTI/Pneumonia Severity
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Additionally, we assessed the association between pneumonia recurrence and anaemia status,
using prevalence ratios and associated 95% ClIs. The results showed that 28.6% (95% CI, 24.2
- 33.4) of under-fives who experienced their first LRTI/pneumonia episode had anaemia, while
36.6% (95% CI, 31.4 - 42.1) of under-fives who experienced 2 or more LRTI/pneumonia
episodes had anaemia (Figure 3). Therefore, under-fives who experienced 2 or more

LRTI/pneumonia episodes were 1.28 times as likely (95% CI, 1.03 - 1.59, p=0.023) to have

anaemia compared to under-fives who experienced their first LRTI/pneumonia episode.

Figure 3. Prevalence of Anaemia by LRTI/Pneumonia Recurrence
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3.3 Predictors and child anaemia

A binary logistic regression model was conducted to predict the outcome of anaemia status in
children with various risk factor exposures. In the initial univariate binary logistic regression
models (7able 2), eight variables were included: age category, sex, premature birth (<37
weeks’ gestation), HIV exposure uninfected, maternal anaemia during ANC, exclusively
breastfed for >1 month, sessum score, and food insecurity during ANC. Again, sessum score
is a sum of standardised SES components from SASH?® including current maternal

employment status, highest level of education completed, household income, and asset index.

Out of these eight variables, four were found to have a p-value of <0.05 and were included in
the multivariate analysis: age category, exclusively breastfed for >1 month, sessum score, and
food insecure during ANC. Maternal anaemia during ANC was also included in the
multivariate analysis despite not having a statistically significant p-value (p=0.13), but due to

its known clinical significance as a predictor of child anaemia'%!>,

A multivariate binary logistic regression model (7able 2) was used to predict the binary
outcome of anaemia status based on five risk factor variables as discussed above. The analysis
revealed that three variables were significantly associated with the risk of anaemia when
controlled for other predictors in the model, with p-value less than 0.05. These were child age
category, exclusive breastfeeding for >1 month, and sessum score. The child age category of
>2.0 to<6.0 months was compared with the reference category of >6.0 to 59 months,
resulting in an odds ratio of 0.33 (95% CI, 0.21-0.52), indicating that children in the >2.0
to < 6.0 months age group had a 67% reduced risk of developing anaemia compared to those
in the > 6.0 to 59 months age group. Exclusive breastfeeding for more than 1 month was found
to increase the risk of anaemia, with an odds ratio of 1.45 (95% CI: 1.02-2.07) compared to
children who were not exclusively breastfed for more than one month. The sessum score, a
composite measure of socioeconomic status, was also found to be a significant predictor of
anaemia with an odds ratio of 0.99 (95% CI: 0.99-1.00), indicating a 1% decrease in the odds

of developing anaemia for each unit increase in the sessum score (Figure 3).

To check for model robustness, we checked for collinearity between predictors to ensure that
the estimates for each predictor are not confounded by the presence of other highly correlated
predictors. We calculated the variance inflation factor (VIF) for each predictor in the regression
model. All predictors had a VIF close to 1 which indicates no collinearity and thus no predictors

were removed from the model.
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Additionally, we calculated Hosmer-Lemeshow goodness-of-fit statistics to evaluate the fit of
the model. The model had chi-square statistic of 3.24 with a p-value 0.92 which indicates the
test did not find evidence of a lack of fit in the regression model. Therefore, the model’s

predicted probabilities match the observed outcomes well.

Table 2. Binary logistic regression models for risk factors associated with anaemia status during any

LRTI/pneumonia episode (binary outcome)

Model Coefficients 95% Confidence Interval
Estimated P-value Lower Upper
Odds ratio Bound Bound

Univariate binary logistic regressions
Child age groups (months)”

<1.0 0.38 0.23 0.06 1.54

>1.0t02.0 0.52 0.045 0.27 0.96

>2.0t0<6.0 0.32 <0.001 0.21 0.48

Sex (female) 0.83 0.24 0.60 1.14

Premature (<37 weeks’ gestation) 1.41 0.07 0.97 2.05
HIV exposed uninfected 1.13 0.51 0.78 1.62
Maternal anaemia during ANC 1.29 0.13 0.93 1.80
Exclusive breastfeeding for >1mo 1.49 0.015 1.08 2.06
Sessum® score 0.99 0.0034 0.99 1.00

Food insecure during ANC 1.47 0.025 1.05 2.05

Multivariate binary logistic regressions®
Child age groups (months)”

<1.0 0.66 0.64 0.09 3.53

>1.0t02.0 0.68 0.26 0.34 1.30

>2.0t0<6.0 0.33 <0.001 0.21 0.52

Maternal anaemia during ANC 1.20 0.30 0.85 1.72
Exclusive breastfeeding for >1mo 1.45 0.042 1.02 2.07
Sessum® score 0.99 0.030 0.99 1.00

Food insecure during ANC 1.38 0.093 0.95 2.02

a. Dependent variable: anaemia status

b. Reference category: > 6.0 to 59 months

c. Sessum score is a sum of standardised SES components from SASH?® including current maternal
employment status, highest level of education completed, household income, and asset index

Figure 4. Forest plot of multivariate binary logistic regression model for anaemia status and predictors
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Forest plot of logistic regression model for anaemia status and predictors
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3.4 Growth outcomes

Two initial univariate linear regression models (7able 3) were conducted to predict weight-for-
age z-scores (WAZ) and height-for-age z-scores (HAZ) in children with anaemia. Both models
did not find a significant p-value of <0.05

Two multivariate linear regression models were conducted to predict weight-for-age z-scores
(WAZ) and height-for-age z-scores (HAZ) in children with anaemia while adjusting for other
confounding risk factors. The results of the multivariate linear regression models showed that
child anaemia status was a significant predictor of both growth outcomes when controlling for
confounding variables (7able 3). Children with anaemia had a 23% higher risk of having a
lower WAZ (95% CI 1.02-1.47, p=0.026) compared to children without anaemia (Figure 4).
On the other hand, children with anaemia had a 24% reduced risk of having a lower HAZ (95%
CI 0.62-0.95, p=0.015) compared to children without anaemia (Figure 5). Confounding
variables included in the models were: sex, sessum score, and severity of LRTI/pneumonia

(hospitalisation).

