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DEFINITION OF TERMS

Anaemia is a state in which the haemoglobin concentration has fallen below a threshold
lying at two standard deviations below the median for a healthy population of the same
age, sex, or stage of pregnancy. '

Clinical presentation The presenting symptoms and signs of severe anaemia

Severe anaemia Haemoglobin level less than 5g/dl.
Type of anaemia Level of haemoglobinisation and size of red blood cells.
Parasitaemia The presence of any Plasmodium falciparum asexual forms on

peripheral blood smears.
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ABSTRACT

Introduction

Anaemia is a major cause of childhood morbidity and mortality worldwide especially in
developing countries. It is an important paediatric health problem in sub Saharan Africa
where up to 45% of hospitalized children have severe anaemia and receive blood
transfusion. Whereas severe anaemia is a common paediatric emergency in Mulago
hospital in Uganda, its prevalence in children has not been established, and there is no up
to date information on its aetiology.

Objective

To determine the prevalence and causative factors of severe anaemia among children
admitted to the Acute Care Unit, Mulago Hospital.

Design

Cross sectional and case control study.

Setting

Mulago National Referral and Teaching Hospital, Kampala, Uganda

Participants

Children aged 3-60 months admitted to the Acute Care Unit from September 2002 to
April 2003. Cases comprised of 92 children with a haemoglobin level less than 5g/dl. The
controls comprised of 92 children with a haemoglobin level between 5g/dl to 11g/dl,
matched with the cases for age and sex. Another 1400 children admitted to the Acute
Care Unit from February to April 2003 were recruited for the prevalence study.
Measurements

Basic socio-demographic characteristics of the children and caretakers were collected
using a questionnaire. A complete physical examination was performed and blood was
taken for haemoglobin level, blood count, peripheral film, haemoglobin electrophoresis,

C-reactive protein and serum ferritin. Stool was examined for hookworm ova and occult
blood.
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Statistical analysis

Data was processed using EPI-INFO and SPSS computer software packages, and
summarized using frequency tables and histograms. The Chi-squared test was used for
categorical variables and the students t-test for continuous variables. Multiple logistic
regression was used to determine factors predictive of severe anaemia.

Results

Three hundred (21.4%) of the 1400 admitted children had severe anaemia. The majority
(75%) of the severely anaemic children were less than 2 years of age. Most children with
severe anaemia presented with fever (93.5%), difficulty in breathing (54.3%), heart
failure (28.6%), and 20% had had previous blood transfusions. Koilonychia (OR 5.3, CI
1.46-19.0), gallop thythm (OR 4.78, CI 1.83-12.97), splenomegaly (OR 3.68, Cl 1.92-
7.04), and hepatomegaly (OR 3.77, CI 1.92-7.04) were significantly associated with
severe anaemia. However only koilonychia (OR 6.937, C10.03-0.52), gallop rhythm (OR
3.57, CI 1.34-9.34), a history of previous blood transfusion (OR 3.141,CI 1.143-10.53),
and hepatomegaly (OR 3.471 C10.181-0.485) were independently associated with severe
anaemia on logistic regression.

Malaria (58.7%), sickle cell gene (13%) and iron deficiency (13%) were the major causes
of severe anaemia. The cause was not determined in 23.9% of children. Concerning the
aetiology there was no statistically significant difference between the cases and controls.
However iron deficiency anaemia was more common amongst the controls. There was no
statistically significant difference in mortality between the cases and controls. Five of the
cases had pneumonia and four were in heart failure.

Conclusions .

The prevalence (21.4%) of severe anaemia amongst children admitted to the Acute Care
Unit is unacceptably high. Malaria is still the leading cause of severe anaemia and one in
five children had a history of previous blood transfusion.

Recommendations

There is need to reinforce measures for preventing malaria so as to reduce the frequency
of severe anaemia in children.

There is need for a detailed prospective clinical audit of children admitted with severe
anaemia in Mulago Hospital involving a higher number of children.

