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ABSTRACT

INTRODUCTION: The burden of Sickle Cell Disease (SCD) in Africa is high; having over
75% of annual global births and mortality reaching 95% in childhood. Introduction of
interventions, which could prevent 70% of deaths, have been limited because of lack of local
evidence. This study described the clinical spectrum of SCD in Tanzania as the first step in
providing evidence to guide targeted interventions.

METHODS: SCD patients attending Muhimbili Hospital in Dar-es-Salaam, Tanzania were
recruited between 2004 and 2009. Prospective surveillance of clinical and laboratory
information was done at outpatient clinic and during hospitalisation. Specific investigations
included blood cultures on all hospitalised SCD patients, Transcranial Doppler (TCD)
ultrasonography to measure cerebral blood flow velocity (CBFv) and HPLC to measure
levels of foetal haemoglobin (HbF). The outcomes of interest were death, hospitalisation,
malaria, bacteraemia and stroke.

RESULTS: 1,725 SCD patients [mean age 9.7 (SD 7.9) years; 10% below 2 years] were
enrolled with information recorded from 14,000 visits during the study period. 12% of
enrolled SCD patients were lost to follow up and 23% of 86 deaths occurred at the hospital.
The mortality was 2 deaths/100 person years of observation (PYO); highest under 5 years and
independently associated with low haemoglobin (Hazard ratio 0.7 95%CI 0.6-0.8; p<0.01).
504 (29%) of the SCD cohort were hospitalised with pain, fever and anaemia as the
commonest cause of hospitalisation. SCD patients had less malaria than non-SCD patients at
clinic (OR, 0.46; 95% ClI, 0.25-0.94; P = .01) and during hospitalisation (OR, 0.53; 95% CI,
0.32-0.86; P = .008). In SCD patients, prevalence of malaria was higher during hospitalisation
and associated with severe anaemia and death. 43 out of 890 hospitalisations had
bacteraemia (4.8%) with Staphylococcus aureus (28%), non-typhii Salmonella (21%) and
Streptococcus pneumoniae (7%) as the most common organisms. The mean CBFv in 372
patients (2 - 16 years) was 132 cm/sec with CBFv > 200cm/sec occurring in 40 (10%)
patients. The incidence of stroke was 0.3 per 100PYO; associated with sickle haemoglobin
and reticulocyte count but not with CBFv. The mean HbF level in 1,669 SCD patients was
6.3 (SD 4.7) % with no association with mortality and hospitalisation.

CONCLUSION: This study has highlighted the burden of disease to individuals and health
system. The findings have important implications for policies to improve healthcare as well
as identifying areas for further research.
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Chapter One
Introduction

INTRODUCTION

Sickle Cell Disease (SCD) is the single most important genetic cause of childhood mortality
world-wide. In May 2006 at the 59" World Health Assembly (WHA), resolution WHA 59.20
of the World Health Organisation (WHO) was to develop, implement and reinforce integrated

national programs for the prevention and management of Sickle Cell Disease (SCD)'.

Approximately 300,000 children are born every year with SCD in the world, with over 75%
in Africa’. In Tanzania, a low income country (LIC) in Africa, SCD is of public health
significance as the prevalence of the carrier state ranges between 15 — 20%,> which is
amongst the highest in Africa. The estimated birth incidence of children with homozygous SS
SCD in Tanzania is between 6 to 7 per 1000 children®. The majority of these children will
not know that they have SCD and it is estimated that over 5% of infant mortality may be
attributable to SCD’. Although there is a wide variation in the severity of disease in affected
children, these children will require life-long access to hospital care for acute and chronic
complications, with the average cost for managing one patient with SCD ranging between

$4,425 in Jamaica to $7,000 in Canada per year®.

Major benefits in the health and survival of children with SCD in high income countries have
been attained through the implementation of a few, simple evidence-based interventions. The
most striking achievements have been as a result of early diagnosis of SCD by newborn

screening (NBS) and the subsequent enrolment of these patients into comprehensive care



programmes’. These programmes provide interventions which include prophylaxis against
infections, for example with penicillin, early detection and treatment of acute clinical events
such as anaemia, septicaemia, stroke and acute chest syndrome due to infections/infarctions.
These interventions have not been introduced in Tanzania despite the fact that they have been
shown to be highly effective in developed countries. Although there is every reason to
believe that such an approach would have a similar impact in Africa, there are simply no data
on even the most basic problems, such as the common clinical complications and the current
mortality, to support this assertion. In addition, the limitation of resources in LIC mean that
it is essential that proposed interventions are cost-effective and based on a clear definition of

the problems.

The main objective of this study was to describe the clinical spectrum of SCD in Tanzania by
defining the major causes of morbidity and mortality. This involved the establishment of a
systematic framework for a prospective, descriptive study in a setting with an existing clinical
sickle cell service. This thesis will focus on malaria, bacterial infections and neurological
events, mainly cerebrovascular accidents or stroke, which are thought to cause high morbidity
and mortality in the population of SCD subjects currently forming the clinical load at MNH.
This is probably typical of many hospitals in East Africa (EA). In addition, these three
clinical events have interventional strategies which are effective, could be implemented in
resource-limited settings and would significantly improve the management of African patients.
This work will also describe the clinical epidemiology of foetal haemoglobin (HbF) in the
SCD cohort, as patients with high concentrations of HbF appear to be protected against severe
consequences of SCD. Therefore, study of HbF has the potential both to increase our
understanding of the mechanisms behind SCD and to provide effective therapeutic options in

Africa.



This thesis starts with an outline of the scientific and clinical background to SCD, reviewing
pertinent existing literature on malaria, bacterial infections, stroke and foetal haemoglobin.
This is done with an emphasis on defining what needs to be done to improve outcome in an
African setting as the rationale for this thesis. In the second section, I summarise the
methodology and resources that were used to establish the framework for carrying out the
work. The third section initially outlines an overall description of the SCD cohort, followed
by individual chapters on findings in malaria, infections, neurological events and HbF.
Finally, the concluding section summarizes the results as the baseline on which to propose
locally relevant approaches to target resources for appropriate management, intervention and
research. This information has the potential of having a significant impact on clinical course,

quality of life and survival of SCD individuals in Tanzania.



Chapter Two
Literature review

SICKLE CELL DISEASE

In this section, the biology of haemoglobin, in particular sickle haemoglobin and the genetics
of SCD will be reviewed. This will be followed by an overview of the mechanisms of disease
in SCD and the clinical consequences of SCD. The third section will review the diagnosis,
treatment, prevention and control of SCD, focusing on the interventional strategies that are

pertinent for this study. Finally, there will be a summary of the situation of SCD in Africa.

Basic concepts

The function of haemoglobin (Hb) is to carry oxygen and carbon-dioxide between the lungs
and tissues. It is a molecule that is carried within a red blood cell (RBC), a non-nucleated, bi-
concave cell. RBCs are produced by the bone marrow, with erythropoietic activity occurring
in almost every marrow cavity in childhood but later activity is limited to the ends of long
bones, axial skeleton, ribs and skull. RBCs have a life span of 120 days. An average Man will
have 5x10'? RBCs per litre of blood and the level of haemoglobin ranges between 11.5 —
15.5g/dl in women and 13-18 g/dL in men. Anaemia is defined as a decrease in haemoglobin

below the lower limit of reference values for age and sex.

The structure of haemoglobin molecule
The haemoglobin molecule is a protein which consists of four polypeptide globin chains, with
each globin chain containing one molecule of haeme. There are 2 alpha-globin chains and

two non-alpha globin chains. In adults the non-alpha globin chains are beta (f), gamma (y)



and delta (5). Therefore, in adults there are three types of haemoglobins - haemoglobin A

(a; B2), Haemoglobin A; (a; ;) and Haemoglobin F (a; y,).

Genetic control of haemoglobin production

There are 2 alpha-like globins [zeta (8) and alpha («)] and the genes that control the synthesis
of these globins are located on chromosome 16. Similarly for the non-alpha globins (g, v, d,
B), the genes are located on the short arm of chromosome 11. The B-globin gene (HBB) exists
in a region of chromosome 11 called the "beta globin locus control region (LCR)." The
sequence in which they are physically ordered on their respective chromosomes reflects the

timing of their expression during development.

Figure 1 Schematic drawing of gene clusters that regulate haemoglobin molecules in

humans
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Distribution of haemoglobins during human development

Since the environment during embryonic, foetal and adult life with respect to availability and
source of oxygen differs, so the properties of the haeme molecule in binding and releasing
oxygen have to differ at each of these stages. This means that the distribution of globin chains
making up the different haemoglobins in individuals gradually changes during development
(Figure 2). During the embryonic period, (up to 6 weeks of gestation), embryonic
haemoglobin is produced consisting of Gower 1 ({; ¢2), Gower 2 (a; &) and Portland Hb ({;
v2). As the embryo develops into a foetus, there is a reduction in the production of zeta and
epsilon globin chains and an increase in the production of alpha chains resulting in a high
concentration of HbF (a2 y2). This haemoglobin has a high-affinity for oxygen and is
therefore able to bind oxygen more efficiently from maternal haemoglobin, at any given
oxygen concentration. After birth, oxygen is more readily available and therefore there is a
gradual reduction in the synthesis of foetal haemoglobin and an increase in adult

haemoglobin (HbA — o 32).

Figure 2 Haemoglobins in Man during development

Schematic diagram showing the time course of development of globin genes in man from conception to

adulthood. Sites of synthesis are shown as well as the proportion of different globins at different time
.

points”.
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Sickle Gene

Random mutations can occur in the coding regions of HBB, resulting in abnormal structural
variations in the haemoglobins leading to haemoglobinopathies. Sickle haemoglobin (HbS)
occurs when one amino acid (valine) substitutes another amino acid (glutamic acid) at position
six of the B-globin polypeptide chain. This substitution is caused by a single base mutation in
codon 6 within the B-globin gene cluster, where the sequence GAG occurs instead of GTG.
The sickle gene is autosomal recessive and follows Mendelian principles of inheritance.
HbS is one of 3 haemoglobinopathies which have reached high population frequencies, the
others being haemoglobin C and haemoglobin E, which result from single amino acid

substitution (B 6 Glu —Lys ) and (B 26 Glu —Lys ) respectively.

Random mutations can also occur in the non-coding region of B-globin gene cluster, which
are neither selected for or against. When a gene mutation occurs in the coding region of the
B-globin gene, the surrounding non-coding region is not affected. The genetic background of
the surrounding region is called the "haplotype" of that particular mutation. Since the
chance is extremely small that another random mutation will occur in the non-coding region,
the haplotype of a particular gene mutation event is fixed. The haplotypes can be identified
by endonuclease enzymes that isolate the specific polymorphisms by restriction fragment
length polymorphism (RFLP) typing. There are 4 BS —haplotypes; p° — Senegal, B° — Benin, BS
— CAR (Central African Republic, also known as Bantu) and BS — Arab/Indian. Figure 3

shows the HBB cluster with the different haplotypes.



Figure 3 B-Haemoglobin gene (HBB) cluster of chromosome 11
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Genomic organisation of the HBB cluster with different polymorphic restriction enzyme

sites’.

Geographic distribution of the sickle gene

The sickle gene is present in three distinct areas in Africa. The Senegal and Benin haplotypes
occur predominantly in West Africa and the Central African Republic (CAR), also known as
the Bantu haplotype, is predominantly found in East and Central Africa. The Arab/Indian
haplotype is found predominantly in the Arabian Peninsula and the Indian sub-continent.
Epidemiological studies suggest that the number of individuals with B> gene are higher near

the coast and fall concentrically with progression inland'”.



Figure 4 Geographic distribution of the sickle gene
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Schematic representation of geographical distribution of Sickle gene. The boxes are DNA

polymorphic sites that determine the HBB-gene cluster haplotype, identified by RFLP. Bantu
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Sickle cell disorders of clinical significance

SCD refers to a group of disorders that are characterised by the presence of sickle

haemoglobin. The SCD syndromes which have significant clinical consequences include the

homozygous sickle state (HbSS), known as sickle cell anaemia (SCA), and the compound

heterozygous states, HbSC and HbSPthalassaemia. Within this thesis, SCD refers to the

homozygous state HbSS.



Epidemiology of SCD

The prevalence of SCD can be objectively determined by calculating the birth prevalence of
affected children, which requires accurate diagnosis and registration at birth. Since this is not
done in most African countries, an alternative method is to use the prevalence of the carrier
or heterozygous states (HbAS) to calculate the expected birth rate of SCA based on the gene
frequency and Hardy-Weinberg equation. This has been done in several recent reviews*'?
and is summarised below. Table 1 and Figure 5 show the global burden of children born with
inherited haemoglobin disorders every year'’. Approximately 300,000 children are born
every year with SCD in the world, and countries such as the United States of America, United
Kingdom and Jamaica have a well-documented SCD population. However, this SCD
population constitutes only 1% of the global population of SCD, as over 75% are in Sub-

Saharan Africa®'?.
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Table 1 Frequency of heterozygous state, birth prevalence and estimated annual births in

selected areas of the world

Area HbAS Birth prevalence of SCD Annual births
Americas

USA (AA) 9% 0.4 (1:375) 1,531
Jamaica 5.6 302
Bahamas 7.7 46
Europe

UK 0.3 196
France 0.4 220
Africa 15-25%

Nigeria 18 84,636
Tanzania 5.6 7,801
Uganda 6.4 7,821
Kenya 1.2 1,296

. - .
AA - African-American; Source .

Figure 5 Global map showing the birth prevalence of inherited haemoglobin disorders
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Births of individuals with pathological haemoglobin disorders (haemoglobinopathy). The
predominant haemoglobinopathy in Africa is due to sickle cell gene whereas in Asia it is

thalassaemia. Figures are shown in Tanzania, USA and Jamaica for comparison. Source"”.

The high birth prevalence of SCD has been successful in highlighting the burden of SCD,
such that in 2006, the World Health Organisation recognised SCD as a public health
priority'. However, the birth prevalence does not provide information about the burden to the

health system and the impact that it has on individuals.

Individuals with SCD have high mortality, with reports suggesting that most children with
SCD in Africa die in early childhood. A study done in Nigeria found that the prevalence of
children with HbSS fell from 2.1% at birth, 0.4% at one to four years and to 0.05% over the
age of nine years'®. Recent estimates suggest that mortality has decreased and is more likely
to be up to 50% by 20 years with the contribution of SCD to under-five mortality in
Africa estimated at 6.4 %' . In the 1960s, the mortality in SCD in USA and UK was estimated
to be over 50% by 20 years but recent reports have shown improved survival in childhood,
with 85.6% surviving to 18 years in the USA'® and 99.0% to 16 years in the UK'®. The common
causes of mortality in the USA, UK and Jamaica were infections, acute splenic sequestration

and acute chest syndrome’®""?2 with the highest incidence between 1 to 3 years of age.

Mechanism of disease in SCD

Due to the abnormal amino acid in the B-globin chain, sickle haemoglobin (HbS) forms long,
insoluble polymers when deoxygenated, and the RBC containing HbS become less

deformable and form a sickle’ shape. It was previously thought that the clinical
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consequences were simply due to this abnormal, rigid sickle red blood cell occluding small
blood vessels. However, there is increasing evidence that the pathogenesis of the various
clinical events, both acute and chronic, result from a series of complex mechanisms which are

not limited to the RBC.

The complexity of the pathophysiological mechanisms at play were recently reviewed by
Stuart and Nagel®. Although the mechanisms have been broadly divided on the basis of
whether they not they are directly related to RBC (Figure 6), this is an arbitrary division as
the processes are closely linked and are probably even more complex than this simple
classification. However, for purposes of this review, the discussion will outline factors related

to RBC (erythrocyte related) and factors outside the RBC (extra erythrocyte factors).

Erythrocyte related factors

The rate of polymerisation of HbS into the pathogenic B°-globin polymers is determined by
the degree of oxygenation, intracellular pH and the concentration of HbS and HbF within the
RBC. Well-oxygenated HbS remains in solution in RBC in the arterial vessels but in the
venous circulation, with a reduction in the oxygen content, HbS polymerises and becomes
insoluble. This process reaches a point when the RBC loses its capacity to return to its normal
shape even with exposure to oxygen and remains an irreversibly’ sickled cell dSC)®. With
regards to the intracellular concentration of Hb, studies have suggested that although the total
concentration of Hb in cells influences the HbS polymerisation, it is the relative concentration
of HbF which is of greater significance as the ability of HbS to polymenise is significantly
reduced by the presence of HbF?*?” and reduction in the concentration of HbS?, Kinetic studies
of HbS gelation have also been able to demonstrate the role of oxygen concentration” and
acidity in HbS polymerisation®.
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Under normal physiological conditions, the population of RBC in individuals is
heterogeneous; however this is even more marked in SCD’'. Pathological consequences are
related to the wide variation in the density of SS cells®, the most extreme one being the ISC.
The density of RBC is determined by the volume of the RBC which is carefully controlled.
However, there are disturbances in this homeostatic process in SCD which have been linked
to two ion-transport mechanisms in the RBC membrane; the potassium-chloride cotransporter
and the calcium-sensitive gardos channel which result in cellular dehydration®’. In addition to
the abnormalities to the transporter mechanisms in the RBC membrane, there is also
dysfunction in the lipid bilayer, with abnormal exposure of phosphotidylserine components in
the phospholipid layer. This mechanism seems to be independent of HbS polymerisation and

itself causes membrane rigidity, increased RBC-endothelial interaction and pro-coagulation

activity>*.

In SCD, vaso-occlusion in both the macro and microvasculature is also thought to result from
increased adhesiveness between different components within the RBC, plasma and
endothelial wall. The sickle RBC has increased adhesiveness to endothelium® as well as to
other cellular components. In addition, within the plasma, there are factors such as
thrombospondin (from platelets) and von Willebrand factor (from endothelial cells) which are

also involved*®%#04!

Extra-erythrocyte factors

The endothelium has been found to be activated from both cell-related (sickle RBC, white
blood cell and platelets) and extra-cellular (inflammatory mediators, coagulation factors)

383940414243 There is increased inflammatory activity with what appears to be reperfusion injury
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and an increase in free oxygen radicals*. There is also evidence of pro-coagulant activity as well
as activation of haemostasis which may contribute to some of the acute and chronic clinical
events****"_ Finally there is compelling evidence of the role of Nitric Oxide (NO) in SCD*®.
The increase in haemolysis in SCD results in an excess of haemoglobin which exceeds the
protein-carrying capacity of plasma factors such as haptoglobin. The result is that there is
abnormal cell-free’ haemoglobin which circulates in plasma, binding to and destroying NO,
so causing a reduction in the concentration of NO®. This results in vasoconstriction,
increased adhesiveness of erythrocytes, leukocytes and endothelial cells and platelet
aggregation. The clinical consequences of increased vaso-occlusion are particularly seen in

the lungs and brain.
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Clinical events in SCD
Although SCD stems from an abnormality of the RBC, it is essentially a multi-system disorder,

affecting almost every organ-system of the body, as shown in Figure 7.

Figure 7 Selected clinical consequences of SCD

NEUROLOGICAL
Stroke
Cognitive disability
Retinopathy

CHEST
Infection/infarction
Pulmonary hypertension

INFECTION
Malaria
Bacterial infections
Osteomyelitis

The clinical consequences can be arbitrarily divided into 4 groups; haemolysis, vaso-occlusion,

infection and organ dysfunction.

Haemolysis and haematological complications
At birth, individuals with SCD do not have anaemia, but with the synthesis of adult Hb, they

develop chronic haemolytic anaemia that is present throughout life. This may be interspersed with
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acute episodes of reduction in haemoglobin — ‘anaemic crises’. The chronic haemolysis in SCD
results in gall bladder disease due to high levels of bilirubin. Although the main cause of anaemia in
SCD is chronic haemolysis, there are other types of anaemia. Hyperhaemolysis crises is defined
by a sudden fall in steady state haemoglobin accompanied by increased reticulocytosis and
exaggerated hyperbilirubinaemia. Acute splenic sequestration, when there is rapid onset of
trapping of red blood cells in the spleen, is characterised clinically by a sudden increase in
splenic size, at least 2cm below the left coastal margin, accompanied by a reduction in
haemoglobin or haematocrit by 20% of baseline level has been described in SCD and is a
significant cause of mortality’>*'">*, Anaemia may be secondary to infections, notably RBC

aplasia in the bone marrow that has been associated with infection with parvovirus serotype

B19%4°5%,

Vaso-occlusion

Vaso-occlusion (VOC) is thought to be the underlying cause of painful crises, acute splenic
sequestration and priapism (painful and prolonged penile erection). Painful crises, considered the
hallmark of SCD, are defined as severe pain lasting for 2 or more hours that is attributable to
SCD. The sites that are normally affected include the arms, legs, back, abdomen, chest and head.
Painful crises do not include other causes/types of pain in SCD such as dactylitis, acute chest
syndrome, right upper quadrant syndrome, osteomyelitis and appendicitis. It is the most common
cause of hospitalisation and frequent pain (defined as 2 or more painful events a year for three

years) is associated with poor quality of life and increased risk of death®’.

18



Infection

In the absence of prophylaxis, infections are thought to be the leading cause precipitating
clinical events and associated with increased monality2223'58. The role of bacterial infections and
malaria in SCD will be reviewed in detail in the respective sections as they are the focus of the

thesis.

End-organ dysfunction

With increase in survival, major organs in individuals with SCD are eventually damaged. The
brain and chest are particularly affected, with stroke, defined as an acute neurological syndrome
due to vascular occlusion or haemorrhage in which symptoms and signs last for more than 24
hours, being a well-described event. Acute chest syndrome (ACS) is an acute respiratory
illness characterised by new pulmonary infiltrates on chest x-ray>®. Both these events have been
reported to occur with high prevalence in SCD and are also risk factors for death™®¢'. The

mechanism of disease in stroke in SCD will be reviewed in subsequent section as it is a main

focus of this thesis.

Heterogeneity of clinical events in SCD
The clinical consequences of SCD are extremely heterogeneous in several ways. There is inter-
individual variability with some individuals who are completely asymptomatic while others

have extreme, debilitating illness. There is also variability within an individual, with changes in
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the type and frequency of clinical events with age. Finally, there is variability in clinical events
depending on the geographical location. This is due to the differences in environmental factors
such as nutrition, socioeconomic status, and climate that will influence the natural history of
disease. The general pattern of clinical disease is characterised by quiescent periods

interspersed with acute events, which are referred to as crises.
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Table 2 The prevalence of selected clinical consequences of SCD

Clinical event Prevalence References
Haemolysis

Anaemia Chronic 62,63, 64,55,66,67,68
Cholelithiasis Prevalence is 40% by adolescence *

Aplastic anaemia Associated with parvovirus B19 infection >0
Hyperhaemolysis Not common in Africa 12,13,74,15
Vaso-occlusion

Pain More than 60% patients. BSTIS LTSN

Most common cause of admission

Acute splenic Frequently occurs before the age of 3yrs #3201

Leg ulcers Prevalence is 10-25% adults S0

Priapism Prevalence is 10-40% males >
Occurs frequently S - 14years age group

Organ dysfunction

Neurological events

Stroke Prevalence is 10% in children *
Risk factor for mortality

Cognitive /silent Prevalence is 20% BRES B ET
Risk factor for overt stroke
Leads to impairment of executive function

Retinopathy Prevalence is >30% in HbSC i

Chest

Acute chest syndrome Prevalence is 40%. o000
Occurs frequently in children,

(ACS)
Has severe consequences in adults

Pulmonary hypertension | 30% FHILIEIS
Risk factor for mortality

Avascular necrosis of Prevalence is 10-50% in adults 75365

femoral head

Renal disease Prevalence of chronic renal failure is 5% 20% | >

Infections

Malaria it

Bacterial infections 10% children under 5 years o

Modified from '%%'%,
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Diagnosis of SCD

The laboratory diagnosis of SCD is based on the demonstration of HbS and the absence of
HbA, with variation in the percentage of the other 2 haemoglobins - HbF, HbA; - in RBCs.
The tests involve the initial detection of HbS by screening tests which include sodium
metabisulphite sickling test and sickle solubility tests. This is followed by tests to confirm the

sickle phenotype (SS/AS/SC/Sp thalassaemia).

There are three tests that are widely used - haemoglobin electrophoresis (HBE), isoelectric
focusing (IEF) and high performance liquid chromatography (HPLC). DNA-based tests can be
done to precisely describe the genotype. However, for clinical purposes, the diagnosis usually
involves screening (sickling or solubility test) followed by confirmation of phenotype using

one or two of these tests (HBE, IEF or HPLC).

Screening tests

In most African hospitals, screening is done, using the ‘sickling test’, which involves making a
thin blood film which is then put under hypoxic conditions by the addition of sodium
metabisulphite. This will result in RBCs containing HbS forming sickle cells which are seen
under a light microscope. A “positive” sickling test identifies the presence of sickled RBCs,
which occur in both homo (SS) -and heterozygous (AS) states. So to confirm SS-SCD or other
SCD, other tests need to be done. The sickle solubility test is another method used for
screening which is based on the principle that Sickle Hb becomes insoluble when it is

deoxygenated.

22



Confirmatory tests
These tests are based on the principle that the different haemoglobins have different overall
ionic charge which makes them move with different velocities in an electric field. The

principles and procedures for HBE and HPLC are in appendix III.

HBE can be done under alkaline or acidic conditions, where HbA, HA,, HbF and HbS migrate
towards the anode under an electric field with different speeds. The results are shown
schematically in Figure 8, showing that during alkaline Hb electrophoresis the resolution
between HbS and HbF can be poor, particularly in individuals with high HbF levels e.g.
neonates. Under acidic conditions, HbF moves much faster and is therefore distinct from both

HbA and HbS (Figure 8).

Figure 8 Electrophoresis of common haemoglobin variants under alkaline and acid

conditions
Alkaline Acid
ANODE (+) ANODE (+)
A E— F ——
F . A (Ay) e —
S (D) — S —
C(A,) EER— C E—
Origin Origin
CATHODE (9 1T CATHODE (-) 1T

Isoelectric focusing uses the same principles but is slightly more expensive than HBE.
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However, it is able to identify more Hb variants that would not be detected by HBE. It also has

the advantage that it does not require reagents which are commercially prepared.

HPLC uses cation exchange chromatography to identify the various haemoglobins in an
individual. It has the advantage in that it can also accurately quantify the Hb levels. In resource
rich countries, screening has largely been replaced by HPLC and confirmation is then done by
IEF or HBE. This is mainly because HBE and IEF are labour intensive, time consuming and
would not identify abnormal bands or quantify Hb. Furthermore, the quantification of Hb
fractions by HPLC is used to monitor patients who are on Hydroxyurea therapy or exchange

blood transfusion.

Figure 9 Chromatogram from high performance liquid chromatography of haemoglobin
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The peaks correspond to the quantity of each haemoglobin component as a fraction of total haemoglobin. Source '™
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The distribution of the different haemoglobins in individuals with different sickle phenotypes

is shown in Table 3.

Table 3 Distribution of haemoglobin fractions in AA, AS and SS individuals

Percentage of total haemoglobin
Foetus Adult (AA) | Adult (AS) | Adult(SS)
HbA a2 B2 5-10 97 55-70 0
HbA2 az & 2-3 2-3 2-3
HbF 0272 60-80 0.5-1 0.5-1 2-10
HbS o Bsz 0 30-45 90

Source'?

Although detection of the abnormal protein (HbS, HbC, and HbE) is usually adequate for clinical
diagnosis, definitive diagnosis of the genotype requires examination of DNA. This includes
methods such as RFLP, PCR and sequencing, which would not only allow the correct
description of the genotype pattern but would also allow further differentiation of the
haplotypes. With recent advances in genomic medicine, genotypic diagnosis has become
readily available and is routinely used in some reference centres for screening and diagnosis of

SCD.

Interventions in SCD prevention, treatment and control

As a chronic disease, the natural history of SCD is such that it is characterised by quiescent
periods interspersed by acute events, known as crises, leading to patients seeking health care
and frequent hospitalisation. The crises’ range from well characterised syndromes such as

acute chest syndrome (ACS), acute splenic sequestration (ASS), to less well defined symptoms
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that include pain, fever, anaemia, worsening of jaundice and leg ulcers. There are specific
conditions or circumstances when SCD patients require extra care. Peri-operatively, when SCD
individuals undergo general anaesthesia and surgery, there is an increased risk of developing
acute sickling complications and sudden death. Other circumstances include pregnancy,
dehydration, and extreme cold weather. With the increased life span of individuals with SCD,
there has been an increasing awareness of the importance of improving the quality of life and

well as preventing damage to organs such as the spleen, heart, lungs, brain, eyes, and kidney.

SCD is associated with increased mortality. The causes of mortality in the USA, UK and
Jamaica included infections, ACS, ASS, aplastic crises’®™'?*?. Other events such as stroke,
pulmonary hypertension, and haemolysis have also been reported to be associated with

increased risk of death.

The management of patients with SCD involves interventions that improve survival, prevent
and treat acute events and reduce end-organ damage. Over the past 3 decades there has been an
improvement in the understanding of the different pathogenic mechanisms responsible for
sickle cell events and organ dysfunction. Through a series of clinical trials, effective
interventional strategies have been established. For purposes of this thesis, I will provide a
brief overview of the interventions available, but will focus on interventions that are pertinent to

the situation in East Africa.
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Newborn screening (NBS)

The highest incidence of death occurs in the first 3 years of 1ife’*?2?*'%  Therefore,
identification of children at birth by newborn screening (NBS) leads to improved survival'®
107,108,199 patients who are identified at birth can be given proper counselling and advice about
the course of illness. They can then be enrolled in comprehensive care programmes which provide
prompt and effective interventions as well as providing prophylaxis against complications
which has a positive impact in reducing mortality and improving quality of life. Countries with
large SCD populations and adequate resources have started NBS programmes. These were

initially targeting high-risk populations, but most States in the USA as well as other areas in

Europe are now recommending universal screening''°.

Comprehensive care including dedicated day care facilities

The identification of SCD at birth has to be accompanied by enrolment into programmes that
provide comprehensive care. These programmes provide appropriate advice, counselling and
support to parents and affected individuals. This includes advice such as drinking adequate
quantities of fluid to avoid dehydration and wearing proper clothing in cold weather. Specific
health education that will enable them to recognise acute events and seek medical care is also
essential. Teaching mothers to recognise enlargement of the spleen and anaemia was effective
in diagnosing and treating anaemia due to ASS”'”. Patients are also seen on a regular basis
and provided with folic acid supplements. Prompt treatment of crises (fever and pain),
particularly at outpatient or in day-care facilities, has been found to be effective and reduces the

burden of hospitalization to the individual and the health system''""'>!">""*_ This has been found to
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have a significant impact on not only quality of life but also mortality™!'*!!>116_

This approach that has been found to be effective with comprehensive, multi-disciplinary
teams, with long term care being provided by professionals who have specialised in
haematology and blood transfusion. In settings where there is a low prevalence of SCD or
limited number of health care professionals, SCD patients can receive care from general health
care workers. In such a setting, guidelines for management can be provided to general health

care workers with a system of referral to specialised centres.

Prevention and treatment of infections

Bacterial infection in SCD is mainly due to Streptococcus pneumoniae, resulting in
pneumonia, sepsis and meningitis. The highest incidence of invasive disease is in children less
than 6 years of age’™'”". In a landmark study in the USA, Gaston and colleagues demonstrated an

117

84% reduction in incidence of pneumococcal infection with the use of oral penicillin * and there

has been a significant change in survival with acute treatment of infections''%.

Blood Transfusion (BT)

Individuals with SCD have chronic anaemia which is tolerated. However, rapidly worsening
anaemia can occur and this presents as an emergency. It can be caused by ASS, aplastic crises,
hyperhaemolysis or associated with other events such as bacterial infections and malaria.
Under these circumstances, anaemia is life-threatening and requires prompt treatment with

blood transfusion. The products that are used (whole blood or packed RBCs) and the method
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of transfusion (simple or exchange) are determined by the clinical situation, availability of
resources and the capacity to provide the blood product and establish venous access''””. Acute
BT is also effective in other conditions, such as acute stroke'?’, ACS'' and peri-operatively'?

BT works by increasing the level of Hb, thus improving oxygen delivery. It also reduces the
proportion of sickle RBCs in the circulation. Exchange or red cell transfusion has also been
shown to be effective in reducing the level of HbS to less than 30% 22412126 Thjs is thought to

reduce the deleterious effects of HbS and improve outcome.