Both models showed good fit with adjusted R-squared values of 0.50 for the WAZ model and
0.49 for the HAZ model and p-values <0.001. Collinearity was checked by calculating the

38



variance inflation factor (VIF) for each predictor, and all VIF values were around 1.00 to 1.10,

indicating no multicollinearity and no need to remove predictors.

Table 3. Linear regression models for growth outcomes

Model Coefficients 95% Confidence Interval
Estimated Odds P-value Lower Bound Upper Bound
ratio
Univariate linear regression
WAZ 0.99 | 084 | 0.90 | 1.09
Univariate linear regression
HAZ| 0.93 | 0097 | 0.85 | 1.01
Multivariate linear regression — WAZ
Child anaemia 1.23 0.026 1.02 1.47
Sex (female) 1.17 0.08 0.98 1.39
Sessum® score 1.00 0.42 1.00 1.00
HAZ 1.78 <0.001 1.70 1.86
Hospitalised 0.61 <0.001 0.50 0.75
Multivariate linear regression - HAZ
Child anaemia 0.76 0.015 0.62 0.95
Sex (female) 1.09 0.42 0.88 1.34
Sessum® score 1.00 0.014 1.00 1.01
WAZ 2.26 <0.001 2.11 2.41
Hospitalised 1.03 0.86 0.80 1.31

a. Sessum score is a sum of standardised SES components from SASH?® including current maternal
employment status, highest level of education completed, household income, and asset index

Figure 5. Forest plot of linear regression model for WAZ and predictors
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Figure 6. Forest plot of linear regression model for HAZ and predictors
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Forest plot of linear regression model for HAZ
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4.0 Discussion

In this South African birth cohort sub-study, the overall prevalence of anaemia among under-
fives at the time of any LRTI/pneumonia episode was 32.3% (95% CI, 28.9 - 35.9), with higher
prevalence among children treated in hospital compared to those treated in ambulatory care
(38.9% compared to 30.3% respectively, p=0.04). This indicates that the severity of
pneumonia, as indicated by hospitalisation, is positively associated with a higher prevalence of
anaemia in early childhood. It is important to note that these estimations are lower than South
Africa’s overall estimated anaemia burden for children aged 6-59 months (44.4%)° and lower
than the previous estimations among hospitalised children (no ambulatory care) aged 24-48
months from this cohort (52.5%)%}. However, results are consistent with previous studies that
have found pneumonia can affect the severity of anaemia in children, and conversely, anaemia
can increase the risk and severity of pneumonia!>-!°, Additionally, under-fives who experienced
2 or more LRTI/pneumonia episodes were 1.28 times as likely to have anaemia compared to
under-fives who experienced their first LRTI/pneumonia episode (95% CI, 1.03 - 1.59,
p=0.023). This suggests that repeated episodes of LRTI/pneumonia may be a risk factor for
anaemia in under-fives and thus children admitted for a recurrent episode of LRTI/pneumonia

should be assessed for anaemia.

One of the key findings of this study was the strong risk factor associations between anaemia
and child age (6-59 months), exclusively breastfed for more than 1-month, low sessum score

(a measure of socioeconomic status), and food insecurity during ANC (p<0.05). These findings
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suggest that older children from socioeconomically disadvantaged families and those with
inadequate nutrition are at higher risk of developing anaemia in the context of

LRTI/pneumonia.

In terms of breastfeeding, our results are in line with previous studies®® that found childhood
anaemia worsens as the duration of breastfeeding increases due to the limited iron content in
breast milk from anaemic mothers exposed to poor nutrition and food insecurity. Although not
statistically significant, children of mothers with anaemia in our sample were more likely to be
anaemic themselves (OR 1.30, p=0.30), which highlights the importance of maternal health
and alternative feeding interventions to combat child anaemia risk. An important limitation to
note is that this data lacked consistent maternal haemoglobin measures (g/dL) which may have

affected our ability to see a strong association.

Another key finding was the differing growth outcomes among anaemic children. Children
with anaemia had a 23% increased risk of low WAZ (95% CI 1.02-1.47, p=0.026) and a 24%
reduced risk of low HAZ (95% CI 0.62-0.95, p=0.015). A WAZ score less than -2 indicates
wasting which is a form of acute malnutrition. Whereas a HAZ score less than -2 indicates
stunting, which is a form of chronic malnutrition that can have long term effects on a child
health and development. Thus, the anaemic children in our sample were at higher risk of
wasting and lower risk of stunting compared to non-anaemic children. These results may be
due to our sample not being chronically malnourished, which would lead to stunting and

instead having decreased energy levels leading to weight loss and higher risks of wasting.

The cross-sectional study design is a limitation to address. Due to this design, the direction of
causality between LRTI/pneumonia, anaemia, and risk factors cannot be determined. The study
was conducted in a peri-urban area 60km outside Cape Town, South Africa and thus results

may not be generalizable to other populations.

Due to low levels of literacy among respondents, fieldworkers provide help in administering
questionnaires that are ordinarily self-administered. This may have led to respondents feeling
reluctant to disclose personal or embarrassing information. However, the benefits of proper
completion of questionnaires outweighs the potential costs of bias, especially given that the
longitudinal study design allows for increased rapport between participants and members of

the research team.
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Further studies should examine the causal relationships between LR TI/pneumonia and anaemia
to better understand temporality and determine effective interventions to prevent co-

occurrence.