More studies are needed to determine the contribution of other causes such as HIV, folate

and glucose 6-phosphate dehydrogenase enzyme deficiency to severe anaemia.
(viii)
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CHAPTER ONE

BACKGROUND INFORMATION AND LITERATURE REVIEW

1.0  INTRODUCTION

Anaemia is a recognized public health problem world wide affecting an estimated 30
percent of the world’s population'. Most of the anaemic population lives in developing
countries where high prevalence of anaemia is seen, particularly in young children,
adolescents, women of childbearing age and pregnant women.” It is among the six
commonest causes of paediatric mortality in Uganda and the 5" commonest cause of
death among children in Mulago hospital**. Anaemia as a cause of childhood morbidity
in Uganda and Affica in general has taken on new significance with the realization that
blood transfusions commonly used to treat severe anaemia may be a major vehicle for
HIV transmission,” In Uganda 60% of the blood from the National blood bank is given
to children which is high compared to other African countries where only 32.2% of the
blood is used for transfusion of children.®” Severe anacmia is a common complication
of diseases like malaria, an endemic disease. It can result from nutritional deficiencies
like iron, and can be part of presentations of haemoglobinopathies like sickle cell
anaemia, yet it can also worsen other preexisting conditions in children.

Little is known about the relative contribution of malaria, helminthic infestations, iron

deficiency and sickle cell disease to the aetiology of severc anaemia.

1.1 DEFINITION OF ANAEMIA

The World Health Organisation defines anacmia as a blood hemoglobin or hacmatocrit
level or red cell mass below normal for age, sex, altitude and physiological state of the
individuat®.

For children 6 months to 5 years anaemia has been defined as hemoglobin less than
I 1g/dl and haematocrit less than 33%.

In this study, severe anaemia has been defined as hemoglobin level less than 5g/dl.
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This definition has been derived from the paediatric guidelines for management of

severe anaemia, in the Department of Paediatrics, Mulago hospital (4ppendix V)

1.2 EPIDEMIOLOGY

A total of 2.17 billion people worldwide are anaemic by WHO criteria with a global
prevalence rate of 30%. Asia and Africa are the most affected regions’ with prevalence
rates of up to 50% in children and women while North America and Europe are the least

affected with prevalence rates varying between 10% and 20%.

Within communities in the world?, vulnerable groups in descending order of prevalence
rates of anaemia are, pregnant women 51%, pre-school children 43%, low birth weight
infants 30% to 40%, women and school children 30%, the elderly 10 — 20%, and adult
men 5 — 15%.

In Brazil, Neuman found the prevalence of anaemia to increase with age up to 18
months old and then decreasing after. It was less prevalent in families where the father
had a higher education level and where there was a higher total family income.’ In East
Aftica, the prevalence of anacmia ranged from 15-93% with a mean prevalence of 74%.
2 The Ministry of health reports anaemia as the tenth commonest cause of out patient
morbidity accounting for 2.3% of the disease burden.'® In one study the prevalence of
severe anaemia was 9% in children presenting to Acute Care Unit and various pacdiatric
clinics."!

In Uganda 64% of children are anaemic.'? Karaire found a prevalence of 62% of
anaemia in apparently hcalthy children attending the young child clinic in Mulago
hospital with a range of 3.9 gdi'to 14.7 gdI’". Fifteen percent had severe anaemia'’. The

most affected age group was 7-18 months.

1.3  CLINICAL FEATURES OF SEVERE ANAEMIA

1

The clinical presentation of a child with severe anacmia 4 is variable and directly related

to the pace at which the anaemia developed. If the anaemia worsened gradually



Prevalence and Causes of severe anaemia in admitted children

following chronic parasitaemia the child may have little or no symptoms and signs apart
from pallor. If the fall in haemoglobin has occurred more rapidly, the child will present
with signs of cardiac failure. Breathlessness on exertion occurs when haemoglobin is
less than 4 g/dl. A significant proportion of patients of all ages with chronic iron
deficiency anaemia demonstrate pica. There may be sub-optimal growth, irritability,

yellow eyes, bone-pains and passing worms in stool.