Long term blood transfusion therapy (LTBT) has been found to be effective in the prevention
of brain injury due to cerebrovascular disease'”’. Blood transfusion is associated with risks
which have to be weighed against the benefits when considering implementing this is an

intervention. These will be reviewed in the section on stroke.

Prevention and treatment of malaria
It is recommended that individuals with SCD who live in a malaria endemic area should
receive prophylaxis against malaria'?’. Furthermore, any clinical suspicion or diagnosis of

malaria in SCD should be treated promptly.

Hydroxyurea

Hydroxyurea (HU) (also known as hydroxycarbamide) has been reported to be effective in
improving survival and reducing morbidity in some SCD patients (Table 4). The clinical

outcomes include reduction in frequency of painful episodes, and hospital admissions'?.
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Hydroxyurea therapy is also monitored by a number of laboratory parameters which include
increase HbF levels, mean corpuscular volume (MCV) and reduction in WBC count.
Hydroxyurea has been found to be effective in the prevention of brain injury due to

cerebrovascular disease'?’.

Table 4 Summary of study outcomes for hydroxyurea use in adults and children

Outcome Impact in adults | Impact in adolescents
Clinical outcomes

Pain crises Ll 1l

Hospitalisations 1) L

Blood transfusion therapy 11l « (insufficient data)
Acute chest syndrome 11 > (insufficient data)
Laboratory markers

Foetal haemoglobin 111 111

Haemoglobin "1 - (not significantly
Mean corpuscular haemoglobin 11 1171

White blood cell count Ll 1l

Prevention of end organ damage

Brain > >

Spleen > «

Kidney - TN

Mortality J o=

111=high-grade evidence for decrease; |=low grade evidence for a decrease; 11t=high-grade evidence for
increas?;01=low grade evidence for an increase; «»=not evaluated/not significantly different/insufficient data.
Source

Nitric oxide
Lung dysfunction results from a combination of repeated pulmonary infections and infarctions
as well as increased vasoconstriction leading to pulmonary hypertension® . The latter has

recently been shown to be due to reduced bioavailability of nitric oxide*®, which has resulted
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in therapies such as L-arginine, citrulline and inhaled nitric oxide which is aimed at increasing

NO levels through different pathways'31’132'133"34"35.

Stem cell transplant

The only potential cure that is available for SCD is stem cell transplantation (SCT), which
replaces the host’s bone marrow with stem cells containing normal B-globin genotype. Since
the first successful transplant reported in 1984'%, there has been significant reduction in risks due
to SCT and increasing success, with the best results, of up to 85% event free survival,
occurring with HLA-matched sibling donors and transplantation early in the course of the
disease before end-organ damage occurs™”"**1**'°_ One limitation of SCT is the availability of
sibling donors'*!, and therefore there have been attempts to improve survival for unrelated
stem-cell donors'*%!'43, However, the second limitation is more difficult to address because the
clinical course of SCD is extremely heterogeneous. Despite the knowledge of various genetic
and environmental factors known to alter disease severity, it is still difficult to accurately
identify children with risk of severe disease before extensive damage has occurred. Until such
time that a low-risk, definitive cure is available, the cornerstone of management of SCD is the
prevention of early mortality, prevention of end organ damage and improvement of the quality

of life.

Gene therapy

Since SCD is caused by a defective gene, definitive treatment would involve replacement of

this gene with a normal gene. This has been done successfully in the sickle transgenic
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mouse'* but progress in humans has been limited by identification of appropriate vectors

and efficacy for gene transfer and low level expression of globin genes.

Role of programmes for control and management of SCD

From a public health perspective, the policy for approaching the control of SCD in national
health programmes needs to integrate two main areas: the provision of appropriate medical
care to affected individuals (management) and the prevention of disease. Although, there is
ongoing debate whether care of SCD should be integrated into existing health care services or
whether there should be separate disease-specific programmes for SCD, the WHO
recommends’ that for countries where the birth rate of affected infants is above 0.5 per 1,000

births, they should develop separate programmes for these conditions.

Management

The management of SCD involves early diagnosis of affected people, the provision of the most
appropriate basic, cost effective treatment and genetic counselling and psychosocial support.
The long term goal is to ensure appropriatc management at different levels of health care with
development of referral centres for specialised diagnosis and treatment. This approach ensures a
cost effective way of effectively dealing with a highly prevalent condition in areas where the
resources are limited. However, it is important that these centres are not limited to urban areas
or centred on academic or research oriented health facilities. In order to avoid this, there must
be active strategies to ensure that appropriate management is built into services at all levels of

health care with adequate support from these specialised centres.
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Prevention

Management of SCD patients needs to be accompanied by strategies aimed at two levels of
prevention: tertiary prevention which involves early diagnosis of SCD and prevention of
complications and more ambitiously, secondary prevention which tries to reduce the number of
children that are born with SCD. (Note that primary prevention aims to ensure that individuals
are born free of SCD). Preventative services involves community education, population
screening and genetic counselling that would encourage people to undergo screening before
conception, during the antenatal or postnatal period. There are several issues that need to be
addressed with regards to prevention of SCD. The aim of screening is to detect SCD in the
foetus, discuss the consequences of a diagnosis of SCD, options for treatment and prognosis.
Since SCD is a recessive disorder, during pre-conception screening, the chances of getting an

affected child is shown in table below.

Table 5 Likelihood of children being born with SS SCD from parents with different sickle

phenotypes
Parent | Parent | Possible phenotype of offspring | Chance of affected children (SS)
AA AS AAAS Nil
AA SS AS Nil
AS AS AA, AS, SS 1:4
SS AS AS, SS 1:2
SS SS SS 1:1

This illustrates the difficulty in advising a couple not to have children as the risk of getting an

affected child is relatively low (1 in 4), and does not increase with each pregnancy. The highest
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risk would be for two individuals who are SS who wish to have children. This is different from
thalassaemia, where children with the most severe form, thalassaemia major, will inevitably have
severe disease. Therefore, one could argue that this therefore justifies the use of pre-natal
diagnosis as this would identify pregnancies with SCD children and then parents would be
given the appropriate information regarding the consequences and prognosis of SCD.
However, although SCA is the most severe form of the disease (compared to SC/SpB-
thalassaemia etc), there is still wide variability in disease severity. Therefore, even with the
correct identification and diagnosis of SS with screening, it would be difficult to predict those

who would develop severe disease and have a poor outcome.
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SICKLE CELL DISEASE IN AFRICA

In this section, the importance of SCD in Africa will be reviewed from a public health
perspective, highlighting the burden of disease. This will be followed by an outline of the
rationale in investing in SCD, from a public health as well as from a scientific perspective.

Finally, there will be an overview of SCD in Tanzania.

Importance of SCD - public health perspective

In May 2006 at the 59 World Health Assembly (WHA), resolution WHA 59.20 of the World
health Organisation (WHO) was to develop, implement and reinforce integrated national
programs for the prevention and management of Sickle Cell Disease (SCD). The WHO
identified SCD a problem of public health significance as it is has a high prevalence, causes
significant burden to health systems by having a high morbidity and mortality and relatively
simple, cost-effective interventions can prevent some of the complications associated with this

condition’.

Health burden of SCD - prevalence

In order to determine the epidemiology and health burden of SCD in Africa, the WHO requires
an accurate estimate of the magnitude of the disease and recognised consequences, specifically
mortality and socio-economic burden of the disease to individuals, families and the health

system.

It was previously thought, that although the birth prevalence of SCD is high in Africa, SCD
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was not a significant health burden because the majority of children would not survive the high
childhood mortality. However, there is evidence of increasing population prevalence of
SCDPH145146147.148,199130 - A 1though this may be due to improvement in detection of SCD, this is
more likely due to reduction in mortality due to infectious diseases. Although there is still
much to be done, there is significant success in the control of infectious diseases such as
malaria, lower respiratory tract infections, malnutrition and diarrhoeal diseases.
Furthermore, African countries are becoming increasingly heterogeneous with improvement in
education, health care and socio-economic status particularly in urban areas. This results in a
demographic health transition where the impact of birth defects will increase (Figure 10). Genetic
disorders, which include pathological haemoglobin disorders, account for up to 30% of birth
defects’. The proportionate contribution of SCD to infant mortality is increasing, with estimates
suggesting that the contribution by SCD to under-five mortality in Africa is 6.4%. However,
without taking into account the inevitable health transition and within the context of

infectious diseases, genetic diseases have a considerable burden on the health care system.
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Figure 10 Effect of demographic health transition in selected countries
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Health burden of SCD: morbidity and mortality

With an increase in detection of SCD children, the previously unrecognised burden of SCD on
the health system will become more apparent. SCD has been estimated to account for up to
14% of general infant mortality rate (4-8% of under-five mortality)’. In West Africa, the under 5-
year mortality rate that can be directly attributed to SCD has been estimated at 20 per
1,000"*". In Africa, assuming a mortality of 50 to 80 percent under 5 years of age implies that
there are at least 21,600 to 34,500 deaths per year due to SCD. This is most likely an
underestimate as overall mortality may reach 173,000 per year. This accounts for between 1-

2% of burden of mortality in the under 5-year age group”.
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In addition to mortality, because of the chronic nature of the disease, SCD patients require life-
long access to hospital care. Estimates suggest that in high income countries, genetic diseases
account for up to 40% of chronic care in paediatric practise'’. A recent report suggests that 6
million people will be living with SCD in Africa if average survival of affected children
reaches half the African norm'” (by this we assume, that if the life expectancy in Africa is 50 years,
and average survival of SCD children was 25 years, then there would be 6 million people
with SCD in Africa). These individuals will need lifelong care with complications that will
require hospital care. This includes anaemia without any other complications or anaemia requiring
management with blood transfusion. Painful episodes, which are the most common complication
in SCD also causes considerable burden to the individual and to the health system if they
require hospitalisation. Other clinical events, such as orthopaedic complications due to avascular
necrosis of the femoral head, neurological complications due to stroke and seizures, leg ulcers

and retinopathy also contribute to the disability due to SCD®.

The financial burden of SCD has been estimated to illustrate the need to develop and plan
health services for SCD individuals. A report from the WHO estimates that the cost of health
care for SCD in Jamaica is approximately $300 per patient per year’. This is based on
estimates in resource-rich countries or with established SCD research programmes. Table 6
shows an estimate of the cost of providing care to 1000 SCD patients in Jamaica. Recent
studies have shown that it is possible to provide comprehensive care, with significant

improvement in morbidity and mortality in low income settings'*~.
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Table 6 Estimates of cost of care of 1000 SCD patients in Jamaica

S

cost USD/ patient/year* fraction of patients | number | Total (USD)

Outpatient care 250 1 1,000 250,000
Inpatient care 2,500.00 0.85 850 2,125,000
Transfusion 25,000.00 0.1 85 2,125,000
Exceptional problems 10,000.00 0.1 85 850,000.00
5,350,000

*Exceptional problems include surgery and pregnancy.’

Control programmes for SCD in Africa

Most African countries do not have adequate resources to set up national programmes for

control of SCD. This is justified’ by the argument that low-income countries do not have the

resources to deal with genetic diseases in the face of pandemics due to infectious disease such

as Human Immunodeficiency Virus/ Acquired Immune Deficiency Syndrome (HIV/AIDS),

tuberculosis and malaria.

It is recommended that counties with a high prevalence of SCD, start planning effective

control measures. In this context, control of SCD encompasses two elements: providing best

possible care for affected individuals and preventing the birth of affected individuals. With

regard to providing best possible care, the following are options, depending on available

resources, that have been recommended by Weatherall et al in 2006°:

e Option one: best possible patient care with the use of prophylactic penicillin following

diagnosis, together with retrospective genetic counselling.
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e Option two: best possible patient care, together with a newborn screening program and the

use of penicillin for all homozygous babies, together with retrospective screening and

counselling.

e Option three: best possible patient care, together with newborn screening and the use of
prophylactic penicillin from birth for homozygotes, together with population screening and
prospective genetic counselling.

e Option four: as for option three, plus the availability of prenatal diagnosis, bone marrow

transplantation, or both.

Some countries have been able to demonstrate a significant reduction in the birth of affected
individuals by effective public education and screening programmes. Figure 11 below shows

the experience in Sardinia with control of B-thalassaemia, where the number of affected

individuals was reduced from 1:250 to 1: 4,000 live births®.
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Figure 11 Impact of effective control programme on birth rate of p-Thalassaemia in

Sardinia’
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Although there are differences between SCD and Thalassaemia, it would not be overly
ambitious to aim for such successful results for SCD. SCD has the advantage that the screening
and diagnosis are relatively cheap and easier to do (technologically) and the interventions e.g.
oral penicillin, pneumococcal vaccination) could be integrated into existing programmes e.g.
expanded programme of immumization (EPI), essential drug programme (EDP). However, it is
difficult to justify termination of pregnancy in the event that prenatal diagnosis confirms that a
child has SCD. This is because homozygous SCD is extremely heterogeneous and it is not

possible to determine the course of the disease in an individual.
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SICKLE CELL DISEASE IN TANZANIA

Burden of disease

The prevalence of SCD in Tanzania is not known. Estimates of the birth prevalence have been
provided by calculating the birth prevalence of SCD from the prevalence of the heterozygous
carriers. The most recent report estimates that up to 8,000 children with SCD are born in
Tanzania every year'. This figure makes Tanzania the country with the fourth highest SCD

birth rate in the world, after Nigeria, Democratic Republic of Congo and Angola.

The population prevalence of SCD in Tanzania is not known. It is assumed that in the absence
of treatment, up to 95% of SCD born in Africa die in childhood®. However, it has been
reported in Tanzania that some SCD individuals survive into adulthood'*. Observations in
hospital records (personal observation) suggest that there is an increase in the number of SCD
patients who are hospitalised and who attend the clinic. It is difficult to know whether this
reflects an increase in number as a result of improvement in diagnosis and identification or

whether there is an increase in survival.

Healthcare for SCD in Tanzania

The healthcare in Tanzania is mainly provided by the government, through its health facilities
organised in different levels of healthcare. The government has recognised that since
individuals with SCD will require healthcare throughout their life, the cost would be a
considerable burden to the individuals. Therefore, the government has a policy that SCD

patients should receive free access to health care in government health facilities. At the level of
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health care facilities, SCD patients receive symptomatic treatment for acute events such as
pain, anaemia and infections, and this is normally provided by general health services, internal
medicine or paediatrics. There are limitations in technical expertise to provide a correct
diagnosis of SCD and its complications such as malaria, bacterial infections, and stroke. In
addition, there are few health personnel who are adequately trained to provide care for SCD
patients. There are no health facilities which provide comprehensive care programmes for SCD
patients, despite the fact that this has been shown to have major impact on reducing morbidity
and mortality as well as being more cost-effective. In order to improve the healthcare for SCD
patients in Tanzania, it is critical to get local evidence. This will be used to tailor interventions
that are known to be effective in other populations so that the interventions that are

implemented are appropriate to the individuals, health system and environment.

Within the community, there is little awareness about the prevalence and social and
psychological impact of SCD in Tanzania. Personal observation at the clinic and with
individuals with SCD suggests that there is stigma associated with the condition with mothers
being abandoned because of delivering a child affected with SCD. Within the health facilities,
personal observation has highlighted that SCD patients who are hospitalised with pain receive
minimal and inadequate analgesia and are often labelled as being narcotic-dependent or
addicted. Individuals with SCD may have difficult in receiving a good education due to
school absentecism as a result of illness or some have reported opting not to attend school due
to the stigma of chronic leg ulcers or jaundice. Furthermore, some SCD patients cannot

get employment because of their illness. In order to address the lack of public awareness in
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society, a non-governmental organisation known as the sickle cell foundation of Tanzania
was founded by an individual with an affected child who approached me expressing her desire
to establish an organisation that would raise awareness of SCD in Tanzania. This was registered
in 2008. The foundation will work with other organisations and individuals in Tanzania to
encourage patient advocacy and provide support to individuals and families affected by

SCD.

As Tanzania goes through a health transition, it is expected that there will be reduction in
mortality due to infectious diseases and malnutrition. Therefore, the proportionate contribution
from non-communicable diseases, including genetic diseases, will significantly rise. The
Ministry of Health and Social Welfare has recognized the increasing importance of SCD and
has published a strategy for developing a national policy for the management and prevention of

SCD in Tanzania.

44



SICKLE CELL DISEASE AND MALARIA

Introduction

There has been extensive research to understand the complex relationship between sickle
haemoglobin and malaria, based on the evidence that sickle haemoglobin confers protection
against malaria in individuals with AS. This section will review the literature that is available
to support the protection as well as explore the mechanisms proposed for protection. The
second section will look at malaria and SCD, exploring the ways in which the two conditions
influence each other, with particular focus on evidence of protection and susceptibility to
malaria in SCD patients. This will be followed by an outline of the approach to management to
malaria in SCD. The final section will review the research questions that need to be explored to

start providing evidence to guide the approach to malaria in SCD.

Sickle haemoglobin and protection against malaria

The sickle gene is regarded as the classical example of balanced polymorphism, a theory that
was proposed by Haldane over 50 years ago with regards to thalassaemia'®®. Although
individuals with homozygous state for sickle cell (SS) have an increased risk of premature
death, this is balanced by the fact that individuals with the heterozygous state (AS) are

155

protected from dying from severe malaria~”. The consequence of this is that the sickle gene

has achieved high frequencies in malaria endemic areas'® ™",

Geographical distribution

The striking overlap of the geographical distribution of the sickle cell gene and malaria is
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compelling evidence of balanced polymorphism. Figure 12 shows that the overlay between the
sickle gene and malaria is almost complete, with the exception of South Asia and Oceania. In
this area, the predominant haemoglobinopathies are haemoglobin E (HbE) and o-thalassaemia
whereas in sub-Saharan Africa it is HbS. This is an example of negative epistasis between
haemoglobinopathies, where the presence of one gene modifies the expression of another,
resulting in the predominance of one haemoglobinopathy in a population''. Recent studies in
Kenya suggested a reduced effect of protection by a-thalassaemia or sickle trait when they

occur together, which may account for the predominance of the sickle gene in East Africa®.

Figure 12 Global map showing geographical overlap of malaria and the sickle gene

Malaria Sickle Gene

Source: http:/www.welleslev.edu/Chemistrv/chem227/bindprotns/malaria.htm
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Epidemiology
Although the geographical overlap is striking, the direct evidence for a protective effect was

19 There was evidence of

initially surprisingly limited since the first descriptions by Allison
reduced parasite densities in AS individuals in some but not all populations. However, over
the last fifteen years a number of case control and longitudinal studies have shown that
individuals with AS have unequivocal protection against malarial disease, with the most

striking effect on reducing the risk of severe life threatening malaria'>*'%!¢!,

Mechanism of protection

In parallel with these epidemiological and clinical studies a number of studies in the laboratory
have attempted to define the mechanisms underlying the protective effect of the HbS.
Although, a detailed review of the proposed mechanism of protection will not be included in
this thesis, proposed mechanisms include reduced parasite invasion'®’, reduced parasite
growth'®® as well as increased parasite death and removal'®*'**'%, Other putative mechanisms
have been proposed, ranging from effects on potassium haemostasis, through effects of
haemoglobin F, to interactions with the immune system. Although the precise mechanisms are

not clear, the sine qua non is that malaria infection causes less severe disease in individuals

with Hb AS.

Evidence of protection

The evidence that HbS is protective against malaria is compelling, and one might expect that

the protection is dose-dependent’, with higher concentrations of the HbS conferring more
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protection. This hypothesis has been explored in another haemoglobinopathy, haemoglobin C
(HbC). Although, HbC involves a mutation at the same position as HbS, i.e. position 6 on the f3
globin gene, the substitution for glutamic acid is with lysine (HbS it is valine). The clinical
phenotype in homozygotes (HbCC) when compared to HbSS has a less severe course of
disease, with less anaemia and reduced prevalence of the other end-organ consequences seen in
SCA®'671%® HbC has been demonstrated to be protective against malaria'®'”’, with evidence
that the protection is higher in individuals with homozygous states (CC) than heterozygous
carriers (AC)'”’. The mechanism of protection proposed suggest that it acts by causing reduced
adherence between parasitized RBC and endothelium, reduced rosetting and agglutination, with
higher occurrence of features of RBC senescence. In all the experiments the effect was greatest in

HbCC with some effects in HbAC and the least effect in HhAA "7,

From the evidence in HbC, it would be possible to hypothesize that individuals with SCD, who
have higher concentrations of HbS, would be even more protected against malaria than
heterozygotes (AS). However, it is widely believed that malaria is associated with severe
morbidity and mortality in SCD. Therefore, the recommendation is that all patients with SCD
who live in malaria-endemic countries should be on anti-malarial prophylaxis'®'?’. There have
been significant advances in understanding of the two diseases as well as a reduction in
prevalence of malaria by interventions with insecticide treated bed nets, intermittent
173,174,175.

presumptive therapy as well as the effect of environmental and climate change

Therefore as part of these developments, there is a need to re-evaluate the interaction between

SCD and malaria.
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In order to do this one could look at the current evidence to answer three questions. The first is
whether there is high malarial-related morbidity and mortality in patients with SCD. The
second is whether there is an increased prevalence of SCD amongst patients with severe
malaria. This alternative approach is to look at children admitted to hospital with severe
malaria, where one might expect to see a significant proportion of individuals with SCD, if
severe malaria is a special problem in this group. The third question is whether there has
been an increase in mortality in SCD due to malaria with the spread of chloroquine (CQ)

resistance.

Evidence of role of malaria in SCD

The evidence to determine the role of malaria as a cause of morbidity and mortality in SCD is
conflicting; with some studies suggesting that individuals with SS-SCD have a higher
susceptibility compared to individuals with AA or AS states, while other studies suggest

protection against malaria.

Increased susceptibility to malaria

With regards to malaria as a cause of morbidity and mortality, work done in the Garki district
in Nigeria in 1979, where they followed a cohort of children, found that the prevalence of SCD
was 2.1% at birth which was maintained in the first year of life. However, this prevalence
decreased to 0.4% between 1-4 years and 0.05 above 9 years, suggesting a high mortality

amongst the SCD patients. In determining the cause of mortality, although there was less
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parasitaemia in SS children compared to AS the assumption was that when SCD children did get

malaria, it was fatal and concluded that malaria was responsible for the high mortality'®!”®.

In recent years, two studies in Nigeria also found evidence of increased susceptibility to
malaria in SCD individuals. One study looked at 104 consecutive cases of patients with SCD
presenting with severe anaemia (packed cell volume < or = 15%). They found that the most
common problem associated with SCD patients in anaemic crisis was malaria, which occurred
in 68 (66%) of cases'”’. Similarly, in 102 adolescents and adults with SCD [mean age 20.5
years (SD 13.1)] who presented to an emergency unit in Nigeria, sixty-three per cent had
infection of which 24.5% was malaria™. Other reports suggested that malaria precipitates
crises and admission'”®'”. It is important to note that this is evidence from studies that were

small, with the number of SCD patients not exceeding 105.

Increased protection from malaria

The evidence from other studies and case reports suggests a reduced prevalence and density of
malana in SS patients. The most recent studies in Kenya found malaria prevalence per
genotypic group was 44.1% AA, 36.2% AS and 20% SS, giving a relative risk of malarial
infection of 0.33 in SS (n=20) compared to AA (n=626) and AS (n=120)"*. Another study in
Nigeria found no significant difference in malaria parasitaemia (p=0.1) or frequency of malaria
attacks (p=0.06) between SS (n=36) and controls (n=37)"®". In another prospective study in
Nigeria, which aimed to explore the relationship between size of spleen and malaria, tests were

done to determine the prevalence of malaria and density of parasitaemia in 100 SCD patients
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and 100 controls; 30% and 34% of the SCA patients and controls respectively had
malaria parasitaemia. In SCA subjects, the mean parasite density was significantly
lower (p value<0.05) compared to AA controls [1071.10 + 895.5 per microlitre (range 33 -
4000) cf 1759+1382.87 per microlitre (range 180 - 5150)]'%2. Again in 1992 in Nigeria,
malaria parasitaemia was documented in fewer children with SCA (9%) (n=162) compared to
controls (29%) (p<0.0001)'®. Once again, the evidence is from small studies where the

maximum number of SCD patients studied was 162'®,

Evidence of role of SCD in malaria

It is difficult to find convincing evidence on the prevalence of SCD in patients with severe
malaria mainly because in most studies, the sickle status of patients with severe malaria is not
known. In addition, if it is known, most of the SCD patients will be on anti-malarial
prophylaxis or will receive prompt treatment (at home or empirically on arrival) because of the
belief that malaria is the cause of hospitalisation. The few studies that have been able to look at
children admitted with a diagnosis of malaria, found that severe cases of malaria had the same
frequency of individuals with AA, AS and AS'®*. More recent, epidemiological studies
suggest that SCD individuals are protected against malaria, not only in relation to malaria
parasitisation with reduced parasite incidence, but also protection against severe malaria

anaemia'>®1%!,
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Lack of evidence of increase in malaria in SCD with ineffective anti-malarial
chemoprophylaxis

It has been generally been accepted that individuals with SCD are susceptible to malaria and
should be on malaria prophylaxis to prevent mortality'”’. Furthermore, there was evidence that
more malaria attacks and deaths were observed in SCD individuals who were not on malaria
prophylaxis'®>'%¢, For many years, weekly chloroquine provided a cheap, effective,
convenient approach to chemoprophylaxis. However, over the past 2 decades, there has been
development of malaria parasite resistance to chloroquine. During this period, when a drug
that was no longer effective was being used to treat a potentially fatal condition, there has not
been any reported evidence of an increase in morbidity or mortality in SCD due to malaria.
The lack of evidence may be interpreted in two ways; that malaria does not have a role in SCD
or it does have a role but studies are needed to illustrate this. A recent Cochrane review of the
effect of malaria chemoprophylaxis in SCA found that only two studies, one conducted in
1962 and one in 2003, met the inclusion criteria of a randomised and quasi-randomised
controlled trials comparing anti-malarial chemoprophylaxis given for a minimum of three
months, compared with placebo or no intervention. The first study done in 1965 in Uganda on
126 children reported a reduction in the frequency of malaria episodes and dactylitis as well as

187 The second study done in 2003 in Nigeria on 97

an increase in mean haemoglobin values
children reported a reduction in sickle cell crises (RR 0.17, 95% CI 0.04 to 0.83; 97 children),
hospital admissions (RR 0.27, 95% CI 0.12 to 0.63; 97 participants), and blood transfusions
(RR 0.16, 95%CI 0.05 to 0.56; 97 participants)'®. From these two studies, with a total of 223

children with SCD, the reviews concluded that it is beneficial to give routine malaria
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prophylaxis in SCD in malaria-endemic areas'”’.

Current management of malaria in SCD in Tanzania

Treatment

In Tanzania, there have been reports of increasing resistance of Plasmodium falciparum to
chloroquine treatment'®'®. There was a policy change in 2001, which recommended the use of
sulphadoxine—pyrimethamine (SP) for uncomplicated malaria as first line therapy, quinine as
second line drug when SP is contra-indicated or has failed and quinine as the recommended
drug for severe malaria. In 2006, following an increase in parasite resistance to SP of up to
25.5%, it was recommended that first line therapy be changed to artemether and lumefantrine

(ALu), an artemesinin-based combination therapy (ACT)"".

For effective management of malaria, treatment needs to be accompanied by prompt and
correct diagnosis. However, there is often over diagnosis of malaria'®*'**'* and this is more so in
children with SCD'®?, where malaria is perceived as a common cause of hospitalisation and

mortality.

Prophylaxis

In Tanzania, until alternative agents are available or in place chloroquine remains the drug
recommended for use for prophylaxis against malaria in SCD patients. The dosage is 300mg a
week for adults and 50 mg/kg for children. However, since 2001, when there was the change in

policy with regards to use of chloroquine for treatment, there has been reduced availability in
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the market. Although, the drug is available in regional and tertiary hospitals, it has become
increasingly difficult for patients to receive an adequate and regular supply, with the result that

patients often do not take any or adequate prophylaxis.

There has been discussion with regards to what agents could be used as an alternative to
chloroquine for prophylaxis that will be effective and affordable. In some countries, the agents
that have been used include proguanil, pyrimethamine and mefloquine'®'*>. However, the
dosage regime for these agents may not be convenient. In addition, the duration for
prophylaxis is not known. Therefore the usual practise is to continue until at least the age of 15
years and often prophylaxis is used throughout life'®. Unfortunately, there are few data on the
safety profile of these alternative agents, when used over a long period of time. Furthermore,
the impact of insecticide treated nets (an effective intervention in malaria prevention) has not
been assessed specifically in the SCD patient group. These factors highlight a real urgency to
determine what agents and interventions should be used for malaria prevention in SCD, and
since prophylaxis may be required for a long period of time, there are issues of patient
adherence and compliance as well as the efficacy and safety profile of the drugs that are used
that need to be carefully explored'®"'**, Agents such as co-trimoxazole and methotrexate
could be used in SCD as they have both anti-malarial and anti-inflammatory activity. An ideal
way to resolve this would be to conduct a randomised controlled clinical trial, but due to the
presumed relationship between SCD and malaria, it is difficult to justify a placebo-controlled

tria1127
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Conclusion

Although the relationship between malaria and the HbS has been known” for several decades,
there are still basic questions that remain unanswered. With regards to mechanism of disease, it
is not clear how HbS confers protection against malaria, particularly in SCD patients where
one would expect more protection. However, from a clinical perspective, there is a need to
collect evidence that will first elucidate whether malaria is a cause of morbidity and mortality
in SCD. Against this background, this study set out to determine the role of malaria in SCD
patients attending MNH. The purpose was to define the burden of malaria at outpatient clinic
and during hospitalisation. This study also aimed to determine whether malaria was associated
with adverse events such as severe anaemia and mortality. The evidence would allow the
development of policies to guide the appropriate strategies for prevention and treatment of

malaria in these individuals.
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SICKLE CELL DISEASE AND BACTERIAL INFECTIONS

Introduction
Individuals with SCD are reported to be susceptible to infections. Besides malaria which is one
of the specific foci of this thesis, SCD patients have increased risk of infection with
encapsulated organisms such as Streptococcus pneumoniae >'"°*'*®, Gaston et al showed that the
use of oral penicillin in the USA had a significant impact on reduction in mortality'"’ and it is

now policy in many high-income countries to give penicillin prophylaxis and anti--

pneumococcal vaccination to SCD patients'®’.

The situation in Africa may be different. Aside from the fact that the data regarding the clinical
spectrum of SCD are limited, there is controversy regarding the role and significance of
pneumococcal disease in causing morbidity and mortality in SCD in this setting. Here 1 will
briefly look at the factors responsible for susceptibility to infections in SCD and then review
the epidemiology of bacterial infections in Africa, with particular focus on SCD. I will then

consider the various interventions that have been used to prevent and treat infections in SCD.

Increased susceptibility to infections in SCD

The various factors that are associated with increased infections in SCD may be directly related
to the immune system or not. Some infections may be the result of a complication or treatment of
SCD itself. SCD patients are at high-risk of transfusion- transmissible infections particularly
with human immunodeficiency virus and viral hepatitis since they receive frequent, often

unplanned emergency BT?%0201202203.204205 This ig particularly important in Africa, given the
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high prevalence of HIV infection and the operational problems in providing adequate blood-
transfusion services. In addition, long-term transfusion may result in iron overload, which in
itself is associated with infections due to Yersinia Enterocolitica®®. SCD causes end-organ
damage to the lung, liver, kidney and skin, making these sites susceptible to infection by unusual
organisms. In addition, skeletal complications, poor perfusion and blood supply to bone tissue are
also thought to contribute to increased susceptibility to infections of the bone, osteomyelitis,
which is often due to salmonella infections?"?%2%2192I! Other factors include high bone marrow
turnover due to chronic haemolysis which results in increased susceptibility to viral infection.
Parvovirus B19 infections is one of the viral infections that predispose to poor outcome with

54,212,213

erythrocytic aplasia that may lead to life-threatening anaemia . However, the

epidemiology of this virus in Africa is poorly defined?'#?13216,

Impaired immunity in SCD

Individuals with SCD may have impairment of the immune system, which affects both cellular
immunity and humoral immunity. The most well described immune defect is caused by reduced
function of the spleen. Patients with SCD have repeated splenic infarction due to vaso-
occlusion which causes loss of the splenic vasculature leading to hyposplenism?'’. Reports
have suggested that 14% patients with SS-SCD are functionally asplenic at 6 months of age,
with this number gradually increasing; 28% at 1 year, 58% at 2 years, 78% at 3 years and by 5
years, 94% are affected”'®. One of the roles of the spleen is filtration of unopsonised bacteria

219,220

and remnants of red blood cells from intravascular space as well as opsonised bacteria®".

