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Chapter 1: Introduction and Literature review

1.1 Aim and objectives of the research project

1. To determine the prevalence of anaemia in children 6-36 months of age
that visited the medical emergency unit (MEU) or medical outpatients
department (MOPD) at RCH in Cape Town and a full blood count (FBC) was
part of their special investigations.

2. To describe the morphology of anaemia in this group of patients.

3. To determine and describe the management of anaemia of the children in

this study group.

1.2 Aim and objectives of literature review

The literature review focused on anaemia in children. The main objectives were to establish
the reported prevalence of anaemia in the age group 6-36 month of age with a specific
focus on children presenting to a hospital with acute medical problems excluding malaria,

haemoglobinopathies, malignancies or aplastic anaemia.

1.3 Methodology of the literature review

A structured literature review was first performed on the 15" of February 2012 and
repeated on the 13% of January 2015. The literature search was done in PUBMED

(www.ncbi.nlm.nih.gov) using both text and MeSH terms.

The following terms and search filters were used


http://www.ncbi.nlm.nih.gov/

Search 1: Anaemia AND prevalence
("anaemia"[All Fields] OR "anemia"[MeSH Terms] OR "anemia"[All Fields]) AND
("epidemiology"[Subheading] OR "epidemiology"[All Fields] OR "prevalence"[All Fields] OR

"prevalence"[MeSH Terms])

Search 2: Anaemia AND hospital AND children NOT malaria NOT sickle cell disease
("anaemia"[All Fields] OR "anemia"[MeSH Terms] OR "anemia"[All Fields]) AND
("hospitals"[MeSH Terms] OR "hospitals"[All Fields] OR "hospital"[All Fields]) AND
("child"[MeSH Terms] OR "child"[All Fields] OR "children"[All Fields]) NOT ("anemia, sickle
cell"[MeSH Terms] OR ("anemia"[All Fields] AND "sickle"[All Fields] AND "cell"[All Fields]) OR
"sickle cell anemia"[All Fields] OR ("sickle"[All Fields] AND "cell"[All Fields] AND "disease"[All

Fields]) OR "sickle cell disease"[All Fields]) NOT ("malaria"[MeSH Terms])

Search 3: Anaemia AND South Africa
("anaemia"[All Fields] OR "anemia"[MeSH Terms] OR "anemia"[All Fields]) AND ("south
africa"[MeSH Terms] OR ("south"[All Fields] AND "africa"[All Fields]) OR "south africa"[All

Fields])

Search 4: Breastfeeding AND iron deficiency
("breast feeding"[MeSH Terms] OR ("breast"[All Fields] AND "feeding"[All Fields]) OR
"breast feeding"[All Fields] OR "breastfeeding"[All Fields]) AND (("iron"[MeSH Terms] OR

"iron"[All Fields]) AND ("deficiency"[Subheading] OR "deficiency"[All fields]
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The results of the search were limited to human studies reported in the English language.
Age limitations were customized for infants: 1-23 months and preschool children: 2-5years

of age.

Abstracts from the articles were reviewed. Abstracts that focused only on anaemia caused
specifically by malaria, haemoglobinopathies/haemolytic anaemia, aplastic anaemia,

oncological diseases and chronic renal failure were excluded.

Studies that focused on anaemia in children with Human immunodeficiency virus (HIV)
infection and abstracts that included studies on children more than three years old, were

also excluded. All clinical trials and review articles were included in the search.

1.4 Results

The search yielded a total of 637 articles. Reference lists and related citations of identified
articles were scanned for other relevant literature. By using these search strings, there
were some overlap in the articles found but all the abstracts were reviewed and duplicates
excluded. Two studies included patients with possible malaria but the aim of the study was
not on malaria but on the accuracy of pallor in the diagnosis of anaemia. Another study
done on children with high incidence of malaria looked at anaemia in African children
presenting to hospital with severe febrile illness. As the focus of our study was children
presenting to hospital with anaemia as well as the accuracy of clinical assessment of

anaemia, these two studies were included. (See figure 1)

None of the articles reviewed totally mirrored the aim of our research project.
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Paediatric textbooks were also consulted in the writing of this literature review.

Figure 1: Summary of Pubmed search using different search strings

1.5 Backgrounds and discussion

Anaemia is a major public health problem in children although its prevalence in children
from resource poor communities remains unclear.[1] Anaemia affects 1.62 billion (24.8%)
people worldwide and pre-school children have the highest prevalence (47.4%).[1]
Anaemia is a global public health problem in all age groups and plays a major role in the

health of both developed and developing countries. The prevalence of anaemia in South
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African pre-school children is 24.1%, however in the age group 6-11 month, the prevalence

of anaemia is significantly higher at 48%.[2]

Anaemia is defined as a reduction in haemoglobin (Hb) concentration below the -2 standard
deviation (SD) for age, it occurs through reduced production or increased loss of RBC. A low

Hb will decrease the oxygen-carrying capacity of the blood.[3]

Anaemia is a condition that can be caused by various pathological processes. Anaemia
warrants further investigation to establish a specific cause.[4] Nutritional anaemia is most
common in developing countries with 50-60% of cases due to iron deficiency.[5] Many other
disease processes, including malaria, hemoglobinopathies, malignancy, HIV and other
chronic diseases can be associated with anaemia.[4] However iron deficiency anaemia (IDA)
is still the most prevalent and preventable cause of anaemia in children and treatment is

relatively cheap and very effective.[6]

Most children with anaemia are asymptomatic and are either diagnosed during routine
screening or when investigated for other conditions. Some developed countries have
routine screening programmes to look for anaemia in all infants 6-12 months of age.[7]
Although anaemia has long been recognised as a public health problem, little progress has
been made in reducing the global prevalence of anaemia. The World Health Organisation
(WHO) and the United Nations Children’s Fund (UNICEF) stress the importance of
developing effective control programmes, that are both effective and sustainable based on

local conditions.[8]
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WHO gives a very useful classification to define anaemia as a public health problem.

(See Table 1)

According to the WHO, the prevalence of anaemia should be more than 40% in children

between 6 and 24 months before implementing routine iron supplements.[6]

Table 1: Classification of anaemia as a public health problem: [2]

Prevalence of anaemia CATEGORY OF PUBLIC HEALTH SIGNIFICANCE
<4.9% No public health problem
5.0-19.9% Mild public health problem
20.0-39.9% Moderate public health problem
>40.0% Severe public health problem

Definition of anaemia

The normal range for haemoglobin in children 6 month to 6 years is 10.5 — 14.0g/dL.
The normal range for mean corpus volume (MCV) is 70-74fl.

Anaemia is defined as Hb<10.5g/dI.

Microcytosis is defined as: MCV<70fl.