General Clinical Examination

This may or may not reveal possible causes of severe anaemia. Pallor of the mucous
membranes with jaundice may suggest a haemolytic anaemia, and marked pallor
associated with petechiae or ecchymoses may suggest acute leukemia. The nails may
become brittle and break easily or they may become concave (koilonychia) in shape in
chronic iron deficiency. However koilonychia may also occur as an autosomal dominant
trait, in haemochromatosis and in normal children during the first 2 years of life"”. Signs

of chronic haemolytic anaemia like bossing of the head may occur.

Cardiovascular System
There is tachycardia, haemic murmur, gallop rhythm and pedal oedema.

There may be a tender liver if there is congestive heart failure.

Neuromuscular System
Headache, vertigo, tinnitus, faintness, and lack of mental concentration, drowsiness,

restlessness, and muscular weakness are common symptoms of severe anaemia.

Gastrointestinal System
Hepatomegaly which may be tender if heart failure 1 present.

Splenomegaly may occur, and this worsens the anaemia by increasing haemolysis of the

red blood cells.

Respiratory System
There may be tachypnoea, and there are fine basal crepitations if in congestive cardiac

failure.
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1.4 LABORATORY FINDINGS OF SEVERE ANAEMIA

These depend on the cause.

Peripheral Film: Malaria parasites may be seen on thick blood film. A thin blood film
may show microcytosis and hypochromia in iron deficiency anaemia, thalassaemia, lead
poisoning, sideroblastic anaemia, and anaemia of chronic diseases. A
normocytic,normochromic picture may be seen in haemolytic anaemia, bone marrow
failure, and acute blood loss. A macrocytic picture may be seen in vitamin B;; or folate
deficiency, and liver disease, but a dimorphic appearance may be seen if causes of both
microcytosis and macrocytosis are present. Sickle cells, target cells, tear drop cells and
Howell Jolly bodies may be seen in sickle cell anaemia

In iron deficiency anaemia, the haematocrit is usually low with a reduced reticulocyte
count. The mean cell haemoglobin concentration is usually less than 28% and mean cell

volume is less than 80fl. Total iron binding capacity is usually high.

Full blood count

Mean cell volume is usually low and red cell distribution width is normal in
heterogenous thalassaemia and chronic disease, whereas, mean cell volume is low and
red cell distribution width is high in iron deficiency anemia and S thalassaemia but
both mean cell volume and red cell distribution width are high in folate and Vitamin B,
deficiency.'® Pancytopenia with reticulocytosis may indicate hypersplenism, whereas

pancytopenia with no reticulocytosis may indicate aplastic anaemia.

Serum iron: This is a measure of the amount of iron bound to transferrin and decreases
in iron deficiency. During acute inflammatory conditions and infections, serum iron

concentrations fall as iron is apparently redistributed to storage sites.

Serum Transferrin Receptors (STFR): Their concentration is pathologically increased
in the presence of tissue iron deficiency and has been shown to be a sensitive indicator
for this condition in adults. Most studies on STFR level in various conditions have been

performed in adults. In children little is known about the clinical value of STFR
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concentrations' and they don’t seem to have a role in the diagnosis of iron deficiency

anaemia in young children exposed to malaria infection.'®

Serum Ferritin: Serum concentrations less than 12ug/l are considered diagnostic of

tissue iron deficiency. However in the presence of inflammation (CRP 6mg/1) the cut off

value is <100pg/1'*'%"®

Bone Marrow: It is unsuitable for routine use because it is invasive though itis the gold
standard for measuring iron deficiency anaemia. However, some studies have found
that a pathology report of absent bone marrow hemosiderin may be inaccurate in more
than 30% of cases and even when accurate may not necessarily signify the presence of
iron deficiency anaemia. A measurement of serum ferritin level is recommended to

confirm a clinical diagnosis.”’

Stool: Dark stool with positive occult blood and varying degrees of hookworm ova for

those with hookworm infestation may be observed.