Furthermore, the spleen is involved in the synthesis of soluble mediators of immunity.
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Therefore patients with SCD, with a functional asplenia, have been reported to have impaired
antibody responses as well as lacking specific antibodies, particularly against Salmonella
species and Streptococcus pneumoniae®>** This is thought to be due to deficiency of a
complement factor involved in the activation of the immune system. The classic pathway is
activated by antigen-antibody interaction which causes fixation of complement components
Cl1, C2 and C4 which then activate C3, whereas in the alternate pathway the antigen directly
activates C3. Activation of C3, which is an opsonin, results in fixing of antigens on the
microorganism”2*>*% making them susceptible to enhanced phagocytosis by neutrophils and
monocytes/macrophage. Johnston et al illustrated that patients with SCD have an abnormality
in the activation of this pathway with failure of full activation and fixing of C3 to encapsulated

227

bacteria™’. This results in failure of SCD patients to phagocytose invading organisms,

particularly Streptococcus pneumoniae.

The distinction between factors directly related to the immune system or not is somewhat
arbitrary as there is a lot of overlap between the various factors. Although there have been
reports of different patterns of infections in patients with SCD, reviewed above and
summarised in table below (Table 7), for this study the focus is on invasive bacterial

infections as detected by blood culture.
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Table 7 Clinical syndromes and common causative organisms reported in SCD

Syndrome Organisms Reference
Septicaemia S. pneumoniae, H influenza, Salmonella Spp, E |~ "
Pneumonia S pneumoniae, M Pneumoniae, Chlamydiae

Meningitis S. pneumoniae

Osteomyelitis Salmonella spp, E Coli, Gram negative organisms, | 0 020 |
Aplastic anaemia Parvovirus A%

AIDS and Hepatitis | HIV Viral hepatitis B,C 200, 20, 202, 20% 203, 705 |
Abdominal pain Helicobacter pylori, Yersinia enterocolitica o

Epidemiology of bacteraemia in SCD

Streptococcus pneumoniae (SPN) is the most common cause of bacteraemia, sepsis, meningitis

and pneumonia in children®'. The rates of invasive infection with SPN have been summarized

by Ov:

32 and have been presented in Table 8.

Table 8 Prevalence of invasive pneumococcal infections in healthy and high-risk children,

expressed as the number per 100,000 population

Population Age Subgroup Prevalence/100,000 | Reference
US Under Syears | US 5.7 227.8 258
African American | 20.6 - 542.2
Over 5 years US total 5.7 s
African American
SCD Under 5 years 5,500 . 6,500 TS0
Over 5 years 600 1,100 101435
Over 2 years 3,100 . 3,600 2758
Modified from 22

The prevalence is much higher in SCD individuals compared to the general population. This was

first reported by Robinson in 1966, where she looked at 305 SCD patients and found 18 episodes
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of meningitis, 87% of which were caused by SPN*’. Since then there have been other reports

that have confirmed that SCD patients have increased susceptibility to SPN and other

encapsulated bacteria®® 2 2#! 22 Snydies done in the 1970s and 1980s, reported an annual

incidence of SPN septicaemia in SCD of 7-10 per 100 person-years'*" "2 The rates of SPN infection

in SCD compared to normal children exceeds 20 — 100 fold, with greatest risk in children

under the age of 5 years™ '*%5%° and the highest risk under the age of 2 years'*"**, These bacterial

infections, particularly those caused by encapsulated organisms, are a common cause of mortality

among SCD cases”® * 8 The case fatality rate due to SPN infection has been reported to be

between 18 — 35 %01 241,243,246

Management and prevention of bacterial infection s in SCD

Treatment

The management of bacterial infections in children with SCD involves prompt diagnosis and
aggressive treatment, which results in significant reduction in morbidity and mortality’. As a
consequence, in countries where there are comprehensive programmes for SCD, the
parents and carers of SCD children, usually detected by newbom screening, receive
counselling and support so that they can assess fever and recognise respiratory distress,
splenomegaly and jaundiww. It is recommended that they should receive prompt treatment with

248 However, there are various

broad-spectrum antibiotics such cefiriaxone or cefotaxime
factors (Table 9) that are associated with increased risk of mortality. For patients with

these features it is recommended that they are admitted for inpatient care and intravenous

antibiotics, after the appropriate blood and urine cultures and haematological investigations
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are taken.

Table 9 Indications for inpatient care with intravenous antibiotics

| Age of child (<6 months)

Fever of 40°C

History of prior infections especially SPN bacteraemia

Recurrent abdominal pain with/without severe or increasing jaundice

Persistent pain in an extremity accompanied by acute signs of classic inflammation, increased

Chest pain accompanied by persistently decreased oxygen saturation and/or presence of

Increase in jaundice

Signs of toxicity or meningitis

Evidence of respiratory symptoms such as respiratory distress or dyspnoea

Central nervous system symptoms or signs e.g. severe headache, deteriorating level of

Anaemia and/or enlarging spleen, rapid worsening of anaemia or haematocrit less than 25%

Persistent haematuria or proteinuria

Priapism

Source 248, 249,250

There have been a few studies done to understand the significance of fever in children with
SCD, as fever is not always associated with infection. A retrospective study published in 2001,
found that fever was more commonly associated with painful crises (27.3%) and acute chest
syndrome (21.8%) than with bacteraemia (6.1%)'®. Both pain and ACS are associated with
increased mortality’”®'. This report highlights the need to take a holistic approach to
management of fever in patients with SCD and not assume that all febrile episodes are

infective in nature.

Since infections are a common cause of hospitalisation, there has been interest in improving

management by determining whether care can be given without hospitalisation. Although this
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would reduce the high costs that would be associated with inpatient care as well as improve the
quality of life of patients, there is concern that outpatient care may be associated with the risk
of severe morbidity or death. An initial study reported in 1990, suggested that selected patients
with SCD could be treated as outpatients®'. Another study by Wilimas et al. compared
outpatient therapy and routine inpatient management of fever by conducting a prospective,
randomised trial in SCD children (6 months to 12 years) who were seen in casualty department
in a hospital in the USA with a temperature of 38.5°C and above'''. Patients who were
considered high risk were admitted; and this group included children with temperature > 40°C,
severe pain, signs of dehydration, severe anaemia with Hb <5g/dL,, WBC count <5 or >30
x10°/UL and pulmonary infiltrates on chest X-ray. There were 233 febrile episodes in 197
patients. Of these, 98 episodes in 86 patients were randomised. Of the 86 patients, 44 patients
(51%) could safely receive outpatient treatment which was estimated to save $1,195 US
dollars per febrile episode. However, the rate of hospitalisation in this group after 2 weeks was
higher compared to those who received inpatient treatment (22% vs. 2%). The data from this

study on safety and efficacy would be more compelling as it was a prospective study.

In addition to outpatient treatment of infections, efforts have been made to reduce the
number of days patients stay in hospitals. Bakshi er al reported that parenteral antibiotics,
ceftriaxone, reduced the number of days of hospitalisation from 214 (6.3 +/- 1.6

days/patient) to 111 days (2.8 +/- 0.7 days/patient)*.
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Prevention

A prospective randomised trial was carried out in Jamaica, between 1978 and 1983 which
showed effective prevention with penicillin. In this study the intervention was benzathine
penicillin given as an intramuscular injection, once a month with no penicillin given to the
control arm and 14-valent polysaccharide pneumococcal vaccine given to both arms. No SPN

infection was reported in the patients receiving penicillin prophylaxis>.

A landmark study done by Gaston et al was conducted between 1983 and 1985. This was a
multi-centre, double-blind, placebo-controlled trial on children aged 3 to 36 months. 105
children received penicillin V (250mg bd/day) while 110 children received placebo. All
children under 2 years of age also received pneumococcal vaccination. The study was
terminated early because the incidence of infection in the penicillin groups was reduced by

84% (incidence rate of SPN bacteraemia per 100 patient years 1.5 vs. 9.5; p= 0.0025)'"".

The current recommendation is that all patients with SCD should be on oral penicillin
prophylaxis up to the age of 5 years. The recommended dose is 125mg twice a day, for
children from 2 months to 2 years. From 2 to S5 years, the dose in increased to 250 mg. There
have been reports of occurrence of SPN infection in SCD patients on oral penicillin®” 24253,
This may be due to lack of adherence or penicillin-resistance strains. Therefore, the concern of
emergence of resistance weighed against the risk of SPN infection caused a debate to arise

about continuing prophylaxis after the age of 5 years. The factors that need to be considered

when debating continuing prophylaxis after 5 years using oral penicillin in SCD include
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patient compliance, cost of the drug, adverse effects and the potential for emergence of
resistance. Various studies found that the compliance after 5 years was difficult with reports
ranging from 50 to 70 %" 2°®. However, Falleta ef al. conducted a study to determine the
rate of SPN bacteraemia on discontinuing oral penicillin. A randomised controlled trial
was conducted with 201 SCD patients continuing with oral penicillin (250mg twice a day)
and the other groups received placebo. These were patients who had received penicillin for
at least 2 years before their 5™ birthday and had received pneumococcal vaccination
between 2 and 3 years. The study found that the rate of invasive disease between these two
groups was not statistically significant (0.33/100 person years vs. 0.67/100 person years;
relative risk 0.5 95%CI 0.1-3.6)*”. As a result, it is recommended that prophylaxis should
stop at 5 years of age, after the second dose of pneumococcal vaccination. If there is
occurrence of invasive disease, patients should receive prompt treatment with oral
antibiotics and seek medical attention if the condition worsens and requires inpatient care
with intravenous antibiotics. In one study, 570 patients with SCD were reviewed. 33 had
sepsis due to SPN, with 3 dying with the first episode of sepsis. SPN infections recurred in 8
out of 30 with SCA who had had a previous episodes of sepsis [(odds ratio 5.2 95% CI 1.9-

13; p=0.002)]*%%. It is recommended that these patients continue with oral penicillin.

Changing trend of bacterial infections
Since the advent of prevention of SPN infections, using oral penicillin, pneumococcal

vaccination as well as prompt treatment of infections there has been a significant decrease
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in the incidence of SPN infection in SCD patients™. However, although the mortality due
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to SPN infections has fallen from 18-35% in the 1970s and 1980s, to 12.5% in 2001%%, it is
still a major cause of morbidity and mortality in SCD patients®. Furthermore, there has been
a reported increase in the frequency of other infections such as Salmonella spp and Haemophilus

Influenza in the USA'% 118,

Bacteraemia in SCD patients in Africa

Epidemiology

In Africa, anaemia, pain and infections or febrile episodes are the commonest problems
reported in children with SCD; with bacteraemia considered to be an important cause of in-
patient morbidity and mortality. In Benin, a definite or presumed bacterial infection was the
cause of the febrile episode in 76.7% of cases''?. Another study in Nigeria, found that 72%
patients with SCD were admitted with fever or with a history of febrile illness, 63% had
infection of which malaria was reported in 24.5%, bacterial in 17% and viral in 6%°. There
was also an association between anaemia and bacterial infections, reported in 18

(17.3%) out of 104 SCA patients admitted with anaemia'”’.

The role of infections in causing mortality in SCD has not been well described in Africa. A
retrospective review of 69 children with SCD hospitalized between 1964 and 1985 in
Kinshasa, Democratic Republic of Congo, reported that 18 children (26%) died,
including 10 with pneumococcal septicaemia (5 cases) and 10 with salmonella
septicaemia (5 cases)’®. In 62 Zambian children with SCD, the common causes of death

were infections (29.5%), vasoocclusive crises (22.7%) and splenic sequestration crises



(20.45%)™" and similarly another study in Central African Republic found that after
anaemia, which was responsible for 47.8% of deaths, infections accounted for 30.4% in
23 children with SCA?%. Recently, a study conducted in Angola, reported that bacterial
infections was the most common cause of death accounting for 40.1% of deaths in 64

individuals with SCD*®.

However, data regarding the pattern of bacterial infections, particularly the role of
pneumococcal disease, in patients with SCD in Africa are limited and conflicting. There have
been studies reporting pneumococcal isolates'” 2 240,264, 265, 266 However, other reports from Africa
suggest that in SCD individuals who are hospitalised there is a predominance of organisms such as
Klebsiella spp., Staphylococcus Aureus and non-typhoidal Salmonellae®® *** 7 28 Thjs is
contrary to reports from USA and Europe, where SPN is the commonest organism in blood stream
infections. It is possible that important differences really do exist, in the epidemiology of
invasive bacterial disease in patients with SCD, between Africa and the North. For studies
that have shown a predominance of Staphylococcus Aureus, Salmonellae spp and
Klebsiella spp, it has been argued that there may be high level of carriage of these organisms
in the environment’®. However, there is compelling evidence from large, systematic studies
showing that in the general population SPN is the commonest cause of childhood bacteraemia in
Africa?® 270 271 772 Therefore, considering that SCD patients are highly susceptible to SPN

infections, there does not appear to be a plausible reason to explain why this pathogen should

not be important in patients with SCD in Africa.
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A study in Uganda, failed to find a high prevalence of SPN infection in SCD patients. The
study was conducted on a cohort of 155 SCD with age ranging between 3 months to 15
years. Febrile episodes were documented in 1,265 occurrences and 47 (3.7%) blood
cultures were positive. The pattern of bacteria was as follows: S. Aureus 28 (60%); H.
influenza 9 (19%) and SPN 3 (6%). From this study, the authors questioned whether
prophylaxis was justified in Africa”® considering the lack of evidence. However, a review by
Obaro questioned whether lack of evidence implies evidence of absence’”. This is mainly
because the evidence that SPN is one of the leading causes of bacteraemia is compelling®™’,
210 and there is no reason to doubt that SCD patients would have higher rates of infection.
Therefore, the possibility is high that the absence of evidence is due to limitations in the
design of the studies that have been done to get this evidence. The failure to report SPN in
African SCD studies may be due to three factors. First, studies on SCD patients in Africa are
often conducted in hospitals on patients known to have the diagnosis of SCD. Since most
African countries do not have newborn screening programmes; the diagnosis of SCD is made
when they are older. However, most SCD patients will likely succumb to bacterial infections
between 1-3 years of age, before the diagnosis is known. Therefore, it is highly likely that the
SCD cohorts studied in hospital will not have a high incidence of SPN disease. Second, blood
cultures may be taken after patients had already received prior antibiotic treatment either within the
hospital or within the community due to widespread availability of over-the-counter
antibiotics. Third, is that there may be limitations in microbiology facilities at hospitals in

SSA since SPN is a particularly fastidious organism, and there is often difficulty in isolation of

this bacterium from blood cultures.
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In order to address these limitations, a study design needs to be community based or
include all hospitalised patients. Recently, a research centre in Kilifi, Kenya has established a
robust framework to capture bacteraemia events in all children who are hospitalised®’" %7,
Although the prevalence of SCD is low in Kenya (birth rate <5 per 1,000 ) compared to the
other countries in east Africa® 2’ this framework and the low likelihood that the SCD patients
who are hospitalised have received antibiotics before hospitalisation allowed this question to be
answered. A retrospective analysis to determine the phenotype in 1,749 (4.5%) of 38, 866
hospitalised patients in a ten year period was done. The study was able to determine the bacteraemia
rates in 108 SCD patients who had been hospitalised during a 10 year period. S. pneumoniae
was isolated in 44 (41%); non-Typhii Salmonella in 19 (18%) and H. Influenza 13 (12%) of
the SCD patients™. This is compelling evidence that SPN has an important role in causing
bacteraemia in SCD patients during hospitalisation who should receive prompt treatment with

effective antibiotics.

Management

There are few countries in Africa with published national guidelines for management of
fever and infections in SCD. However, due to the high prevalence of infections in these areas,
most SCD patients who are admitted are given empirical antibiotics and antimalarial treatment.
However, the assumed association between SCD and malaria is better known than that with
bacterial infections. Therefore, in Muhimbili National Hospital, as is the case in most

hospitals in Africa, SCD patients will receive antimalarial therapy, usually intravenous

68



quinine, which is first line treatment for severe malaria. However, they will not receive
antibiotics unless the patient is severely ill or there is an obvious focus of infection or signs
of septicaemia (personal observation). There are now increasing efforts to encourage
health care providers to treat SCD patients who are febrile or have evidence of infections with
antibiotics?™ 776 27" 2" I a study conducted in Benin, West Africa to assess the safety and
feasibility of outpatient management of infections, 60 children with fever received
intramuscular cefiriaxone. 76.6% of these febrile episodes were presumed to be due to
infection. No complications, hospitalisation or death was associated with outpatient treatment
suggesting safety in this approach. In addition, the cost of outpatient management was
estimated to be lower compared to inpatient care ($30 vs. $140 per patient) which is

particularly important as most African counties have limited resources''%.

With regards to prophylaxis, resistance to penicillin is relatively low and therefore there is
justification in using daily oral penicillin as prophylaxis in SCD children who are less than
5 years. Pneumococcal vaccines have also been recommended®”. However, the role of
these vaccines needs to be assessed as the 7-valent conjugate vaccine does not cover the

serotypes which have been reported to be common in Africa®™™.

Conclusion

In summary, it is likely that bacterial infection, particularly with pneumococcal disease is an

important cause of morbidity and mortality in SCD patients in Africa. There is a need to

provide evidence that is sufficiently compelling to indicate that preventative measures, such as
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prophylaxis with antibiotics and appropriate vaccines should be implemented in patients with
SCD in Africa. In addition, there is a need to define the most effective antibiotic regimens to
manage febrile episodes in SCD. Therefore, against this background, it remains a high priority
to clearly define the importance of bacterial infections in SCD, identify the common causative
organisms and outline clinical and laboratory features that would identify patients at risk of

bacterial infections and complications and targeting interventions appropriately.
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SICKLE CELL DISEASE AND STROKE

Introduction

The increase in survival of SCD patients has allowed long-term natural history and clinical
observational studies. This has been complemented by an increase in the understanding of the
various mechanisms involved in disease pathology. There are recognised clinical consequences
of SCD which are the characteristic acute complications (crises). However, there are also long
term chronic effects of the disease. This is related to the fact that although SCD is due to a
defect in the haemoglobin molecule, the complex erythrocytic and extra-erythrocytic
mechanisms result in a multi-system disease, where almost every organ in the body can be
affected. The organs which have been most extensively studied are the brain (including the

eye), lungs, kidneys, heart and lung.

Several studies, initially through clinical observation, have described the various neurological
manifestations of SCD. The spectrum of disease includes central nervous system (affecting
both the brain and spinal cord), peripheral nervous system, isolated neurological deficits as
well as less well-defined syndromes. The presentation ranges from seizures, coma, mono- or
hemiplegia, brainstem lesions, visual and hearing disturbances, spinal cord syndromes and

peripheral neuropathy? 281282, 283,284

The best described consequences of SCD for the neurological system are those involving the
brain®®®. Although patients with SCD may have infections directly affecting the brain e.g.

meningococcal meningitis and cerebral malaria, the main burden of disease has been due to
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non-infectious complications. Cerebrovascular disease (CVD) refers to disorders which result
from pathology of the blood vessels in the brain. This is the most well-described and common
complication in SCD?** 2%, There is evidence of both small vessel and large vessel
involvement, with patients presenting with stroke, transient ischaemic attack, seizures, coma,
focal palsies and a range of other rare manifestations. Cerebrovascular accidents (CVA),
commonly referred to as stroke, are sudden neurological deficits caused by injury to part of the
brain due to lack of blood (infarction). They may also result from rupture of a blood vessel and
subsequent haemorrhage into the brain. Transient ischaemic attacks are reversible, resolving
within 24-48 hours and often result from lack of blood or ischaemia whereas CVAs are usually
irreversible and may be caused by either ischaemia or haemorrhage. With an improvement in
neurological imaging techniques, subtle cerebral damage due to infarction has become
increasingly recognized®, %, ?*’. These lesions were previously referred to as “silent infarcts
since patients do not have a clinically apparent episode of neurological deficit. However, these

“silent” infarcts have been associated with neurocognitive defects in children with SCD% 85288

Epidemiology of stroke in SCD

In developed countries, the risk of developing CVA is 250 times higher among children with
SCD than in their non-sickle counterparts””. In the U.S.A., approximately 25% of patients with
SCD suffer a stroke by the age of 45 years83, the peak incidence being between the ages of 2
and 5 years of age?’. There is now evidence of "silent cerebral infarcts occurring in 15 to 20%
of children by the age of 6 years® 8% 291. 2.3 Thig causes significant impairment of higher

cognitive and executive function with reduced intellectual and academic performance and is
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thought to be highly predictive of overt stroke®* 8% 86 291.25¢

Although, the overall incidence of stroke is estimated at 1.29 per 100,000 per year for children,

the incidence of stroke in children with SCD was estimated at 285 per 100,000 per year 28.

These have been stratified by age with the rates shown in Table 10.

Table 10 Age-related incidence of first stroke in SCD in the USA (modified from [83])

Age group Incidence of stroke

<2 years 0.13 per 100 patient years

2-5 years 1.02 per 100 patient years

6-9 years 0.79 per 100 patient years

10-19 years 0.41 per 100 patient years

20 . 49 years 0.52 . 0.74 per 100 patient years
>50 years 1.28 per 100 patient years

Stroke in SCD may result from haemorrhage, thromboembolism or infarction. Overall, stroke

due to infarction is more common®”® and has two peaks; between 2-5 years and above 30

years. On the other hand haemorrhagic stroke, which is less common, occurs in young adults®’.
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Figure 13 Hazard rates of infarctive and haemorrhagic stroke in SCD patients by age
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Figure showing hazard rates of stroke in SCD. The solid line shows the rates of infarctive
stroke at different ages while the dashed line shows haemorrhagic stroke.®

In Africa, the evidence seems to suggest that the incidence of stroke amongst patients with
SCD may be higher than in the U.S.A., with reported rates of 1.3 per 100 per year**®, 27, 2%
compared to 0.61/100%®. The age-group most affected, 2-5 years is similar in both regions. In
Nigeria, a study looked at neurological events in SCD patients over a 12 month period. These
occurred at a prevalence of 1.3% with CVA accounting for 57.5%, meningitis 22.5% and

7 In Kenya, a larger and longer study was conducted to

recurrent seizures 10% of these events
assess neurological complications in stroke. This was a retrospective study done at Kenyatta
National Hospital (KNH) which is the main hospital in Nairobi, the capital of Kenya. In this 5

year retrospective analysis, 18 SCD patients aged between 7 months and 21, years had
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neurological complications. 12 (76%) of these were CVA, 6 (33.3%) were seizures and other
complications were visual and hearing disturbances as well as confusion and hallucinations 298.
The relatively high incidence of SCD-associated stroke in Africa has been suggested to be due
to the presence of higher rates of some factors in Africa which are associated with increased

risk. These include low haemoglobin, leucocytosis and CAR B-globin haplotype.

Risk factors

A number of factors have been found to be associated with an increase risk of stroke in SCD.
These include age, which as mentioned above, the 2-5 year age group is particularly
susceptible. Although most vascular events occur between the ages of 5 and 10 years, there is
another peak above 50 years. It is thought that stroke may have different pathophysiological
mechanisms which are dominant at different ages; vascular stenosis due to SCD in the younger

age group, haemorrhage during adolescents and adulthood and infarction in the older age

group®.

Other risk factors for stroke in SCD children include low red blood cell indices particularly
Hb, HbF, RBC count as well as high nucleated red cell, white cell and platelet count®, 2, 3%,
High homocysteine levels which result from low folate levels are also associated with

increased risk of stroke; folate is required for homocysteine metabolism®'.

Some clinical syndromes that have been correlated with prediction of stroke include previous

TIA, a recent history of acute chest crisis, high acute chest syndrome rate, recurrent painful
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episodes (more than 3 a year)” "% Hypoxia, particularly nocturnal hypoxaemia, has been

associated with CVA3%,

Table 11 Factors associated with increased risk of cerebral infarction

Clinical factors

Age 2-8 years

Family history - sibling with a stroke

Repeated episode of convulsions

Acute anaemic episode (Hb 2g/dl below normal level)

Bacterial meningitis

Acute chest syndrome

Splenic dysfunction/infarctions near age 1 year

Priapism

Decreasing academic performance

Impaired neurocognitive function

Laboratory factors

Haemoglobin (steady-state concentration <7.5g/dl.

low red blood cell count

high nucleated cell counts

High reticulocyte count

Platelet count

Pitted/pocked RBC

Foetal Hb <13% by 2 years

CAR Beta globin haplotype

No alpha gene deletion

Modified from °*°

Mechanism of disease

Although SCD is often thought to cause small vessel disease, the most common pathology in
the brain is due to large vessel involvement. A complex interplay of different
pathophysiological processes causes a progressive proliferation of endothelial wall, collection

and organisation of mural thrombi, resulting in narrowing or stenosis of the blood vessel.
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These events have been summarised previously in the review of pathophysiology of disease in
SCD. This can occur at any site but commonly affects basal cranial arteries, in the circle of
Willis; predominantly in the distal internal carotid artery (ICA) and the proximal middle and
anterior cerebral artery (MCA and ACA respectively)’®. As a consequence, CVA frequently

involves the watershed distribution between the ACA and MCA within the frontal lobes™’.

Although, one of the consequences of progressive stenosis is eventual occlusion and
ischaemia, the body may respond by the development of small vessel collaterals, which bypass
the stenotic portion of the large blood vessel’®®. This phenomenon which results in an
angiographic pattern referred to as the Moyamoya syndrome has been reported in SCD patients™”,
3% 319 and found to be useful in predicting the recurrence of CVA in SCD patients®!. The
pathological consequences in small intracerebral vessels are cortical and sub-cortical branch
occlusions, which normally affect the frontal lobe and manifest as subtle higher executive
function abnormalities®'>*'?, The effect of other mechanisms of CVAs in patients with SCD is not
known. However it is suggested that hypoxia®®, which has been associated with increased risk of

stroke promotes polymerisation of HbS and adhesion of RBC to endothelium and platelet

and white blood cell adhesion®® 313313,

Diagnosis
Diagnostic techniques such as cerebral angiography, magnetic resonance imaging and
Transcranial Doppler (TCD) ultrasonography are used to detect cerebrovascular disease®'®.

However, for purposes of this thesis, the focus will be on TCD.
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Transcranial doppler ultrasonography (TCD)

Transcranial Doppler (TCD) ultrasonography is a technique that was devised by Aaslid as a
non-invasive technique for measuring cerebral blood flow velocity (CBFv) in the basal cranial
arteries’"’. It uses ultrasound to measure the velocity of red blood cells and by application of
Dopplers’ principles can estimate the velocity of blood flowing in large cerebral vessels
through an intact cranium. TCD measures the time-averaged maximum mean velocity of the
blood flowing in large cerebral vessels (TAMMYV). Although an increase in velocity may be
due to stenosis or increased cerebral blood flow, studies have determined the abnormalities in
blood velocity that are predictive for stenosis. Studies done in the USA found that a low
haematocrit can increase the velocity up to 150 cm per second in the middle cerebral artery

(MCA), but values greater than this are more likely to be due to stenosis’'®.

TCD ultrasonography has been found to be highly sensitive and specific in identifying
cerebrovascular abnormalities by detection of arterial stenosis and occlusion in both
symptomatic and asymptomatic SCD patients®"” ** *! In a study conducted in the USA, 9.7% of
children were found to have CBFv abnormalities, with more children between 2 to 8 years of
age (10.7%)***. The cut—off point that was found to be predictive of risk of stroke was a flow
rate of 200cm per second in the MCA, which was associated with a 40 percent risk of stroke
within three years’'®. Therefore, this is the cut-off point that is taken to define SCD patients
who are at high-risk for stroke and therefore require more aggressive interventional strategies.
Although TCD ultrasonography has not been used in SCD in Africa, it has the advantage of

being relatively cheap, safe, well tolerated, and therefore an ideal investigation in hospitals in
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resource limited countries where cerebral angiography and MRI are not feasible.

Magnetic resonance imaging

Imaging techniques such as high resolution computerized tomography (CT) and magnetic
resonance imaging (MRI) are used for the diagnosis of CVA. The latter is particularly good in
the detection of clinically silent infarcts which are associated with increased risk of stroke®®
322, However, neither technique is practical or economically feasible in many of the poorly
resourced areas in sub-Saharan Africa (SSA). In addition, these investigations are mainly
diagnostic of neurological events whereas TCD is used for identifying high-risk patients and
therefore allowing primary intervention. In such circumstances, a combination of TCD
examination and careful neuropsychometric evaluation has been suggested to be helpful in
{534 294, 323

screening and identifying those children with early CNS pathology or silent infarc

which can then be confirmed by more specialised techniques such as MRI or CT scanning.

Treatment and prevention
There has been progress in the primary and secondary prevention of stroke as there is
improvement in the ability to identify SCD patients who are at particularly high risk of stroke

and therefore require aggressive interventional strategies.

Several randomised controlled trials have shown that initiating aggressive management
strategies such as long-term transfusion therapy in these patients can significantly reduce the

incidence of stroke. In a randomised controlled trial conducted in 1998, 130 children with SCD
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who had abnormal CBFv (above 200cm/sec) documented on two occasions with no history of
previous stroke were randomised to receive standard care of treatment or blood transfusion'?’.
Standard care of treatment included penicillin prophylaxis, pneumococcal vaccination, folic
acid supplementation, surgery for chronic hypersplenism, treatment of acute infections
including blood transfusion when needed for transient episodes but excluding use of
Hydroxyurea. The aim of blood transfusion was to reduce the HbS levels to less than 30%
within a period of 21 days without exceeding a haemoglobin concentration of 12g/dL or a
haematocrit of 36%. There was a 92% reduction in risk of stroke in the patients receiving

blood-transfusion, which led to early termination of the trial'>°

. It is now recommended that
children with SCD between 2-16 years of age, should have annual TCD ultrasonography to
measure their CBFv, and for those with a CBFv of more than 200cm/sec, which is classified as
abnormal, the recommendation is that they should be started on long term blood transfusion
(LTBT) programmcsm. However, there have been difficulties in ensuring compliance and
adherence to LTBT*> 3, The regime involves blood transfusion every 3-6 weeks and it is not
entirely clear what should be the duration of the regime since there is evidence to suggest that
discontinuation of therapy results in a high risk of recurrence’>. Despite this high risk of
recurrence, patients and their caregivers have difficulties complying. This is because of having

326 In addition, there are concerns

to go to hospital every 3-4 weeks as well as venous access
with LTBT such as iron overload and alloimmunisation, as well as a risk of transfusion
transmissible infections (TTIs)*?’. These limitations are particularly pertinent in SSA where
there is the added problem of availability of adequate blood supply, with use of replacement

donors and there is often no screening for RBC antibodies before transfusion.
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Alternatives for LTBT for prevention of stroke have been investigated. Hydroxyurea which has

been found to be beneficial for other adverse clinical outcomes in SCA'?® may also be a useful

alternative in preventing stroke in high risk patients®® 2%

Conclusion

A more comprehensive picture of the burden of stroke in SCD in Africa needs to be
established. Due to the variability of phenotype and the different pathophysiological
mechanisms for the same event, it is important to establish the associated risk factors in
Africa. This will involve looking at known risk factors as well as looking at factors that can
be established in a cost-effective manner in a resource limited setting. In this context, given
that TCD ultrasonography is relatively cheap, safe and well-tolerated, it should be feasible to
use this technique to determine the spectrum of cerebral blood-flow velocities in African
children with SCD and, subsequently, to define a high-risk group for targeted investigations
such as MRI and CT scanning of the brain with potential interventions with LTBT or

Hydroxyurea.
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SICKLE CELL DISEASE AND FOETAL HAEMOGLOBIN

Introduction

As reviewed previously, there are three haemoglobins in normal individuals - HbA, HbA> and
foetal haemoglobin (HbF). This chapter will focus on reviewing the physiology and
measurements of foetal haemoglobin (HbF) followed by a review of its role in SCD and

malaria.

Physiology

The main function of red blood cells (RBC), transporting oxygen and carbon dioxide between
lungs and other tissues, is carried out by haemoglobin. Hb has properties that allow it to bind,
transport and release oxygen and carbon dioxide. Since the environment during embryonic,
foetal and adult life with regards to availability and source of oxygen differs the properties of
the haeme molecule in binding and releasing oxygen have to differ at each of these stages.
Therefore, physiologically there are 6 types of haemoglobin, embryonic (Gower 1 and 2,
Portland); foetal Hb (HbF) and adult haemoglobin (HbA and HbA2). The distribution of these

haemoglobins in individuals gradually changes during development.