5.0 Conclusions

In conclusion, this cross-sectional sub-study that used data from the DCHS provides evidence
of high prevalence of concurrent pneumonia and anaemia among under-fives in South Africa.
The results of this study demonstrate the complex interplay between these conditions and
various risk factors including, child age (ages 6-59 months), maternal anaemia, exclusive
breastfeeding for more than 1-month, low socioeconomic status, and food insecurity. These
findings highlight the need for multi-sectoral approaches to address not only medical treatment
and interventions among children hospitalised for LRTI/pneumonia with anaemia, but also the
underlying social determinants of health (including poverty and food insecurity) that contribute
to the burden of these conditions in SSA countries. The results of this study can inform policies
and programs aimed at reducing the burden of LRTI/pneumonia and anaemia among under-
fives in South Africa and contribute to global efforts to achieve the 2025 Global Nutrition

Targets to reduce anaemia in this population®.
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Appendix 1: DCHS HREC Renewal (401/2009; 03AUG2022)

UNIVERSITY OF CAPE TOWN Research Etics Commites

L T L R L LR LR L L PR LIRS

FACULTY OF HEALTH SCIENCES @

FHS016: Annual Progress Report / Renewal

HREC office use only (FWAD0001637; IRB00001938)

This as notification of annual al, ncl documentation described below.

\ Annual progress repert | Approved uniinext renewsd date lao—i-z's
O Not approved See attached comments

Signature Chairperson of the HRECS A
s omrm | it
M:leomllWlhnnmdwppomédoo{lm(ﬂlwm ) in & combined pdf-file o .

e N RESEARCH

Please clanfy your plan for research-related acsvities during COVID-18 lockdown. HURIAN M7 ]
Please use ?e latest form found on our websita:
i e 3 : 8 igearchhumansthica/form 03 wsml

wCLS FACULYY

W
Comments 1o Pl fromthe HREC mq sc for cave ol

Pdnel;l Investigator to complete the following:
1. Protocol information — — -

Dae

qwhan submting ths form | 27 U 2022
4 B

HREC REF Nurmber 0172008 | Curent Exnics Approval was granted unti 1%3’9"" ]
Drakensiein Chid Health S

Protocol title tdy

Protocol number .

 f apghicable) Version 1.21

Are there any sub-studies inked 1o this study? B Yes 0 Neo

If yos, could you please provide the HREC Reference )
per for o sub-shudies? Note: A separate FHS016 Details can ba found in the appando attached,
must be submitted for aach sub-study,

| Principal investigator | Prof Heather Zar

5 July 2024 Page 1 el7 '  FH3018
(Note: Please complete the Closure foms (EHSOI0) if the shudy is compiatad wihin the approval pedod|
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UNIVERSITY OF CAPE TOWN

AR L e L L R e

FACULTY OF HEALTH SCIENCES
Hurnsn Ressarch Ethics Committee

Departmant / Offics
Internal Mai Address

Depariment of Pasdatrics and Chid Health
Red Cross War Children's Hospital

1.1 Does this protocol receive US Federal funding?

O Yes

1.2 If the study recenves US Federal Funding. does the annual report
require full committee approval?

Note: Ay annual approvals for Full Committee review MUST be
submitied on the monthly HREC submission dates.

(Please send electronic copy for full commitiee review to

0 Yes

O Ne

If yes in 1.2 please complote section 1.3 below for invoicing purposes

1.3 Ethics Renewal Fee

Flease (tick v')appropriate box for biling purposes;

tick v

| Research funded sofmly
from UCT departmentad/

Asrwal evalustion of research progress report for
re-cersfication

Sstudent
research for degree
purposes ot UCT/Other

Annual re<certificaion /
Progvess repovt (FHS016
Form)

Annual svalustion of research progress report for
re-carifcation

Annual re-cevtiication /
m}"::'m.

Approval
Clinical Triad & Imamational Grant Funded
Research - Annual evakation of rasqanch progmes

R3 710.00

orm)
Annual re-certification /
Progress report (FNS016
Form)

repon for re-canificaion for Expedited rervisw
National grant funded research - Annual evaluation
of research progress seport for re-camification for
Full Commitiee Approval

o

Annual re-certification /
Progress report (FHS016

Natcosl Geant funded mssacch for Annust
Mdmlsw-mﬂhm
cerfication for

R1 500,00

o

NB: Protocols funded

by UCT (e.g. WMIWMCMWW

grant funding organizations (e.g. MRC, NRF, CANSA,) are exempt from these charges.

Please provide detadls for Invoicing, either complete section 10r2:

1. Invoice billing ~ Directly to Sponsor
Sponsor’s name IuRc unit funding
Biling Acdress cf Sponsor-
ot 0 )
5 Juty 2021 Page2el? FHS0%

(Mot Mecan complete e Closuse form (FHS010) o the study is completed witiin the approvl period)

48



TN M AL AR R T S e

FACULTY OF HEALTH SCIENCES @

Contact person
Telephone number .
Email Address
2. _Internal Journal Billing:
Fund Numbar:
Cost Centre Number:
Account Holder Name:
Dwvision of Account Holder:

2. List of documentation for approval
FHS016 Annual Renewal
FHS008 Amendment

3. Protocol status (tick v)

O | open Enroiment

Closed to enralment (tick «)
Resaarch-related achvilies are ongeing
Research-related actvities are complate, long-term follow-up cnly
Research-related activities are complate, data analysis only
Main study is complete but sub-study research-related actwities are ongoing

oOoooDoR®A g

A58 submit 3 STy, QLG Fom |01

4. Enrolment

Number of participants enroled 1o date 1232
Number of participants envolled, since last HREC Progress report (continuing review) | 0
Additional number of participants stil required 0