Sickle Cell Anaemia

The screening test for sickle cell is positive when the blood is deoxygenated.
Haemoglobin electrophoresis is confirmatory for sickle cell disease, showing

Haemoglobin SS.
1.5 CAUSES AND FACTORS ASSOCIATED WITH SEVERE ANAEMIA

The common causes of severe anaemia seen in Mulago hospital were described by
Vanier about forty years ago.”# Malaria and iron deficiency anaemia associated with
heavy hookworm infections were found to be the commonest causes. Sickle cell
anaemia was the third commonest cause.

Bakaki found the major causative factors of anaemia in the community to be malaria
58%, chronic malnutrition 52%, iron deficiency 18%, and folate deficiency 139, Less
common causes of severe anaemia include leukaemia, aplastic anaemia, acute

haemorrhage, autoimmune haemolysis, glucose 6 phosphate deficiency and chronic

5
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renal disease. In a study done in Uganda, 100% of HIV infected children became
anaemic between 9 and 36 months of age.** Other studies have also brought out the role
of HIV in causation of anaemia in children. In infants Ebrahim found the maximum
number of admissions with severe anaemia occurred between ages of 3 and 9 months in
Tanzania.”’

Children 6 months to 15 months are more at risk and a low socioeconomic status as well
as a low level ofthe parents’ education were found to be more in anaemic children.”?
Infants born to mothers who are deficient in iron and pre-term babies have low iron
stores, and are likely to get iron deficiency anaemia during infancy, or those on a
prolonged milk diet because milk is a poor source of iron. Infants on fresh whole cow’s
milk lose serum protein and red blood cells in the gut due to altered integrity of the
bowel mucosa.”®

Iron deficiency anaemia is very common in young children because of low content of

bioavailable iron in the diet, increased loss due to repeated infection and infestation and

high iron requirement for rapid growth.

1.5.1 Malaria and anaemia

Malaria is thought to be the primary cause of severe anaemia in at least 50% of'subjects
living in malaria-endemic areas’’. The disease is stable in approximately 95% of
Uganda and over 90% of infections are due to Plasmodium falciparum.®® Plasmodium
falciparum infection contributes to the aetiology and severity of anaemia through several
mechanisms. These include direct destruction of parasitized red blood cells, immune
mechanisms  (including the destruction of unparasitized red cells) and
dyscrythropoiesiszg. Malaria may also contribute to iron deficiency by reducing iron
absorption during acute episodcsm and through sequestration of iron in malaria

pigment,’' and haemoglobinuria.

The role of malaria in the aetiology of anaemia is supported by the observations that in
malaria — endemic areas, the incidence and age pattern of severe anaemia are strongly
dependent on the intensity of Plasmodium falciparum transmission.>* Transmission is
largely perennial with increases during the rainy season'’. Severe anaemia is a common

complication in children with malaria'. A recent study in Tanzania confirmed the role of

6
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malaria as the largest contributor to the aetiology of severe anaemia in infants in highly
endemic areas, accounting for about 60% of all cases compared with iron deficiency
which accounted for about 30% of severe anaemia episodes. In the same study it was
found that the groups that received malaria prophylaxis had lower frequencies of both
severe anaemia and malaria.*®

In Kenya®* another study showed that Plasmodium falciparum infection was associated
with reduced haemoglobin concentration in children and was the primary cause of
severe anaemia in 46% children admitted to hospital. The mortality rate in children with
severe malarial anaemia was 8.6% compared with 3.6% in children with severe anaemia
due to other causes™.

In a study in Senegal, severe anaemia was present in 73.1% and 52.1% of cases of
severe malaria among children aged 0-3 years and 4-7 years respectively. Among young
children, severe anaemia was associated with brief hyperparasitaemia or with prolonged
lower parasitaemia. Older children have a lower risk of severe anaemia®. In Papua New
Guinea severe anaemia constituted 22% children with malaria, while in Malawi malaria
associated severe anaemia accounted for 54% of malaria related deaths at one district
hospital®® 3. The prevalence of malaria associated severe anaemia was 8.5% among
admissions in the same hospital.