During the intra-uterine period, the foetus receives oxygen from the maternal circulation in the
placenta. The main Hb present in foetal RBCs is HbF which has a higher affinity for oxygen
then Hb A, which is the main Hb in maternal RBCs. Since the oxygen saturation of the
maternal blood in the placenta is low, difference in affinity allows effective gas exchange
across the placenta. At birth, HbF constitutes 60 to 80% of total Hb and during the first 2 years
of life, there is gradual transition to adult haemoglobin, consisting of Hb A, with small

amounts of Hb A2 and Hb F (0.5 to 1%).The composition of Hb in RBC remains fairly
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constant throughout adult life. The variation in the haemoglobin from embryonic to intrauterine
HbF to adult HbA means that during development there are two switches in the B — like gene
expression from € to y and then to f— globin genes. This process of switching from one gene
to another during development has been the focus of a lot of research in order to understand

the factors controlling y-globin gene expression, in order to increase HbF production in SCD.

Factors influencing HbF levels

There is a wide variation of Hb F in the population, with 85 — 90 % individuals having HbF
less than 0.6 — 0.7% and F-cells (red blood cells containing any HbF) are less than 4.5%. The
other 10-15% of the population has values above these levels. The factors that influence the
HbF levels include age, sex (females have higher levels), pregnancy and a — globin gene
number. Genetic factors that influence HbF levels may or may not be linked to the p — globin
gene region, with the former associated with the variation in HbF levels with the different
sickle haplotypes. On the other hand, the F-cell production locus (FCP) on the X-chromosome
account for the difference between 11% men and 21% females who have higher HbF level.
The three factors that determine HbF levels are number of F cells (determined by percentage of
F-reticulocyte), amount of HbF per F-cell and the preferential survival of F-cells over non-F

cells®*!.

F-Cells (FC), non-F cells and F-reticulocytes: HbF is restricted to a sub-set of specific red
blood cells (RBCs) called F-Cells (FCs) and the rest of the RBCs which do not have detectable
levels of HbF are known as non-F cells. Although, the percentage of FCs within an individual
is stable, there is a wide variation between individuals. The percentage of FCs in normal
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individuals ranges between 0.5 to 7%, while in SCD, the range is broader and levels are higher

(up to 60%)*!.

Hb F per F Cell: To add complexity to the situation, HbF is not evenly distributed in FCs.
Studies have shown that concentration of HbF per FC is not constant, and ranges between 4-6
picograms. The average amount of HbF per FC varies amongst individuals with SCD**?, but

the maximumn percentage of HbF in each FC does not exceed 25% of total Hb.

Survival of F-cells: There is selective destruction of Non-F cells compared to FCs. This
preferential survival of F-cells can be calculated by the ratio of FCs to F reticulocyte, which is
known as the enrichment ratio. Although the presence of HbF in FCs, protects it from sickling
and therefore ensures its survival over non FCs, it appears that there may be other factors that

are responsible for the preferential survival of FCs*"3%,

Hereditary persistence of foetal haemoglobin (HPFH)

HPFH refers to a group of conditions characterised by synthesis of HbF into adult life in the
absence of evidence of haematological disease. The distribution of HbF may be pancellular or
heterocellular. In hereditary HPFH, the distribution of HbF is pancellular/even and levels are
higher in African (25-35%) than Mediterranean (12-25%) populations®**. In heterocellular
HPFH, the distribution of HbF is uneven between the cells and levels are often less than 10%,

having been described in Swiss and Northern European populations.
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Laboratory measurement of foetal haemoglobin

Quantification of HbF

The quantification of HbF can be done using a number of methods. Betkes method uses
an acid-elution technique which allows the estimation of HbF per cell®®, This is
normally reported as a percentage of total haemoglobin. However, this method is limited
because the laboratory procedures are complex and require diligent, labour-intensive

skills.

The second method is done by initially performing haemoglobin electrophoresis and
identifying the HbF bands which are then measured by densitometry. A third method uses
radial immunoprecipitation to quantify HbF levels. However, the HbF levels using radial

immunoprecipitation have been reported as being higher and this could be misleading®’.

The quantification of HbF by high performance liquid chromatography (HPLC) uses ion-
exchange chromatography to identify the different haemoglobins in blood, and determine
the levels of Hb in each individual®®®. This method is increasingly becoming more
widely used as it is automated and not user-dependent and is therefore the gold-standard
for Hb quantification. With the increase of availability of HPLC, it will be possible to
accurately describe the range of HbF in normal and SCD individuals in resource limited

settings.
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Detection of F-cells

The Kleihauer - Betke method has been used to stain and count the number of FCs
present in individuals and is reported as a percentage of RBC?. This method is slide
based and requires microscopy and is therefore labour intensive, time consuming and
prone to methodological errors. The use of fluorescent-labelled anti-F antibody allows the
detection of FC on fixed smears. However this method cannot measure the HbF
concentration per cell. Flow cytometry using anti-HbF antibody, is a simpler method of
counting the number of FCs, and flow cytometry, both simple and fluorescence activated

cell separator (FACS) systems have been used to accurately and rapidly detect and

quantify FCS332, 339,340

FOETAL HAEMOGLOBIN AND SICKLE CELL DISEASE

Physiology of HbF in SCD

In individuals without SCD, the levels of HbF are between 0.5 and 2%. Most patients
with SCD have elevated levels of HbF compared to normal individuals, with marked
variation within individuals, and has been found to be up to 20-fold in some populations
9. The factors responsible for this variation include age, sex and a-globin gene number.
The B-globin haplotype have also been associated with different HbF levels, with the
Arab - Indian haplotypes having higher levels of HbF followed by Senegal, Benin and
CAR haplotypes. This probably explains the findings that the levels of HbF go up to

10% in Africa'™ 341342 343,344,345, a,d 30% in the Arab region™*. However, there are genetic
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factors that are not linked to the B-globin gene, one of which is an area located on the X
chromosome known as the F-cell production locus (FCP). Although the FCP locus is
thought to be the most important determinant identified, more than 50% of the
variation cannot be explained by known factors. These other factors are thought to act

by varying the levels of FCs, HbF concentration per cell and preferential survival of FCs.

Amelioration of severe disease by HbF in SCD

There is a wide variation in the clinical severity of disease in individuals with SCD and
this has been attributed to various genetic and environmental factors. High levels of HbF
is one of the more important factors that has been associated with modifying clinical and
laboratory features, reducing the severity of disease and mortality >"°*"" Furthermore,
epidemiological studies have reported that certain populations have milder forms of the

disease, attributable to high HbF levels*® 347348349,

There has been considerable debate regarding the levels of HbF required to ameliorate
disease. In 1980, Powars et al specifically looked at 14 clinical and haematological
parameters in a cohort of 272 patients with SCA in the USA and were unable to establish
the effect of HbF on their phenotype®*. This led to studies that suggested that for HbF to
be associated with mild disease, the levels have to be above a 10% to prevent major
organ failure e.g. stroke and above 20% to prevent recurrent clinical events e.g. painful
crises> " 352, In Afiica, there are few studies, mainly in West Africa to evaluate HbF and its

association with disease severity. The results from these studies have been conflicting
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with some reporting association with severe disease and others not showing any

significant association >4 334.34,345

Mechanism

As previously mentioned, the rate of polymerisation of HbS depends on the total
concentration of Hb, as well as the relative composition of HbS and non-HbS Hb within a
RBC. The ability of HbS to polymerise is significantly reduced by the presence of
HbF'® 2% [p addition, the high level of HbF “automatically” reduces the amount of Hb
S in the RBC®. The result is fewer irreversibly sickle cells, reduced rates of haemolysis
and preferential survival of FCs. However, even with high HbF levels, there is evidence
that suggests that other factors such as FC production, concentration of HbF per FC and

FC survival, may also influence the ameliorating effect of HbF>>',

Therapy

Since high levels of HbF are associated with protection from severe consequences of
SCD, interventions that would increase the levels of HbF have been used in the treatment
of SCD. These interventions include pharmacological agents that are known to augment
HbF levels and other interventions involving the manipulation of genetic switching to
ensure that HbF levels are produced at high levels, similar to the intrauterine, foetal

period.
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Pharmacological augmentation of HbF

There are two groups of drugs which have been found to be associated with an increase in
HbF levels: cytotoxic drugs which interfere with DNA synthesis such as Hydroxyurea, 5-
azacytidine & its analogues and short chain fatty acids. The second group are agents that

stimulate the production of erythropoiesis such as erythropoietin.

Hydroxyurea

Hydroxyurea (HI) has been studied extensively and found to increase the number of F-
reticulocyte, F-cells and HbF levels®> ***. A series of clinical trials have found that the use
of HI is associated with improvement in various clinical and laboratory events in SCD

(Table 13).
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A landmark double-blind, randomised control trial was published in 1995 which was stopped
after a mean follow-up of 21 months. Amongst 148 men and 151 women studied at 21
clinics, the 152 patients assigned to hydroxyurea treatment had lower annual rates of crises
than the 147 patients given placebo (median, 2.5 vs. 4.5 crises per year, P < 0.001). The
median times to the first crisis (3.0 vs. 1.5 months, P = 0.01) and the second crisis (8.8 vs. 4.6
months, P < 0.001) were longer with hydroxyurea treatment. Fewer patients assigned to
hydroxyurea had chest syndrome (25 vs. 51, P < 0.001), and fewer underwent transfusions
(48 vs. 73, P = 0.001)'?®. The effect of HU on mortality was shown by Steinberg ez al in
2003, where they reported a 40% reduction in mortality (P =.04). However, patients with
reticulocyte counts less than 250 000/mm3 and haemoglobin levels lower than 9 g/dL had

increased mortality (P =.002)*%,

However, there are limitations with HU therapy. In about one third of patients, HU does not
seem to have any effect on HbF levels, and the reason for this is not entirely clear®. It is
therefore important to identify very early on the patients who are likely to respond in order to
avoid patients being on a cytotoxic drug that will have no benefit. Attempts have been made
to identify factors that may be predictive of a good response; and these include plasma
hydroxyurea level, initial white blood count and initial HbF concentration. Others include
high baseline counts of reticulocytes, two or more episodes of study-defined myelotoxicity
(note that myelosuppression is target of therapy and this has to be balanced with

myelotoxicity), and absence of a CAR haplotype354’ 3,

HU is also associated with toxicity including gastrointestinal disturbance (nausea), hair loss,

skin rash and the most significant being myelosuppression. The latter is reversible on
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stopping HU intake, and therefore patients on HU require monitoring to be done on a
monthly basis. A long term side affect of HU is that as a cytotoxic drug that interferes with
DNA synthesis, it has the potential of causing DNA mutation. Although there is a suggestion
that prolonged use of HU may be associated with an increase risk of carcinogenesis, in
particular with acute leukaemia, there has not been such an increase risk seen when HU was

used in other conditions’®>3¢".

Other agents that increase HbF levels

Azacytidine and its analogues

Decreased HbF production is associated with DNA methylation (by DNA methyltransferase
[DNMT]) at the gamma-globin (HbF) gene promoter. Therefore cytosine analogs such as 5-
azacytidine and 5-aza-2'-deoxycytidine (decitabine) hypomethylate DNA by inhibiting
DNMT, resulting in an increase in HbF levels®®. Clinical trials with Azacytidine showed a
consistent response in increasing HbF levels’®. Other azacytidine analogues such as
decitabine are being tried for use in patients who do not respond to HU*"® *”', The further
development and use of azacytidine was stopped due to concerns of toxicity and increased
risk of cancers. However, there is currently interest in use of decitabine as it has been found

to be useful in preventing certain cancers® > >".

Short chain Fatty Acids

Butyrate and other short chain fatty acids have been found to also increase HbF levels®*>7’.
However, the limitation of this group of pharmacologic agents is that in order to achieve
adequate HbF levels, a continuous intravenous infusion is required. Moreover, this increased

is not sustained with continuous therapy, requiring an intermittent dosing schedule®’” 37,
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Orally administered butyrates have been tried but are again limited by the formulation;

requiring an intake of over 30 tablets a day*”.

Erythropoietin

Studies in animal models, showed that HbF production could be induced by the use of
erythropoietin®® %, Although some studies suggested that use of erythropoietin in SCD
patients may not be of measurable benefit®>, Rodgers ef al showed that if it is used with HU,

the effects of HU are augmented, more so than if HU is used alone®®'.

Switching

Although the mechanism of switching of globin gene expression resulting in production of
HDbF in foetal life to adult haemoglobin in the first year of life is beyond the scope of this
thesis, it is worth mentioning that there is extensive research into understanding the
mechanisms responsible for controlling the switching. This is because by understanding the
mechanisms responsible for production of foetal haemoglobin in adult life, this will provide

alternative routes for therapeutic manipulation.

94



FOETAL HAEMOGLOBIN AND MALARIA

Protection against malaria in SCD

There is now substantial evidence that individuals with SCD have resistance against malarial
infection per se. Such protection has been shown in a number of epidemiological studies ">
'*! and is supported by the results from in-vitro studies that indicate a range of potential
mechanisms, including reduced invasion of HbAS erythrocytes by malarial parasites, reduced
parasite multiplication, and accelerated parasite clearance by the spleen'®* % 38 The
protective role of HbS in malaria has been studied extensively and is covered in detail in

chapter 5 in this thesis. In this section, I will concentrate on the role of foetal haemoglobin

(HbF) in malaria, particularly in SCD.

The protection that is described in SCD has been attributed to HbS. However, SCD
individuals possess HbF, which has properties that may contribute to malaria resistance. The
epidemiological evidence of protection of HbF against malaria can be seen in the first year of
life. During this period (birth to 9 months) children have been reported to have few episodes
of malaria, and they have not developed immunity384. The protection during this period is
partially thought to be due to maternal antibodies, but HbF may also contribute to immunity
during this period as it is the only Hb present in circulation. (Note Hb in neonatal period is
almost 100% HDbF) and has been shown to be protective against malaria. The proposed
mechanism of protection by HbF is backed by evidence from clinical, in-vitro and studies in
animal models is as follows: there is preferential invasion of young RBCs by the malaria

385

parasite over HbA containing RBCs*®. Therefore, parasites are directed” to invade HbF

containing cells (foetal, F-cells). However, HbF has been shown to be resistant to parasite
386, 387

digestion with malaria parasites showing slow rates of growth in HbF containing cells
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Therefore parasitised, HbF-containing RBCs will have a retarded growth, shortened life span
and will be rapidly cleared from the body’*®. This model seems plausible, as in the first 6-9
months the main Hb is HbF, and it is only after this period that the protective effect of HbS

starts having a role®®.

Conclusion

Foetal haemoglobin has an important role in ameliorating disease severity in patients with
SCD, with agents that increase HbF levels being effective options in treatment of SCD. In
addition, the role of HbF in protection against malaria has not been entirely elucidated. In this
thesis, I will examine the spectrum of HbF levels in patients with SCD and explore the
relationship with disease morbidity and mortality, with particular focus on malaria, bacterial

infections and stroke.
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CONCLUSION

On reviewing the literature on SCD, I conclude that although the single gene mutation in
SCD has allowed extensive research to understand the role of sickle Hb in clinical disease, it
is now apparent that there is a complex interplay between the genotype and the extremely
heterogeneous phenotype. From a public health perspective, there is a high prevalence of
SCD in Africa and it causes considerable burden to individuals, communities and the health
system. Therefore, Tanzania needs to develop a policy that will guide interventions that can
be used in the short-term, and start planning a more detailed management plan for the long
term. In the medium to long-term, with economic development in low income countries such
as Tanzania, there will be a demographic transition, making chronic, non-communicable
diseases such as SCD have increasing importance. Research in high income countries has
shown evidence of reduction in disease morbidity and mortality with the application of
relatively simple interventional measures. There is every reason to believe that the

application of some of these interventions would have similar results in Africa.

Model for control of genetic disorders

Within the past 10 years, there have been significant advances in the field of genomics,
marked by the publication of the human genome sequence. Since then, various technologies
which were previously confined to academic or research oriented centres, have become
available in health care. Although the growth of the field of medical genetics (which deals
with the application of genetics to medicine) has rapidly expanded in resource-rich countries,
it is inevitable that developing counties will need to engage with medical genetics’ **. It is

therefore important that within developing countries there is a strategy that is formulated to
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form the basis of the introduction of medical genetic services for care and control in these
countries’. SCD could be considered the most important public health genetic disorder
because it is common and severe, causing considerable burden to the health system. The
problems that hinder establishment and implementation of a control programme of genetic
disorders include lack of awareness (of prevalence and significance) and lack of organisation
which can be addressed by strategic advocacy to key policy makers, patient/parent support
groups and community education® . Once this is done, there is compelling evidence that
SCD could be reduced because it can be diagnosed by simple, cheap tests and the care and
treatment can be incorporated into the primary health care system, with only one "central

reference laboratory/treatment centre'”. For these reasons, SCD would be an “ideal disease
that could be used as a good model for developing a frame-work for delivering cost-effective

genetic services to the community in developing countries*.

Understanding disease mechanisms, population and evolutionary genetics

Since the discovery of SCD as a molecular disease in 1949 and the subsequent
identification of the single gene defect in 1956, there has been extensive research in trying to
understand the relationship between genotype and phenotype, resulting in significant
progress in our understanding of disease mechanisms and factors modifying disease severity.
SCD is also a disease that could be used to understand population and evolutionary genetics
by studying recent selection pressures, like malaria, on the development of the human
genome. Therefore, it is thought that by using the tools and techniques that are now available
and with the appropriate investment, it is possible that major leaps in scientific knowledge,

would most likely happen with a simple monogenic disorder like SCD.
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RATIONALE FOR THE STUDY

This thesis will describe the clinical and laboratory characteristics of SCD patients in
Tanzania. The focus will be on malaria, bacterial infections, neurological events and foetal
haemoglobin as these are considered to have a significant role in causing disease morbidity
and mortality. In addition, these areas have various interventional options that can be applied
to the magnitude of illness and death in individuals with SCD. Unfortunately these
interventions have not been used in Africa probably due to the limited resources available in
most of the countries in sub-Saharan Africa. The aim is to provide an evidence-base that is
locally appropriate which will guide the development of policies for the management and

control of SCD in Tanzania.
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Chapter Three
Materials and Methods

STUDY AREA

Tanzania

Tanzania is situated on the eastern coast of Africa between longitude 29° and 41° East,
Latitude 1° and 12° South covering 940,000 square kilometres. It has a population of 40
million with a population growth rate of 2.1 %. 36% of the population lives in an urban area.
Tanzania is a low income country which has one of the lowest gross national income (GNI)
per capita in the world at 7308, with 36% of the population living below the national poverty
line. Note the GNI is converted to international dollars using purchasing power parity rates.
An international dollar has the same purchasing power over GNI as a U.S. dollar has in the

United States>”".

The national expenditure on health is 4% of gross domestic product (GDP). This covers the
total health expenditure and is the sum of public and private health expenditures figured as a
percentage of a country's GDP. It covers the provision of health services (preventive and
curative), family planning activities, nutrition activities, and emergency aid designated for
health but does not include provision of water and sanitation. The physician to population
ratio is 0.04 per 1,000 people. The annual birth rate is 1,400,000 per year with a life
expectancy at birth of 52 years. The infant and under five mortality rates are high at 104 and
125.6 per 1,000 live births respectively®’. Tanzania mainland is divided into 21

administrative regions which are further divided into 106 districts (Figure 14).
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Figure 14 Map of Tanzania showing administrative regions

Source__http://www.tanzania.go.tz/census/census/map2.htm. The shading denotes

population density.

Organisation of health services

The health services in Tanzania are organised into three levels with health centres and district
hospitals at primary level, regional hospitals at secondary and tertiary level hospital services
being provided by national, referral and specialised hospitals. Tanzania is divided into 4
geographical zones, each with one referral hospital. MNH is the national hospital and also
serves as the referral hospital for the eastern zone. The other hospitals are Kilimanjaro
Christian Medical Centre (KCMC) based in Kilimanjaro region and serving the northern
zone, Bugando referral hospital based in Mwanza region and serving the Western Zone and

Mbeya Referral Hospital, based in Mbeya region and serving the southern zone.
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Dar-es-Salaam

Dar-es-Salaam is the main administrative region of Tanzania, with a population of 2.5
million. It occupies an area of 1,392 square kilometres and at 1,800 persons per square
kilometre has the highest population density in Tanzania. Dar-es-Salaam region has 3
districts (population in brackets) - Ilala (640,000), Kinondoni (1,100,000) and Temeke
(780,000). The socio-economic status of these three districts is heterogeneous with
Kinondoni having a more affluent population and Temeke having the highest concentration
of low income households. The study was carried out in Muhimbili National Hospital
(MNH), which is located in Ilala district. This district has the lowest population density in

Dar-es-Salaam and has areas of the most intense malaria transmission’”".

Figure 15 Map showing the three districts in Dar-es-Salaam
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Muhimbili

Muhimbili consists of the Muhimbili University of Health and Allied Sciences (MUHAS)
and Muhimbili National Hospital (MNH). MUHAS is the only public higher learning
institution in health sciences in Tanzania and is responsible for training all cadres of health
care workers (including doctors, nurses, laboratory technologists and pharmacists). It is
closely affiliated to MNH. MNH serves approximately 1,000 outpatients every day (Monday

to Friday) and 1,000 admissions a week for inpatient care.

Clinical Services for SCD in Muhimbili

The clinical services for patients with SCD require a multidisciplinary approach and are
therefore shared between three departments; haematology and blood transfusion, internal
medicine and paediatrics and child health. There is no system in place for screening and
diagnosis of SCD and therefore most of the patients are diagnosed when they present with
symptoms and signs suggestive of illness. There are two outpatient clinics a week providing
outpatient services to SCD patients. The department of paediatrics and child health provides
services to children under 13 years of age who are seen in a clinic that is specifically
dedicated to SCD. Adults are seen in a clinic conducted by the department of haematology
and blood transfusion which is not exclusively dedicated to SCD but also provides a service

to patients with other haematological disorders.

Since SCD patients are thought to have a high risk of morbidity and mortality due to malaria,
the policy in Tanzania is provide chemoprophylaxis against malaria and prompt diagnosis
and treatment of malaria. The recommendation for chemoprophylaxis is chloroquine despite

the high resistance. This was because of a failure to identify and propose another agent that
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would be affordable, effective and had a known safety profile. All patients attending the
paediatric clinic were prescribed chloroquine at a dose of Smg/kg once a week. During the
period of the study, first line therapy for malaria changed from monotherapy with
chloroquine to sulphadoxine pyrimethamine (SP), with the current recommendation being
artemisinin-based combination therapy (ACT), artemether lumefantrine (ALu)"®' For
patients enrolled in the study management continued as recommended by the policy and
followed hospital guidelines. SCD patients do not receive chemoprophylaxis with oral
penicillin V or vaccination with pneumococcal vaccination to prevent infection against

Streptococcus pneumoniae.

For patients who require inpatient care, children below the age of 8 years are admitted under
the care of the department of paediatrics and child health whereas older children and adults
are admitted in the department of internal medicine. The haematology department provides
additional care in collaboration with these two departments. The management of SCD
patients who were hospitalised followed hospital guidelines. Patients who were hospitalised
with pain received hydration with oral fluids (water) and intravenous fluid (1 to 2 litres of
normal saline alternating with dextrose-saline over 24 hours depending on the weight and
degree of dehydration). The analgesia included paracetamol, diclofenac and pethidine
following recommended dosage regimes. Pethidine was often limited to the first 24 hours.
SCD patients who were hospitalised with fever were investigated for malaria by a blood slide
for malaria parasite. Following this, they received presumptive treatment for malaria
following national recommendations mentioned above; uncomplicated malaria was treated
with chloroquine, SP or ALu due to changing treatment therapy during the course of the

study. Severe malaria was treated with quinine. Patients who were suspected to have bacterial
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infections from symptoms and signs (such as a focus of infections e.g. abscess; signs of
septicaemia) received antibiotics. The hospital recommendation which was followed for the
SCD patients includes a combination of benzylpenicillin and chloramphenicol in children. In
adults the same combination was used although in some cases, ceftriaxone was used as first
line, presumptive treatment of septicaemia including meningitis. The indication for blood
transfusion (whole blood 20mls/kg or packed red blood cell 10mls/kg) included a
haemoglobin level of <5g/dL or clinical features of severe anaemia including symptoms of
anaemia and the presence of pulmonary oedema and/or right heart failure. Severe
pancytopaenia that was not transient (>1 month) and occurred in the presence of evidence of
active erythropoiesis (high reticulocyte count above 2%) was discussed with the surgeons to
make a decision about splenectomy. Osteomyelitis and avascular necrosis of the femoral head

were managed after consultation with the orthopaedic surgeons.

DESCRIPTION OF STUDY
Study design
This thesis is based on an observational study which consisted of systematic longitudinal
surveillance of clinical and laboratory events in a cohort of SCD patients recruited at
Muhimbili National Hospital. Cross sectional analysis was done to describe pattern of clinic

attendance, recruitment and hospitalisation.

In order to explore the pattern, cause and outcome of hospitalisation during the study period,
a series of approaches were used. The first was a case-control approach, where cases were

patients within the SCD cohort who were recruited into the study and hospitalised at MNH
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during the course of the study. Controls for this analysis, were SCD patients who were
recruited into the study and never hospitalised at MNH during the course of the study. The
second approach was a cross-sectional study, looking at risk factors and outcome for SCD
patients hospitalised at MNH. In this analysis, the outcome was survival and therefore
comparison was between patients who survived and did not survive during hospitalisation at

MNH.

In order to address the role of malaria in precipitating hospitalisation, we used a case-control
approach with cases defined as SCD and controls were non-SCD individuals. Details of the

analytical approach have been outlined in chapter five, SCD and malaria.

In order to determine the role of bacterial infections in SCD during hospitalisation, this was a
prospective cohort study. All SCD patients who were hospitalised at MNH were identified
and blood cultures were done to identify the rates and risk factors of bacteraemia. Some
patients were identified during hospitalisation and therefore their first contact and recruitment
into the study was during hospitalization. In this case, patients were advised to return to clinic
after discharge from hospital. For the majority of patients, they were identified and recruited
at outpatient clinic. Therefore, events that occurred during hospitalisation could be compared

to outpatient visits.

To establish the association of increased CBFv and CVA in SCD patients, the study had two
components; the first phase was a cross sectional, observational study to determine the
spectrum of CBFv using TCD in SCD patients in MNH. The second phase was a cohort study

exploring the relationship between clinically evident CVA, confirmed by CT scan of brain,
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and CBFv. Other risk factors for stroke, including hypoxia, frequency of painful crises,
hospitalisations etc were also to be assessed. Further details of analytical approach have been

outlined in chapter seven, SCD and stroke.

The study design to determine HbF levels in SCD was a cross-sectional survey on all SCD
patients who had been recruited into the study. The HbF data were then used to explore
association with clinical events collected as part of the longitudinal surveillance of the cohort

study.

Study population

SCD population

Estimates suggest that there are approximately 5.6 to 9.9 per 1000 children born every year in
Tanzania with SCD*. With an annual birth rate of up to 1,500,000 this means that
approximately 7,800 to 14,600 children are born with SCD every year. Due to the magnitude
of the disease and a reported high rate of mortality in childhood, the Ministry of Health and
Social Welfare in Tanzania has a policy that all individuals with SCD should have access to
free health care. However, there are no national guidelines for specific comprehensive care or
regular follow up at outpatient clinic. Therefore, individuals who are known or suspected to
have SCD are diagnosed only when symptomatic and are often seen when they have an acute
clinical event or require inpatient hospital care. Outpatient care is offered as part of general
medical or paediatric care. MNH is the only hospital which provides specialised health care

services for SCD.
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Study population

Study population: The study population was patients with SCD who came to MNH for

health services and had an entry visit as defined below. Recruitment was done twice a week

from patients attending the pre-existing OPD clinics. In addition, patients who were admitted

during the study period were also advised to come to the clinic when they were discharged. A

patient was considered to be in the SCD cohort if they fulfilled the following criteria:

Entry visit at outpatient clinic.

Laboratory diagnosis of SCD. This was defined as SS on haemoglobin
electrophoresis and on HPLC their haemoglobin levels were as follows: HbS>70%; HbA,
= 0%. The assumption was made that the contribution of patients with S-
B°thalassaemia and those with S and hereditary persistence of foetal haemoglobin into
this cohort of SCD patients would be minimal. This was based on the supposition that the
clinical phenotype of S-HPFH is mild and it is unlikely that these individuals would come to
the clinic. Individuals with S-B°thalassaemia would also present with SF on
haemoglobin electrophoresis and HbS of above 70%, similar to SS individuals.
Although, microcytic hypochromic indices may be used to distinguish SS from S-
B°thalassaemia, the high prevalence of iron deficiency anaemia in our setting
would make it difficult to use this parameter. The definitive diagnosis of S-HPFH
and S-B°thalassaemia requires family studies and genotyping for Beta globin
mutations which was not done as part of this thesis. Co-inheritance of a-
thalassemia, which would also result in low MCV, also requires genotyping for
confirmation.

Patients who had conflicting results or had a history of blood transfusion had a repeat
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investigation to confirm the sickle phenotype. If a repeat investigation was not possible,
either because the patient died or was lost to follow-up, the patient was not considered to be

in the SCD cohort.

The following patients were not considered to be part of the main SCD study population:

e Laboratory diagnosis of AS or AA. These patients were considered to be controls.
Further details are included below in section of control population.

e Failure to confirm the diagnosis of SCD. These are patients who had equivocal
laboratory results either due to blood transfusion and a repeat laboratory test was not
possible either due to death or loss to follow-up.

* No entry visit at outpatient clinic. This includes patients who were identified in the

wards during hospitalisation or who were found to have SCD but did not return to

clinic for an entry visit.

Hospitalised SCD population: Clinical surveillance was done every day to recruit all patients
known or suspected to have SCD who were admitted to the hospital. They were given a
unique admission number for each hospitalisation. Since recruitment and the issuing of
unique SCD cohort number was only done at the clinic, there were some SCD patients who
were identified at hospitalisation but had not been recruited into the study. In this case their
hospitalisation date preceded the date of recruitment into the study. Therefore, they were not
included in analysis of the rates and risk factors for hospitalisation of the cohort. However,

these patients were included in the risk factors for death during hospitalisation.

TCD population: In order to establish the cerebral blood flow velocity using Transcranial
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Doppler ultrasonography, SCD children who were aged between 2-16 years were selected
during scheduled clinic visits. Between November 2004 and June 2005, all consecutive SCD
patients who attended the clinic were given an appointment to return to the hospital for TCD

ultrasonography.

Control population

There were two groups of individuals who were recruited into the study as the “control”
population. The first population consisted of siblings and relatives of SCD patients attending
clinic who were requested to enrol into the study as family members would have similarity
with regards to environment as well as some genetic factors. In addition, individuals who
came to hospital requesting investigation to exclude SCD were also recruited. Individuals
who were found to have a diagnosis of AS or AA were used as the control group for

individuals with SCD.

The second population was patients who were recruited from those hospitalisations to the
paediatric wards at MNH between 2005 and 2007. These were patients who were not known
to have SCD and were screened for malaria using malaria rapid diagnostic tests (RDT) and
microscopy to provide data of the background prevalence of malaria parasitaemia during the
study period. It is acknowledged that ideally this control population should have included
adults. I decided to focus on the paediatric population as from an epidemiological point the
prevalence, morbidity and mortality of malaria is highest in children. This was acknowledged

as a limitation of the study.
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PROCEDURES

Clinical procedures

Procedures at the outpatient clinic

Three types of visits to the outpatient department resulted in the collection of clinical
surveillance data.

1) Recruitment: this was the clinic attendance during the study period (25™ March 2004
to March 2009) when patients were recruited and enrolled into the study. This is also
referred to as the baseline or entry visit.

2) Follow-up visit: three monthly visits, which were scheduled for all SCD patients who
were well.

3) Acute visit: unscheduled visits, when the patient attends due to a problem or the
attending clinician gave the patient an appointment for review earlier than the

scheduled visit.

Baseline visit (entry)

At the first clinic attendance during the study window, patients were enrolled into the study.
This visit was referred to as the entry visit. All patients who fulfilled the inclusion criteria
were recruited into the study after informed consent was obtained from the patients or
relatives. All the information was recorded onto standardized proformas that were
specifically designed for the study. Clinical information collected included demographic
details, past and current symptoms. Physical examination was performed which included
general anthropometric measurement and thorough systematic examination. Detailed
neurological evaluation was done if clinically indicated as well as assessment of cranial and

peripheral nervous system for focal deficits.
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Patients were given a SCD number which was their unique identifier that would be used for
all subsequent SCD visits. In addition, patients were given SCD booklets where their
haemoglobin levels and any other pertinent details were recorded. These books were also

used to record details of visit to any health care facility outside Muhimbili.