Macrocytosis for this study purpose MCV>100fl.[3]

The use of specific reference ranges to define anaemia
There are several different suggested ranges for normal haemoglobin levels in children
depending on age.[2, 9, 10]

For this study the values suggested above were used.
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There are great variability for the cutoff Hb level in children, according to age, gender and
altitude. The most common criteria’s used for childhood anaemia is the Classical Dallman
Criteria and the WHO criteria.[2, 9] A lower Hb cut-off level of 10.5 for infants 4-6 months

of age has been proposed.[11]

Celkan and colleagues showed that comparing the prevalence of anaemia in different
countries is unreliable because diagnostic criteria used differ between countries. They also
found that the prevalence of anaemia in their own study differ considerably dependant on

which reference range was used.[10]

Classification of Anaemia

Anaemia is classified according to severity, morphology or aetiology. To establish the
possible cause of anaemia, morphology is most useful. The MCV defines anaemia as
normocytic, microcytic and macrocytic.[12, 13]

(See Table 2 and 3)

Anaemia may be mild (10-10.5g/dl), moderate (8-10g/dl), or severe (<8g/dl).[14]
Different reference ranges also exist to classify severity of anaemia. In areas with a high

prevalence of malaria and sickle cell disease, severe anaemia will be classified as Hb of less

than 5g/dl.[15]
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Table 2: Morphological classification for anaemia.[13]

eSideroblastic anaemia
eLead poisoning

¢Chronic inflammatory
disease

Microcytic Normocytic Macrocytic
eIron deficiency eInfection eFolate deficiency
eThalassemia *Recent blood loss eVitamin B12 deficiency
eChronic systemic disease eHaemolysis eHypothyroidism

eMarrow failure
eLiver disease

eMalignancy/marrow
infiltration

eMarrow aplasia

eTransient

erythroblastopenia of
childhood

Table 3: Main Haematological parameters used to classify anaemia:[12]

Measurement

Indicator of

Advantages

Disadvantages

Hemoglobin

Anaemia

Simple to measure

Further investigations
needed. Adjustment of
thresholds is needed

Haematocrit (Hct)
Or Packed cell
volume

(PCV)

Proportional volume of RBCs in
whole blood

Simple to measure

As for Hemoglobin

Mean cell volume

It is calculated form the RBC and
(McCV) Hct. It’s the indicator of size of
the RBC. Low is microcytic and
high is macrocytic, normal is
normocytic

Average size of
RBCs can be
characteristic of
type of anaemia

More expensive to be
reliable. Most common
causes for microcytic
anaemia is Thallasaemia
and iron deficiency

Mean cell
Haemoglobin

Concentration of haemoglobin in
an average RBC. If low,

(MCH) hypochromic; if normal
normochromic

As for MCV

Usually slow to respond to
iron deficiency

Red cell Abnormal range in size of RBC’s. Reflect the size of
Distribution the RBC and can be
Width Normal = 11.5 - 14.5% characteristic of
(RDW) ) o the type of
RDW is the SD of MCV divided by anaemia. Usually
the patients MCV and is high in iron

calculated as a %.

deficiency and low
in Thallasaemia
and inflammation

Expensive machines
required to be reliable.

Not always that accurate in
the diagnoses of iron
deficiency anaemia
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Anaemia in South African children

In South Africa many different socio-economical groups exist. Studies describe significant
difference in the prevalence of anaemia in different communities. A study done in a
community centre in Venda, Limpopo Province in 2007, found 75% of well children younger
than 60 months of age to be anaemic.[16] A larger national study done by the South African
Vitamin A Consultative Group (SAVACG) in 1994 found 20% of children younger than

72 months of age to be anaemic.[17, 18] In a study from 2002 conducted in two socially
disadvantaged communities in the Western Cape, anaemia (Hb < 11) was present in 64% of
infants of mixed ancestry and 83% of black African infants.[19] The Nutritional Intervention
Research and Biostatistics Unit in South Africa in collaboration with UNICEF investigated the
efficacy of micronutrient supplementations in South African infants; during this study they

found that 40% of infants 6-12 months old were anaemic.[18] (See table 4)

In South Africa, screening for anaemia at primary health care (PHC) level is done as part of
the Integrated Management of Childhood Iliness (IMCI). These guidelines recommend
screening for palmar pallor in sick children aged between two months and five years. When
pallor is present, finger prick haemoglobin (Hb) should be done. According to these
guidelines, children with Hb between 6 — 10g/dl should get appropriate deworming, receive
a trial of iron therapy and their parents counselled about feeding practices. Children with
poor response to iron or with Hb less than 6g/d should be referred for further
management.[20] Clinical detection of anaemia is insensitive and many cases of anaemia

are missed with the current IMCI screening guidelines.[21]
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Table 4: Prevalence of anaemia in South Africa

Place where Venda, Limpopo | Peri-urban Disadvantaged WHO: Capricorn district, South Africa South Africa

study was Province settlement in communitiesin | South Limpopo Province, South

done Cape Town Western Cape Africa Africa

Study title Anaemia among | Full-term, peri- Disadvantaged WHO Prevalence of anaemia Anthropometric, The South African
clinically well urban South black and Global and its associated factors | vitamin A, iron and National Health and
under-fives African infants coloured infants | Database in African children at one | immunisation coverage | Nutrition examination
attending a under 6 months in two urban on and three years residing status in children aged | survey (SANHANES-1):
community of age areatrisk | communitiesin | Anaemia in the Capricorn District 6-71 months in South Nutritional status of
health centre in | for early onset Western Cape, [2] of Limpopo Province, Africa, 1994 [17] children [24]

Venda, Limpopo | anaemia [22] South Africa South Africa [23]
Province [16] differ in

micronutrient

status [19]

Study design | Cross-sectional Cross-sectional Cross-sectional Database Prospective cohort study | National survey Prospective cohort
observational study study Cross-sectional survey
study

Year 2007-2008 2000 2000 1993-2005 | 2014 1994 2012

Age of <60 months 1-6 months 6-12 months All age 1 year and followed until 6-71 months <5 year old

children groups 3 years of age

Total amount | 2007: 92 113 120 - 219 18 219 households Total 12 025

of Patients participants (includes

included 2008: 74 adults)

Estimated 2007: 75% Hb below 11g/dl: | Coloured Preschool | At 1 year of age: 52% Nationally, age 6-71 <5 year old: 10.7%

prevalence of | (39/92) 50% children: 64% children: At 3 years of age: 22% months: 21% Mild anaemia (Hb 10-

Anaemia 2008: 76% Hb below Black infants: 24.1% 10.9g/dl): 8.6%
(54/74) 10.5g/dl: 33% 83% 6-11 Moderate anaemia (Hb

Hb below 9.5 months: 7-9.9g/dl) : 2.1%
g/dl: 12% 48% Severe anaemia (Hb
<7g/dl): 1.9%

Haemoglobin | 10.4-11.8g/dI 9.5-11 g/dl <11g/dl <11g/dl <11g/dl <11g/dl <11g/dl

values used Adjusted for age | As specified

to define and altitude above

anaemia
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Anaemia in children presenting to hospital

All the above-mentioned studies focused on communities in South Africa, but the
prevalence of anaemia in children that present to hospital is unknown. Anaemia is usually
an incidental finding when patients present to the MEU with other problems or are ill
enough to warrant routine blood tests to be done. Consequently, children who never have
the occasional blood test done are likely to be missed. Although a FBC is a test frequently
performed on children presenting to hospital, physicians frequently fail to act upon the
abnormal results.[25] Few studies were identified where the researchers looked at
paediatric inpatients that had a FBC during their admission to hospital and the response of

the clinician to an abnormal Hb and MCV result.