5. Refusals -

Total rumber of refusas (particicants invited 1o join the study, but refused 1 take parf)

6. Cumulative summary of participants

5 Juy 2021 PageSof? FHS016
(Note: Pieaca complele the Closuse fom (EXSH0) T he sugy is completod within the azproval parios)



FACULTY OF HEALTH SCIENCES @
Total number of participants who provided consant 1232
Number of participants determined 10 be inaiigible (i.e. afer screening) 1471
Number of participants currently active on the study $60
Number of participants completed study (without events leading % withdrawal) 0
Number of paricipants withdrawn at participants’ request (L., changed thair mindg) 33
Number of paricipants withdrawn by Pl due o taxiaty or adverse avents 0
Number of participants withdrawn by P| for other reasons (e.9. pregnancy, poor 0
_compkance )
Number of participants lost to follow-up. 7
_Please commant below on reasons for loss of follow-up
Unable to cortact 37
Relkcated 82
Pregnancy losses/Chid diad 67
Mother/ gaardian unable to attend wvisits 33
Other 20
TOTAL 238

Number of participants no longer taking part for reascns not listed above.
_Pleasa trovide reasons below: -

7. Progress of study

Please provide a brief summary of the research to date inclucing the overall progress and the progress since
the last annual report as well as any refevant commentsisswes you would ke 1o report to the HREC:

£ July 2021 Pagedcf 7
[Nk Pisss complets the Closure form (FH5)10) f the study is completed within the apgroval pesod)

FHS016
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FACULTY OF HEALTH SCIENCES
u“«!uYr‘-‘?n"u'uq! .S.‘.'.‘...' 9.‘!.'..." Human Research Ethics Commities

The Drakenstein Child Health study ams to provide data on the eary ife exposures and rigk factons that
impact on chid health induding long-tarm I1ness. A key focus is on the aeliclogy, risk factors and leng term
outcome of pneumonia in children who are well vaconated (ncluding PCV13) in @ low-middle income courtry
setting. As the cohort enters adclescence. there will be kess focus on preumenia and more focus on
development of NCDs including asthma, obesity, neurocogniion and cardiometabokic health with follow-up of
participants through age 15

Substantal progress has been made towards achieving the objactives and outcomeas of the Drakenstein
Crild Health Study. Enrolment (n=1232) and births (n=1137) were compieted in 2015, Currently, all children
have completed follow-up visits through 78 months of age. Cohort retention, specimen collection and
attendance has been high and consistent with the study objectives (average overal attendance for study
wishs is 89%); this has been achigved through engagemant with participants, familes and communiSes. a
conwstent experenced study team, community bealth workers and a dedicated study telephone for
pamicipants 1o call whenever needed. Feedback from participants has indicated high levels of satisfacson
with study particpation. S1a teams and infrastructure are wel established. there is angoing staff training and
careful attention to quaity contral of ciinical procedures as well as laboratory aspects. Additional sunvedlance
for COVID iliness or for SARS-CoV-2 infecticn has been implemented and approved by HREC and the
Bicsafely commitiees

The study cumently accommodates 16 PhD students (and a further 13 graduated), 14 masters students
(further 16 graduated) and 7 post-doctoral students (further 12 graduated). Data has been presented at or
accepted 1o 132 conferencas and 138 manuscripls have baen published or submitied to jounals

8. Protocol violations and exceptions (tick v all that apply)

& No prior viokations of exceplions have cccurred sincs the criginal approval

o Prior violations or excepions have been reported since the last review and have already been
acknowledged or approved

o Unreported minor violations that have occurred snce the last review, as wal as significant
deviations not yet reported, are attached for review

9. Amendments (tick v all that apply)

@ No Prior amendmants have been made since the original approval

O | Prior amendments have been reparted sinos the last review and have aready bean approved

o New protocol changes! amendmeants are reguested as part of this continuing review (See note

below)
Note: If new protocol changes are being requested in this review, please complete an amendment form

Spedfic changes In the amended protocol and congent/asseant forms must be bolded, Raloised or fracked and
al changes must nclude a rationale.

10. Adverse events

10.1 Pleasa provide bealow or attach a narrative summary of senous acverse events and/ or unanticipated
problems since the last progress report. Please indicate changes made to the protocol and informed consent
document(s) as a result (if not already reported to the HREC). Please comment on whether causality 1o any
ure or intervention could be establ .

5 July 2020 FogeGol 7 FHS016

(Note: Please complete the Closane form (FHSULD ¥ 1% 00y i completed within the appeoval penod |
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FACULTY OF HEALTH SCIENCES
AT AL Human Research Evvcs Commities

10.2 Have participants receved appropriate treatment folow-up! referral when indicated (e.g. i the case of
abnarmal or incidental clinical distress or anxiety)?

B Yes O No ]DNouppm

If yes, pleass describe:
Mothers who have screened for mental heakth issues or IIness have been referred. Chikiren on the study

found 1o have ilnesses have been referred to appropriate clnic or hospital staff for follow up.