For patients who were identified as having SCD during hospitalisation, data was collected
during this event but recruitment into the study was only done when the patient came to the
clinic after discharge from the hospital. Therefore some patients will have hospitalisation
events which precede recruitment into the study. This information was collected as it was
thought that important data regarding causes of hospitalisation or mortality may not be
captured. Therefore, the data were used to determine the rates and risk factors for mortality
during hospitalisation. It was not used in the analysis of the rates of hospitalisation for the

cohort.
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Figure 16 Flow chart for procedures at baseline visit

Patient arrives at OPD clinic
Registered into hospital and SCD study system

General examination including anthropometry done
recording in SCD questionnaires and hospital files

medical history and physical examination
recorded in SCD questionnaires

notes written in hospital file, prescription and appointment given
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Scheduled (Follow up) visit

Patients with SCD were scheduled to come to the clinic every three months. During this visit
information was collected on a follow-up proforma. This included clinical history with
symptoms as well as any acute events between scheduled clinic visits. In addition, physical
examination was performed. Investigations that were done included full blood picture and
examination for malaria parasites. Additional investigations were done as clinically indicated.
During the course of the study, there was an increase in the number of SCD patients.

Therefore, the outpatient visits were scheduled between 3 to 9 months.

Unscheduled (Acute) visit

Unscheduled visits were precipitated by an event that required patients to seek health care.
During this visit patients were handled as during scheduled visits with particular attention
paid to precipitating event. In the event that the patients required in patient care, they were
admitted and subsequently handled as an admission. Doctors were also able to ask patients to
return to clinic before the 3 month period to follow up a particular problem. This was also

regarded as an acute outpatient visit.

Procedures for hospitalisation

Clinical surveillance of the adult and paediatric admitting wards to identify individuals
admitted with known or suspected SCD was maintained throughout the period of study. On
arrival to the ward, SCD patients were admitted following normal hospital procedures. A
general examination was performed that included a record of temperature, weight, blood
pressure, peripheral oxygen saturation pulse and respiratory rate. Detailed clinical history and

physical examination were undertaken to determine the events leading to hospitalisation.
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Blood samples were collected for the following investigations; FBC, reticulocyte count,
malaria parasitaemia and blood cultures, serum creatinine, lactate dehydrogenase [LDH],
bilirubin total and direct and alkaline phosphatase [ALP]. Additional examinations such as
chest X-rays were performed as clinically indicated. All this information was recorded in

the "admission questionnaire.

Procedures for neurological events

For patients admitted with suspected neurological events, a more detailed history and
examination was taken focusing on the neurological system and the information was recorded
in a specific questionnaire for CNS events. Additional investigations that were done included
a computerised tomogram of the head for patients suspected to have a cerebral event. Similar
procedures were followed at outpatient if a SCD patient was suspected to have a neurological

event as an outpatient.

Procedures for TCD ultrasonography

From November 2004 to June 2005, SCD patients who were between 2-16 years of age were
recruited during scheduled clinic visits and given appointments to return to the hospital for
TCD ultrasonography. On the day of the TCD examination, patients were registered on
arrival. Information was given about the procedures and consent was given to allow TCD
examination. Personal and demographic details were recorded and a general examination was
done with recording of temperature, weight, blood pressure, peripheral oxygen saturation
pulse and respiratory rate. Following this, a detailed history and examination was taken
focusing on the neurological system and the information was recorded in a specific

questionnaire for CNS events. TCD examination was then done on the patient to measure the
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CBFv. Patients with abnormal results were informed of the high readings and this
information was documented in their SCD books so that they were identified as high risk for
CVA. All the patients were then advised to return to the OPD clinic on the day of their

scheduled appointment.

Procedures for control populations

Siblings and relatives of SCD patients were invited to attend the OPD clinic where after
informed consent, history and examination was taken. This included a detailed family history.
Physical examination was done followed by blood sample collection. All the information was
recorded in a questionnaire for control patients. Other individuals who were recruited as
control populations were patients who attended the hospital requiring screening for SCD. The
individuals received their results after 2 weeks. For those who were found to have SCD, they
were given an appointment to attend OPD clinic. For those whose results were AS were
advised that they had sickle trait but would not require hospital care. However, they were

informed of a risk of having children with SCD. These patients were not followed up.

The control population for malaria parasitaemia was recruited from hospitalisations to
general paediatric wards. All hospitalisations were seen daily and screening information that
included age, sex, presenting complaint was collected. Malaria testing was done by rapid
diagnostic testing and microscopy. The results of the malaria test were immediately made
available to guide clinical management. Note that any discordant results were read by another
laboratory technologist. In the event that the two reports were discordant, a third independent

technologists read the slides.
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The ideal control population should have been adults and children hospitalised during the
study period. This was not possible during this study and is acknowledged as a limitation. For
purposes of this sub-study, recruitment was done for all consecutive hospital admissions into

the paediatric ward from July 2006 to July 2008.

Procedures for tracing patients who were lost to follow up
In a cohort study, it is imperative that one tries to have complete data on all patients who
have been recruited. Therefore, tracing patients who were lost to follow up was an integral

part of ensuring completeness of data.

Definition of loss to follow up

Lost to follow up was defined as any SCD patient after recruitment into the study, who did
not come to clinic for a follow up visit for a period of at least 6 months. This definition did
not include patients who were identified to have SCD during hospitalization but had not yet

been seen at the OPD clinic and therefore did not have a unique SCD number.

Tracing patients who were lost to follow up

The procedures for tracing patients who were lost to follow up consisted of 3 stages: 1)
identifying from the database patients who were lost to follow up; 2) telephone tracing for
those who had telephone numbers 3) physically tracing the patients by going to their place of

residence.

Identifying patients who were lost to follow up from database: All patients who were

recruited into the study were identified by analyzing the entry database. Two timelines were
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identified: date of recruitment and date of last visit to the clinic. For some patients who had
only been recruited and never returned to the clinic, this date would be the same. Patients
who did not have SCD were excluded, as were those who had been recruited within the last 6
months. From this list, patients who were known to have died either in hospital during
hospitalization or when death was known or was reported were identified and excluded. In
addition there were a few patients who were known not to attend the clinic for a specific
reason e.g. migration. Therefore a list was generated with 3 groups of patients: those with
telephone details, those with no telephone but with physical details and those who had no
details at all. This information was verified by checking in the proformas in the case notes to
confirm the following details: attendance at clinic implying that they are not really lost to
follow up but there was an error in the database. Telephone and residence details were also
checked to identify if additional information had been provided on other visits. All
information was recorded in a new form that was specifically designed with detailed

residence information (appendix).

Telephone tracing: A list of lost to follow up for telephone tracing was generated. A new
variable was inserted, telephone tracing (available/not available). This information was
verified for the second time to ensure that all the information was available. Patients were
then telephoned and information was recorded as to whether they were available. For those
who were available, a specially formulated proforma known as LTF was completed and
entered into LTF database. Traced patients were given an appointment to come to the hospital
where a follow up proforma was completed. For those who were not traced by telephone,

they were then moved to the list of patients who were going to be physically traced.
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Physical tracing: a list of patients who had to be physically traced was generated which
included those without telephone numbers, or those with telephone numbers but who had not
been found by telephone. The residence information was clustered in the following manner:
District>Division>ward>street>ten cell unit leader>school>health post>bus stop so as to
make it logistically easy for patients to be traced in the same geographical location. This
follows the administrative hierarchy of local government organisation within districts in

Tanzania. Before going to the community, information was verified for the third time to

confirm that all information is most current.

Procedures in the field: The physical tracing of patients was limited to patients living in Dar-
es-Salaam. This has the administrative divisions outlined with local government officers
starting at street level with an executive officer who is responsible for "streets which may
have several ten cell units. The ten cell unit leaders are "political leaders but often are
responsible and know individuals in the households within their units. Therefore, the tracing
followed the administrative system, with households being visited with the ten cell unit
leader. On finding the patient a previously designed questionnaire for non attenders was

completed. This included a verbal autopsy for patients who were reported to have died.

Laboratory procedures

Procedures for collection of samples

Procedures for collection of samples at outpatient clinic

At the baseline visit a total of 6 mls of blood was drawn in all individuals, irrespective of age
2 mls of blood was collected in a tube with EDTA anticoagulant. 2 vacutainers were filled

with 1ml of blood each. The vacutainers were either empty sterile containing no additive or
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had an additive that separated the serum. One thick blood slide was made for malaria
microscopy and a thin blood film was made for reticulocyte staining. All the samples were
labelled with SCD number and date when sample was collected. For follow up visits, whole
blood was collected and a malaria film was made, with additional specimens being collected

as clinically indicated.

Procedures for collection of samples during hospitalisation

During hospitalisation, following informed consent and aseptic procedures, 8 mls of blood
was collected: 2 mls into an EDTA container, 2 mls into an empty sterile or serum separator
container and 4 mis taken for blood culture. Before 2006, the blood culture samples were
collected in bottles that were prepared with appropriate media in the hospital laboratory but
after 2006, samples for blood culture were collected in commercially prepared BacTec®
bottles. In addition, a urine sample was collected in an empty sterile bottle. All the samples

were appropriately labelled.

Procedures for collection of samples for the control population

For siblings and other individuals who came to the outpatient department, the procedures for
sample collection were similar to those for patients at baseline visit. For paediatric
hospitalisations, following informed consent and explanation of procedures, a capillary blood
sample was taken from a finger prick. The blood drop was used for malaria RDTs and an

additional sample was used to make a thick film for malaria microscopy.

Procedures for processing of samples

All samples from outpatient clinics were taken during normal working hours and were
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transported to the laboratory. The specific investigations were done as outlined. Samples

from patients admitted out of working hours were processed within 24 hours.

Processing and separation of samples

Processing of EDTA sample: Two films were prepared from whole blood. A thick film was
stained for malaria parasites and a thin film was stained for reticulocytes. A full blood count
was then performed using the remaining sample. This included peripheral blood cell count,
both total and differential white cell count as well as red blood cell indices. For samples from
baseline visits or control individuals, haemoglobin electrophoresis was done using the
alkaline cellulose acetate method. The sample was then centrifuged and aliquoted into
plasma, which was stored for immunological studies; buffy coat for DNA extraction and

subsequent sickle genotyping.

Processing of serum separated samples: Biochemistry analysis was done on the serum and
the sample was then stored for processing for HIV and viral hepatitis at a later stage. This is

not part of the thesis. The summary of processing of samples is outlined in appendix.

Archiving of samples; There were some investigations that could not be performed
immediately. In this case, the appropriate samples were stored for analysis at a later stage.
The following components were stored in 10x10 boxes, and stored at -20 degrees centigrade.
Buffy coat, packed red blood cells, serum and plasma were also stored. A template for

archived samples was written and filed.
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Procedures for laboratory investigations

Malaria

Microscopy for malaria parasitaemia: Thick films for malaria diagnosis were made from
whole blood at the time of collection from the patients or from EDTA bottle in the laboratory.
Thick films were stained using Giemsa and examined by microscopy for the presence of
malaria parasites using standard methods. The number of parasites (trophozoites) was
counted against 200 white blood cells. A slide was reported negative for malaria parasites
after at least 100 high-powered microscopic fields were examined. Note that counting malaria
parasites against 200 white blood cells may have resulted in underestimating malaria density
as the white cell count in SS patients is higher due to inflammation and haematology
analysers counting nucleated RBC as neutrophils. Therefore ideally, the white cell count
should have been corrected and normal” reference values for SS and non-SS individuals
calculated and used. For purposes of this thesis, the parasite density was not used. The quality
assurance process involved the following: all positive slides were read by a second person. If
there was a discrepancy between the two readings, then a third person read the slide. For the

negative slides, one out of every ten slides was reread by a second person.

Rapid diagnostic testing for malaria: Rapid diagnostic testing (RDT) to detect malaria
Histidine rich protein (HrP-2) antigen was conducted using the Parahit test (Parahit, Span
Diagnostics, India or Paracheck, Orchid Biomedical Systems, India). This was reported as
positive or negative. These tests come with a commercially-prepared quality assurance

method for positive and negative results.
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Haematology

Full blood count: Full blood counts were performed on an automated haematology analyser
(Pentra 60, Horiba ABX, Kyoto, Japan) was used. Quality assurance was done using
commercially prepared reagents that were run on a daily basis with the readings documented
and acted on, following the laboratory protocol. On a regular basis, samples were run on 3
different haematology analysers in the university to ensure that the results were valid. The

comparison was made with haematology analysers which were part of an external QA

programme.

Reticulocyte count: Reticulocyte counts were performed using the new methylene blue
method as outlined in appendix III. Using a high-powered lens, the number of reticulocytes
was counted against 1,000 mature red blood cells and the results were reported as a
percentage of total red blood cells. One in ten slides was read by a second person and the

results were compared.

Haemoglobin electrophoresis: Haemoglobin electrophoresis was done for all patients to
determine the sickle phenotype using the cellulose acetate method (Helena, Sunderland, Tyne
& Wear, UK). (See appendix III). The cellulose acetate membranes were stored and filed for
references. The results were reported as SS, AS or AA. For some patients, the results were
reported as SF. These results were considered to be SS. Quality assurance was done using

commercially prepared controls that were run on for each electrophoresis gel.

The quantitative analysis of haemoglobin sub-types by HPLC: From June 2005, haemoglobin

was analysed quantitatively using the Beta thalassaemia short programme on a Variant
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Classic HPLC machine (BioRad, Hercules, CA, USA). This machine uses ion-
exchange high performance liquid chromatography (HPLC) to identify the different
haemoglobins in whole blood. The haemoglobins of interest were haemoglobin Ay, A,, F and
S and the results were used to confirm the diagnosis of sickle haemoglobin as well as to
determine the levels of HbF in each individual. The chromatograms and results were
photocopied and filed. The data for the corrected area percentage of the different
haemoglobins were entered using FoxPro (TM) and subsequently into MySQL database.
Patients were considered SS if HbS>70%; HbA=0%; HbA,<3.5%,. For a definitive
differentiation of SS from S/B°-thalassaemia and S/HPFH, DNA and/or family studies are
required. HPLC (Hb Fractions and value with units in percentage), however, are extremely
useful in distinguishing the 3 genotypic groups as outlined below.

e SS: HbA = 0; HbA,<3.5; HbS >70; HbF 0 - 25

e S/ pB°-thalassaemia: HbA = 0; HbA, >3.5; HbS >70; HbF <20

e  S/HPFH: HbA, = 0; HbA; <2.5; HbS >70; HbF >30
The following patterns were labelled as non-SCD and were distinguished further as follows:

e AS: HbA >50; HbA; 2-3; HbS 30-40%; HbF 0 -2

e AA:HbA(>90; HbA, 2 - 3; HbS 0%; HbF 0 -2

For purposes of this thesis, the analysis was assumed to predominantly include individuals
with SS genotype based on Table 12. It is acknowledged that this cohort may include
individuals with S/B°-thalassaemia and S/HPFH. Quality assurance was done using
commercially prepared reagents that were run for each batch of reagents with the readings

documented and acted on, following the laboratory protocol.
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DNA diagnosis for haemoglobinopathies: The diagnosis of SCD and other
haemoglobinopathies particularly S/B°-thalassaemia and S/HPFH is made by DNA studies.
DNA was extracted and stored for all individuals recruited into the study, but DNA studies

were not part of the thesis.

Chemistry

Blood: The following parameters were assayed using a chemistry analyser (Roche Cobas
Mira, New York, USA or Abbott Architect, New York, USA) - bilirubin (total and direct);
lactate dehydrogenase, (LDH) alkaline phosphatase (ALP), gamma glutamyl transferase
(GGT) and creatinine. Quality assurance was done using commercially prepared reagents that

were run on a daily basis with the readings documented following laboratory protocol.

Microbiology

Blood cultures

From the start of the study until July 2005, blood cultures were processed using standard
hospital laboratory procedures. Culture media was prepared in the hospital microbiological
laboratory and identification followed conventional routine techniques. The organisms that
were identified were archived in -70°C freezers. The hospital laboratory is part of a project
known as Network for Surveillance of Pneumococcal Disease in the East African Region

(netSPEAR). netSPEAR_ (http://www.aboutus.org/NetSpear.org) supported laboratories to

improve the quality of microbiology techniques, particularly in hospital laboratories where
resources were limited and the yield of positive microbiology culture was low. This was done
by providing reagents, reviewing standard operating procedures and providing a quality

assurance system. The organisms that were identified were archived in -70°C freezers and
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sent to Nairobi, Kenya for re-identification. The re-identification was done in a laboratory
that has accreditation at international standards for good laboratory practise. The results from
the re-identification revealed that the differences in the results between the two laboratories
were more than 70%. This was discussed in detail with the laboratory and strategies were
proposed to address the potential causes of the differences in the results. Some of the
strategies included using commercially-prepared horse blood instead of human blood to make
blood agar media plates, use of automated blood culture machines and regular positive
quality assurance method to ensure that the media supported the growth of fastidious

organisms such as SPN.

For purposes of this thesis, it was felt that in order to ensure scientific rigour in achieving this
objective, it was necessary for blood cultures to be done in an environment where I would be
able to achieve the standards required to answer the question. Therefore, from July 2005,
blood cultures were processed using the BACTEC 9050 system (BACTEC, Becton Dickinson,
Franklin Lakes, NJ, USA). Positive samples were examined under Gram staining and sub-
cultured to standard media plates (chocolate agar, blood agar and CLED). Isolates were
identified using routine microbiological techniques which included microscopy and Gram-
staining, API biochemical testing, catalase and specific identification for streptococcus and
staphylococcus. Isolates were stored in freezing media which was specifically prepared and
stored at minus 70°C for identification in the laboratory in Kenya. When this was done, the
results that were obtained were accurate. All batches of blood culture bottles and agar media
plates were tested by inoculation with known organisms suspended in transport media the
blood culture bottle was then inserted into the BACEC machine to check that positive

growth would be identified. For agar media plates, organisms were inoculated, grown and
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identified to ensure that the media supported microbial growth and resulted in correct

diagnosis.

Cultures of other samples
Samples from other sites such as wounds, urine etc were collected as clinically indicated.
They were processed using routine microbiological procedures. These results will not be

presented in this thesis.

Procedures for TCD ultrasonography

TCD ultrasonography

I conducted TCD examination following intensive training for 3 months in Kilifi, Kenya.
TCD examination was conducted to measure CBFv using a Nicolet EME companion 11
(Nicolet, Warwick, UK). This instrument uses pulsed ultrasound at a frequency of 2MHz
generated by a transducer that is held against the temporal portion of the scalp to assess
velocities of middle cerebral artery (MCA), anterior (ACA) and posterior cerebral arteries
(PCA) on the left and right hand side. The basilar artery (BA) was assessed using the
suboccipital approach. Additional signals were obtained from the internal carotid artery
(ICA) in the neck. The highest time-averaged maximal mean velocities (Vmean), depth at
which the artery was insonated, pulsatility index (PI) and resistance index (RI) were

recorded.

Quality assurance of TCD: The blood vessels were identified by depth, waveform pattern,
sample volume, direction of blood flow and angle of insonation. The quality of the TCD

measurements was done by ensuring that the CBFv that was recorded came from the
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waveform with the best audiovisual signal and envelope. Before recording, the vessel was
“tracked” up and down by 2mm increments to ensure that the best waveform was identified.
Snapshots of all the recordings were taken and saved. The results were saved on the TCD
machine. The data were backed up on an external hard drive which was stored in a different
physical location from the TCD machine. The results were independently reviewed by a
consultant neurologist, Fenella Kirkham, Institute of child health, to ensure that the readings

were accurate.

Reference ranges for the parameters were derived from studies done in Kilifi, Kenya®”,
These were calculated from CBFv from individuals who were well and not known to have
SCD. The range was defined as -2 standard deviation (SD) as the lower limit and +2SD as the

upper limit around the median value of CBFv readings.

Computerised tomography

For patients who presented with features suggestive of a neurological event due to a
cerebrovascular accident, computerised tomography of the head was done. The scans were
reported by a radiologist and the results were filed. The CT scans were also digitised. These

results will not be presented in this thesis.
Radiography of chest, bones and other sites

X-rays were taken at Muhimbili National Hospital when clinically indicated. The results were

documented in the patients file notes. These results will not be presented in this thesis.
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Other radiological and imaging investigations
Other radiological investigations including ultrasonography and echocardiography were
conducted as clinically indicated. The results of these investigations were documented and

filed in the patients records.

Personnel

Clinical personnel

The clinical-epidemiological information from the hospital visits was collected by the author
with the assistance of two medical officers. Additional assistance was increased during the
course of the study to take into the account the higher number of study participants than
anticipated. Supervision and monitoring was done through daily meetings, reviewing of
questionnaires as well as reviewing hospitalised patients. For the TCD, I was responsible for

performing all the procedures of neurological and TCD examinations.

Laboratory personnel

I was responsible for setting up and performing the following laboratory tests: haemoglobin
electrophoresis, reticulocyte staining, and malaria microscopy. These tests were subsequently
done by a laboratory technician with a Diploma in Medical Laboratory Sciences, under my
supervision. Microbiology procedures were similarly set up following a period of training at
the KEMRI-Wellcome Trust programme in Kilifi, Kenya. This site has established laboratory
systems and has received accreditation for international good laboratory practise standards.
The microbiology procedures were consequently supported jointly with experienced

microbiologists in both Muhimbili and Kilifi.
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I was responsible for interpretation of the results and troubleshooting problems that arose
with equipment or procedures. Investigations using automated machines such as
Haematology and chemistry analysers were done following standard operating procedures for
the machines. The tests were performed by hospital laboratory personnel. The author was
responsible for ensuring that quality assurance procedures were put in place as well as the
interpretation of normal and abnormal results. Once the procedures were in place and
functioning adequately, they were performed by 2 laboratory technologists under the

supervision of the author.

Data personnel
I was responsible for development of the proformas, coding of the variables, and design of

the database (both the FoxPro and MySQL). The data were entered by data entry clerks who I

supervised.

DATA MANAGEMENT

Data collection

Clinical data

All clinical information was collected in pre-formatted questionnaires or proformas that were
designed specifically for the study. There were specific proformas for different visits or
events. During outpatient visits a baseline/entry or follow up visits proforma was completed
and during hospitalisation an admission proforma was completed. A CNS proforma was
completed in the event of a suspected neurological event. For the control population, a

control proforma was completed. Information for paediatric hospitalisations was recorded in
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a log book. For patients who were lost to follow up, a proforma was completed and in the
event of death a verbal autopsy section was completed. Residence information was collected
into residence proformas. Proformas were reviewed annually to amend variables and improve

the quality of data collected. All proformas are attached in appendix.

Laboratory data

Laboratory data were collected from different sources. For haematology data, the results were
printed from haematology analysers. For the results that were generated from hospital
laboratory, the printed results were photocopied and the copy was stored in the study patient
file. For other laboratory results, this was recorded into pre-printed laboratory results forms

and filed with the patients’ case notes.

Other data

TCD data were automatically generated during TCD examination. These data were entered

into FoxPro and subsequently into the MySQL database.

Data entry

From 2004 to 2007, clinical and laboratory data were entered in FoxPro (version 6 (Microsoft
Corp., Seattle, WA, USA). In 2007, due to the increase in data that were being collected, a
new database system was designed that used a web-based system known as MySQL (Sun

Microsystems Inc, Santa Clara, California, USA). The data that had already been entered

were transferred into the new database system.
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Data cleaning
Data verification and cleaning was done following double entry and inconsistencies were

corrected. Missing data, that was independent of time of collection, was collected at

subsequent visits.

Data security

The questionnaires were stored in filing cabinets and locked, with access only to personnel
involved in the study. Access to the data was limited to a few key personnel who were
authorised by the author. Data were backed up on a weekly basis onto CDs which were stored

in a different physical location.

STATISTICAL METHODS

Introduction

An analysis plan was formulated during proposal development. This was refined after 18
months of data collection to outline an approach to the data. An initial description of the
cohort was made. In order to address the four specific objectives, regarding malaria,
infections, stroke and HbF, a series of different analytical approaches were used to take into
account the complexity of the study design and magnitude of the data. Details of the analyses

conducted will be described in the methods section of each chapter. The analysis was done

using STATAv10 (StataCorp, College Station, TX).
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Definition of variables

Outcome variables

SS Sickle cell disease: This was defined as any patient who had sickle cell phenotype SS as
detected by Hb Electrophoresis and HPLC. Patients who were SS were defined as sickle cell
disease, those with phenotype AS as sickle cell trait and AA as normal. This was generated

into binary outcome variables where 1=SS was sickle and 0= Non-sickle and included AA or

AS.

Hospitalisation: This was defined as hospitalisation during the study period and included any
patient who was admitted for inpatient hospital care. A binary variable was generated from
hospitalisation or no hospitalisation during the study period where O=no hospitalisation and
1=hospitalisation. At entry into the study patients were asked if they had ever been admitted
and this was defined as history of hospitalisation where O=no history and 1=history of

hospitalisation.

Malaria: Malaria was defined as positive malaria rapid test or the presence of malaria

trophozoites on microscopy.

Stroke: A neurological deficit caused by injury to part of the brain due to either lack of blood
(infarction) or rupture of a blood vessel and subsequent haemorrhage into the brain. This was
characterized by a combination of symptoms (weakness of limb or part of body, loss of
consciousness, seizures) and signs (loss of muscle bulk; either decrease or increase in muscle

tone; loss of muscle power) lasting for more than twenty four hours.
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Bacterial infection: Bacterial infection was defined as binary variable with presence or
absence of bacteria on blood culture during hospitalisation (bacteraemia). Further

categorisation of bacteraemia was done according to the species isolated.

Exposure variables
Demographic variables This included the gender, age and place of birth. Ethnic origin was

defined by coding the tribe of mother. The residence at time of recruitment was coded

according to the frequency of occurrence of a place.

Clinical variables This included the presence or absence (coded 0 absent 1 present) of any of
the following features during surveillance. Symptoms included any history where the
individual or parent reported the presence of fever, pain, anaemia, jaundice, cough, difficulty
in breathing and CNS event (weakness (hemiplegia), seizures, transient ischaemic attacks,
cranial nerve deficit and gross cognitive impairment) Physical signs were categorised as
follows: fever was axillary temperature > 37.5°C; hypertension was blood pressure > 150/100

mmHg and hypoxia as peripheral oxygen saturation <95%.

Laboratory variables: Haematological variables included red blood cell indices
[haemoglobin (Hb), red blood cell count (RBC), and mean corpuscular volume (MCV)],
white cell indices (total white blood cell count (WBC)) and platelet count. In addition,
reticulocyte count and HbF levels were also defined. Clinical chemistry variables included
bilirubin (total and indirect), lactate dehydrogenase (LDH), alkaline phosphatase (ALP),

aspartate transaminase (AST) and creatinine.
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The laboratory variables were analysed as continuous variables. They were then categorised
using cut-offs from published international reference values. I decided to use the cut — off
values from published reference values as this would allow me to compare the results from
this study with the normal population. The level of haemoglobin below 5g/dL. was defined as
severe anaemia. The details of cut-off points that were used to define abnormal CBFv and

high HbF as generated from this study are presented in their respective chapters.

Patient level variables
Variables that remained constant for each individual throughout the study were sex and sickle
status. Sex was recorded as female=0, male=1, with female used as the reference category.

Sickle status has been defined previously.

Time dependent variables
Variables that were known to change their value over time were age of individuals, clinical

and laboratory variables and month in study.

Age: The age was calculated at date of visit from the date of birth. The age was calculated in
years rather than months. Age was then examined as a continuous variable with increments of
1 year. Three collapsed age groups variables were defined with categories as follows: <2, 2-4,
5-9, 10-14, 15-19, 20-29, 30-39 and >40. The second age group was: <2, 2-4, 5-9, 10-19,
>20. The third age group was <5, 5-10 and >10 years. Different age groups were defined to

allow comparison with published data.

Steady state: although the clinical and laboratory variables changed with each visit, it was
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assumed that when well there would be minimal variability within an individual. The values
during this “steady-state” were determined from visits at outpatient clinic where patient was
well and there was no hospitalisation event within the preceding or subsequent 3 months.

These data were not used in the thesis.

Date and month of visit: month of visit was categorized into a variable that included month

and year of study, beginning with March 2004 and ending in March 2009 for recruitment.

Descriptive analyses

Description of study populations for analyses

The initial analyses involved an overall description of the study outlining the total number of
SCD patients and control individual recruited into the study. This was followed by a

description of the SCD patients at two different time points — at recruitment into the study

and during hospitalisation.

Description of SCD cohort during recruitment: This was a description of the clinical and
laboratory features of SCD patients at the time of recruitment into the study. This group of

patients was compared with patients who did not have SCD.

Description of SCD cohort during hospitalisation: A number of cohort members were
hospitalised during the study period. A description of the rates and risk factors for
hospitalisation was examined by comparing the admitted and non-admitted patients. A
separate analysis was done on all SCD individuals hospitalised during the study period to

determine risk factors that determine adverse outcomes during hospitalisation.
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Description of SCD cohort during follow-up visits (longitudinal surveillance) : There was
initial analysis of the pattern and factors that determine follow up visits. This included
examination of adherence/compliance to follow up. Major clinical events that were known to
be a cause of morbidity and mortality in SCD were then examined. This included mortality
and hospitalisation. The three events that were the specific aims of the study — malaria,
infection and stroke are examined in their individual chapters. Longitudinal analysis of
specific clinical events such as pain, anaemia, jaundice and any other event that had a high

occurrence will not be included in this thesis.

Disease estimates

Prevalence: The unit of observation was at the visit level i.e. the clinical and laboratory
results from one individual during a visit. The visit was either recruitment, follow-up,
hospitalisation or tracing during lost to follow up. The prevalence estimates for any outcome
represent the outcome prevalence (number of positive outcome/total number of outcomes in

the relevant population).

Incidence rates: Incidence rates were calculated for the following disease outcomes;
mortality, hospitalisation, malaria and stroke. An incident case was defined as a case in any
individual at that particular visit. Therefore incidence rate estimates included recurrent cases.
The exception was for stroke, where clinical examination had to determine whether the
neurological deficit was due to a new event. Incidence rates were expressed as number of

events per patient years of observation.

137



Calculation of incidence using STATA

All the data from outpatient clinic visits and hospitalisation were combined to make one
dataset. The data therefore comprised of records of individuals with prospectively collected
observations at different time points. In order to do longitudinal analysis, the data need to
look at events at different time points. This analysis is referred to as survival analysis and
involves the event of interest and time. The event is referred to as a failure’ and the time
until ‘failure’ is ‘survival time’. In order to do longitudinal analysis, the data has to be set so
that the analysis focuses on times until the event of interest occurs. In order to do this, the
following command was used: stset datetod, id (demographic_id) failure(death) exit(time
end _date) scale(365.25) where datetod is the date that the individual was seen, id is the
unique identifier of the individual, which in my data base was coded as ‘demographic id’.
Failure is the event under analysis. The event was the outcome for which the incidence was
being calculated. This was death, hospitalisation, malaria and stroke. Exit is the time at which

the individual exited the study and scale gives the time scale in years.

Following this, the incidence was calculated with the outcome expressed in person years of
observation. This was done by using the STATA command stsum to calculate the overall
incidence of the event and stsum, by (agegp), provided the incidence rate stratified by age at

which the event occurred. The result was expressed per 100 PYO.

Univariable analyses
Univariable analyses of exposure variables were conducted to assess the strength and
direction of association with the outcome of interest. The statistical significance of

univariable associations was determined using > or Fisher’s exact contingency table analysis.
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The level of statistical significance was set at 0.05 with values between 0.05 and 0.09
considered to be marginally statistically significant. Crude odds ratios were determined with
ordinary logistic regression and reported with 95% confidence intervals (95% CI) around the

odds ratios (OR).

Multivariable analyses

Multivariable analyses was done using logistic regression which assumes that exposure
variables are independent of each other. This allows one to determine the effect of exposure
factor on the risk of disease outcome after controlling for the effect of another exposure
factor. Exposure factors that had a level of significance of < 0.05 during univariable analysis
were included in a multivariable model. A stepwise procedure was used to arrive at a final

multivariable model. The level of significance and confidence interval was reported as above.