The mean age of children presenting with severe malaria anaemia is about 1.8 years™.
The degree of anaemia is related to the infecting organism with Plasmodium falciparum
causing severe haemolysis and anaemia. Studies in Zaire showed that paediatric blood

transfusions given primarily for the treatment of malaria associated anaemia account for

an estimated 25% of paediatric HIV infections.’

1.5.2 Iron deficiency anaemia

iron deficiency anaemia is the commonest micronutrient deficiency in the world. It
contributes to low-birth weight, lowered resistance to infection and poor cognitive
development. The WHO (1959) study group defined iron deficiency anaemia as “an
anaemia brought about primarily by deficiency of iron in the body and characterized by
progression from a normocytic blood picture to one that is microcytic hypochromic and

responds to treatment with iron. >



Prevalence and Causes of severe anaemia in admitted children

Due to the relatively low iron stores in children, iron deficiency is common around the
time of growth spurt especially between the ages of 6 and 24 months, particularly if the

initial birth weight is low.*

Infants are bormn with iron stores in haemoglobin (75%) and in the tissues.

Some studies have shown that children with iron deficiency are more likely to develop
severe malaria] anaemia ‘% and that iron supplementation in these children may
significantly improve their haematological status*> #*, However, there are concerns that
iron supplementation provides the developing parasites with the iron they require to
develop™ and thus may worsen the severity of malaria and increase the frequency of

malaria attacks. %

Sources of iron

Grain products are the principle source of dietary iron followed by meat, poultry, fish,
vegetables, legumes, nuts and soy. Animal products especially red meat contain the
haeme iron that is readily absorbed, while plant products contain non-haeme iron that 1s
not easily absorbed due to the presence of substances such as phytates and tannins that

inhibit absorption.

Iron bio-availability

The absorption and utilization of iron depends on the balance between presence of
substances that inhibit iron absorption and those that enhance iron absorption in a meal.
Some food preparation methods such as fermentation, germination and soaking have the
advantage of reducing phytate inhibitors and have been shown to improve iron

bioavailability.

1.5.3 Hookworm anaemia

Intestinal helminths affect over one quarter of the world’s population at any one time.
Hookworms, which affect approximately 20% of the world’s population, have the most
significant cffect’’. It is estimated that Ancylostoma duodenale sucks 0.15ml of blood
per worm per day, while Necator Americanus sucks 0.03 - 0.05ml of blood per worm

per day.*
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The prevalence of hookworm infestation increases with age in children.

The amount of blood lost from the gut determines the development of anaemia”®. The
severity of this anaemia depends upon worm load, the type of worm, the age of the
child, and the nutritional status of the child including dietary iron intake. Up to 100mis
of blood may be lost daily in heavy infestations.*® Children on an adequate iron intake
may keep pace with blood loss so that anaemia does not develop. Among the geo-

helminths only hookworm is associated with severe anaemia. *

1.5.4 Sickle Cell Disease

About 1-2% of infants are born with sickle cell disease and anaemia is one of the earliest
presentations of sickle cell disease in children. It is the most frequent hereditary
haemolytic anaemia in Uganda and carries high morbidity and mortality ' 1t is
estimated that about 20% of the African population in Uganda are carriers of the sickle
cell gene. In Mulago hospital sickle cell anaemia contributes to 14% of paediatric
admissions and 10% mortality” and most patients present with various manifestations
of the disease such as anaemia, painful crisis, malaria, splenic sequestration crisis,

aplastic crisis and hyperhaemolytic crisis.
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CHAPTER TWO

2.0 PROBLEM STATEMENT

Anaemia is a global problem. It is widespread in developing countries especially the
tropics. Countries with more than 10% anaemia prevalence in one or more of the
vulnerable groups should consider anaemia as a significant public health problem
requiring priority attention. Estimated prevalence rates of anaemia in children under
Syears are 56% in South Asja and Africa, 20% in East Asia, 14% in Europe and 8% in
North America.”