L

11. Summary of Monitoring and Audit Activities (tick v)
11.1 Was this study montored or audited by an extamal agency (e.9. SAHPRA, FDA)?
O Yes ID No [B Not applicable

11.2 Did 8 Data and Safety Monitering Board publish a repart?
O Yes Iu No ]aummpam

11.3 If yes, please identdy the agency and attach a summary of the findings.

wm] Report attached | O Yes | D No | O Not applicable
DSMS report
aliached O Yes | O No | O Not appicable

11.4 Has there been any agency, Insstutional or other inguiry inlo non-compliance in this study, or any

8 member of the research team?
O Yes & No

if yes, please explain:

12. Level of risk (tick v)

121 In light of your experience of this research, please indicate whether the level of risk to participants has:
0 | Increased —

0 | Decreased

B | Shown no change
If there has been a change. please explan: ]

5 Juy 2021 Pageof 7 FHS06

[Nete Pease compiaie e Closung ©m (EHS010) if the study is completad within the appeoval penied)
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FACULTY OF HEALTH BECIEMCEE

MIVERIITT OF
W intaiste or coon sk e Posom S Comieg

122 Please pravide a namatve summarny of necant releeant Maratune thal may kave 8 baaring an the
baval of risk.
{HMWMMHHMWMM a3 yal The study rinwes 1o work clssly with the PERGCH Study

{Prisurnenia Efalogy Resaarch for Chid Health), whick was launched in 2011 ta Investigate the risk facian
for davares grisumiecss through o mul-couniry caosa cortrol shedy and haps o ba privy b PERICHS
preiminary analysis and pubbcstions |

13, Insurance
Peass confirm that valic no faull insurance is sl in pace? (Hek «)

E Yes O Mo
If yes, please compleie the following:

IrEurar's nama: UCT indemnity Insurance

i Fariod:

regarding the requirod docmemimtion and information required oheain o mrewed DT No-faul
frsvrance Centificaie.

14. Statement of conflict of Interest

Has thans baes any change in the confict of interest slstus of this probocol since the orginal approval?
g +]

F_jﬂ H Ho

i yea, pleasa explain and # necessany, aftach & revisad conict of inberest stalemen [Section #7 in the New
| Prolocol Appdeation Form EHS013):

15, Signature
:Iwwmwﬁmhm-h_wwm
e ey : .
[
Signatura of P |EIIH |2?J.|h'2'ﬂ'22
A July # P_'#"HT_ FH&E

(ot Flapse cospia e Clikurg ke FRI010) i te shudy 5 compleied within the spprove peniod)
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Appendix 2: Sub-Study HREC Approval (662/2022; 280CT2022)

UNIVERSITY OF CAPE TOWN
Faculty of Health Sciences

Human Research Ethics Committee

Room 45 E-52-E-Floor- Oid Main Building
Groote Schuur Hospital

7925

Telephone [021] 406 6492

Emall: hrec-submisskans@uct.ac.za

Website: https://health.uct, / . -

28 October 2022

HREC REF: 662/2022

Prof L Myer

Division of Epidemiclogy & Biostatistics
Public Health & Family Medicine-FHS
Email: Landon myer@uct.ac.za
Student: prncar014@myuct.ac.za

Dear Prof Myer

PROJECT TITLE: ANAEMIA IN EARLY CHILDHOOD PNEUMONIA - PREVALENCE,
PREDICTORS, AND ASSOCIATED GROWTH IN THE DRAKENSTEIN CHILD HEALTH STUDY
(DCHS)-SUB-STUDY LINKED TO 401/2009-

(MASTERS CANDIDATE-CARLEY PRENTICE)

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee (HREC) for review,

It Is a pleasure to inform you that the HREC has formally approved the above-mentioned study.
Approval is granted for one year until the 30 October 2023.

Please submit a progress form, using the standardised Annual Report Form if the study continues
beyond the approval period. Please submit a Standard Closure form If the study is completed within the

approval period.
(Forms can be found on our website: vovw.health.uct.ac.za/fhs/ research/humanethics/forms)

The HREC acknowledge that the student: Ms Carley Prentice will also be involved in this
study.

Please quote the HREC REF 662/2022 in all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator,

Please note that for all studies approved by the HREC, the principal investigator must obtain appropriate
institutional approval, where necessary, betore the research may occur.
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Yours sincerely

N, FACULTY OF HEALTH SCIENCES HUMAN RESEARCH ETHICS COMMITTEE
Federal Wide Assurance Nurnber: FWADDOD1637. Institutional Review Board (IRE) number:
IREQI001938 NHREC-regist-ation number: REC-210208-007
This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the cthics Standards for Clinkical Research with a new drug in patients, based on the Medical
Research Council {MRC-5A), Food and Drug Administration (FDA-USA), International Council for
Harmoiisation of Technical Reguirements for Pharmaceuticals for Human Use: Good Clinkcal Practice
(ICH GCP), South African Geod Clinical Practice Guidelines {DoH 2020), based on the Associztion of
the British Pharmaceutical Industry Guidelines [ABPT), and Declaration of Helsinki {2013) guidelines,
The | luman Ressarch Cthics Committes granting this approval is in complisnce with the TCH
Harmonised Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMBSTCH,135,/95)
and FOW Code Federal Regulation Part 50, 56 and 312.
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Appendix 3: International Journal of Paediatrics Author Guidelines

Guide for Authors

Instruction for Authors

All papers submitted will be blinded of authors' names and origins and subject to screening before
being peer-reviewed by Editorial Board members. Authors are requested to ensure that they
comply with the following instructions when submitting papers (online submission system).

*Cover letter: The cover letter should be submitted via website to the editor and indicated the
reasons that the paper are suitable to be published in this journal and comprised the e-mail
address and telephone of the author responsible for correspondence.

*Conflict of Interest & Copyright Transfer Form: Authors must state all possible conflicts of
interest in the manuscript, including financial, consultant, institutional and other relationships that
might lead to bias or a conflict of interest. If there is no conflict of interest, this should also be
explicitly stated as none declared. In addition, copyright transfer form is to be completed by
corresponding author submitting manuscripts to the International Journal of Pediatrics. This form
should be printed and signed by the corresponding author and then submitted via website to the
Editor. The corresponding author is responsible for the accuracy and completeness of the
submitted information. Please submit both forms via the website.