Accounting for clustering of data
Multivariable analyses assumes that exposure variables are independent of each other.
However, the design of the study is such that there was clustering of data at different levels

leading to a multi-level hierarchical dataset which is shown below (Figure 17)
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Figure 17 Hierarchical structure of data

Clinic

Visit Visit
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Family Family Family Family
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Patient . . .
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Clinic is defined as visit to hospital clinic. Family: members of one family who share one or
both parents.
Individual: data were clustered within an individual, as a patient could have data from

different visits during the study period.

Family; There were observations that were clustered within families as there were siblings and
twins who may have either SCD or were controls. Family was defined as individuals who

shared one or both parents.

Visits: It was likely that there would be unmeasured factors that were specific for a particular
visit. For example, haematology variables from Thursday and Friday clinic would be
different as they use different haematology analysers on each day. Results from the different
analysers were compared to ensure that they were comparable to ensure that the use of
different analysers did not affect or account for the differences. Therefore there was
clustering of individuals within visits.
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Cross classification: although there was clustering within visits, an individual could have
measurements from different visits, therefore visits could be said to cluster within an
individual. For example, an individual could have 2 hospitalisations and four follow up visits.
This type of data would require modelling to take into account such a complex data structure.
For purposes of this thesis, the analysis used the building of models with 2-level mixed
effects logistic regression, with visit included as a fixed effect and individual as a random
effect. This would account for clustering at visit and individual level. The clustering within

families was not taken into account.

ANALYSIS PLAN
Baseline description
This included a description of pattern of clinic attendance and recruitment. This was followed
by a detailed description of the clinical and laboratory features of patients at the time of
recruitment into the study. The group used as a control population was individuals with

sickle phenotype AA and AS.

Hospitalisation

This included a description of the pattern, cause and outcome of hospitalisations during the
study period. On determining risk factors of hospitalisation, the association of the clinical and
laboratory features of the SCD patients at baseline visit was explored with the risk of
hospitalisation during the course of the study. For this analysis, a comparison of

characteristics at baseline visit between the individuals in the SCD cohort who were

141



hospitalised at MNH during the course of the study and those individuals who never
hospitalised at MNH during the course of the study. The aim was to identify factors that will

identify patients at the first visit with a likelihood of hospitalization

A second analysis looked at risk factors for mortality during hospitalisation by analysing the
association between clinical and laboratory factors at hospitalisation with mortality. The aim
was to identify factors at hospitalisation that could identify those with a higher risk of
mortality during hospitalisation. In this analysis, all SCD individuals hospitalised during the
study period were included. Therefore, this included SCD individuals who were identified in
the ward, but may not have returned to clinic and may not have been recruited into the SCD

cohort.

Longitudinal data (follow up)

This is a description of pattern of follow-up visits and rates of patients who are lost to follow
up. There is a description of key events which include death, hospitalisation, malaria, stroke
and bacteraemia during the course of the study. The aim was to identify the rates of these

events during the study period and identify the risk factors associated with these events.

Malaria

The analysis for this section was to answer the question; is malaria a common cause of
morbidity and mortality in SCD? To do this a description of the prevalence of malaria in SCD
compared to non-SCD population was made. Further analyses were done to assess malaria in
SCD patients and control during hospitalisation. Further details of analytical approach are

covered in the individual chapter.
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Infections

The analyses in this section were to describe the major bacterial pathogens in blood
associated with all SCD patients on hospitalisation. The objective was to determine the
magnitude of bacteraemia in SCD patients and to describe the major pathogens identified.

Further details of the analytical approach are covered in the relevant chapter.

Stroke and other CNS events

This includes a descriptive analysis of prevalence of stroke and other neurological events at
entry into the study. This was followed by a description of the spectrum of CBFv in SCD. For
longitudinal analysis, the incidence rate of stroke and risk factors associated with increased

risk was determined. This is covered in detail in the relevant chapter.

Foetal haemoglobin

Initially there was a description of the spectrum of levels of HbF in SCD. Analysis was done
to look for demographic, clinical and laboratory factors that could be used to identify
individuals with high HbF levels. This was followed by analysis to determine whether HbF
levels were associated with specific clinical events including death, hospitalisation, malaria

and stroke. Details of further analyses are included in relevant chapter.

Study design and statistical analysis

Study design

During planning the study, I contacted individuals and centres considered to be experts in the
field of SCD research and healthcare. Therefore, I visited and discussed the most appropriate
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study design for the questions that I wanted to answer. The centres and people I discussed
included David Weatherall, Swee Lay Thein, David Rees, and Fenella Kirkham in the UK;
Graham Sergeant, Terrence Forrester in Jamaica and in the USA Martin Steinberg, Mohandas
Narla, Griffin Rogers, Thomas Wellems, Alan Schechter, Kwaku Ohene-Frempong. The
statistical methods for planning the study were done with the statistician of the KEMRI
Wellcome research programme, Kilifi, Kenya. This included estimating sample size, advice

on the size of control populations as well as statistical methods for analysis.

Data analysis

Developing skills in clinical epidemiology and statistical analysis was part of the PhD
training programme. I attended two courses at the London School of Hygiene & Tropical
Medicine, UK the intensive course in epidemiology and medical statistics and the advanced
course in epidemiological analysis. During the course, I acquired skills in analysing data
using STATA. As part of the course, the course organisers provided study clinics, where they
provide advice regarding strategic approaches to data analysis. Since I had already been
collecting data for over 12 months when I attended the course, I had several discussions and

advice during the data clinics. Following these discussions, I reviewed and modified my

analysis plan.

The analysis of the data was done under supervision of Greg Fegan, the statistician of the
programme. The analysis of the malaria chapter was done in collaboration with one of the
PhD supervisors, Thomas Williams. For analysis of survival data, the approach followed the
methods used by Platt et al. This was supervised by Greg Fegan with advice from lan

Hambleton (Jamaica) and Emelda Okiro (Kenya). Both have expertise in longitudinal
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analysis of cohort data.

Analysis of longitudinal data requires time-series analysis and advanced statistical techniques
in handling data with multiple levels of hierarchy and clustering. This was noted, discussed
and agreed that for purposes of this thesis, the analysis would be limited to approach
described. In order to further utilise the data that has been collected, I would pursue further

analytical skills during the post-doctoral period.
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Chapter Four
General Results

INTRODUCTION

The prospective, cohort study at Muhimbili started on 25™ March 2004. In this chapter, the
first section will be a description of pattern of recruitment, comparison between SCD patients
and controls and characteristics of main study population at recruitment. Section two will
include the rates and risk factors of hospitalisation during the study period. Section three will
describe the rates and risk factors for mortality in SCD patients. Within each section, there
will be a brief introduction of the objectives of the section, methods and results. The

discussion of the three sections will be covered at the end of the chapter.

DESCRIPTION OF STUDY POPULATION

Introduction

In Tanzania there are no screening programmes to identify SCD individuals at birth or in the
community. Therefore, it is likely that SCD individuals who are symptomatic visit several
health facilities and receive symptomatic treatment for clinical events such as fever, pain,
anaemia and stroke before a diagnosis is suspected and the appropriate laboratory
investigations are done. Recognising that most SCD individuals will visit a health facility
which may not have expertise and resources for diagnosis of SCD, we wanted to identify
symptoms and signs that could be used in areas with limited resources to identify those
individuals likely to have SCD. These individuals would then be prioritised to be sent for

further investigations. Therefore, in this study, the aim was to compare clinical and laboratory
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characteristics of SCD and non-SCD individuals at OPD clinic.

Methods

SCD patients

This is the main SCD population with the following inclusion criteria:
e An entry visit at the outpatient clinic at MNH between March 2004 and March 2009.
e  Confirmed laboratory diagnosis of SCD.

SCD individuals who were identified during hospitalisation but did not return to the clinic for

an entry visit were not included in this analysis.

SCD patients who did not live in Dar-es-Salaam were included in the main study cohort. This
is because most of these patients would travel to Muhimbili once or twice a year for follow-
up clinics. Furthermore, those patients who lived outside Dar-es-salaam agreed to be

contacted by telephone.

Non-SCD individuals

The ideal control population for this study would be age-matched individuals, recruited in the
same period and from the same community as the SCD population. This would have required
considerable resources (including a demographic surveillance system) that were not available
during the course of my study. At the beginning of the study it was agreed following
consultation with my supervisors and statisticians, that the control population should have a
minimum of a 100 control patients in each age band < 2 years, 2 — 4 years, 5 — 9 years, 10 —
19 years and over 20 years. A decision was made to recruit siblings and relatives of SCD

patients attending the MNH. The assumption was that family members would have similarity
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with regards to environment as well as some genetic factors. Therefore, the differences would
be due to the diagnosis of SCD. Therefore, family members of SCD patients were invited to
enter the study. After 3 months of recruitment, the number of individuals who were identified
was small. Therefore, after discussion with my supervisors, a decision was made to include
individuals who came to hospital requesting investigations for SCD. These were referred
either because they were symptomatic or because the attending clinician wanted to exclude a

diagnosis of SCD.

This group consisted of individuals who had the following criteria:
e A visit at the outpatient clinic between March 2004 and March 2009.

e  Confirmed laboratory diagnosis of AS or AA.

Statistical methods

A general outline of descriptive statistics, univariable and multivariable analyses is provided

in the methods chapter.

In this analysis all individuals who fulfilled the inclusion criteria for SCD and non-SCD as
defined above were included in one dataset. Individuals where the laboratory diagnosis of
SCD status was equivocal or was not available were excluded. The outcome was SCD status.

Descriptive analyses were run to determine the mean, median and range of individuals
recruited per month during the study period. The non-SCD individuals were then separated

into AS and AA individuals to determine the composition of the non-SCD population.

To explore the clinical and laboratory characteristics of the SCD and non-SCD populations
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the two groups were compared. The initial comparison was done by stratifying the two

populations into the 5 age bands. Following this, clinical and laboratory characteristics were

compared between the two groups.

Continuous variables were compared using two sided t-tests while categorical variables were
compared using the %’ test and results presented as odds ratios (ORs) with 95% confidence
intervals. Multivariable logistic regression was used to identify independent associations with
malaria, using all variables that were significantly associated (p<0.05) on univariable

analysis.

Results

Patients were recruited serially from the paediatric SCD clinic and adult general haematology
clinic. The study is ongoing, but the analysis is limited to patients recruited from March 2004
to March 2009, giving a total period of follow up of 60 months. 2,487 individuals were
recruited into the study with the sickle phenotype as follows: SS 1,725 (69.4%); AS 455
(18.3%) and AA 307 (12.3%) (Figure 18). The pattern of recruitment is shown in the figure
below (Figure 19). The mean number of individuals recruited per month was 41.4 (SD 35.9)
with a range of 2 to 209 individuals seen per month. For individuals with SCD, a mean
28.7 (SD 36.5) number of patients were recruited every month with a range of 2 to 206
patients. For non-SCD individuals, the mean number of individuals seen every month was

13.1 (11.9) patients with a range of 1 to 71 individuals every week.

149



Figure 18 Summary of individuals recruited into the study
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Characteristics of SCD and non-SCD individuals at recruitment

The composition of SCD and non-SCD patients stratified by age group is shown in Table 14.
SCD patients were younger than controls (9.7 vs. 14.4 years; p<0.01). There was a
significant difference in the two groups, SCD and non-SCD, in children under 2 years and
adults over 20 years. For the age group under 2 years, SCD patients were older compared to
Non-SCD patients (0.81 vs. 0.59 years; p<0.01). For the individuals over 20 years, the SCD
group was younger (26.8 years vs. 34.9 years; p<0.01). The difference between the groups

from 2 years to 19 years was not statistically significant.

Table 14 Number, mean and median age of different age groups in SCD and non-SCD

individuals.

Non-SCD SCD
Mean (SD) | P> Mean (SD) | P QR P
<2 [104 0.59(0.49) | 1 | 166 | 0.81(0.39) | 1 | 3.05(1.75-5.29) | <0.01
2-4  [114 2.96 (0.86) | 3 | 368 | 3.06(0.81) | 3 | 1.16(0.89-149) | 0.26
59 139 698(139) | 7 | 478 | 6.7(1.44) | 7 | 0.89(0.79-1.02) | 0.11

10-19 | 193 13.3(2.76) | 13 | 518 | 13.59(2.8) | 13 | 1.02(0.96-1.09) | 0.49
20+ 195 34.9(56.4) | 30 | 195 | 26.8(6.0) | 25 | 0.92(0.89-0.95) | <0.01
Total | 745 144(31.6) | 10 |1725| 9.7(7.9) | 8 | 0.96(0.95-0.97) | <0.01

Pso is the median. QR is the interquartile range.

The clinical characteristics of SCD patients compared to individuals who are non-SCD are
shown in Table 15. On univariable analysis, more SCD patients than controls reported to
have been bomn in Dar-es-Salaam (71.3% vs. 62.8%; p<0.01). On measurement of vital signs,
SCD patients had lower diastolic and systolic BP; lower saturation and higher pulse rate. On

examination, they were more likely to have jaundice and a palpable spleen.
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Table 16 shows the laboratory characteristics of SCD patients compared to individuals who are

non-SCD. With regards to haematological factors, SCD individuals had lower Hb; but higher

levels of WBC, Reticulocyte count, RDW and MCV. With regards to biochemical tests for

markers of haemolysis and liver function, SCD patients had higher levels of bilirubin, AST,

ALP, LDH and creatinine.

Multivariable analysis

On multivariable analysis, factors that were independently associated with likelihood of

having SCD were low diastolic blood pressure [(OR 0.97 (95% CI 0.94 — 0.99); p=0.01] and

jaundice [2.77 (1.66 — 4.64); p=<0.01] on examination. Laboratory factors that were

independently associated with SCD status were high WBC count [1.27 (1.19 ~ 1.30); <0.01}

and RDW [1.17 (1.08 — 1.27); <0.01] and low haemoglobin [0.75 (0.63 — 0.89); <0.01]. For

the laboratory markers of haemolysis and liver function, individuals with SCD had lower

ALP [0.99 (0.99 — 0.99); 0.01] and high total bilirubin [1.01 (1.00 - 1.01); 0.02].

Table 17 Multivariable analysis of clinical and laboratory features associated with SCD

status n=991

Factor OR P
Age (years) 0.99 (0.96 — 1.02) 0.41
Pulse rate (beats per minute) 0.99 (0.98 - 1.01) 0.52
Systolic blood pressure (mmHg) 1.01 (0.99 - 1.03) 0.19
Diastolic blood pressure (mmHg) 0.97 (0.94 — 0.99) 0.01
Peripheral oxygen saturation (percent) 0.94 (0.87-1.02) 0.12
Jaundice 2.77 (1.66 — 4.64) <0.01
White blood cell count (X107/L) 1.27 (1.19-1.36) <0.01
Haemoglobin (g/dl) 0.75 (0.63 — 0.89) <0.01
Red blood cell count (x 10'“/L) 0.79 (0.56-1.12) 0.19
Mean corpuscular volume (fL) 1.02 (0.99 - 1.05) 0.23
Red cell distribution width (%) 1.17 (1.08 — 1.27) <0.01
Platelet count (x10°/1) 1.00 (0.99 - 1.00) 0.84
Aspartate transaminase (IU/L) 0.99 (0.99-1.01) 0.53
Alkaline phosphatase (JU/L) 0.99 (0.99 - 6.99) 0.01
Bilirubin — total (umol/L) 1.01 (1.00-1.01) 0.02
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For the second model, we limited analysis to laboratory factors to determine whether there

were any parameters that could be used to identify individuals who were more likely to have

SCD. The results are shown in table below (Table 18).

Table 18 Multivariable analysis of laboratory features associated with SCD status

(n=1,805)
Factor OR
White blood cell count (x109/1) 1.25(1.19-1.32) <0.01
Haemoglobin (g/dl) 0.79 (0.69 - 0.91) <0.01
Red blood cell count (x 10'“/L) 0.64 (0.49 — 0.82) <0.01
Mean corpuscular volume (fL) 1.01 (0.99 - 1.04) 0.33
Red cell distribution width (%) 1.18(1.10-1.00) <0.01
Platelet count (x10°/1) 1.00 (0.99 — 1.00) 0.55
Aspartate transaminase (TU/L) 0.99 (0.99 — 1.00) 0.86
Alkaline phosphatase (IU/L) 0.99 (0.996 — 0.998) <0.01
| Bilirubin — total (umol/L) 1.02 (1.02-1.03) <0.01
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STUDY POPULATION

Baseline characteristics of SCD patients

During the study period, 1,725 patients with SCD were recruited into the study and 209
(12.1%) were lost to follow up as 31°" March 2009. In the SCD cohort, there were 856

(49.6%) male. Figure 20 shows the age distribution at time of recruitment into the study.

Figure 20 Age distribution of SCD patients at time of enrolment
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When age was grouped, the distribution was as shown in Figure 21, with 166 (9.6%) below 2
years and the majority of patients (79.3%) between 2 years and 20 years, which would be

considered children and adolescents.
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Figure 21 Age distribution, grouped into 5 age groups, of SCD patients at time of

recruitment
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For 1,661 patients with available data on place of birth, 1,185 (71.3%) of SCD patients had
been born in Dar-es-Salaam with 1,158 (72.5%) patients reported to be living in Dar-es-
Salaam, at time of recruitment. Although the patients were born and resident in Dar-es-
salaam, the ethnic origin was heterogeneous; 418 (24.7%) were from the 2 main tribes on the
coast; Zaramo and Ndengereko. 379 (22.4%) were from North Tanzania, around the region of
Lake Victoria. 121 (7.0%) were from Zanzibar or had Indian or Arab origin. The rest were

from tribes from different parts of Tanzania.
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HOSPITALISATION IN SCD

Introduction

The burden of disease as a result of being affected by SCD can be estimated determining the birth
and population prevalence of disease. These estimates do not capture the disability that SCD
patients face due to chronic illness, characterized by recurrent episodes of acute clinical illness.
Weatherall et al recently estimated that up to 20, 194 disability adjusted life year (DALY) losses
occur every year due to SCD, with 13,856 (68.9%) from death and 6,338 (31.4%) due to chronic
anaemia, pain and other clinical events® The clinical severity within a SCD population is extremely
heterogeneous, ranging from patients who have asymptomatic or mild disease to severe forms.
However, if [ was able to provide evidence that would aid in identifying individuals who were at

high-risk of hospitalisation, this would help in targeting interventions towards these individuals.

Acute clinical events such as pain, fever and anaemia may require visits to a health facility or
hospitalisation. In this thesis, I wanted to focus on those individuals who were hospitalized. The
aim was to determine the outcome of hospitalisation and to determine whether there were any
clinical or laboratory features at the time of at hospitalisation that could be used to identify those at

risk of having an adverse outcome.
Therefore, in this section, I set out to do the following; 1) determine the pattern and incidence of

hospitalisation in SCD; 2) determine factors associated with likelihood of hospitalisation in SCD;

3) identify factors associated with mortality during hospitalisation.
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Methods

Patients

In order to determine the rates and risk factors of hospitalisation in SCD, the study population
consisted of SCD patients who were part of the main study population i.e. individuals who had an
“entry visit” at outpatient clinic as described previously and were part of prospective surveillance.
For this analysis, SCD patients who had been hospitalised but did not have a clinic visit were not

included.

In order to determine the factors associated with death during hospitalisation, the study population
consisted of all SCD individuals who were hospitalised during the study period. In this analysis,
individuals who were identified as having SCD in the wards but did not have an entry visit were

included.

Procedures

At the first clinic attendance during the study window, patients were enrolled into the study. This
visit was referred to as the entry visit. All patients who fulfilled the inclusion criteria were recruited
into the study after informed consent was obtained from the patients or relatives. Clinical
information collected included demographic details, past and current symptoms. Physical
examination was performed which included general anthropometric measurement and thorough
systematic examination. Detailed neurological evaluation was done if clinically indicated as well as
assessment of cranial and peripheral nervous system for focal deficits. Patients were given a SCD
number which was their unique identifier that would be used for all subsequent visits to MNH. For
patients who were identified as having SCD during hospitalisation, data was collected during this

event but recruitment into the study was only done when the patient came to the clinic after
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discharge from the hospital. Therefore some patients will have hospitalisation events which precede
recruitment into the study. This information was collected as it was thought that important data

regarding causes of hospitalisation or mortality may not be captured.

Statistical methods

Rates and risk factors for hospitalisation

Data were analyzed using STATAv10 (StataCorp, College Station, TX). The SCD cohort was
defined to include patients who had an enrolment visit. The overall and age-specific incidence of
hospitalisation was estimated for the cohort. This was calculated from the ratio of number of
hospitalisations divided by the number of person years of observation (PYO), expressed as
hospitalisation rate according to age. The analysis did not include SCD patients who were identified
at hospitalisation, but had not returned to outpatient clinic for enrolment into the cohort. Data were

summarized as means, medians or proportions.

In order to determine the factors at enrolment associated with hospitalisation, I grouped the
individuals in the cohort into two groups; those who had never been hospitalised at MNH and those
who had been hospitalised at MNH (once or more) during the study period. Individuals with
multiple hospitalisations during the course of the study were classified in the latter group. Logistic
regression analysis was used to analyze factors at enrolment associated with hospitalisation, with
results presented as odds ratios (ORs) with 95% confidence intervals (95%CIs). Multivariable
logistic regression was used to identify independent associations with hospitalisation, using

variables that had significant association (p<0.05) on univariable analysis.
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Risk factors for mortality during hospitalisation

This analysis included all SCD individuals who were hospitalised at MNH during the course of the
study. This included some SCD patients who were not included in the main cohort population.
Therefore this was a cross-sectional study of all hospitalised SCD patients with comparison made
between those who survived during hospitalisation and those who died. Logistic regression
analysis was used to analyze factors at hospitalisation associated with death, with results presented
as OR with 95% confidence intervals (95%ClIs). Since some individuals may have multiple
hospitalisations, I had to take this into account during the analyses. There are two approaches;
accounting for clustering using the following command in Stata; logistic death inp var cl(
demographic_id). The other approach would be using a random effects model (xi: xtlogit
death_inp var re i(demographic_id) or nolog). 1 analysed the data using both approaches and
following statistical advice, the results presented are from the first model. Multivariable logistic
regression (accounting for clustering as done during univariable analysis) was used to identify
independent associations with death, using variables that had significant association (p<0.05) on

univariable analysis.

Results

During the course of the study, of 1,725 SCD patients who had a baseline visit, 504 (29.2%) were
hospitalised at MINH during the five year period. The mean number of hospitalisations per month
was 15 (SD 7.2) with a minimum of 3 and maximum of 38 hospitalisations per month. The

hospitalisation pattern during the course of the study is shown in Figure 22.
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Figure 22 Number of hospitalisations per month during course of the study
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The x-axis shows the number of months with 1 being March 2004.

For the 572 patients who were admitted, the range of number of hospitalisations (Figure 23) was
1 10 times, with a mean of 1.6 (1.1) hospitalisations. 398 (69.6%) of patients were admitted only
once during the course of the study; 149 (28.7%) admitted between 2-5 times and 6 (1.2%) patients

were admitted between 6-10 times.
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Figure 23 Frequency of hospitalisation for 572 patients hospitalised during the study
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Rate of hospitalisation during the study
During the course of the study, the incidence rate of hospitalisation was 0.15 per 100 PYO. This

rate was calculated from 1,496 of 1,725 enrolled SCD patients with 620 hospitalisation events. This

gave 4,167 PYO.

Table 19 Rate of hospitalisation for SCD patients during study

 Age (Group) Patients' Observation(yrs)2 Events” | Incidence’ (/100 PYO)
e 100 49.3 24 0.49 (0.33-0.73)
2-4 361 453.4 109 0.24 (0.19-0.29)
5-9 584 1182.9 186 0.16 (0.14-0.18)
10-19 698 1871.9 195 0.10 (0.09-0.12)
20+ 256 610.5 106 0.17 (0.14-0.21)
Total 1,496 4167.9 620 0.15 (0.14-0.16)

Note: includes 1,496 out of 1,725 SCD patients with complete data. ' Number of patients in that age
group * Person-years of observation * events or hospitalisation * Incidence of hospitalisation per 100

PYO
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Factors associated with hespitalisation during the study

The clinical and laboratory features at baseline were analysed to explore whether there was an
association with risk of hospitalisation during the course of the study. At the baseline visit, patients
who were subsequently admitted were more likely to report having a febrile episode or being
hospitalised during the 12-month period preceding the baseline visit. There was also a higher
proportion in this group who reported to have noticed worsening of jaundice. The duration or

period of time over which this occurred was not documented.

On physical examination, patients who were subsequently admitted had lower diastolic blood
pressure and a higher proportion of jaundice, pallor and bossing of frontal bone of skull was noted.
Furthermore, this group of patients had a higher proportion of individuals with palpable liver and

spleen.

Table 21 shows laboratory features at baseline, comparing patients who were hospitalised at least

once during the course of the study and those who were never hospitalised. The group of patients

who were likely to be admitted had lower Hb, wider RDW and higher LDH.
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Table 20 Clinical features at baseline visit associated with hospitalisation during the study

Total No Hospitalisation OR P
Total 1725 1221 (70.8) 504 (29.2)
Male 856 602 (49.3) 254 (50.4)] 1.04(0.85-1.29) | 0.68
Age (years) 1725 9.8(7.9) 9.5(8.1) | 0.99(0.99-1.01) | 0.49
Born in Dar 1185 823 (70.3) 362 (73.9) 1.19(0.94-1.52) | 0.14
Clinical events reported in past 12 months
Hospitalisation 678 405 (50.8) 273 (70.0)] 2.26 (1.75-2.92) | <0.01
Blood transfusion 548 374 (30.9) 174 (34.8) 1.19(0.95-148) | 0.12
Pain 743 523 (43.3) 220 (44.2) 1.04(0.84-1.28) | 0.73
Fever 480 320 (27.4) 160 (32.7y 1.29(1.02-1.62) | 0.03
Chest symptoms 141/1 90 (7.5) 51(10.2)] 1.41(0.98-2.03) | 0.06
Seizures 1720 8 (0.7) 1(0.2)) 03(0.04-241) | 0.26
Symptoms at baseline visit
Fever 1650 69 (5.9) 40 (8.3) 1.44(0.96-2.15) [ 0.08
Pain 1651 120 (10.3) 52 (10.8)] 1.05(0.75-1.49) | 0.77
Anaemia 1628 22 (1.9) 14 (2.9) 1.55(0.78-3.05) [ 0.21
Jaundice 1630 9 (0.8) 11 (2.3) 2.98(1.23-7.24) | 0.02
Cough 1648 81 (6.9), 43 (8.9) 1.31(0.89-193)! 0.17
CNS event 1645 6 (0.5) 3(0.6)} 1.21(0.30-4.85)| 0.79
Physical examination
Temperature (°C) 1575 36.5 (0.5) 36.5(0.5) | 1.04(0.84-1.28) | 0.70
Febrile (>37.5°C) 1575 19 (1.7) 8 (1.8)] 1.03(0.45-2.37) | 0.94
SBP (mmHg) 1321 105.8 (15.8) 105.7 (15.8) | 0.99 (0.99-1.01) [ 0.94
DBP (mmHg) 1187 67.4(11.2) 65.7 (10.7) | 0.95(0.97-0.99) | 0.02
SpO2 (%) 1008 97.2 (3.3) 97.6 (2.7) | 1.04(0.99-1.09) | 0.09
Sa02<95% 1008 23 (3.2) 4 (1.4)] 0.42(0.14-1.23) | 0.11
Jaundice 1587 581 (52.1) 276 (58.5)[ 1.29(1.04-1.61) | 0.02
Pallor 1622 422 (36.8) 213 (44.8)] 1.39(1.12-1.74) | <0.01
Frontal bossing 1576 255 (23.0), 145 (30.9) 1.49(1.18-1.90) | <0.01
Palpable spleen 1608 146 (12.8) 86 (14.4)] 1.54 (1.15-2.06) | <0.01
Palpable liver 1522 42 (3.9) 37(8.3)] 2.23(1.42-3.53 | <0.01
Death 1516 45 (4.2) 41 (9.1) 2.27(1.47-3.53) | <0.01
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Multivariable analysis

On multivariable analysis, two models were built. For the first model all variables that were
significant at 0.05 during univariable analysis were included. 703 events, with complete data were
included in this analysis. The factors that were independently associated with hospitalisation during

the course of the study were hospitalisation and RDW (Table 22).

For the second model, we did not include LDH which was available for only 640 (37.1%)
hospitalisation events. 238 events were included in this analysis. In this case, hospitalisation, febrile
episode in past 12 months and RDW were independent risk factors for hospitalisation during the

course of the study (Table 23).

Table 22 Multivariable analysis: Factors at baseline visit associated with hospitalisation during the

study (n=703)

Factor OR P
Hospitalisation in past 12 months 2.64 (1.85-3.76) <0.01
Febrile episode in past 12 months 0.88 (0.60-1.31) 0.56
Reported worsening jaundice 2.29 (0.57-9.19) 0.24
Diastolic blood pressure (mmHg) 0.99 (0.98-1.02) 0.99
Jaundice on examination 1.13 (0.80-1.61) 0.48
Pallor 1.31 (0.92-1.88) 0.13
Bossing 1.22 (0.82-1.80) 0.32
Palpable spleen 0.78 (0.49-1.26) 0.31
Palpable liver 1.95 (0.93-4.12) 0.08
Haemoglobin (g/dl) 0.97 (0.85-1.10) 0.62
Red cell distribution width (%) 1.05 (1.01-1.10) 0.02
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Table 23 Multivariable analysis: Factors at baseline visit associated with hospitalisation during the

study (n=238
OR P

Hospitalisation in past 12 months 2.92 (1.41-6.07) <0.01
Febrile episode in past 12 months 0.37 (0.15-0.94) 0.04
Reported worsening jaundice 1.62 (0.21-12.75) 0.65
Diastolic blood pressure (mmHg) 0.99 (0.97-1.02) 0.73
Jaundice on examination 1.65 (0.90-3.03) 0.11

Pallor 0.94 (0.49-1.77) 0.85
Bossing 2.29 (0.96-5.50) 0.06
Palpable spleen 1.02 (0.40-2.58) 0.97
Palpable liver 4.65 (0.60-36.05) 0.14
Haemoglobin (g/dL) 0.92 (0.72-1.18) 0.5

Red cell distribution width (%) 1.13(1.04-1.24) <0.01
Lactate dehydrogenase (IU/L) 1.00 (0.99-1.00) 0.29

The factors that were independently associated with likelihood of hospitalisation during the course

of the study were history of hospitalisation in previous 12 months and RDW.

Description of events during hospitalisation
There were 885 hospitalization events identified from 572 SCD patients (note that this includes
SCD patients who did not have a baseline visit), and the analysis included all these events. For 3 of

these events, the outcome (death or discharge) was not known. Death occurred in 20 out of 882

(2.3%) hospitalizations.

From 882 hospitalisation events, 401 (46.5%) events were from male patients; with no difference

between the two groups (gender was not available for 3 events). The mean age at hospitalisation
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was 10.9 (SD 8.72) years, with 78.9% below the age of 18 years. 605 of 849 hospitalisation s

(73.3%) were from people who were born in Dar.

The commonest clinical event in the 12 months preceding hospitalisation was pain, occurring in
226 of 865 events (26.1%) and fever (24.3%) . 99 of 865 (11.5%) reported to have received blood

transfusion .

The most common symptoms at hospitalisation were pain, occurring in 667 of 885 events (76.1%)
fever in 520/871 (59.6%) and anaemia in 191/868 (21.9%). 110/804 (12.4%) events reported

worsening of jaundice.

On physical examination, 246/868 (28.3%) were febrile, with body temperature above 37.7°C
with 9 out of 755 patients (1.2%) having peripheral oxygen desaturation. 77% were jaundiced

with palpable spleens and liver in 23.5% and 12.9% respectively.

Factors associated with mortality during hospitalisation

For 882 hospitalisation events, 862 (97.4%) were discharged and 20 (2.3%) died. The age group
with the highest proportion of deaths was 10 — 19 years (3.9%), followed by over 20 years (2.7%) .
the proportion of deaths in the other 2 age groups was 2 — 4 years (2.4%) and 5-9 years (0.8%). No
deaths were recorded in the 62 children admitted who were below 2 years of age at hospitalisation

(OR 1.38(0.94-2.02); p=0.09).

Univariable analysis

For this analysis, the association between clinical and laboratory features at hospitalisation and

170



whether the outcome was survival or death was explored. There were no statistical differences
between those who survived and those who died with respect to history of clinical events in the 12
months neither preceding each hospitalisation nor presenting symptoms. Although, jaundice was
reported to occur in more patients who died (23.5%) compared to those who survived (12.3%), this
was not statistically significant (OR=2.21; p=0.18). On physical examination at hospitalisation, the

group of patients who died had higher temperatures, lower systolic blood pressure and palpable

liver at hospitalisation.