Subramanian et al did a retrospective review on paediatric inpatients from Norfolk, United
Kingdom in 2006. Only 25% (7/28) had the abnormal result documented while the
remaining 75% (21/28) had no documentation of the abnormal result and did not receive

any treatment or follow-up.[25]

In the MEU, a FBC is usually performed to look for evidence of infection, but sometimes
physicians under-utilize the Hb, MCV and red cell distribution width (RDW) that were done
without any additional costs. The study by Pusic et al published in 2005 looked at 935
children that had a FBC done at the Paediatric Emergency department over a four-month
period and found an estimated anaemia prevalence of 19.7%, only 35% of the children that

had an abnormal MCV or Hb, had documented treatment or follow-up investigation.[26]
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An educational intervention was done to reinforce the use of the information available from
the FBC; however there was no improvement in the rate of identifying children with

suspected iron deficiency.[26]

Ballin and colleagues reported that children presenting to an Israeli paediatric emergency
service with a suspected bacterial infection had an anaemia prevalence of 21.4%, compared
to 14.1% in non-febrile children. The authors also reported that 60% of children that

presented with fever and a positive blood culture had anaemia.[27]

There was a marked difference between the prevalence of anaemia in above studies when
compared to a study done in Sudan and Eastern parts of Africa, where they found anaemia
in 86% and 76% of the children presenting to hospital.[15, 28] The latter study was in a
population with high prevalence of severe malaria, which makes it difficult to compare with
a study of children presenting to hospitals in South Africa. (See Table 5)

A similar prevalence found in the previously described Cape Town study was in non-
hospitalized children.[16,19]

The marked difference in the prevalence of anaemia in different population groups shows
the importance to classify anaemia as a public health problem for specific groups. Children
that present to hospital are more prone to anaemia and special care is needed in the

evaluation and treatment of these individuals.
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Table 5: Prevalence of anaemia in children presenting to hospital

Place where
study was done

Montreal Children’s Hospital, a 181-
bed tertiary referral centre

Maccabi Health Services,
Israel

Alkwaity Pediatric Hospital
and Kassala Teaching
Hospital, Sudan

Kenya: Kilifi District Hospital; Tanzania:
Teule District Hospital Uganda: Mulago
National Hospital, Kampala; St Marys
Hospital, Lacor; Soroti and Mbale Regional
Hospitals

Study title Opportunistic screening for iron- Anaemia Associated with Iron deficiency anaemia Anaemia and blood transfusion in African
deficiency in 6-36 month old children acute infection in children among children under three children presenting to hospital with severe
presenting to the PED [26] [27] years in Kassala, Eastern febrile illness [15]
Sudan [28]
Study design Retrospective study Cross-sectional study Cross sectional study Randomized controlled trial
Year 1999-2000 2008 2011 2011-2013

Age of children

6-36 months of age

0-16 years of age

12-36 months of age

60 days and 12 years

Estimated 19.7% Bacterial infection: 21.4% 86% 76%
Prevalence of Control group: 14.3%

anaemia

Haemoglobin Hb <11g/dl 0-2 years: Hb <9g/dI Hb <10g/dI
level used to Hb <10.5g/dI

define anaemia

2-11years:Hb <11.5
Female 12-18 years: Hb
<12g/dl

Males 12-18 years:

Hb <13
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Iron deficiency anaemia in children

IDA manifesting as microcytic hypochromic anaemia is the most common nutritional
disorder in the world.[29] Iron is an essential component for the formation of haemoglobin,
the molecule responsible for carrying oxygen in red blood cells.[4, 12]

In developing countries, according to UNICEF, 90% of anaemia occurring in children 6-24
months and in pregnant women is due to iron deficiency (ID).[30]

According to WHO, the prevalence of anaemia for a specific population also estimates the
prevalence of iron deficiency for that population. The WHO estimate that 50-60% of all
anaemia is due to IDA and further more the incidence of ID without anaemia is 2.5 times

more prevalent than IDA.[6, 31]

Published data from the 2005 National Food Consumption Survey found IDA to be present
in 7.6% of South African children between one and nine years of age. (This was defined as a
ferritin level less than 12mg/dL and a Hb level less that 11g/dL for children aged 1 — 5 years,
or 11.5 for older children). Iron deficiency was more prevalent in children 1 — 3 years of age
at 17%. The study also found that the iron status of children in South Africa had

deteriorated since 1994. [17,19,32]

IDA also has consequences later in life manifesting as poor psychosocial development and
behavioural problems. IDA has a major effect on a child’s cognitive and motor development
as well as physical growth. The prevalence of IDA in childhood peaks between 6 and 24

months of age, the period associated with rapid brain development and acquisition of
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motor and cognitive skills.[33-35] There are studies that suggest that IDA alters immunity as

evidenced by the high propensity for infection in children with IDA.[36]

Diagnosis of Iron deficiency anaemia

The diagnostic tools needed the diagnosis of ID and IDA in infants and toddlers are not
universally agreed upon. The current gold standard for diagnosing IDA is a trial of iron
therapy for a child with a history that suggests the likelihood of IDA and a low mean
corpuscular volume (MCV). A repeat FBC that confirms a treatment response with an

increase in Hb and MCV needs to be done.[4, 12]

The MCV indicates the size of the red blood cells (RBC). MCV reference values differ greatly
with age. A MCV below SD (Standard deviation) -2 suggests a microcytic anaemia.[3]
Another criteria used to diagnose IDA can include Hb<11g/dl and ferritin <12 mcg/I.[3, 14]
During the first 18 months of life ferritin is a less useful marker for ID and IDA and should be

used with more caution.[37]

Another useful laboratory investigations include the red cell distribution width (RDW) that
increase with IDA.[38] The peripheral smear shows hypochromic, microcytic RBC, target
cells or pencil cells. Biomarkers that can be used include serum iron and iron saturation
levels that will be low with transferrin levels and Zinc protoporphyrin levels that will be
elevated.[4, 12, 37] In a low-income setting with a high prevalence of IDA a careful history,

FBC and trial of IDA remains sufficient for diagnosing IDA.[4, 39] (See figure 2)
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Risk factors for anaemia
There are many risk factors for anaemia in infancy. The most common are insufficient

maternal iron stores, low-birth-weight and insufficient intake.[4, 29]

Breastfeeding is the recommended feeding of choice in infants for various reasons
particularly in low-income countries such as South Africa. In some developing countries with
a high prevalence of anaemia, there is evidence to suggest that infants breastfed for more
than six months have significantly lower Hb levels at nine months of age.[40] Although
breast milk has a higher bioavailability and absorption of iron than formula milk, it has a
lower iron concentration than most formula feeds.[41] The bioavailability and iron content

in breast milk decrease over the course of lactation.[42]

Complementary foods are essential after six months of life for adequate supply of iron and
other nutrients to promote development and growth in infants.[43]

Previous work by Eckard et al showed that all the breastfed infants that were studied and

developed IDA before six months were born with decreased iron capacity. [44]

Previous research found that infants breastfed longer than four to six months of age need

some form of iron supplementation to prevent IDA.[45]