Severe anaemia and malaria are also a significant burden on health facilities in sub-
Saharan Africa, accounting for much of the hospitalization and use of external health
services®. In 1990, of 2433 children admitted to a Kenyan hospital, 29% had severe
anaemia (Hb < 5 g/dl) and 18% of the severely anaemic children died ¥

In the 2001 Uganda Demographic Health survey, 64% of children were found to be
anaemic and 7% had severe anaemia'’. Available data from health units indicate that
anaemia is one of the top ten health conditions that contribute to morbidity and mortality
in children®. In children it is the sixth commonest cause of mortality contributing to 6%
of paediatric deaths®. Mortality records in the Acute Care Unit for the months of
December 2001 to Fcbmary 2002 show severe anaemia to contribute 36.7%, 35.8%, and
42% of deaths respectivcly.52

Severe anaemia is one of the commonest paediatric emergencies in Mulago hospital. In
studies involving children with cerebral malaria, severe anaemia accounted for 7.2% -

20% of the cases.””

Anaemia has implications for social and economic development including increased
susceptibility to infection, impaired cognitive development and learing performance in
children, thus lowering the effectiveness of investments in education®’. It causes
impaired physical growth and permanent adverse effects on necural functions and it

compounds morbid conditions such as cardiac disease, pneumonia, and malnutntion.
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Severe anaemia requiring transfusion is a challenge to health facilities in areas like
Uganda where HIV infection is prevalent. Blood transfusion may not only be a vehicle
for HIV infection but it is also costly to the health system and the patient’s family.>

The Mulago Hospital Acute Care Unit records show that a total of 5633 children were
transfused in the year 2001, giving an average of 15 children per day*®. In Tanzania the
total cost of severe anaemia case management was found to be $ 16.29 per severe
anaemia episode in infants under 1 year of age®. In Uganda the cost of preparing a safe
unit of blood is estimated at 30 US dollars®. This is in addition to the cost of haematinics
and antihelmithic drugs as well as antimalarial drugs, which are usually part of treatment

of these children.

21 JUSTIFICATION OF THE STUDY

It is recognized that anaemia contributes significantly to the burden of disease in
Uganda especially in young children and pregnant mothers.

Severe anaemia in Uganda contributes significantly to high child mortality and
morbidity. The causes of severe anacmia are considered to be multi-factorial. The
current practice is to try and treat all these conditions but this may not be the most
efficient or cost effective method. Yet some studies have shown iron supplementation to
be associated with a greater degree of haemolysis due to malaria g6

There are no recent studies of the aetiology of severe anaemia in Uganda. It is almost
forty years ago since Vanier reviewed causes of severe anaemia in children admitted to
Mulago hospital,’® hence there is a large information gap. There was need to establish
the prevalence and causative factors of severc anacmia among children admitted to

hospital.

Therefore this study sought to establish the current magnitude, pattern and the causes of
severe anacmia in Ugandan children. It was hoped that it would provide data that might
lead to cost effective guidelines to the management of severe anaemia; and shed more

light on the relationship between clinical features and the severity of anaemia.
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The study was designed to answer the following questions:

2.2

2.3

2.4

RESEARCH QUESTIONS

What is the prevalence of severe anaemia among children admitted to the
Acute Care Unit, Mulago Hospital?

What are the causative factors of severe anaemia among children admitted to
the Acute Care Unit, Mulago Hospital?

What are the clinical features and type of anaemia among children with

severe anaemia admitted to the Acute Care Unit, Mulago Hospital?
What are the clinical causes of mortality among children admitted with

severe anaemia to the Acute Care Unit, Mulago Hospital?

OBJECTIVES

2.3.1

2.3.2

General
To determine the prevalence and identify some causative factors of
severe anaemia among children admitted to the Acute Care Unit, Mulago

hospital.

Specific
To establish the prevalence of severe anaemia among children admitted
to the Acute Care Unit, Mulago Hospital?