Comparing patients who survived to those who died, there were differences between the laboratory
values of these groups at hospitalisation. The laboratory factors that were associated with increased
risk of death were haemoglobin level, reticulocyte and platelet count. Individuals who died had a
lower haemoglobin (5.1g/dL) compared to those who survived (6.5g/dL; OR-0.88; p<0.01). Those
with severe anaemia, haemoglobin <5g/dL, had a higher risk of death compared to those without
severe anaemia (Hb>Sg/dL) but this was not statistically significant (OR 2.46; p=0.07). For the other
laboratory parameters, bilirubin, AST and creatinine were significantly higher in the group of

patients who died.
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Multivariable analysis

On multivariable analysis, two models were built to identify the factors that were independently

associated with mortality. For the first model, 405 events were included (388 individuals) with

complete data. From this model, total bilirubin was independently associated with mortality.

Table 26 Multivariable analysis: Risk factors for mortality during hospitalisation n= 405 (388

individuals)

Factor OR P

Temperature (°C) 1.61 (0.47-5.51) 0.45
Systolic blood pressure (mmHg) 0.99 (0.92-1.07) 0.89
Palpable liver 1.64 (0.19-13.64) 0.65
White blood cell count (x109/1) 1.02 (0.97-1.16) 0.46
Haemoglobin (g/dl) 0.67 (0.39-1.16) 0.15
Reticulocyte count (%) 1.02 (0.90-1.16) 0.70
Platelet count (x10°/1) 0.99 (0.99-1.00) 0.22
Bilirubin — total (umol/L) 1.01 (1.00-1.01) 0.04
Aspartate transaminase (IU/L) 1.01 (1.00-1.01) 0.39
Creatinine (umol/L) 1.00 (0.99-1.02) 0.58

For the second model, the following variables were excluded because they had more than 25 % of

variables missing; reticulocyte had 616 (69.7%) with available data and total bilirubin had 637

(71.9%) with available data. From this model, haemoglobin was independently associated with

mortality during hospitalisation. Temperature, platelet and creatinine showed an association but this

was not statistically significant.

Table 27 Multivariable analysis: Risk factors for mortality during hospitalisation n= 532 (388

individuals)

Factor OR P

Temperature (°C) 2.13 (0.94-4.81) 0.07
Systolic blood pressure (mmHg) 0.97 (0.92-1.02) 0.24
Palpable liver 1.47 (0.37-5.77) 0.58
White blood cell count (x109/1) 1.00 (0.97-1.04) 0.81
Haemoglobin (g/dl) 0.66 (0.44-0.99) 0.05
Platelet count (x10°/1) 0.99 (0.99-1.00) 0.11
Aspartate transaminase (IU/L) 1.00 (0.99-1.01) 0.24
Creatinine (umol/L) 1.00 (0.99-1.02) 0.09

Reticulocyte and total bilirubin excluded from this model.
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MORTALITY IN SCD

Introduction

Estimates suggest that 50-80% of SCD children bom in Africa patients will die before adulthood®.
The World Health Organization estimate that up to 70% of these deaths are preventable with
simple, cost-effective interventions such as early identification of SCA patients by newborn
screening (NBS) and the subsequent provision of comprehensive care. Identification of risk factors
has led to improved survival through targeted interventions. In the West, reported risk factors for
death include infections, low haemoglobin and foetal Hb (HbF), high white blood cell count and
hemolysis™ ® 7. Therefore comprehensive care includes prompt treatment of acute events and
prophylaxis against infections, mainly with oral penicillin and vaccination against Streptococcus
pneumoniae and hydroxyurea. Countries that have introduced these interventions have achieved
significant reduction in mortality; with up to 94% surviving to 18 years in the United States of
America (USA)18 and 99% to 20 years in the UK". In most African countries, the lack of an
evidence-base has led to inertia in terms of implementation of these interventions, such as penicillin
prophylaxis®”. One of the first steps in addressing this lack of knowledge is to provide an estimate
of mortality rates to highlight the burden of disease due to SCA. The ideal approach is to establish a
cohort of SCA patients, diagnosed at birth, and follow them up to determine rate and cause of
death. However, most countries in Africa do not have NBS programs, therefore such evidence will
rely on hospital-based studies. Information from such cohorts is biased, as it will consist of healthy
survivors or those with severe disease, who seek health care. This situation is similar to that in
Jamaica and USA in the early 1970s, when NBS for SCA was not established and evidence relied
on prospective studies in hospital-based cohorts, where most of the patients (92% and 65%

respectively) were not identified at birth. Despite the limitations of hospital-based studies, these
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studies provided important evidence on morbidity and mortality due to SCA. The aim of this

analysis was to determine the rate and risk factors of mortality in SCD patients.

Methods

Individuals were enrolled at outpatient clinics when they were stable without evidence of acute
illness. Those patients with acute illness were seen in casualty or hospitalized. All the SCA patients
attending the clinic followed the existing clinical practice of referrals and diagnosis on the basis of
clinical suspicion or family history. There is no NBS programme in Tanzania. The methods have
been described previously’”. A detailed history and examination was recorded onto standardized
proformas. Blood samples were collected for a full blood count, haemoglobin electrophoresis,
HPLC and biochemical analysis. Nucleated RBC could not be differentiated from neutrophils by

the haematology analyzer.

SCA patients who did not attend clinic for more than 12 months were defined as defaulters and
were actively contacted by telephone or, for those residents in Dar-es-Salaam, home visits. Patients

who were not found after three attempts of tracing were considered to be lost to follow-up.

Statistical analysis

Data were analyzed using STATAvV10 (StataCorp, College Station, TX, USA). The study period
started at enrolment clinic visit and the end was date of death or date last known to be alive. For
patients who died outside the hospital where date of death could not be ascertained, I used the date
of last hospital attendance. The Cnaan and Ryan approach to data analysis was used> ", which
takes into account patients entering and leaving the study cohort with the observation beginning

after disease onset, which in this case was at birth. According to this method, a patient contributes
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to the population at risk for a given death only if that patient is enrolled in the study at the age at
which death occurs. Data were set using the stset command in STATA; stset date end,
fail( death) origin( dob ) enter(date_recruit) exit (date_end) id( demographic_id) scale(365.25).
This command takes into account three time points; origin which is the date of birth; enter which is
the date that the patient was enrolled into the study (in this case this is the entry visit at outpatient

clinic) and exit which is the date of censoring. This was date of death or date last known to be alive.

The overall and age-specific incident rate of mortality was estimated. This was calculated from the
ratio of number of deaths divided by the number of person years of observation (PYO), expressed
as mortality rates. In STATA, the command strate, per(100) generated the overall mortality rate
and the command strate age exit Sy grp, per(100) gave the age-specific incident rate, with age in
3 years; < 5 years, 5 — 9 years and above 10 years. The results are presented as incidence per 100

PYO.

To determine life expectancy, I modelled age at death rather than the length of time from enrolment
to death, similar to method used by Platt e al*’. This was done using the stci command in STATA
to determine the median survival after the data were set as described above and the survival curve
was drawn using the sts graph command in STATA The data were summarized as means, medians
or proportions. Cox regression was used to analyze factors at enrolment associated with death, with
results presented as hazard ratios (HRs) with 95% confidence intervals (95%Cls). STATA
command stcox ‘var’ where var is the clinical or laboratory characteristic that is being analysed.
Multivariable Cox regression was used to identify independent associations with death, using
variables that had significant association (p<0.05) on univariable analysis. For the SCA patients

who died in hospital, the clinical and laboratory findings were reviewed and likely cause of death
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was ascertained.

The cause of death could only be ascertained in the SCD patients who died in hospital. For these
patients, the hospital notes, proformas and laboratory results were reviewed. I classified possible
cause of death into infection if the patient presented with fever; presence of malaria or bacterial
infection and marked increase in white cell count. Cause of death was anaemia if the patient
presented with anaemia and haemoglobin was <5 g/dL or there was a drop of haemoglobin level of

more than 2 g/dL from the nearest clinic visit when patient was not unwell.

Results

Mortality rate

From March 2004 to March 2009, 1,725 SCD patients were recruited into the cohort. Two hundred
and nine were lost to follow up. Therefore, longitudinal information was available for 1,516 (80%)
patients with 4,295.9 person years of observation (PYO) [median: 2.9 (range: 0.02 — 5.14) years].
Death occurred in 86 (5.7%) patients, with only 20 (23.3%) occurring in MNH. The overall
incidence of death was 2.0 (95%CI 1.6, 2.5) per 100 PYO, with the highest rate below S years

(Table 28).

Table 28 Mortality rates stratified by age at exit from study

Age at exit or death*
Age (group) | Patients’ | Observation” | Deaths” | Incidence®
<Syears 252 285.4 23 8.1(5.4.12.1)
5-9 years 1017 3,212.5 48 1.5(1.1 1.9)
>10 years 247 797.9 15 1.9(1.1 3.1)
Total 1,516 4,295.9 86 2.0 (1.6 2.5)

*Date begin is date of birth and date of entry is date of enrolment into the study at outpatient clinic.
'patients; 'Number of individuals in each year group; Zperson-years of observation; ‘Deaths;
incidence of death per 100 PYO

178



Survival of patients enrolled into the study

The estimated median survival of patients enrolled into the study was 32.7 (95%CI 25.9, 43.9)
years, with no difference between genders (p=0.8). The survival of patients enrolled in the study

was above 85%, during the period of observation.

Figure 24 Survival estimates of SCD patients enrolled into study.
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The survival curve takes into account that patients were identified and recruited into the study after
onset of disease. Using the Cnaan and Ryan approach®®, a patient contributes to the population at

risk for a given death, only if that patient is enrolled in the study at the age at which death occurs

(p=0.8)
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Risk factors for mortality

The characteristics of 1,516 patients at the visit when they were recruited into the cohort were
compared for those who were alive at last contact and those who died to explore whether any of
these factors could be used to identify high-risk individuals. Older age at exit from the study,
frontal bossing, and pallor on examination were significantly associated with increased risk of

mortality (Table 29).

On examination of laboratory features at baseline visit, lower haemoglobin, higher direct bilirubin
and higher alkaline phosphatase were associated with increased risk of death on univariable

analysis (Table 29).

Multivariable analysis
On multivariable analysis, low haemoglobin (HR 0.693, 95%CI 0.580, 0.829; p<0.0005), and high
direct bilirubin (HR 1.004, 95%CI 1.001, 1.007; p=0.018) were associated with death

independently of age at exit from the study and the other variables, including indirect bilirubin.

Cause of death

Of the 20 deaths that occurred in hospital, 5 (20%) were likely due to anaemia, 3 (15%) due to

infections and 12 (60%) were difficult to ascertain. No post-mortem studies were done.
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Table 29 Clinical and laboratory features at baseline visit associated with survival in SCD patients

Survived Died HR (95% CI) p
n=1,430; n=86 (5.7%)
n (%) or n (%) or

Male (n %) 696 (48.7) 44 (51.2) 1.02 (0.66, 1.57) 0.92
Age at entry (years) 7.9 (0.25-47.7) 9.3 (0.8-42.3) | 1.003 (0.975, 1.032) 0.83
Age at exit (years) Median 11.2 (0.7-49.0) 12.0 (1.5-44.0) | 0.965 (0.933, 0.997) 0.03
Clinical symptoms and signs

Pain 145 (10.6) 8(9.4) 0.97(0.46.2.02) 0.93
Symptoms of anaemia 25 (1.9), 5(5.9) 2.44(098 6.12) 0.06
Jaundice 692 (52.6) 50 (60.9) 1.23(0.77 1.95) 0.38
Pallor on examination 525 (38.9) 44 (53.7) 2.04 (1.31 3.16) <0.01
Bossing 306 (23.5), 32 (39.0) 1.59(1.01 . 2.51) 0.05
Palpable spleen 189 (14.1) 16 (20.0) 1.49 (0.84 . 2.66) 0.17
Palpable liver 60 (4.8) 8 (10.3), 1.69 (0.79 3.59) 0.17
Hb F 6.34.7) 6.7(5.0) | 1.044 (0.991, 1.099) 0.11
White blood cell count 15.9 (7.0) 15.7(7.3) | 1.014 (0.98 . 1.049) 0.45
Haemoglobin (g/dl) 7.5 (1.3) 6.9 (1.6) | 0.678 (0.578, 0.794) <0.01
RBC 3.0 (0.8) 2.8 (0.8) | 0.729 (0.519, 1.024) 0.07
RDW 23.1 (4.3) 244 (5.1) | 1.039(0.993, 1.088) 0.09
MCHC 32.9(2.9) 33.1(2.5)| 0.902(0.804, 1.011 0.08
Total bilirubin 69.7 (56.7) 87.5(81.4) | 1.002 (0.999, 1.005) 0.14
Direct bilirubin 20.9 (34.2) 33.1(57.6) | 1.003 (1.000, 1.006) 0.05
Aspartate transaminase 50.1 (28.4) 49.3 (24.1) | 0.997 (0.987, 1.006) 0.43
Alkaline phosphatase (IU/L) 266 (124) 277 (153) | 1.002 (1.000, 1.004) 0.05
Creatinine 40.8 (19.9) 43.3 (22.8) | 1.003 (0.992, 1.013) 0.62
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DISCUSSION

This study presents data from one of the largest cohorts of SCD patients from a single centre
in the world. Although the prevalence of SCD is high in African countries, the largest cohorts
have been established outside of Africa where the prevalence is much lower (estimated
annual birth prevalence of SCD: Tanzania 7,800; USA 1,531 and Jamaica 302)4. The reasons
for this are threefold; first, for many low income countries (LIC), it is reported that there are
few individuals with SCD who survive and require health care as the assumption is that there
is high mortality in childhood. Since there is a high incidence of infections such as malaria,
lower respiratory infections, diarrhoeal diseases, the focus and priority has been on
addressing these conditions. Second, as a genetic disorder it is assumed that management
(diagnosis and treatment) would require resources that are beyond the means of health
ministries in LIC. Third, prospective surveillance of patients for clinical and research
purposes requires considerable resources in terms of personnel, time and funding. However,
the situation is changing, with SCD having been recently recognised as a public health
priority' '? and reports that show how cost-effective interventions can be introduced in LIC?.
Finally, identification of 1,725 SCD patients from one centre and without active
surveillance in the community or health facilities illustrates the magnitude of disease in this

setting.

The SCD population

Previous reports from Africa suggest that most children with SCD die in early childhood with
prevalence of SS reported to fall from 2.1% at birth, 0.4% at one to four years and to 0.05%

over the age of nine yearsm. In our study, 70% of the SCD population was above S years,
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suggesting that although there is no active intervention, SCD patients are surviving. More
recent estimates suggesting that Hb disorders contribute the equivalent of 6.4% of under 5
mortality in Africa'’. Although almost 90% of our study population were paediatric (under
18years), only 11.3% were < 2 years. This is of particular significance for SCD, because this
is the period of highest incidence of mortality”. In order to address this information gap of
spectrum of disease in first 2 years of life, natural history and survival of SCD, accurate

information on the birth and population prevalence as well as the age-specific mortality rates

is required.

In this study, we wanted to determine clinical and demographic features that could be used to
identify patients likely to have SCD as well as describe the clinical and laboratory features of
SCD patients in this setting. Clinical features classically described in SCD were seen in our
SCD populations, but were not found to be useful in identifying SCD patients. The finding
that hypoxaemia, measured by SpO2, was associated with SCD is interesting as it has been
reported to be a marker of disease severity *'> and has been associated with pulmonary® and
neurological events’® *'. This study also found that enlargement of the spleen was
independently associated with SCD status. The detection of a spleen can be easily taught and
could be used to identify patients who should be screened for SCD. In addition, teaching
SCD patients parents and carers to recognize splenic enlargement is of relevance with regards
to early detection and treatment of acute splenic sequestration. This is one of the common
causes of death in SCD? ** *® and recognition of splenic enlargement has been reported to

improve survival'%.

The haematological and biochemical parameters in both SCD and the control population in
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Tanzania have been described, which would be locally-appropriate reference values of SCD
as well as non-SCD individuals in this setting. Comparison with SCD populations from other
geographical areas (Table 30) suggests that there are differences®> # % ' 3%3% 14 addition, our
study has reported laboratory values that were independently associated with SCD status (low
levels Hb and ALP and high WBC, HbF and Bilirubin). This is of particular importance in
African countries, as there are limited resources to set up confirmatory tests for SCD (Hb

electrophoresis or HPLC) in all laboratories. Therefore, these values could be used to screen

and identify children that should be referred for confirmatory SCD testing.

In the selection of SS individuals to include in the cohort there are two limitations of
note. First, SS individuals who received blood transfusion within 3 months of enrolment
visit were excluded from the SCD cohort, on the basis of having HbA, from transfused
blood. Second, confirmation of diagnosis of S-pthalassemia and S-HPFH requires
genotyping. Although hypochromic microcytic red cell indices may be used to identify
individuals with co-inheritance of thalassemia, the high prevalence of iron deficiency anaemia
in our population limits the use of these parameters in this setting. In order to identify
individuals with S-p’thalassemia who will have severe disease, genotyping should be
done. Although this description is limited in that it may have included individuals with S-
B’thalassemia, published reports suggest that the predominant sickle genotype in most
East African countries is SS, with a low prevalence of S-p°thalassemia. For those with S-
HPFH, the assumption is that they will have mild disease and will most likely not present
to hospital or require hospital follow-up. The plan is to establish genotyping facilities in
Tanzania that would allow us to determine the prevalence of S-p’thalassemia and S-

HPFH as well as to understand the genetic determinants of clinical disease.
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This study has been able to demonstrate that with relatively limited resources it is feasible to
set up a cohort study, integrated into health care provision in LIC in Africa. However, we
acknowledge limitations of hospital based cohorts; selection bias, since the SCD population
have described may be those with mild disease who have survived or those with severe
disease who come to the hospital. In addition, MNH is the national hospital, linked to the
main medical school. Although the resources are limited, the situation is likely to be worse in
small, rural health facilities. It is therefore important to interpret the results in this context as
the SCD population in these areas is likely to be worse. As part of future studies, I hope to

collaborate with other sites to describe the spectrum of SCD in other areas of Tanzania.

The second limitation is that the proportion of the SCD population under 2 years (166/1,725;
9.6%) and above 20 years (195/1,725; 11.3%) was low. Therefore, the information from my
study should be interpreted with caution for these age groups. This limitation highlights the
need to identify SCD children at birth with prospective follow up of this birth cohort, which
is of importance for research as well as development of clinical programmes®® *”’." It also
highlights the importance of population-based approach to epidemiological studies. With
regards to the small number of patients above 20 years of age, this may be due to mortality or
it may be due to patients having mild disease when older and therefore not requiring regular
visits to health facilities. Further studies are required to determine the burden of disease in the
older age group. The third limitation is related to the controls. The control population should
ideally be matched for age, geographical residence and time of recruitment. They should also
be followed up in order to determine key events such as death and health facility visits which
could be part of a demographic surveillance system. The controls in this study were

recruited from siblings and individuals referred to the hospital which could result in bias.
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There was no information on mortality. This was not done due to limitations of resources

and it is proposed that future studies should be planned bearing in mind these limitations.

Notwithstanding these limitations, I have provided a description of SCD in Africa and have
developed the framework for further studies into understanding disease mechanisms and role
of different disease modifying factors SCD. In addition, this framework will allow the

development of an evidence-base, through clinical trials, to determine the interventions that

would be locally-appropriate.

Hospitalisation

The burden of SCD is frequently quantified by estimating the birth prevalence of SCD
individuals and the mortality rates. However, SCD is a lifelong illness and causes significant
burden on individuals, communities and health systems with episodes of acute clinical events
which sometimes require care at hospitals. During the course of the study, 29% of the 1,725
SCD patients recruited into the cohort were hospitalised. This rate is higher than the estimate
quoted that 10% of SCD require inpatient care” > . The reason for the higher rate of
hospitalisation in this study may be due to more severe disease but is more likely due to lack
of comprehensive dedicated services for SCD. In settings with specialised care for SCD,
hospital care is organised in such a way that patients may receive treatment such as blood
transfusion, antibiotic treatment, or undergo investigations on an outpatient basis in the form
of day wards. In many African countries, services are not organised in that way. Therefore,
SCD patients are either seen in the emergency department (ED) or are hospitalised. A
dedicated SCD service, particular with day ward facility has been found to be an efficient

way of providing care which results in reduced need, as well as reduced length of stay during
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hospitalisation®®. In the UK, the frequency of hospitalisation in a SCD cohort in South
London, UK in 1981, reported that 63/211 (29.8%) SCD patients were hospitalised*® which
is similar to the frequency in this study. However, day wards were reported to reduce hospital
admissions by 43% and resulted in a 49% reduction in length of stay in hospitals®'. In
Africa, ambulatory care (which includes care in the community) has also been found to be

feasible and effective’®.

The main causes of hospitalisation in this study were pain (76.1%), fever (59.6%) and
anaemia (21.9%). Painful episodes, are the commonest cause of hospitalisation in SCD? *®.
They account for the following proportion of hospitalisation; 26.7% in Congo Brazzaville*™,
36% in Yemen'®, 63.2% in Kuwait'®, 65% in Senegal'® and 50% in USA*". However, some
studies have reported infections as being more common than pain as a cause of
hospitalisation; a study in Congo Brazzaville reported cause of admission as infections
(36.6%), pain (26.7%) and anaemia (20.3%)* and in another study in Nigeria, infections
accounted for 69% of admissions*®. Therefore, pain and febrile episodes appear to be the

two most common causes of hospitalisation in SCD.

At baseline visit, the 3 factors that were independently associated with increased risk of
hospitalisation were a history of hospitalisation or febrile episode within 12 month of
baseline visit and high RDW. The former two factors are useful indicators, as they are
relatively reliable from reports of parents or guardians. Therefore they can be established
easily from taking a good clinical history. This information would then be used to alert health
care providers of SCD patients who are at increased risk of hospitalisation. Therefore, the

high-risk individuals would be monitored more closely. The relationship between RDW and
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hospitalisation is less clear. A high RDW suggests that there is mixed population of red blood
cells, both small and large cells. Small cells or microcytic RBCs may be due to iron
deficiency whereas large cells, macrocytes, may be due to deficiency of vitamin B12 or
folate. Macrocytes may also be due to increased erythropoiesis resulting in large RBCs
circulating in peripheral blood. The increased erythropoiesis may be in response to low Hb
levels. On univariable analysis, low Hb was significantly associated with risk of
hospitalisation but not on multivariable analysis. This relationship, between anaemia and risk

of hospitalisation requires further exploration in more detailed studies.

During hospitalisation, 20 of 882 hospitalisation events resulted in death; giving a case
fatality ratio (CFR) of 2.3%. This rate is lower than that reported in Zambia, where a study
that tried to determine cause of death in 62 SCD deaths for 3 years, between January 1987
and December 1989, found a CFR of 6.6%. The lower CFR in this study may be due to a
‘healthy-survivor effect’; where the SCD patients that are seen at MNH are those with less

severe disease and therefore will have lower mortality.

The information from this study is an initial step in identifying the causes and risk factors for
hospitalisation. I acknowledge that some SCD patients do not come to MNH for healthcare.
Factors such as physical distance, referral system, and socioeconomic factors may influence
who is hospitalised at MNH. It is therefore important to develop a system that will capture

events that occur at home and that are managed in health facilities outside MNH.

Mortality

This is the first study that presents the rates and risk factors for mortality in SCD in Africa,
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where over 75% of SCD patients in the world live. The median survival amongst patients
with SCD was 33 years, which is 19 years less than life expectancy at birth (52 years) in
Tanzania®'. This life expectancy is markedly lower than the 40 to 60 years of SCD patients in
the United States of America® and Jamaica®®. The mortality rate in this cohort is 2.0 per 100
PYO (95%CI 1.6-2.5) is not dissimilar to the 3 per 100 PYO reported from the USA in the
1970s before use of penicillin prophylaxis*'®*!!, but is markedly higher than the current incidence
of 0.13 to 1.39 per 100 PYO reported from Europe and the USA'® ' ®!. The second important
finding is that most deaths occur in children rather than adolescents or adults. This is similar
to reports from Jamaica and USA where, before prophylactic penicillin, the highest incidence of
death was reported between 1-3 years' 2> 2 2 1% This highlights the importance of identifying
children at birth by newborn screening as SCD children are probably dying before the
276

diagnosis is made. Pilot studies have shown that newborn screening is feasible in Africa

and its establishment with comprehensive care will most likely significantly improve

survival.

In this study, low haemoglobin was independently associated with mortality. It has been
previously reported that there is an association between low haemoglobin and mortality'® 2°
22, 23, 61, 71, 106, 177, 408 ' However, more evidence is needed to identify underlying cause of
anaemia so that interventions that ameliorate the effects can be considered and targeted. So
far, interventions to reduce mortality have been aimed to address the recognised causes of
death, namely infections, acute splenic sequestration and acute chest syndrome. Blood
transfusion therapy is necessary in SCD, particularly during acute episodes and

perioperatively'?> '2, but chronic blood transfusion is not a viable treatment option in Africa

due to problems of inadequate blood supply, risk of transmission of infections and
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alloimmunization®® *>. A potentially effective therapy is hydroxyurea as it is relatively
cheap, easy to administer and has been shown to reduce blood transfusion requirements and
to modestly increase haemoglobin and improve survival'®® *®, However, despite these
advantages, it is not widely used in SCD patients in Africa and there have been no trials to

determine its role in this setting.

There is increasing evidence of the role of hemolysis in pathogenesis of clinical events in

-7 . . . .
>73" via a mechanism involving

SCD, such as pulmonary hypertension and stroke’
interference with endothelial nitric oxide by free haemoglobin. However, hemolysis and the
hyperhaemolysis phenotype are thought not to be common in Africa’®. In this study the
relationship between haemolysis and mortality was carefully explored. Analysing, the risk
factors at baseline associated with overall mortality, markers of hemolysis, such as lactate
dehydrogenase” and total and indirect bilirubin did not show significant association.
However, during hospitalisation, total bilirubin and indirect bilirubin, were significantly
associated with increased risk of mortality on univariable analysis. This may suggest that
during OPD visits, SCD patients are stable with low levels of haemolysis, hence the absence
of an association with mortality. However, during the acute phase, there is an increase in
haemolysis which is associated with mortality. It is therefore essential to conduct further

studies to accurately elucidate the role of haemolysis in SCD as interventions that reduce

haemolysis, such as hydroxyurea, may be effective in improving survival.

In this study, direct bilirubin was an independent predictor of death when analysing the
relationship between levels at baseline with overall mortality as well as during levels at

admission during hospitalisation. The association between direct hyperbilirubinemia and
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mortality may be related to liver disease, as there was also a strong trend in univariable
analysis for an effect of alkaline phosphatase, although aspartate transaminase was not a
predictor. It is possible that the direct hyperbilirubinemia is related to the upregulation of
haem-oxygenase in response to the hypoxia associated with SCD. This may have protective
effects via the antioxidant effects of bilirubin and the vasodilatory effects of carbon

monoxide*!

. Adaptations may have downstream costs, however, and there is a suggestion
that upregulation of haeme-oxygenase may have detrimental effects in patients who are
acutely ill''"*. Haeme-oxygenase also up-regulates Vascular Endothelial Growth Factor,
potentially leading to further angiogenesis*'> *'®. Dysfunctional angiogenesis, haeme--

oxygenase and Nitric oxide are factors that are implicated in the pathogenesis of clinical

events and disease in SCD.

One of the aims of the study was to determine the cause of mortality in SCD. However, in
this study it was difficult to make valid conclusions from the data that I was able to collect as
only 20 (23%) out of 86 deaths occurred in hospital. On reviewing the notes of these 20
cases, | was able to confidently ascertain the likely cause of death in 8 cases (9.3%); in which
anaemia and infection may have been the cause in 5 (20%) and 3 (15%) cases respectively. In
order to ascertain cause of death, it is important to conduct verbal autopsy on deaths that
occur outside health facilities. For those that occur within health facilities, such as Muhimbili,
efforts should be made to conduct post-mortem studies. This information is critical to

ascertain cause of death which would improve interventions to prevent future mortality.

This cohort study highlights four key areas to improve survival in SCD and identifying

knowledge gaps to guide further research. First, over 85% of patients enrolled into the study
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survived, providing evidence to challenge the dogma that SCD patients do not survive
beyond childhood in Africa. Modell et al estimated that 6 million Africans will be living with
SCD if average survival of affected children reaches half the African norm'>. The burden of
disease to individuals, communities and health systems has not been quantified yet, but these
patients will suffer from anaemia, painful crises, infections, stroke and other complicationsG.
Undoubtedly, SSA countries need to develop programmes to provide appropriate care for
these individuals as the burden will be considerably high. Second, only 25% of deaths
occurred in the MNH. This is probably an underestimate as we did do not have data on deaths
in undiagnosed SCD children < § years. Although it is possible that these deaths occurred in
other health care facilities, the burden of disease survey reported that 50% of deaths in

Tanzania occur outside a health facility*!’

. The finding has important implications for
planning services as it highlights the need to develop a strong network of community-based
health care and not focus resources in specialist hospitals. The responses on questioning
relatives about events surrounding death suggested that most deaths occurred at home but
further studies following recognised verbal autopsy procedures are required. Third, although
1,903 patients were identified at clinic and in wards, 10% did not return to the clinic and for
those who did return to clinic and were recruited into the cohort, 12% were lost to follow-up.
Therefore, SCD patients may be seen at a health care facility only once. This is in contrast to
US, Jamaica and Europe where steady state values (average annual routine measurements) 2
61, 418 are used, as the health system in these countries ensures that patients can be seen
regularly, or at least easily traced if they are found to be high risk. Therefore, in this study,
factors at baseline clinic visit were explored to identify high-risk patients. Attendance may be

improved by health education to SCD patients and their caregivers on the importance of

regular follow-up as well as improving access to health care.
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This study provides the first description of mortality rate of SCD in Africa. As expected,
there is a high mortality in SCD, with children significantly affected. Level of haemoglobin
and direct bilirubin at baseline visit were independently associated with mortality. Although I
have provided data that will guide initial policies and guidelines of management, the study
has highlighted the areas where there are gaps in knowledge. I propose that priority should be
given to the establishment of a SCD birth cohort to provide accurate survival data and
identify causes of mortality particularly in early childhood. Furthermore, since anaemia was
associated with mortality, detailed studies to identify causes of anaemia and randomised
clinical trials to determine appropriate interventions to ameliorate the effects of anaemia are

recommended.

194



Chapter Five
Sickle Cell Disease and Malaria

INTRODUCTION

Malaria is widely considered to be one of the major causes of illness and death in patients
living with SCD in SSA"™ '®. However, the evidence to support this has been conflicting. An
association between malaria and both admission to hospital and anaemic crises '® 7717 202 419
and increased mortality'” '® have been reported in a number of studies. However, these

studies included a relatively small number of SCD patients and were generally conducted in

areas with a high prevalence of malaria in the general population.

On the other hand, the evidence of increased protection from malaria in SCD individuals is

180, 181, 183 .
and a lower parasite

more compelling; a lower prevalence of malaria infection
density'® have been reported. The evidence that the HbSS genotype may confer resistance
against malarial infection per se would make more sense, given that subjects heterozygous
for the B°-gene (Hb AS) show unequivocal protection from malaria>®'®!, This raises the

question of whether, if HbS protects the heterozygotes against malaria, those with SCD, who

have even higher levels of HbS, might be even better protected.

Recently there have been three important developments in the field of malana. First, effective

" and

interventions against malaria are available, in the form of insecticide-treated nets
artemisinin-based combination therapiesm. Second, there are reported changes in the

epidemiology of malaria in some parts of East and West Africa, with reductions in both
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transmission rates and the incidence of disease!”* !7> 42!-

. It is possible that this reduction is due
to effective interventions and control measures as well as climate change. Third, due to
increasing resistance by Plasmodium falciparum parasites most countries have had to stop
using chloroquine. In Tanzania, during the period of the study, first line therapy for malaria
changed from monotherapy with chloroquine to sulphadoxine pyrimethamine (SF), with the
current recommendation being artemisinin-based combination therapy (ACT) — artemether

19! However, it has been difficult to determine which drug to use for

lumefantrine (ALu)
prophylaxis. SF has anti-folate properties and is not recommended for prophylaxis in patients
with SCD who are considered to be folate deficient. The folate deficiency is thought to be a
result of chronic haemolysis and compensatory increase in erythropoiesis. Most malaria-

endemic countries have therefore been unable to decide which drug to use and have

continued to recommend chloroquine for prophylaxis in SCD.