The following groups have been identified as at risk of IDA: preterm infants, children with
chronic diseases, infants of iron-deficient mothers, late or early weaning onto solids, the
early and excessive use of cow’s milk in young children, early gastro-intestinal infections and

children with special health needs.[4, 29] Also at increased risk for anaemia are the younger
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children and the children with acute infections (including malaria and bacterial infection).[2,

15, 27]

Prevention of Anaemia

IDA is the most common preventable form of anaemia. It is also easily treatable. Early
treatment may prevent long-term consequences and poor cognitive function.[6] Factors
that contribute to IDA include insufficient intake, increased iron requirements to meet the
body’s demands and losses through malabsorption or parasitic infections. Not all children
that are iron deficient will be anaemic, but identifying them as a group at risk and providing

early intervention may prevent anaemia.[29]

Current strategies to prevent anaemia go beyond the use of iron supplementation in infancy
and include antenatal iron supplements, the implementation of delayed cord clamping at
birth and the use of IMCI protocols, deworming, the promotion of animal source and iron
fortified foods with micronutrient supplements. This also includes revised and updated

national protocols and awareness among medical staff.[31]
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Step 1: Check
Hb

Step 2: Check
MCV

Step 3:

Check
reticulocyte
count

DN

e Low: This indicate anaemia-
e Continue to step 2

J

e LOW MCV (Microcytic): Look for causes of iron deficiency and
give a trial of oral iron. If NO response: check compliance to
treatment, do iron studies which include ferritin, serum iron

and transferrin saturation levels. If these investigations are

normal do Hb electrophoresis(HbE) to exclude thalassaemia.

e HIGH MCV(Macrocytic): Look for signs of folate or B12

deficiency and give trial of folic acid. If no response, determine

RBC folic acid, serum B12 and reticulocyte count.

e NORMAL MCV (Normocytic): Proceed to Step 3

J

e LOW or NORMAL reticulocyte count: Production defect

e HIGH reticulocyte count: Check peripheral smear and do a
Coombs

~N

/

Figure 2: Diagnostic approach to children with anaemia in Cape Town, South Africa.[13]
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2.1 Abstract

Introduction

Childhood anaemia is a major public health problem, iron deficiency being most common.
WHO estimates anaemia to occur in 24.1% of pre-school South African children. Our study
describes prevalence and management of anaemia in children aged 6-36 months presenting
to a children’s hospital.

Methods

In a retrospective crossectional study, laboratory data were used to estimate prevalence of
anaemia in children aged 6-36 month presenting to medical emergency or ambulatory
services of Red Cross Children’s Hospital in 2012. A random sample of 50% of anaemic
children was sampled for detailed review.

Results

2661 subjects were included. Anaemia (Hb < 10.5) was found in 40.8% (1088/2661. Children
presenting to medical emergency had a higher prevalence of anaemia compared to those
presenting to ambulatory services (42.7% vs. 34.9%; p=0.001).

Anaemia prevalence increased with decreasing age with RR 1.25 (95% Cl 1.10-1.43) and RR
1.15 (95% Cl 1.02-1.31) in children aged 6-11 months and 12-23 months respectively
compared to children aged 24-36 months.

Microcytosis was found in 51.3% (558/1088) of anaemic children and in 19.3% (n=303/1573)
of children without anaemia; p<0.001.

Folders were reviewed in 502 children with anaemia, 36.1% had mild anaemia (Hb 10 —
10.5g/dl), while moderate (Hb 8 — 10g/dl) and severe (Hb < 8g/dl) anaemia was found in
52.5% and 11.4% respectively.

Breastfeeding for longer than six months was associated with higher risk of microcytic
anaemia [RR 1.26 (95%Cl 1.08-1.47)].

Only 12.2% (31/254) of children with microcytic anaemia received adequate iron therapy,
50.0% (127/254) received no iron therapy.

Conclusions

Prevalence of anaemia in children presenting to hospital is higher than predicted for well
children in South Africa. The risk is higher in younger and acutely sick children. Prolonged
breasting is associated with increased risk of microcytosis. Most children with suspected
iron deficiency anaemia did not receive appropriate treatment.
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2.2 Introduction

Anaemia in children is a major public health problem. The actual prevalence of anaemia in
children in most resource poor communities, including Cape Town, remains unclear.
Globally the prevalence of anaemia in preschool children is estimated at 47%.[1]

Nutritional anaemia is the most common cause of anaemia in developing countries with
50-60% of cases explained by iron deficiency.[2] The treatment of iron deficiency anaemia
(IDA) is cheap and very effective. IDA has a very high morbidity and a major effect on a
child’s cognitive and motor development as well as physical growth. IDA also has further
consequences later in life such as psychosocial development and behavioural problems.[3]
Children with IDA are more prone to develop infections as IDA can also affect the immune
system.[4] The most common manifestation of IDA is as a microcytic, hypochromic

anaemia.[5]

In South Africa, screening for anaemia at primary health care (PHC) level is done as part of
the Integrated Management of Childhood lliness (IMCI). These guidelines recommend
screening for palmar pallor in sick children aged between two months and five years. When
pallor is present, finger prick haemoglobin (Hb) should be done. According to these
guidelines, children with Hb between 6 — 10g/dl should get appropriate deworming, receive
a trial of iron therapy and their parents counselled about feeding practices. Children with
poor response to iron or with Hb less than 6g/d should be referred for further

management.[6]

Clinical detection of anaemia is insensitive and many cases of anaemia are missed with the

current IMCI screening guidelines.[7]
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Prevalence of Anaemia
According to the World Health Organization (WHO), the estimated prevalence of anaemia in
South Africa’s pre-school children is 24.1%, making this an important public health problem.

(See Table 1)[8]

Table 1: Classification of anaemia as a Public Health problem

Anaemia prevalence PUBLIC HEALTH SIGNIFICANCE
<4.9% No public health problem
5.0-19.9% Mild public health problem
20.0-39.9% Moderate public health problem
> 40.0% Severe public health problem

South Africa has different socio-economical groups with significant differences in the
prevalence of anaemia in its various communities. A study done in a community centre in
Venda, Limpopo Province in 2007 found that 75% of clinically well children younger than

60 months were anaemic.[9] A larger national study done by the South African Vitamin A
Consultative Group (SAVACG) in 1994 had earlier found anaemia in 20% of children younger
than 72 months.[10] In a study done in 2002 conducted in two socially disadvantaged
communities in the Western Cape, anaemia was present in 64% of infants of mixed ancestry

and 83% of black African infants.[11]

Anaemia is usually discovered incidentally in children when a full blood count (FBC) is
performed in the evaluation of other medical problems. Consequently, children who never
have a routine blood test are likely to be missed. Even though a FBC is commonly
performed on children [12], physicians frequently fail to act upon the results and under-

utilize test results available to them.[13]
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The prevalence of anaemia in hospitalized children in South Africa is currently still unknown.
At the Red Cross War Memorial Children’s Hospital (RCH), where this study was conducted

general guidelines exist for management of anaemia.

2.3 Materials and methods

A retrospective review was done between August and September 2013. Data from the NHLS
was used to identify children 6 - 36 months old seen at the Medical Emergency Unit (MEU)
and ambulatory services of the Medical Outpatient Department (MOPD) of the RCH
between the 1% of January 2012 and the 31" of December 2012. All children that had a FBC
done were included. There were no other exclusion criteria.