2. To identify some causative factors of severe anaemia among children
admitted to the Acute Care Unit, Mulago Hospital?

3. To describe the clinical features and type of anaemia among children
with severe anaemia admitted to the Acute Care Unit, Mulago Hospital?

4. To describe the ¢linical causes of mortality among children admitted with
severe anaemia to the acute care unit.

RESEARCH HYPOTHESIS

Malaria is the major cause of severe anaemia among children admitted to the Acute Care

Unit.

12
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CHAPTER THREE

METHODOLOGY

3.0 DESIGN

Cross sectional and case control study.

3.1 STUDY SETTING

Hospital based study which was carried out in the Acute Care Unit of Mulago National
Referral and Teaching Hospital, Kampala, Uganda. Mulago Hospital is 4 kilometers
north of Kampala City centre.

The population included patients from Kampala and peri urban areas as well as referrals
from surrounding hospitals and up country district hospitals. In the Acute Care Unit, all
children are seen first by the triage nurse who sends emergency cases to the doctors
immediately. There is a minimum of three doctors on duty at any one time.

Those who are very ill and require admission are admitted for a night and the following
day they are transferred to other wards if they are still very ill. If they are better they are
discharged and followed up as outpatients. The emergency cases are resuscitated from
the same place, while mildly ill children are treated as outpatients. Emergency
laboratory tests such as blood slide for malaria parasites and haemoglobin levels are
done from here. The bed capacity is 40 but the number of admitted children may

sometimes go up to 100 necessitating sharing of beds by some children.

3.2 POPULATION

Target population:
Children 3 months to 60 months in Uganda

13
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This group has been chosen because it is the age group that is more affected by anaemia
among children.?

Accessible population:

A child 3 months to 60 months admitted in Mulago hospital.

Study population:
A child 3 months to 60 months admitted to the Acute Care Unit during the study period.

Study Unit: A child who fulfils the inclusion and exclusion criteria

3.3 SAMPLE SIZE ESTIMATION

3.3.1 Sample size estimation for the prevalence study

The sample size was estimated at 1398 for the prevalence study using the formula

developed by Kish L.*’

n = Z2P.Q
D?
where:
4 = standard normal deviation at 95% confidence interval (1.96)
P = the estimated prevalence of severe anaemia in the population 9%'"
Q = 100% - P
= 91% (0.91)
D = the difference between the estimates we would get and true values in the
population. It is the error being allowed of 1.5% (0.015)
n = (1.96)2 x 0.09 x 0.91

(0.015). (0.015)

= 1398
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3.3.2 Sample size estimation for the case control study

This was estimated using Fleiss’ formula for case control studies.*

n = 2AZs+75)'PQ
®i— Py
where n = minimum sample size
7 = The standard normal percentage point corresponding to 95%

confidence internal (1.96)

Zg = The standard normal percentage point corresponding to 80%
power (0.842)
P = Expected population of exposure (malaria) %' among children with

severe anaemia, that is 65% (0.65).
Py = (P, xOR)

[1+ Py(OR-1)]

OR (odds ratio worth detecting) = 2

P, = The proportion of children who have malaria without severe

anaemia 42%.
P = Pyt P =535

2
Q = (100 -P) =46.5
n = 2(1.96 +0.842)" x 53.5 x 46.5
(65 - 42)*
= 74

3.4 SELECTION CRITERIA

3.4.1 Inclusion Criteria for Cases

1. Children aged 3 months to 60 months admitted to the acute care unit during the
study period.
2. Children with a haemoglobin level less than 5 g/dl.

3. Children with signed informed consent from caretaker.
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3.4.2 Inclusion Criteria for Controls

1. Children aged 3 months to 60 months admitted to the acute care unit during

the study period.
2. Children with a haemoglobin level 5 g/dl to 11 g/dl.
3. Children with signed informed consent from caretaker.

3.5. SAMPLING PROCEDURE

Children 3 months to 60 months admitted to the Acute Care Unit had their haemoglobin
concentration determined by a laboratory technician using cyanhaemoglobin method.
All children with haemoglobin levels less than 5 g/dl were enrolled as cases until a
sample size of 92 children was achieved.