After the article is accepted in the scientific review stage, the
costs related to the editing of English texts will be
announced to the corresponding author.

Format of Manuscripts:

1. Aims and scope: International Journal of Pediatrics is a peer-reviewed, open access journal that
publishes original research articles, review articles, and clinical studies in all areas of pediatric
research.

2. Submissions: The journal accepts submissions presented as an original article, short
communication, case report, review article(solicited), or letter to the editor. Manuscript must be
accompanied by a covering letter to the editor-in-chief, including title and author(s) name and
undertaking that it has not been published or submitted elsewhere. All authors should review the
submitted manuscript and the corresponding author should sign the covering letter on their
behalf. In case the manuscript was earlier submitted to some other journals and was rejected, the
authors must provide full information for proper analysis. Manuscripts submitted in English, must
be type written, double-spaced on one side of the A-4 size paper with clear margins on both sides.
Tables as well as illustrations should be typed and drawn on a separate paper. Authors are
requested to reserve margins of at least 2 cm all around the paper. The figures should be sent in
JPEG or GIF format which will produce high quality images in the online edition of the journal.

3. The manuscript should include: Title page, Structured Abstract and Keywords, Text
(Introduction, Materials and Methods, Results, Discussion, Conclusion), Acknowledgment and
References.

4. Title pages: Title page must be submitted as part of manuscript. This should contain: article
title (not to exceed 75 characters, including spaces); authors' names with full first name, their
degrees and affiliations (dept., institution, city, state); institution where the work was done

56


https://ijp.mums.ac.ir/data/ijp/news/coverletter_2.doc
https://ijp.mums.ac.ir/data/ijp/news/CopyrightForm.doc

(indicate which author is in which department); a short running title of no more than 45 letters
and spaces, with complete address (including e-mail address and postal codes) and telephone and
fax numbers.

5. Structured Abstract and Keywords:

Abstract: All manuscripts must include a brief Abstract intelligible without reference to the main
text. Formats and word limits for abstracts are summarized below according to the type of article
submitted.

Keywords: 3-7 key words or phases should be provided which should be selected from the body
of the text and not duplicate title words. Key words should be provided below the Abstract to
assist with indexing of the article.

6. Introduction: This should summarize the purpose and the rational for the study. It should
neither review the subject extensively nor should it have data or conclusions of the study.

7. Materials and Methods: This should include exact method or observation or experiment. If
the method is established, give reference but if the method is new, give enough information so
that another author is able to perform it. If a drug is used, its generic name, dose and route of
administration must be given. For patients, age, sex with mean age + standard deviation must be
given. Statistical method must be mentioned and specify any general computer program used.
The Info system used should be clearly mentioned.

8. Results: It must be presented in the form of text, tables and illustrations. The contents of the
tables should not be all repeated in the text. Instead, a reference to the table number may be
given.

9. Discussion: This should emphasize the present findings and the variations or similarities with
other works in the field of study. The detailed data should not be repeated again.

10. Conclusion: Conclusions should be based on the results.

11. Acknowledgement: All contributors who do not meet the criteria for authorship should be
covered. It should include persons who provided technical help, writing assistance and
departmental head that only provided general support. Financial and material support and conflict
of interests must be written in this section.

12. Tables: Tables should be self-contained and complement, but not duplicate, information
contained in the text. Tables should be numbered consecutively in Arabic numerals. Each table
should be presented on a separate page with a comprehensive but concise legend above the table.
Tables should be double-spaced and vertical lines should not be used to separate columns.
Column headings should be brief, with units of measurement in parentheses; all abbreviations
should be defined in footnotes. Use superscript letters (not numbers) for footnotes and keep
footnotes to a minimum. *, T,  should be reserved for P values. The table and its legend/footnotes
should be understandable without reference to the text.

13. Figures: Only scientifically necessary illustrations should be included. All illustrations (line
drawings and photographs) are classified as figures. Figures should be cited in consecutive order
in the text. Color photographs should be submitted as good quality. Authors have to bear the cost
of color printing. Figures and other graphic material sent electronically: May be sent in any
common file format, such as TIFF, GIF, PG, or BMP) as long as quality and resolution are borne in
mind.
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14. References: Resources should be based on Vancouver style and enter
the Endnote software.The authors are responsible for the accuracy of the references. For
abbreviations of journal names, refer to list of journals indexed in Index Medicus.

Sample references are given below (according to Vancouver style):

Article: Author(s) name (more than 6 names use et al). Title of article. Abbreviation of title of
journal Year; Volume (Issue): Page. Example:

Vakili R, Baradran - Heravi A, Barid - Fatehi B, Gholamin M, Ghaemi N, Abbaszadegan M.R.
Molecular Analysis of the CYP21 Gene and Prenatal Diagnosis in Families with 21-Hydroxylas
Deficiency in Northeastern Iran. Horm Res 2005; 63(3): 119 - 124. (Persian)

Chapter: Author(s) name. Chapter. In: Editor(s) name. Book. Edition. Place: Publisher; Year: Page.

Example: Goadsby PJ. Pathophsiology of headache.In: Silberstein SD, Lipton RB, Dalessio DJ, et al.
Wolffs headache and other head pain. 7t ed. Oxford, England: Oxford University Press; 2001: 57 -
72.

Book: Author(s) name. Book. Edition. Place: Publisher; Year: Page. Example: Stillman RJ.
Endometriosis. In: Scott RJ, Disaia PhJ, Hammond chB, et al. Danforth’s obstetrics & gynecology.
8 ed. Philadelphia: Lippincott Williams & willkins; 1999: 669-676.