The prevalence and morphology of anaemia was described. Stata was used to select a
random sample of half of the children with anaemia, these folders was taken for a detailed
folder review. Some of the children in this sample were transferred to other health facilities
for further treatment. The management of anaemia for children who were not transferred
was further analysed.

RCH is a dedicated referral children’s hospital with 290 inpatient beds.[14] The hospital
situated in Cape Town caters for about 18 500 inpatient and 260 000 outpatient visits each
year. The patients come from various demographic and socio-economic backgrounds.[15]
The Haematology Laboratory, a division of the National Health Laboratory Services (NHLS) at

RCH performs around 38 000 FBC tests per year.

Ethics approval was obtained from the University of Cape Town’s Human Research Ethics

Committee.

36



The anthropometry of the children was classified using WHO weight for age Z-score (WAZ)
growth charts. Children were categorized into the following groups:

e Normal: WAZ>-1to+1

e Mild underweight: WAZ <-1to -2

e Moderate underweight: WAZ <-2 to -3

e Severe underweight: WAZ < -3

Mild, moderate and severe malnutrition were used to correlate with the three WHO weight

for age categories. Failure to thrive was defined as a plateau in weight gain.

HIV status was determined from the hospital record. A child was classified as HIV
unexposed uninfected if the ELISA test was negative and the mother was HIV negative
during pregnancy, HIV exposed uninfected if there was no confirmed infection but the
mother was HIV positive during pregnancy. Finally HIV infection was diagnosed if the
polymerase chain reaction (PCR) test was positive or two enzyme-linked immunosorbent

assay (ELISA) tests were positive in the case of children more than 18 months of age.

Feeding choice was categorized into two groups; patients breastfed for more than six

months AND patients not breastfed/breastfed for less than six months.

Case definition
Anaemia was defined as Hb less than 10.5 g/dl. MCV was classified as microcytosis if less
than 70 fl, normal if 70 fl and less than 100fl. Above 100 fl was regarded as

macrocytosis.[16]
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Anaemia was further classified as mild (Hb 10.0 -10.5 g/dl), moderate (Hb 8.0 —9.9 g/dl) or
severe (Hb < 8 g/dl).[17]

Data analysis

All data were analysed using STATA version 13 (Statacorp, College Station, Texas, USA).
Percentages were used to depict proportions of categorical data while medians with
interquartile ranges (IQR) or mean and standard deviation (SD) summarise continuous data
after testing for normality. The Chi-squared test was used to test strength of association

between categorical variables.

An unadjusted general linear model was used to estimate the relative risk of anaemia by age
categories using Poisson regression. The same model was used to estimate the
independent effect of risk factors on microcytosis in a multivariable analysis.

A significance level was set at a two-tailed p<0.05 for all analysis.
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2.4 Results

All 2012 FBC 36 898
> Not taken in MEU/MOPD
24 680
A 4
MEU & MOPD
12 218
<6/12 or >36m
/ 9 557
A 4
6-36 months
2 661
No anaemia
P
1573
A 4
Subjects with anaemia
1088
P 50% of anaemic folders randomly selected
A 4

540 folders randomly
selected for detailed
folder review

Excluded:
Missing folders or data

Y

502 folders located for
detailed folder review

Figure 1: Selection and enrolment flow chart

There were 2661 subjects included. (See Figure 1). Boys made up 50.4% (n=1341) of the
group. Most of the children presented to the MEU (76.7%; n=2042). The mean Hb of the
group was 10.7g/dl (SD 1.5)

Anaemia was found in 40.8% (1088/2661) of the children. The prevalence was similar in

boys, 42% (n=1118) and in girls 40% (n=1064); p=0.274. (See Figure 1)
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The prevalence of anaemia in children with FBC done at the MEU was significantly higher

than for those seen in MOPD 42.7% (872/2042), compared to 34.9% (216/619); p=0.001.

The prevalence of anaemia was higher in the younger children, 44.7% (373/834) for those 6-

12 months, 41.1% (n=482/1173) for 12-23 months old and 35.6% (n=1223/654) in children

24-36 months of age. This increased risk of anaemia in younger children was further

confirmed when comparing the oldest stratum of 24-36 months old with 12-23 month (RR

1.15; 95% Cl 1.02-1.31) and with 6-12 months old (RR 1.25; 95% Cl 1.10-1.43).

(See Table 2)

In total 32.4% (861/2661) of children showed microcytosis on their FBC profile. Microcytosis

was present in 19.3% (n=303/1573) of the children without anaemia and in 51.3%

(558/1088) of anaemic children; p<0.001. Only one child had macrocytosis.

Table 2: Factors associated with anaemia in children attending hospital (N=2661)

Risk %(n/N)

Risk factor Unadjusted RR p-value
Age group
6-11 months old 44.7 (373/834) 1 )
12-23 months old 41.1(482/1173) 1.02 (0.88-1.18) 0.024
24-36 months old 35.6 (233/654) 1.00 (0.84-1.19) <0.001
Gender
Female 39.8 (526/1320) 1 -
Male 41.9 (562/1341) 0.95 (0.87-1.04) 0.274
Area of presentation
Ambulatory services 34.9 (216/619) 1 -
Medical emergency unit 42.7 (872/2042) 1.22 (1.09-1.38) 0.001

RR = Relative risk; %(n/N) = per cent(stratum specific proportion)
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Detailed review of children with anaemia

A detailed review of children with anaemia was done. A random sample of 50% (540) of the
children with anaemia was taken for retrospective folder review. Folders of 502 of the
children had sufficient data for inclusion. (See figure 1)

The sampled children had a median age of 15 (IQR 10-23) months. There were slightly more
boys than girls in the group (55.6%, n=280). Five per cent (n=25) of the patients were from
other African countries including Malawi, Zimbabwe, the Democratic Republic of the Congo

and Burundi while the remainder were from South Africa.

Failure to thrive was found in 14.7% (n=74) of the children with 7.4% (n=37) having severe
malnutrition. The two most common presenting symptoms were diarrhoea, 24.7%
(124/502) and cough 21.7% (109/502). Only 1.4% (n=7) of the children were specifically
referred for anaemia to the RCH. HIV infection was confirmed in 5.4% (n=27) of the children

while 13.9% (70) were HIV exposed but not infected.

In 27.9% (140/502) there was no documentation of feeding choice. For the children with

available data, the majority of the children 57.2% (n=207/362) were breastfed for more than

six months. The other 42.8% (n=155) were either breastfed for less than six months or not

breastfed at all.