The cases were then matched for age and sex with children who had haemoglobin levels
Sto 11 g/dl.

For the prevalence study, all children aged 3 to 60 months admitted to the Acute Carc
Unit were consecutively enrolled and they had their haemoglobin levels determined

using the haemocue method until a sample size of 1400 children was achieved.

3.6 MEASUREMENTS

The following measurements were taken in all children recruited for the case control

study:

1. Body weight was taken to the nearest 100g using a 25kg Salter scale 9 Salter
weight Tronix, Birmingham, UK.

il Length / height was measured to the nearest millimeter using a stadiometer
(length Board) manufactured locally according to a model provided by the
Appropriate Resources Technology Action Group, London.

iii. Axillary temperature was taken using a digital Phillips thermometer,
Amsterdam.

iv. Respiratory rate and heart rate were taken in one minute.
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3.6.1 Data Collection Techniques

Children 3 months to 60 months presenting to the acute care unit had their haemoglobin
level determined. The principle investigator enrolled those eligible for the study.
Consent was sought and when granted, the principle investigator carried out a detailed
history and clinical examination using a pretested and pre-coded questionnaire.

(dppendix II)

The variables measured were from clinical history, clinical examinations and
investigations.

A history including socio demographic characteristics, presenting complaints, birth
weight, previous drug treatment, a history of bleeding, pica, history of previous blood
transfusions, history of bleeding or jaundice in early neonatal life were elicited for cach
participant.

A complete physical examination was carried out by the principle investigator to assess
the state of nutrition of each participant, pallor of palms, tongue and mucous
membranes, jaundice, hepatosplenomegaly and any extemal features of bleeding such as
petechiae. Features of iron deficiency such as koilonychia were looked for and signs of
congestive heart failure and respiratory distress recorded. Fever was defined as an
axillary temperature of >37.5 oC.

The spleen and liver were measured in the supine position in the mid-clavicular line.
Congestive cardiac failure was defined as raised jugular venous pressure, or a tender

liver or a gallop rhythm.

Respiratory distress was defined as chest in-drawing or flaring of alae nasi or use of
accessory muscles of respiration.

Treatment and diagnosis on admission were also entered in the questionnaire. (dppendix

Uy
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3.7 LABORATORY TESTS

3.71 Blood Collection

The principle investigator drew 4 milliliters of venous blood under aseptic conditions
from all the cases and selected controls.

The skin was cleansed with 70% alcohol and a 5 millilitres sterile plastic disposable
syringe with a 21-gauge needle was used to draw blood. A piece of sterile gauze was
used to exert pressure at the puncture site to stop further bleeding. The needle was then
removed from the syringe and blood put into containers. This was done to minimize the
haemolysis of cells that occurs on forcing the blood through the needle. Two milliliters
of blood was put in clot activator specimen containers, and centrifuged. One milliliter
of serum was put in cryovials and kept in a deep freezer for analysis of serum ferritin
and C-reactive protein levels.

Two milliliters of the blood was put in sequestrine bottles for determination of'total red
blood cell count, mean cell volume, mean cell haemoglobin concentration, mean cell
haemoglobin, reticulocyte count, packed cell volume, and haemoglobin electrophoresis.
Thin and thick blood smear were done immediately. Specimens were taken to the

laboratory for analysis within an hour of collection.

For the prevalence study, all children aged 3 months to 60 months admitted to the Acute
Care Unit had haemoglobin levels done using a Haemocue photometer (Angeltholm,
Sweden).

The child’s finger was cleaned with 70% alcohol solution and then pricked. A drop of
blood was placed on the micro cuvettes, and excess blood wiped off leaving
approximately 10pl, which is the capacity of the microcuvette. Haemoglobin levels were
written in the child’s medical chart. Parents were informed when their child’s

haemoglobin level was < 5 g/dl and standard treatment was initiated. (dppendix V)
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