Dissertation: Author(s) name. Title. Degree. Dissertation. Place: University, College, Year: Page.
Example: Abdullahi S. [Study of epidemiologic aspects of otosclerosis in patients with otosclerosis
in Ghaem Hospital since 1993 to 2003]. MD. Dissertation. Mashhad: Mashhad University of
Medical Sciences, Faculty of Medicine, 2003: 20-35. (Persian)

Electronic Article: Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis
(derail online) 1995 Jan-Mar [cited 1996 Jun 5], 1(1): [24 screens]. Available from:
URL; http://www.cdc.gov/ncidod/EID/eid.htm

Best regards

International Journal of Pediatrics

58


http://www.cdc.gov/ncidod/EID/eid.htm

TABLES/FIGURES

PART A: RESEARCH PROTOCOL
Table 1: Table of Variables

Variables

| Type

\ Categories

Child Characteristics at time of LRTI/pneumonia episode

experienced per child

Age Numeric (months) | Mean (SD)/Median (IQR)

Height Numeric (cm) Mean (SD)/Median (IQR)

Weight Numeric (kg) Mean (SD)/Median (IQR)

Pneumonia severity Binary categorical | Ambulatory
Hospitalisation

Number of recurrent Numeric (# Mean (SD)/Median (IQR)

LRTI/pneumonia episodes episodes)

Binary categorical

One episode
Two or more episodes

Haemoglobin | Numeric (g/dL) Mean (SD)/Median (IQR)
(Hb) Age categories <1.0 month:
with binary output | Anaemic: <10.7 g/dL
Full Blood Not Anaemic: > 10.7 g/dL
Count (FBC)
> 1.0 to 2.0 months:
Anaemic: <9.4 g/dL
Not Anaemic: >9.4 g/dL
>2.0 to < 6.0 months:
Anaemic: <9.5 g/dL
Not Anaemic: > 9.5 g/dL
> 6.0 to 59 months:
Anaemic: <11.0 g/dl
Not Anaemic: > 11.0 g/dl
White cell Numeric (x Mean (SD)/Median (IQR)
count (WCC) | 10"9/L)
Mean Numeric (fl.) Mean (SD)/Median (IQR)
Corpuscular
Volume
(MCV)
Platelet Numeric (X Mean (SD)/Median (IQR)
count (PLT) | 10"9/L)
Oximetry Binary categorical | Below threshold < 95%
Above threshold > 95%
For Hospital Numeric (days) Mean (SD)/Median (IQR)
Hospitalisations | duration
Only Discharge Nominal Discharged home
status categorical Died
Transferred
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(not applicable
to ambulatory

cases)
Birth Characteristics
Sex Binary categorical | Female

Male
Mode of delivery Binary categorical | Vaginal

Caesarean
Gestational age Numeric (weeks) Mean (SD)/Median (IQR)
Birth weight Numeric (grams) Mean (SD)/Median (IQR)
HIV exposure Binary categorical | Unexposed

Exposed Uninfected
Maternal Characteristics
Age at enrolment Numeric (years) Mean (SD)/Median (IQR)
SES quartiles Ordinal Lowest SES
(sum of standardized SES categorical Low-mod SES
components (education, Mod-high SES
income, assets and High SES
employment)
Current smoking Binary categorical | Yes

No
Prenatal alcohol exposure Binary categorical | Yes

No

Household food insecurity

Binary categorical

Perceived food secure
Perceived food insecure
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Table 2: Study timeline 2022

Actions

June

July

Aug

Sept

Oct

Nov

Dec

Literature
Review

Protocol Development

Ethics Review
Submission

Data
Analysis

Thesis
Write-Up

Submission to UCT for MPH

Submission to Journal
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PART B: JOURNAL MANUSCRIPT
Figure 1. Drakenstein Child Health Study (DCHS) flowchart

1225 mothers enrolled into the
Drakenstein Child Health Study

88 mothers excluded:
- Loss to follow up
- Miscarriages / stillbirth

1143 live births to 1137 mothers

141 children loss to follow up
from parent cohort at 2 years

851 LRTI/pneumonia events in
453 children (excluding 51
congenital episodes)

No child haemoglobin value (n=129)
Abnormal haemoglobin value (n=6)

716 LRTI/pneumonia events in
388 children




Table 1. Characteristics of anaemic versus non-anaemic children at the time of first LRTIl/pneumonia

episode
Variable Overall Anaemia No Anaemia P-value
(n=388) (n=111) (n=277)
Child characteristics
Child age, months (median 5.57 8.38 5.03 0.13
(IQR)) (2.66-15.68) (2.66-16.14) (2.66-15.16)
Age categories, months
<1.0 10 (2.58%) 2 (1.80%) 8 (2.89%)
>1.0t02.0 52 (13.40%) 14 (12.61%) 38 (13.72%)
>2.0t0<6.0 141 (36.34%) 25 (22.52%) 116 (41.88%) <0.001
>6.0to0 59 185 (47.68%) 70 (63.06%) 115 (41.52%)
LRTI Severity
Ambulatory 285 (73.45%) 76 (68.47%) 209 (75.45%) 0.20
Hospitalisation 103 (26.55%) 35 (31.53%) 68 (24.55%) ]
WAZ -0.48 (1.62) -0.63 (1.87) -0.42 (1.50) 0.63
HAZ -1.07 (1.98) -1.43 (2.29) -0.92 (1.82) 0.20
Birth characteristics
Sex (male) 218 (56.19%) 60 (54.05%) 158 (57.04%) 0.67
Premature (<37 weeks’ 71 (18.30%) 24 (21.62%) 47 (16.97%) 0.35
gestation)
Caesarean delivery 69 (17.78%) 23 (20.72%) 46 (16.61%) 0.40
HIV exposed uninfected 87 (22.42%) 29 (26.13%) 58 (20.94%) 0.33
Maternal and socio-economic characteristics
Site (Mbekweni) 218 (56.19%) 67 (60.36%) 151 (54.51%) 0.34
Maternal age at birth, years | 26.0 (21.8-31.2) | 25.3 (22.0-31.2) | 26.4 (21.7-31.2) 0.64
(median (IQR))
Maternal anaemia during 137 (35.31%) 40 (36.04%) 97 (35.02%) 0.73
ANC
Exclusive breastfeeding for 209 (53.87%) 69 (62.16%) 140 (50.54%) 0.047
>1mo
Maternal smoking during 97 (25.00%) 28 (25.91%) 69 (24.91%) 0.90
pregnancy
Maternal alcohol use 65 (16.75%) 18 (16.22%) 47 (16.97%) 0.93
during pregnancy
Sessum score -0.12 -0.20 -0.11 0.035
(median (IQR)) (-1.21 - 1.40) (-1.58 - 0.86) (-1.13 - 1.72)
Food insecurity (ANC) 110 (28.35%) 39 (35.14%) 71 (25.61%) 0.15
Food insecurity (14 wks) 40 (10.31%) 10 (9.01%) 30 (10.83%) 0.67