Other baseline characteristics of the sampled children are shown in Table 3.
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Table 3: Baseline characteristic of children with anaemia (N=502)

Baseline variable

Gender

Vaccination status

Nutritional status

HIV status

Previous medical problem

Presenting diagnosis

Breast feeding

Female
Male

Up to date
Not up to date
Not documented

Normal

Mild UWFA
Moderate UWFA
Severe UWFA

Unexposed Uninfected
Exposed Uninfected
Exposed Infected

Not recorded

None or unknown
Eczema

Prematurity
Congenital anomalies
Other

RTI

Gastro-enteritis
Neurological problems
Anaemia

Other

None or < 6 months
> 6 months

Unknown

Frequencies %(n)

44.2(222)
55.8(280)

77.3(388)
14.9(75)
7.8(39)

61.5 (309)
11.8(59)
19.3(97)
7.4(37)

72.7(365)
13.9(70)
5.4(27)
8.0(40)

69.1(347)
10.8(54)
9.8(49)

3.2(16)

7.17 (36)

34.3(172)
27.5(138)
12.7(64)
1.8(9)
23.7(119)

30.9(155)
41.2(207)
27.9(140)

* UWFA = Underweight for age WHO weight for age Z-score, RTIl = Respiratory tract infection

Microcytosis and severity of anaemia

Microcytosis was found in 65.5% (n=328) of the children, 34.6% (n=174) had a normocytic

ahaemia.
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Mild anaemia was found in 36.1% (n=181), 52.6% (n=264) had a moderate anaemia and

11.4% (n=57) had severe anaemia. There was poor correlation between laboratory

confirmed anaemia and clinical examination with only 18.1% (n=91) noted to be pale. The

clinical detection however increased with severity of anaemia from 11.1% (20/181) in

children with mild anaemia, 16.3% (43/264) in moderate and 49.1% (28) in the children with

severe anaemia; p<0.001.

Anaemia was documented by clinicians as a problem in only 36.9% (n=185) of the 502

children with laboratory confirmation of anaemia.

Risk factors for microcytosis

The risk of microcytosis was higher in children who were breastfed for longer than six

months with a prevalence of 73.9% (n=153/207) compared to 57.8% (n=91/155) in children

breastfed for less than six months or not breastfed at all; adjusted RR 1.23 (1.04-1.45).

There was no association between microcytosis and HIV status, gender or having a pre-

existing medical condition. (See Table 4)

Table 4: Risk factors for microcytosis in children with anaemia

RR (95% Confidence Interval)

Risk factor Risk %(n/N) Unadjusted Adjusted*
Age
6-11 months old 64.8 (118/182) 1 1
12-23 months old 66.0 (138/209) 1.02 (0.88-1.18) 1.02 (0.87-1.19)
24-36 months old 64.9 (72/111) 1.00 (0.84-1.19) 1.10 (0.89-1.35)
Nutritional status
Normal 64.7 (200/309) 1 1
Mild under-nutrition 69.4 (41/59) 1.07 (0.89-1.30 1.10 (0.89-1.36)
Moderate under-nutrition 63.9 (62/97) 0.99 (0.83-1.17) 1.09 (0.92-1.32)
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Severe under-nutrition

67.6 (25/37)

1.04 (0.82-1.32)

1.08 (0.83-1.41)

HIV status
Unexposed uninfected
Exposed uninfected

Exposed infected

68.2 (249/365)
60.0 (42/70)
44.4 (12/27)

1
0.88 (0.72-1.08)
0.65 (0.42-1.00)

1
0.88 (0.70-1.11)
0.69 (0.44-1.08)

Breastfeeding
Less than 6/12
More than 6/12

58.7 (91/155)
73.9 (153/207)

1
1.26 (1.08-1.47)

1
1.22 (1.04-1.44)

Pre-existing medical condition
Absent
Present

30.1 (47/156)
69.87 (109/156)

1
1.12 (0.97-1.26)

1
1.09 (0.94-1.27)

Gender
Female
Male

58.1(129/222)
71.1 (199/280)

1
2.33 (1.7-1.40)

1
1.14 (0.98-1.32)

RR = Relative risk; %(n/N) = per cent(stratum specific proportion); * Multivariable model adjusted for
age, sex, HIV status, breast-feeding , nutritional status and presence of pre-existing medical condition

Management of Anaemia (See Table 5)

Evidence of deworming could only be found for 47.4% (n=238) of the children and folic acid
was prescribed for 37.5% (n=188) of them.
Only 3.2% (n=16) of the patients needed a blood transfusion. Thirteen of the 16 had Hb less

than 8 and three had Hb between 8 and 10g/dl.

Iron studies were done for 5.4% (n=27) of the children. These included serum iron, ferritin,

transferrin and transferrin saturation levels. Haemoglobin electrophoresis was performed

on 3.6% (n=18). Two of the 18 were diagnosed with Beta Thalassaemia trait, two with sickle
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cell disease (homozygous) and one with sickle cell trait (heterozygous). The remaining 13

had no haemoglobinopathy.

Twenty two per cent (n=111) of the children were transferred to other centres. Of the 391
children that were not transferred, 65.0% (254/391) had a microcytic anaemia. Of these
only 12.2% (31/254) received iron therapy for more than three months and 50.0% (127/254)
received no iron therapy at all. When therapy was given, most children received the correct

dose of iron, with 83.5%(106/127) prescribed 3-6mg/kg/day of elemental iron.

Children were more likely to receive some form of therapy if they had severe anaemia. Of
the children with microcytosis, 31.5% (23/73) of the children with mild anaemia received
iron therapy, compared to 52.4% (77/147) of moderate and 79.4% (27/34) children with
severe anaemia, p<0.001. Children with more severe anaemia were also more likely to be

dewormed and their caregiver to receive dietary advice. (See table 5)

The dietician was consulted for 29.4% (115/391) of the children that continued to receive
treatment at RCH. No record was available on whether the rest were given dietary advice or

referred to a dietician.

Table 5: Management of children with microcytic anaemia (N=254)

Severity of anaemia Iron therapy Dietician referral Deworming
% (n) % (n) % (n)

Mild 31.5(23/73) 26.0(19/73) 37.0(27/73)

Moderate 52.4 (77/147) 31.5 (46/147) 55.8 (82/147)

Severe 79.4 (27/34) 58.8 (20/34) 61.8 (21/34)
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2.5 Discussion

This study shows a high prevalence of anaemia (40.8%) in children presenting to MEU and
MOPD of a major children’s hospital. This, according to WHO criteria, makes it a severe
public health problem. Furthermore, the study shows anaemia is often poorly recognised

and inadequately managed.

This is the first reported study of its sort for hospitalized children in South Africa. Most
previous prevalence studies in hospitalized children in Africa were done in areas with a high
incidence of malaria and sickle cell disease.[18, 19] The prevalence of anaemia in our study
is much higher than that reported in high income countries. A study from Montreal
Children’s Hospital found anaemia (Hb <11g/dl) in 19.7% (184/934) of children 6-36months
of age.[13] Authors reported that children presenting to an Israeli paediatric emergency
service with a suspected bacterial infection had an anaemia prevalence of 21.4%, compared
to 14.1% in non-febrile children. These authors also reported that 60% of children that
presented with fever and a positive blood culture had anaemia.[20] The children included in
these Israeli studies provided a similar cohort to our study group as they presented to the

Paediatric Emergency Department (PED).

The increased prevalence of anaemia in younger children has been noted in other
studies.[21-23]
A WHO study estimated the prevalence of anaemia to be 48% in the 6-11 month old age

group of South African children.[10]

46



Children presenting with an acute severe illness in the emergency unit were more likely to
be anaemic than those presenting to ambulatory care. Acute illness can cause a transient
decrease in Hb without a change in the MCV. [24] The pathogenesis of anaemia in acute
infection is generally not well understood. Children with bacterial infection have a much

higher risk for anaemia compared to afebrile children and those with viral ilinesses.[20]

Sixty per cent of children with anaemia have iron deficiency.[2] We identified a more than
double prevalence of microcytosis (51.3% %) in anaemic children compared to non-anaemic
ones (19.3%). This is much higher than the 8% reported in high-income countries.[12, 13]
Although IDA is the most common cause of microcytosis, very few of the children in our

study had iron studies performed.

Anaemia was clinically suspected in only 18% of laboratory confirmed cases. This study
highlights that the use of clinical signs to screen for anaemia in children is unreliable. Even in
children with severe anaemia, half of them were missed when screened by clinical signs.
Guidelines such as the IMCI that use clinical suspicion to guide selection of laboratory

confirmation should be reviewed, as this is likely to miss a majority of cases.[25]

It is also important to note that only a small proportion (5.2%) of the children had a
documented Hb on their referral letter. This again shows that pallor is a poor screening tool
for anaemia. It may also reflect the underutilization of fingerprick Hb at the PHC level.
Screening for anaemia in acutely unwell children needs to be reinforced with the use of

fingerprick Hb.
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By WHO estimation, 12 % of healthy South African children <5year of age were found to be
UWEFA, 35.5% of children in our study were UWFA.[26] This was probably skewed by the fact
that malnourished children are more likely to end up in hospital than their healthy counter

parts.

Breastfeeding for more than six months was associated with microcytosis. Meinzen-Der and
colleagues reported significantly lower Hb levels at nine months of age in infants exclusively
breastfed for more than 6 months.[27] While bioavailability and absorption of iron is much
better in breast milk compared to formula milk, iron content decreases significantly if
breastfeeding is continued beyond 6 months of age.[28] Maternal iron deficiency is one of
the greatest contributors to IDA in breast fed infants. Children breastfed for more than 6
months of age, should be considered for routine screening for IDA and appropriate iron
supplementation.[29] As many of the patients in our study population came from low socio-
economic circumstances, prolonged breastfeeding may have been associated with

inadequate complementary feeds containing heme-iron in their diet.

The prevalence of iron deficiency is estimated at 60% in children with anaemia. Due to this
high prevalence of iron deficiency, current guidelines recommend a trial of empirical iron
therapy in children with low Hb.[2] This has been found to be more reliable than RBC

morphology in diagnosing iron deficiency and less expensive than formal iron studies.[30]

Most of the children with suspected IDA in this group received inadequate treatment and
follow up. Only 12% of the children with a microcytic anaemia received optimal iron
therapy with adequate doses of elemental iron being continued for 4-8 weeks after Hb has

normalised to replenish body iron stores. [31, 32] Fifty per cent of children with suspected
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IDA received no therapy. This failure to diagnose and adequately treat children with IDA is a
common worldwide phenomenon. An English study of paediatric inpatients found that only
12% patients received treatment for a low MCV.[12] Similarly, a Canadian study found that

only just over a third (35%) of children received treatment or follow-up.[13]

IDA has negative effects on a child’s cognitive, motor, social and emotional
development.[33] Authors reported the benefits of preventing and treating IDA before it
becomes chronic and severe. Children whose iron deficiency was corrected before 24
months of age had a better overall outcome in terms of behaviour, coordination and social
or emotional development.[33] Opportunities were missed for the early treatment of
children with suspected IDA in our study population.

Children included in this review were sick enough to require referral to hospital and as such
may not reflect the haemoglobin status of healthy children. Incomplete documentation in
the folders done by physicians resulting from the retrospective study design may have
biased the results. This includes incomplete data on feeding choice as well as information
on iron therapy for children transferred out of RCH. The averaged cut-off Hb used in our
study for defining anaemia may overestimate the prevalence in younger children and

underestimate the prevalence in older ones.[34]

2.6 Conclusion

Risk of anaemia is significantly higher in sick children presenting to hospital, however the
management of microcytic anaemia for this group of children is suboptimal.
There is a need to increase the awareness of the high prevalence of anaemia in this

population of children and to encourage clinicians to make better use of the routinely
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performed FBC. Routine screening, measuring Hb and or FBC and iron supplementation
should be considered for children at risk of anaemia, particularly in infancy as well as acutely

unwell children and children breastfed for more than six months.
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] Brongiolitis

[ Asthma

[ prB

Clur

[ Sepsis

[ Tonsilitis

[oritis Media

Curtr

[] Febrile seizures

[] Other seizures: Specify:
[] Anaemia: Specify:
[ Bacterial meningitis
[Other: Specify:

[ viral meningitis

30. Temperature L
31. Heart rate __ beats /min ] Not recorded
32. Respiratory rate L __breaths / min [ Not recorded
33. Oxygen saturation % []Room air %l lon
oxvgen_| Not recorded
34. Pale: [Jres ] Ne ] Not recorded
3s. Jaundiced: [1Yes [ONo  [] Not recorded
36. Clubbing: []Yes [ No [ Not recorded
37. Oedema: [JYes [ONo ] Not recorded
38. Supplemental Oxygen [JYes O Ne [ Not recorded
39. Admission to ICU or High Llicu  [High Care
Care [ Both  [] Not recorded
If Yes
40. Admission to ward Ward Date ((dd/mm/yyyy))
S R SN (S 7 ¢ N
. — to. i 2@
S — — te  F 20
S S S Y
41. Transferred to another Health | [[] Yes ] No
facility:
Specify:
[ GsH
[ NsH
[ kBH
[] victoria
] kDH
[ carnation
[ Other
42, Assisted ventilation []Yes [ No ] Not recorded
If Yes, Duration days
Type of assistance [Jcrpap [irPVv [Jother
Special investigations:
Laboratory number
43. Type of special investigations | [ ] FBC
done: [ Smear
] Hb Electrophoresis
Date of specimen collection [] Coombs
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L] Reticulocyte count

[ tron studies (s-iron/ferritin)
[ Bonemarrow aspiration

[] Mantoux

[ Other, specify

¥ /20 (dd/mm/iyyyy)
44, Ward of FBC specimen [Imorp  [1S12 [ ]S11/49/47
collection
Date of specimen collection ¥ /20 (dd/mm/vyyy) [] Not recorded
Treatment received at RCWMCH:
45. Bloodtransfusion [1Yes [ No
46. Folate [Jes I No U] Not recorded
47, Tron supplementation [1Yes [ No L] Not recorded
Correct dose? [Jves ] Ne (] Not recorded
48. Vitamin C [Jves [ No ] Not recorded
49, Deworm [ |Yes [INo (] Not recorded
50. Any surgery during [Yes [ Ne U] Not recorded
admission?
If Yes, type of surgery 120 (ddimmiyyyy)
Date of surgery
Qutcome and follow-up:
51. Outcome of child ] Discharged
[ 7ransferred to another hospital
[ pied
[CIstilt at RXH
If Died, cause of death
(specify)
52 Anaemia: Morphology of ] Microcytic
anaemia: [ Normocytic
[ Macrocytic
53. Cause for anaemia: [ tron deficiency
[] Chronic Disease
[] Haemolytic anaemia
[] Malignancy
[ thatassaemia
[ Chronic inflammatory disease
[ Folate deficiency
[] Cause not yet confirmed, await result/follow-up
[ Specific cause not found
[ Anaemia not investigated
54. Where Iron deficiency [JYes ] Ne
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anaemia suspected or
confirmed, was the child
discharged with iron
supplementation?