Footnote: Data are n/N(%) or mean (SD) unless otherwise indicated. Continuous variables with
normal distribution were compared with unpaired t-tests and when distribution was skewed the
Wilcoxon rank-sum test was used. Categorical variables were compared with Chi-squared tests.
Anaemia was classified per the WHO recommendations for women and children'*?. Child weight
and height measurements were converted to z-scores for weight-for-age (WAZ) and height-for-age
(HAZ). Sessum score is a sum of standardised SES components from SASH? including current
maternal employment status, highest level of education completed, household income, and asset
index. Other components of the variables displayed in 1 x 1 contingency cells were not shown
(including sex (female), full-term (>37 weeks’ gestation), vaginal delivery, HIV unexposed, Site TC




Newman, maternal no anaemia during ANC, not exclusively breastfeeding for >1mo, no maternal
smoking during pregnancy, no maternal alcohol use during pregnancy, Food secure (ANC), and Food
secure (14 wks)).
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Figure 2. Prevalence of Anaemia by LRTI/Pneumonia Severity
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Figure 3. Prevalence of Anaemia by LRTI/Pneumonia Recurrence
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Table 2. Binary logistic regression models for risk factors associated with anaemia status during any

LRTI/pneumonia episode (binary outcome)

Model Coefficients 95% Confidence Interval
Estimated P-value Lower Upper
Odds ratio Bound Bound
Univariate binary logistic regressions”

Child age groups (months)”

<1.0 0.38 0.23 0.06 1.54

>1.0t02.0 0.52 0.045 0.27 0.96

>2.0t0<6.0 0.32 <0.001 0.21 0.48

Sex (female) 0.83 0.24 0.60 1.14

Premature (<37 weeks’ gestation) 1.41 0.07 0.97 2.05

HIV exposed uninfected 1.13 0.51 0.78 1.62

Maternal anaemia during ANC 1.29 0.13 0.93 1.80

Exclusive breastfeeding for >1mo 1.49 0.015 1.08 2.06

Sessum® score 0.99 0.0034 0.99 1.00

Food insecure during ANC 1.47 0.025 1.05 2.05

Multivariate binary logistic regressions®

Child age groups (months)”

<1.0 0.66 0.64 0.09 3.53

>1.0t02.0 0.68 0.26 0.34 1.30

>2.0t0<6.0 0.33 <0.001 0.21 0.52

Maternal anaemia during ANC 1.20 0.30 0.85 1.72

Exclusive breastfeeding for >1mo 1.45 0.042 1.02 2.07

Sessum® score 0.99 0.030 0.99 1.00

Food insecure during ANC 1.38 0.093 0.95 2.02

a. Dependent variable: anaemia status

b. Reference category: > 6.0 to 59 months
c. Sessum score is a sum of standardised SES components from SASH?® including current maternal
employment status, highest level of education completed, household income, and asset index
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Figure 4. Forest plot of multivariate binary logistic regression model for anaemia status and predictors

Forest plot of logistic regression model for anaemia status and predictors

Exclusively breastfed >1 month - e
Food insecure during ANC . e e
Maternal anaemia during ANC - e e
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Predictor variables
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0 '25 0.00 0 .23
Odds ratio estimates and 95% confidence intervals
*Reference category for age is > 6.0 to 59 months
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Table 3. Linear regression models for growth outcomes

Model Coefficients 95% Confidence Interval
Estimated Odds P-value Lower Bound Upper Bound
ratio
Univariate linear regression
WAZ 0.99 | 084 | 0.90 | 1.09
Univariate linear regression
HAZ| 0.93 | 0097 | 0.85 | 1.01
Multivariate linear regression — WAZ
Child anaemia 1.23 0.026 1.02 1.47
Sex (female) 1.17 0.08 0.98 1.39
Sessum®” score 1.00 0.42 1.00 1.00
HAZ 1.78 <0.001 1.70 1.86
Hospitalised 0.61 <0.001 0.50 0.75
Multivariate linear regression - HAZ
Child anaemia 0.76 0.015 0.62 0.95
Sex (female) 1.09 0.42 0.88 1.34
Sessum® score 1.00 0.014 1.00 1.01
WAZ 2.26 <0.001 2.11 2.41
Hospitalised 1.03 0.86 0.80 1.31

a. Sessum score is a sum of standardised SES components from SASH® including current maternal
employment status, highest level of education completed, household income, and asset index



Figure 5. Forest plot of linear regression model for WAZ and predictors
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Figure 6. Forest plot of linear regression model for HAZ and predictors
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