Repeat prescription given? [J¥es [] No [ Gridkasaons
Total months treated?
months
55. Date of discharge/ death/ /20 (dd/mmbyvyy) [ N/A
transfer
36. Discharge diagnosis (mark all [J4GE
that apply) [ cGE
O Malnutrition (specify according to WHO criteria)
[] Severe UWFA
[ PEM (with oedema)
[] Moderate UWFA
O Mitd UWFA
[ Preumonia
[] Brongiolitis
[] Asthma
[ prB
O ourr
[ Sepsis
[ Tonsilitis
[oritis Media
LJurTI
[ Febrite seizures
(] Other seizures: Specify:
[ Anaemia: Specify:
[ Bacterial meningitis [] Viral meningitis
[Other: Specify:
57. Any readmissions after [Yes [INo
discharge Specify:
If Yes, specify diagnosis: Date:_____to_____ /20___ ___ (dd/mm/yyyy)
38. Follow-up arrangements [Yes [INo ] Not recorded
Where? Specify:
Date: /20 (dd/mm/fyyyy)

59



Appendix 2: Ethics approval and annual progress report/renewal

HREC Ref 422/2013 — 26Jull3

UNIVERSITY OF CAPE TOWN

Faculty of Health Sciences

Human Research Ethics Committee

Room E52-24 Groote Schuur Hospital Old Main Building

Observatory 7925

Telephone [021] 406 6338 « Facsimile [021] 406 6411
e-mail: shuretta.thomas®@uct.ac.za

Website: www.health.uct.ac.za/research/humanethi gs,{forrng

26 July 2013
HREC REF: 422/2013

Dr M Wege

c/o Dr R Muloiwa

Paediatrics

Red Cross War Memorial Children’s Hospital

Dear Dr Wege

PROJECT TITLE: A RETROSPECTIVE REVIEW OF THE PREVALENCE AND MANAGEMENT OF
ANAEMIA IN CHILDREN AT RED CROSS WAR MEMORIAL CHILDREN'S HOSPITAL (RCWMCH)

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee for review.

It is a pleasure to inform you that the HREC has formally approved the above-mentioned study.

Please note HREC approval is subject to approval fromm Red Cross War Memorial Children‘s Hospital to
access patient records. Please provide the HREC with a copy of Institutional approval.

Approval is granted for one year till the 30" July 2014

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: www.health.uct.ac.za/research/humanethics/forms)

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

Please quote the HREC. REF in all your correspondence.

Yours sincerely

PROFESSOR M BLOCKMAN

CHAIRPERSON, FHS HUMAN ETHICS

Federal Wide Assurance Number: FWAO0001637.

Institutional Review Board (IRB) number: IRBO0001938

This serves to confirm that the University of Cape Town Human Research Ethlcs Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical

s.thomas

60



HREC Ref 422/2013 - 26Jul13
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Convention on
Harmonisation Good Clinical Practice (ICH GCP) and Declaration of Helsinki guidelines.
The Human Research Ethics Committee granting this approval is in compliance with the ICH
Harmonised Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Regulation Part 50, 56 and 312.
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The Abstract should:
> Describe the main objective(s) of the study
> Explain how the study was done, including any model organisms used, without methodological detail
> Summarize the most important results and their significance
> Not exceed 300 words
Abstracts should not include:
> Citations
> Abbreviations, if possible

Introduction

The introduction should:

v

Provide background that puts the manuscript into context and allows readers outside the field to understand the purpose anc
significance of the study

v

Define the problem addressed and why it is important

v

Include a brief review of the key literature

v

Note any relevant controversies or disagreements in the field

v

Conclude with a brief statement of the overall aim of the work and a comment about whether that aim was achieved
Materials and Methods

The Materials and Methods section should provide enough detail to allow suitably skilled investigators to
fully replicate your study. Specific information and/or protocols for new methods should be included in
detail. If materials, methods, and protocols are well established, authors may cite articles where those
protocols are described in detail, but the submission should include sufficient information to be understood
independent of these references.

We encourage authors to submit detailed protocols for newer or less well-established methods as
Supporting Information. Read the Supporting Information guidelines.

Human or animal subjects and/or tissue or field sampling
Methods sections describing research using human or animal subjects and/or tissue or field sampling must
include required ethics statements. See the reporting guidelines for human research, clinical trials, animal
research, and observational and field studies for more information.

Data

Methods sections of manuscripts using data that should be deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers and

version numbers, if appropriate. Accession numbers should be provided in parentheses after the entity on
first use.

If the accession numbers have not yet been obtained at the time of submission, please state that they will
be provided during review. They must be provided prior to publication.

A list of recommended repositories for different types of data can be found here.
Cell lines

Methods sections describing research using cell lines must state the origin of the cell lines used. See the
reporting guidelines for cell line research for more information.

New taxon names

Methods sections of manuscripts adding new taxon names to the literature must follow the reporting
guidelines below for a new zoological taxon, botanical taxon, or fungal taxon.

Results, Discussion, Conclusions

These sections may all be separate, or may be combined to create a mixed Results/Discussion section
(commonly labeled “Results and Discussion”) or a mixed Discussion/Conclusions section (commonly
labeled “Discussion”). These sections may be further divided into subsections, each with a concise
subheading, as appropriate. These sections have no word limit, but the language should be clear and
concise.

Together, these sections should describe the results of the experiments, the interpretation of these results,
and the conclusions that can be drawn.

Authors should explain how the results relate to the hypothesis presented as the basis of the study and
provide a succinct explanation of the implications of the findings, particularly in relation to previous related
studies and potential future directions for research.

PLOS ONE editorial decisions do not rely on perceived significance or impact, so authors should avoid
overstating their conclusions. See the PLOS ONE Criteria for Publication for more information.
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contained in the electronic publication of a PLOS article are effectively published under that Code from the electronic edition
alone, so there is no longer any need to provide printed copies.

In addition, new names contained in this work have been submitted to MycoBank from where they will be made available to
the Global Names Index. The unique MycoBank number can be resolved and the associated information viewed through any
standard web browser by ap| ing the My number i in this publication to the prefix
http://www.mycobank.org/MB/. The online version of this work is archived and i from the ing digital repositories:
[INSERT NAMES OF DIGITAL REPOSITORIES WHERE ACCEPTED MANUSCRIPT WILL BE SUBMITTED (PubMed
Central, LOCKSS etc)].

All PLOS articles are deposited in PubMed Central and LOCKSS. If your institute, or those of your co-
authors, has its own repository, we recommend that you also deposit the published online article there and
include the name in your article.

Qualitative research

Qualitative research studies use non-quantitative methods to address a defined research question that ma:
not be accessible by quantitative methods, such as people's interpretations, experiences, and perspectives
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