The changes in malaria epidemiology and management as well as the increasing evidence of
protection against malaria by HbS, emphasized the need to determine the role of malaria as a
cause of morbidity and mortality in SCD. However, the general perception that malaria is a
major risk in patients with SCD means that the prescription of anti-malaria chemoprophylaxis

127 As a consequence, ethical

is now standard recommended practise in endemic areas
considerations make it difficult to study this question directly. The cohort of SCD in
Tanzania provided a unique opportunity to study the importance of malaria as a cause of
morbidity in SCD. Tanzania stopped using chloroquine for treatment of malaria in 2001, due
to high resistance. Although the national malaria control programme continues to recommend

that children with SCD should receive prophylaxis with chloroquine, the importation of

chloroquine is banned and in practise most patients are not on effective prophylaxis. Dar-es-
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Salaam has ~urban malaria , a pattern that is characterised by low transmission intensity and
variable parasite prevalence, ranging from 0.8% to 10% “**** The primary aim of this study
was to determine the role of Plasmodium falciparum infection as a cause of ill health in

individuals with SCD in Tanzania.

METHODS

Patients

All SCD patients were seen at the outpatient department (OPD) clinic. Routine appointments
were scheduled at 3-6 month intervals and the majority of patients attending these
appointments were well. During these routine visits, the results of a standardised clinical
history and examination were recorded and blood samples were collected for full blood
count, biochemical analysis and malaria investigation. Patients admitted for inpatient care
were identified by active daily ward surveillance. Routine clinical and laboratory data,
including a full blood count, biochemical analysis and malaria diagnostic tests, were collected
at admission onto standard proformas. Additional investigations were performed as clinically
indicated. Data were collected from two populations of non-SCD individuals: (1) subjects
invited for SCD screening at the OPD clinic, including relatives and friends of SCD patients,
and (2) non-SCD patients who were admitted to the paediatric wards of MNH between July

2006 and July 2008.

Laboratory methods

Regardless of their clinical status, all individuals who were enrolled into the study were

investigated for malaria at all visits. Malaria was confirmed using rapid diagnostic tests
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(RDTs) (Parahit, Span Diagnostics, India or Paracheck, Orchid Biomedical Systems, India)
and or Giemsa-stained thick blood films following standard methods. Plasmodium
Falciparum densities were assessed by counting the number of asexual-stage parasites per
200 WBCs. The parasite density was calculated and expressed in parasites/uL by reference
to the mean WBC count in this study population of 14.8 x 10'* /uL. These results have not been

presented in this thesis.

Statistical methods

A general outline of descriptive statistics, disease estimates, univariable and multivariable
analyses is provided in the methods chapter. Malaria events were analyzed according to three
definitions: (1) malaria parasitaemia (MPS) - positive blood film and/or a positive RDT
irrespective of clinical status; (2) clinical malaria (cM) - positive test in the presence of fever
(an axillary temperature of >37.5°C) and; (3) severe malarial anaemia (SMA) - Hb <5g/dl in
the presence of malaria parasitaemia. For the purposes of this analysis, the diagnosis of SMA
did not require a threshold parasite density of >10,000 parasites/ul, the definition used by
WHO'?, This assumption was made for two reasons; first, an Hb <Sg/dL is a life-threatening
condition as it associated with high risk of mortality. Second, since patients with SCD often
receive treatment for malaria when febrile. Therefore, malaria parasitaemia may be low, but it

may have already triggered events leading to severe anaemia.

The factors that were examined to determine an association with malaria included
demographic (age, sex, place of birth, residence), clinical variables (fever, pain, anaemia,
chest or neurological event) and laboratory parameters (haematology, clinical chemistry and

microbiology). Time dependent variables were age, date of visit, clinical and laboratory

198



parameters at each visit. For purposes of the analyses, the parameters of each individual at
recruitment into the study (baseline visit) for SCD patients and first visit for control

individuals were used.

Continuous variables were compared using two-sided Student’s z-tests while categorical
variables were compared using the +* test and results presented as odds ratios (ORs) with
95% confidence intervals. Multivariable logistic regression was used to identify independent
associations with malaria, using all variables that were significantly associated (p<0.05) on
univariate analysis. Here the focus will be on the analytical groups and outcomes of interest.

The analytical approach that was used was to answer the 4 specific questions.

What is the prevalence of malaria in SCD during OPD visits? The data of all visits to
OPD clinic by SCD and control population were examined. The groups being compared

were SCD and non-SCD patients at OPD clinic.

What is the prevalence of malaria during admission? For this, the analysis was limited to
data of patients who were admitted, with the two groups being SCD and non-SCD
populations. The prevalence of malaria in the two inpatient population groups was compared
with the SCD population. Comparison was then done looking at hospitalised SCD patients
with malaria and without malaria. A description of specific clinical syndromes of malaria that

SCD present with and then looked at factors associated with malaria was made.

What is the difference in malaria prevalence and associated factors during OPD and

IPD visits of SCD patients? Data from OPD and IPD were combined. The groups that were
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being compared were SCD at OPD and SCD who were hospitalised.

What is the incidence of malaria in SCD? The incidence rates for malaria events were
calculated for the whole study period, combining events at OPD clinic and during
hospitalisation. The data was set for survival analysis using the following command: stset
datetod, id ( demographic_id) failure(malariaanaemia) exit(time end_date) scale(365.25).
The incidence was calculated by the ratio of malaria events (MPS, cM and SMA as defined
above) divided by the number of person-years of exposure. This was done for the 3 malaria
events using the following STATA commands strate, per(100). In order to calculate the
incidence of the malaria event stratified into 2 age groups, above and below 5 years, the
following command was used: strate agegp, per(100). The result was expressed as the
number of events per 100 person years of follow up, with 95% confidence intervals and a p -
value of 0.05 was considered to be of statistical significance. Note that in the example given,
the event is severe malaria anaemia, coded as malariaanaemia. This analysis was repeated for

clinical malaria and malaria parasitaemia as defined above.

RESULTS

The analysis period was from March 2004 to March 2009. The OPD clinic data derived from
10,491 visits amongst 1,808 SCD patients (median age 11 years; range 4 months to 47 years)
and 773 visits from amongst 679 non-SCD individuals (12.8 years; 3 months—64 years) while
the inpatient data derived from 691 admission events in 497 SCD patients (10.8 years; 5
months—43 years). Please note that this chapter included all patients at OPD clinic visits and

hospitalisation. There are some SCA patients who were seen at clinic or in wards who did not
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return for enrolment/baseline visit. Therefore the numbers differ from the baseline
description. Control data were collected from 2,017 non-SCD patients aged 6 months to 10
years who were admitted between 2006 and 2008. The prevalence of malaria in the various
subject groups is summarized in figure below (Figure 25). Note that the prevalence of

malaria in the control population during hospitalisation is limited to children.

Figure 25 Summary of individuals and visits in the study with prevalence of malaria
arasitaemia

number of visits
n=5,001
number of visits = 13,972
malaria 221 (1.58)

|
jl.l 1
inic Admissions
n=2,487 n=2,514
number of visits = 11,264 number of visits = 2,708
malaria 88 (0.78%) malaria 133 (4.9)
1 ]
1 1 | 1
SCA Non-SCA SCA Non-SCA
n=1,808 n=679 n =497 n=2,017
number of visits = 10,491 number of visits = 773 number of visits = 691 number of visits = 2,017
malaria 76 (0.72) malaria 12 {1.55) malaria 21 (3.04) malaria 112 (5.6)
|
] |
AS AA
n = 402 n=277
number of visits = 469 number of visits = 304
malaria 3 (0.64) malaria 9 (2.96)

Clinic refers to events at outpatient clinic visits; admissions refer to events during hospitalization.
Number of visits refers to all visits; n is number of individuals. The number after malaria is the number
of episodes of malaria parasitaemia, figures in parentheses is the prevalence per visit (not per individual).
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Malaria in the outpatient clinic

The overall prevalence of malaria parasitaemia at the OPD clinic was 88/11,264 (0.78%)
(Figure 25), with the proportion in SCD patients being 76/10,491 (0.72%) and non-SCD
patients being 12/773 (1.55%) [OR (95%CI) 0.46 (0.25 — 0.85); p=0.01]. Further
subdividing the groups into the three sickle phenotypes (SS 1,808; AS = 402; AA = 304), the
prevalence was significantly lower both in subjects with AS 0.64% and SS 0.72% than
those with HbAA (2.96%). This is illustrated by showing likelihood (odds ratio) of malaria

parasitaemia (Figure 26) in the three phenotypes.

Figure 26 Odds ratio of malaria parasitaemia in AA, AS and SS individuals at OPD
clinic
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HbAS 0.64 %; (OR 0.21 (95% CI 0.06 0.79); p= 0.02) and HbSS 0.72 % (0.24 (0.12
0.48); p<0.001) than those with HbAA (2.96%).
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Due t(? the variation in malaria prevalence with age, comparison was made between SCD
and non-SCD at different age groups. The proportion with malaria in SCD compared to non-
SCD was as follows: < 5 years; SCD 20 (1.17) vs. non-SCD 3 (1.33) [OR (95%CI) 0.88
(0.26 — 2.99); p=0.84]. 5 -9 years; SCD 20 (0.77) vs. non-SCD 4 (2.44) [0.32 (0.11 — 0.93);
p=0.04]. 10 — 19 years; SCD 27 (0.60) vs. non-SCD 3 (1.61) [0.37 (0.11 — 1.23); p=0.10].

Over 20 years; SCD 9 (0.53) vs. non-SCD 2 (1.07) [0.49 (0.11 — 0.29) p=0.37].

Limiting analysis of malaria in SCD, the prevalence of malaria parasitaemia, out of 10,488
OPD visits where data of age was available, was as follows: <2 years 2 (0.53%); 2 - 5 yrs 18
(1.36%); 5 — 9 yrs 20 (0.77%); 10-19 yrs 27 (0.60%); over 20 years 9 (0.53%). This is
illustrated in figure below (Figure 27), with the 2 — 5 year age group having the highest

prevalence of malaria.
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Figure 27 Odds ratio of malaria parasitaemia in SCD at OPD clinic stratified by age
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Factors associated with malaria at OPD clinic

The factors associated with malaria parasitaemia in SCD patients at OPD clinic are
summarised in table below (Table 31). During OPD clinic visits, factors that were
significantly associated with parasitaemia on univariable analysis included fever, higher

oxygen saturation, spleen and liver enlargement, high WBC and MCV and low Hb.
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On multivariable analysis, high WBC was the only feature that remained significantly
associated (OR 3.3; 95% CI 1.5-7.18; p<0.01), while fever (3.3; 0.97-11.29; 0.057) showed

an association but did not reach the conventional cut-off for statistical significance.

Table 32 Multivariable analysis of factors associated with malaria parasitaemia at OPD

clinic in SCD
OPD clinic visits
Variable OR (C)) P
| Age 1.00 (0951 -  1.06) 0.916
Febrile (>37.5°C) 3.30 (0.97 11.29) 0.057
Saturation (Sp0O2), (%) 1.07(0.94 . 1.21) 0.300
Hepatomegaly 2.95 (.85 - 10.18) 0.087
Splenomegaly 1.09 (0.40 - 2.95) 0.867
High WBC (> 17.7 x10°/1) 3.29(1.50.7.18) 0.003
Haemoglobin (g/dl) * 0.79(0.59- 1.047) 0.101

Malaria during hospitalisation

During the course of the study there were 691 hospital admissions amongst 487 patients
with SCD. This is limited to SCD patients who were hospitalised and had malaria data.
Malaria parasitaemia was detected in 21 (3.4 %) admissions, only 1 patient testing
positive during more than one admission. The overall prevalence of malaria
parasitaemia during hospitalisation was 133/2,708 (4.9%) (Figure 25), with the
proportion in SCD being 21/691 (3.04%) and non-SCD 112/2,017 (5.6%) [OR
(95%CI) 0.53 (0.320.86); p=0.08]. Due to the variation in malaria prevalence with age,
comparison was made between SCD and non-SCD below 10 years of age. The
proportion with malaria in SCD was 10/380 (2.63) compared to 112/2,017 (5.6) in the

non-SCD group [OR (95%CI) 0.46 (0.21 - 0.89); p=0.02].
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Limiting analysis to SCD only, the figure below shows the odds ratio of having

malaria parasitaemia stratified by age group (Figure 28).

Figure 28 Odds ratio of malaria parasitaemia in SCD patients during hospitalization,

stratified by age
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Clinical features associated with malaria during hospitalisation

The factors associated with malaria parasitaemia during hospitalisation on univariate analysis
are summarised in table below (Table 33). At admission, SCD patients with parasitaemia
were older and had lower Hb concentrations and higher MCVs, reticulocyte counts and AST
than those without parasitaemia. The risk of death during hospitalization was higher in those

with parasitaemia (OR 4.9; 95%CI 1.04 — 23.20); 0.04).
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The factors that were independently associated with parasitaemia were severe anaemia (OR

3.46; 1.279.45; 0.02) and high AST (3.41; 1.23-9.45; 0.02) (Table 34).

Table 34 Multivariable analysis of factors associated with malaria parasitaemia during

hospitalisation in SCD
IPD

Variable OR (CD) P
Age (years) 1.04 (0.99 1.09) 0.088
Severe anaemia (Hb<5g/dl) 3.46 (1.27 - 9.45) 0.016
Macrocytosis (MCV > 93fL) 2.22 (0.73 .6.72) 0.158
Reticulocyte count (%) 1.04 (0.97 - 1.10) 0.264
High AST (AST >97.2 IU/L) 3.41 (1.23 - 9.45) 0.018
Death 0.49 (0.04 .5.74) 0.573

Malaria in SCD at OPD clinic versus hospitalisation

The prevalence of parasitaemia was lower in SCD compared to non-SCD individuals during
hospitalization (3.0 vs. 5.6; OR 0.46; 0.25-0.94; p=0.01). Table 35 shows the events in SCD
patients both at the outpatient clinic and during hospitalization. The prevalence of
parasitaemia, malaria and SMA were all higher during hospitalization than at the outpatient
clinic. Amongst SCD patients visiting the OPD clinic, subjects were clinically ill (with either
fever or severe anaemia associated with parasitaemia) on 14/10,466 (0.13%) of visits. 6
(0.06% of the total visits) had fever alone, 8 (0.08%) had severe anaemia alone and 4 (0.04%)
had both fever and severe anaemia. During hospitalization, 11 out of 691 (1.59%) had either
clinical malaria or SMA, 7/682 (1.03%) had clinical malaria alone, 11/644 (1.71%) had SMA
and 4/691 (0.58%) had both clinical malaria and SMA. The difference between malaria

events during OPD clinic and hospitalisation is summarised in table below (Table 35).
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Incidence of malaria in SCD

During the 5 years of study, 3,827 person years of observation (PYO) were recorded. The
incidence rate (95% CI) of parasitaemia was 2.53 (2.06-3.09), malaria 0.37 (0.20-0.61) and
SMA 0.50 (0.30-0.78) episodes per 100 PYO. Please note that the number of SCD patients
included in this analysis is different from that presented in the general results chapter. This is
because the numbers are determined by SCD patients who had malaria data and included

patients who did not have an enrolment visit.

Table 36 Age - specific incidence of malaria, clinical malaria and severe malarial anaemia

in 1,862 SCD patients

Total <S years >5 years OR(CI) p
MPS 1,862 (100.00) 380 (20.4) 1,482 (79.6) | 0.57 (0.291.08) 0.08
CM' 85 (4.6) 11 (2.9) 74 (5.0) 2.96 (1.02.8.57) 0.05
SMA* 14 (0.8) 6(1.6) 8(0.5) 2.29 (0.895.88) 0.08
19 (1.0) 7 (1.84) 12 (0.81)

MPS — Malaria; 'Malaria and temperature above 37.5°C; “Malaria and haemoglobin <5g/dl;

number, parentheses percentage

Table 36 shows malaria events stratified into two age bands (above and below 5 years),
excluding events clustered in individuals. Compared to individuals over 5 years, children
under 5 years had a lower prevalence of malaria (OR 0.57; 95%CI 0.29-1.08; p=0.08) but a
higher prevalence of clinical malaria (2.96; 1.02-8.57; 0.05) and SMA (2.29; 0.89-5.88,;

p=0.08), with clinical malaria reaching statistical significance.
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DISCUSSION

This is the first detailed report to have focused on the importance of malaria as a cause of
morbidity and mortality in patients living with SCD. This cohort of patients living with SCD
in Dar-es-Salaam provided an opportunity to study this question in more detail; although
chloroquine is recommended for prophylaxis, resistance rates are high and may not provide
adequate protection. Ethical concerns about conducting an observational study of SCD
subjects, generally considered to be at risk of malaria, in a group who were essentially not on
effective chemoprophylaxis, was countered by the fact that the malaria prevalence in Dar-es-
Salaam is generally low (0.8%-14%) > *** %% and interventions such as insecticide treated nets
and prompt, effective treatment with ACTs is available. The overall prevalence of malaria
parasitaemia at the OPD clinic was 0.78%, which is considerably lower than 3.9% reported in a

recent health facility survey conducted in Dar-es-Salaam**.

The most striking finding in this study was the lower prevalence of malaria parasitaemia in
SCD than in non-SCD patients, both at the outpatient clinic and during hospitalization. A
degree of malaria resistance in patients with SCD seems plausible, given that protection is
unequivocal in heterozygotes (HbAS)'*® !, The prevalence of malaria parasitaemia and
parasite densities were significantly higher in AA than in AS subjects (OR 0.21; p=0.02)
while the prevalence and density of infections was similar in SS and AS subjects. These
findings suggest protection from malaria parasitaemia and raise the question of the view that
malaria is a major cause of morbidity and mortality in SCD. This observation raises the
question of whether, if HbS protects the heterozygote individuals against malaria, those with
SCD, who have even higher levels of HbS, might be even better protected. A dose-dependent
effect is certainly seen in HbC, another haemoglobinopathy, commonly found in West Africa,
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where both heterozygous (HbAC) and homozygous (HbCC) individuals are protected against

malaria'™ , with protection considerably greater in HbCC'”".

The incidence of malaria parasitaemia in this study was 2.53 events per 100PYO. The
prevalence of parasitaemia in children under S years was lower than in those over 5 yrs, a
finding that may be due to protection of younger children by insecticide treated nets (ITN),

provided free in Tanzania to children of this age-group**.

The spectrum of malarial disease includes asymptomatic infection, febrile episodes and
severe illness (anaemia and cerebral complications). The likelihood of a child progressing
from one stage to the next in a malaria endemic area is as follows — parasitaemia (50% of
each year); clinical febrile (twice per year) and severe disease (anaemia or cerebral malaria -

427

3% per year) -’ . This is illustrated in Figure 29. There was a similar trend in this study, with
high prevalence of malaria parasitaemia (4.6%) and fewer episodes of malaria fever (0.8 %).
However, in this study more patients had SMA (1.0%) most likely due to pre-existing
haemoglobinopathy. As expected, younger children had a significantly higher prevalence of

malaria (p=0.05) since they have not yet developed immunity.
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Figure 29 Progression of malarial disease in a malaria-endemic region

Bitten by infectious mosquito
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Parasitaemia
50% of each year

Malaria Fever
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Death
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Source*?’

Malaria events occurred more frequently in SCD patients during hospitalization than at the
outpatient clinic. This suggests that, although SCD patients are at lower risk of malaria than
non-SCD individuals, protection is not complete and malaria is an important factor that needs
to be considered during hospitalization. It is acknowledged that this finding may simply
reflect the fact that patients with malaria are more likely to have severe illness and to be
hospitalized. Parasitaemia was significantly associated with mortality during hospitalization
(9.5 vs. 2.2%; OR 4.9; p=0.04) and was independently associated with severe anaemia and
high AST. Therefore, the consequences of malaria in SCD appear to be severe during acute
illness, as previously suggested by Molineaux and colleagues'® . These findings highlight the
importance of prompt and effective management of malaria in patients with SCD during
hospitalization, even though such patients appear to benefit from a degree of protection from

the disease.
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There are a number of limitations. First, the overall prevalence of malaria parasitaemia at the
OPD clinic was only 0.78%, which is lower than the 3.9% reported in a recent survey of

health facilities conducted in Dar-es-Salaam***

. Therefore, it is necessary to validate these
results in areas with higher and more intense malaria transmission. The second limitation is
that the control (non-SCD) population for hospitalized individuals was collected for only 2
years during the S year period of study and it did not include adults. The other limitation
is that since this study was conducted in a referral hospital there is a possibility that some
events may have been missed as a result of treatment at casualty, other health-care facilities
or at home. Furthermore, although there was no change of protocols of referral and management
in the hospital, the SCD patients were both part of a cohort study and were encouraged to

present early in the event of an intercurrent illness, a fact that may have introduced a bias

towards higher rates of presentation in those with SCD.

In summary, through this study, conducted in an area of low but perennial malarial
transmission, it was found that malaria was less common in SCD than in non-SCD subjects
both at the outpatient clinic and during hospitalization. This raises the question of whether,
and under what circumstances, malaria prophylaxis is required in patients with SCD. Further
studies are required to establish the role of malaria as a cause of ill-health in such patients
under conditions of higher malarial transmission. Nevertheless, it was also found that malaria
was significantly associated with severe anaemia and death in hospitalized patients with SCD
and therefore it is recommended that malaria should be promptly and effectively diagnosed
and treated in such patients. Evidence is needed, ideally in the form of randomized clinical
trials, regarding the most appropriate approach to the prevention and treatment of malaria in
patients living with SCD in malaria-endemic environments.
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Chapter Six
Sickle Cell Disease and Bacterial Infections

INTRODUCTION

In the absence of intervention, bacterial infection is the leading cause of mortality in
individuals with SCD in developed countries, and the age group that is most affected is between 1
to 3 years™ 2 % ‘3 Interventions with daily oral penicillin and vaccination against pneumococcal

infections have successfully reduced mortality in developed countries'® ''7-4% .

In Africa, these interventions have not been implemented as the evidence to demonstrate a similar
role of bacterial infections has been lacking. This has made it difficult for hospitals and
governments in developing countries to implement these interventions. Furthermore, published
reports have actually questioned the role of prophylaxis against Streptococcus pneumoniae (SPN),
in Africa® . However, there has been increasing evidence of the role of bacterial infections, particularly
due to SPN in causing high childhood mortality”’> %" - Since SCD patients are highly susceptible to
SPN infections due to impaired immunity, this makes it even more likely that SPN infections will
have a more significant role in SCD mortality. Therefore, there has been an increase in the appeal to

implement these interventions®”> 278,

With this background, this study set out to determine the rates and pattern of bacterial infections
in SCD who were hospitalised at MNH. During the course of this study, Williams et al, started

another study in Kilifi, Kenya that set out to address the same objective™’ .
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METHODS

Patients

The study population was all SCD patients who were hospitalised at MNH. Every day, active
surveillance was done in the medical and paediatric ward to identify any SCD patients who had
been hospitalised. For SCD patients who had not yet been recruited into the study at outpatient

clinic, confirmation of SCD phenotype was done by HPLC.

Clinical and laboratory data were collected onto standard proformas. The clinical data collected
included age, gender, symptoms that caused them to come to the hospitals. Physical examination
included pulse and respiratory rate, peripheral oxygen saturation and temperature. Systemic
examination was done noting physical signs including pallor, jaundice and the presence of a
palpable liver and spleen. The laboratory data included a full blood count, biochemical analysis

and malaria diagnostic tests, were collected at admission. Additional investigations were

performed as clinically indicated.

Clinical and laboratory methods
All SCD individuals who were hospitalised had a sample taken for blood culture, regardless of their
clinical status. The skin at the site for venous sampling was cleaned with 70% ethanol and

allowed to dry. Blood was drawn and the needle was changed. The top of the blood culture bottle

was also cleaned and allowed to dry.

Blood cultures were initially done in the microbiology laboratory within the hospital. The results
were received and documented and the isolates were frozen at -70°C. These isolates were then

taken to the microbiology laboratory at the KEMRI Wellcome programme in Kilifi, Kenya, to
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confirm the status. The results revealed a significant difference from Muhimbili. It was therefore
felt that the data collected during this period were not reliable. Furthermore, there were procedures
within the routine hospital laboratory that were suboptimal and were likely to reduce the
possibility of growing organisms and particularly fastidious organisms such as SPN, Neisseria
Meningitis and Haemophilus Influenza B. First the use of human blood to make blood agar was
unlikely to successfully grow bacteria as human blood had microcidal properties. Horse blood was
initially sourced from Dar-salaam, but this was not reliable and there were difficulties in collecting
blood. Two sheep were bought and were kept at a farm that belonged to the hospital. But this
system also did not work because of the difficulties in bleeding the sheep. Therefore, commercially
prepared blood was ordered from overseas and used. The limitation in setting this up in the first
place was the high cost in doing this as horse blood had a short shelf life and needed to be brought
every 3-4 weeks. Considering that the number of SCD patients who were being hospitalised was
small, it was very expensive to set this system up. The second limitation was that the blood culture
media were prepared locally and there were no external quality control systems in place. This was
considered not to fulfil good laboratory practise (GLP). It was therefore decided that an automated
blood culture system would be used. Second, media were commercially bought and prepared by
the study laboratory team. Third an external QC system was set up. This was initially with the
NetSPEAR programme in Nairobi, Kenya. This is the network for pneumococcal surveillance
programme that was established to support the development of capacity in the surveillance of

pneumococcal infection in laboratories in hospitals in east African countries.

For these reasons, in 2006, the BACTEC system (BACTEC, Becton Dickinson, Franklin Lakes,
NJ, USA) was established in the SCD research laboratory. When the BACTEC system was
established, blood culture bottles were weighed before and after inoculation to make sure that
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adequate amount of blood were collected. The blood culture bottle was then inserted into the
BACTEC system. Positive blood cultures were sub-cultured on standard mediums with the use of
routine microbiological techniques. Positive QC systems were done on the blood culture bottles as

well as the media for sub-culture.

Statistical methods

A general outline of descriptive statistics, disease estimates, univariable and multivariable analyses
is provided in methods chapter. The organisms that were identified were reported with frequency
and proportions. The clinical and laboratory features that were associated with bacteraecmia were
explored using logistic regression with results presented as odds ration and 95% confidence intervals.
Clustering of admissions within individuals was accounted for during analysis by random effects
modelling. Multivariable logistic regression was used to identify independent associations with

bacteraemia for variables that were significantly associated at p-0.05 on univariable analysis.

RESULTS
The results were limited to a description of the rates and pattern of infections for three calendar
years, 2006, 2007 and 2008. During this period, a total of 890 blood cultures were done. Of these,

143 (16.1%) were positive. 118 (13.3%) were gram positive.

There were a total of 143 organisms isolated. The following organisms were considered
contaminant and were excluded from analysis: Coagulase negative Staphylococcus Aureus (88),
Bacillus species (11) and Micrococcus species (1). Therefore, 43 pathogenic organisms were isolated

from 890 blood cultures, giving a bacteraemia prevalence of 4.8%.
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The pattern of bacteraecmia from SCD individuals hospitalised at MNH is shown in table below
(Table 37). Of 43 organisms cultured, the commonest organisms was Staphylococcus Aureus 12 (27.7
%), Salmonella species 11 (25.6%) and Streptococcus species 6 (14%). The commonest organisms
were Staphylococcus Aureus (1.3%) and Non-Typhii Salmonella (1.0%). Streptococcus

pneumonia had a rate of 0.3% which was similar to E. Coli, Klebsiella Species, Pseudomonas

Species, Salmonella Typhii and Proteus Species.

Table 37 Bacterial isolates from 890 blood cultures of hospitalised SCD patients

Organism identified Isolates Percent Bacteraemia
Staphylococcus Aureus 12 27.9 1.3
Non-Typhii Salmonella 9 20.9 1.0
Streptococcus pneumoniae 3 7.0 0.3
Streptococcus species 3 7.0 0.3
Escherichia coli 3 7.0 0.3
Klebsiella species 3 7.0 0.3
Pseudomonas Species 3 7.0 0.3
Salmonella Typhii 2 4.7 0.2
Proteus Species 2 4.7 0.2
Acinetobacter species 1 2.33 0.1
Aeromonas salmonicida 1 23 0.1
Morganella morganii 1 23 0.1
Total number of isolates 43 (4.8%)

Negative bacteraemia 847 (95.2%)

Total number of cultures done 890

Factors associated with bacteraemia

Univariable analysis

The clinical and laboratory features of those with bacteraemia were compared to those who did

not have bacteraemia. The differences in means or proportions were compared taking each

hospitalisation as a separate event.
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However, on univariable analysis, the clustering within individuals was taken into account by applying
a random effects model. Although patients with bacteraemia were more likely to have symptoms
of anaemia and worsening of jaundice, this did not reach statistical significance. A palpable
liver was the only factor on physical examination that was significantly associated with
bacteraemia. Of the laboratory findings, patients with bacteraemia were more likely to have
lower haemoglobin, higher level of direct bilirubin and creatinine. Bacteraemia was not associated

with an increased risk of death [OR 1.19 (1.51 . 9.38); p=0.87].
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Table 38 Clinical and laboratory features in SCD patients’ associated with bacteraemia during

hospitalisation
No Bacteraemia | Bacteraemia | OR (95% CI) p
847 (952) 43 (4.8)
Clinical features at hospitalization
Fever 137/600 (22.8) 9/25 (36.0) 1.90(0.78-4.63) 0.16
Pain 187/478 (39.1) 11/23 (47.8) 1.43 (0.61-3.36) 0.42
Anaemia 50/600 (8.3) 5/25 (20.0) 2.75 (0.98-7.73) 0.06
Jaundice 39/595 (6.6) 4/25 (16.0) 2.72 (0.90-8.17) 0.08
Examination
Jaundice 430/630 (68.3) 20/78 (71.4) 1.16 (0.49-2.73) 0.73
Pallor 284/589 (48.2) 12/25 (48.0) 0.99 (0.46-2.13) 0.98
Temperature 36.7 (0.7) 36.9(1.0) | 1.57(0.94-2.62) 0.08
Febrile 64 (10.2) 4 (16.0)] 1.68 (0.58-4.85) 0.33
SpO2 (%) 97.7 (2.8) 98.4 (2.2) | 1.12(0.93-1.35) 0.22
Hypoxia (Sp02<95%) 11 (1.9) 0(-) - -
Palpable spleen 129/588 (21.9) 4/26 (15.4)] 0.65 (0.22-1.94) 0.44
Palpable liver 43/551 (7.8) 3/25 (12.0) 1.61(0.45-5.72) 0.05
Laboratory features
White blood cell count (x109/1) 18.5 (11.6) 23.0 (15.9) [ 1.02(0.99-1.05) 0.06
Haemoglobin (g/dl) 7.1 (1.6) 6.2 (1.8) | 0.72(0.56-0.91) | <0.01
Mean corpuscular volume (fL) 80.6 (9.9) 82.1(10.8) | 1.01(0.97-1.06) 0.49
Red cell distribution Width (%) 22.7 (4.3) 22.6 (4.1) | 0.99 (0.90-1.09) 0.89
Platelet count (x10°/1) 399.2 (206.1) 371.1(167.7) | 0.99 (0.99-1.00) 0.47
Reticulocyte count (%) 13.9 (6.6) 13.9(7.9) | 1.00(0.93-1.07) 0.98
Bilirubin — total (umol/L) 67.6 (71.5) 49.6 (34.1) | 0.99 (0.98-1.00) 0.23
Bilirubin — direct (umol/L) 20.8 (26.6) 70.3 (164.3) | 1.01(1.00-1.01) | <0.01
Bilirubin — indirect (umol/L) 53.2 (41.3) 30.4 (42.8) [ 0.99 (0.98-1.00) 0.18
Aspartate transaminase (IU/L) 56.1 (41.3) 56.2(29.5) | 1.00(0.99-1.01) 0.98
Alkaline phosphatase (IU/L) 265.7 (144.3) 225.9(119.6) [ 0.99 (0.99-1.00) 0.28
Creatinine (umol/L) 42.4 (26.9) 58.4 (51.8) | 1.01(1.00-1.02) 0.05
Lactate dehydrogenase (IU/L) 1068.2 (610.9) | 1141.4(471.1) | 1.00(0.99-1.00) 0.55
Haemoglobin F (%) 6.8 (5.2) 7.9(6.4) | 1.04(0.96-1.12) 0.33
Death 19/606 (3.1 1/26 (3.7) 1.19(1.51-9.38) 0.87
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Multivariable analysis

During multivariable analysis, two models were built. In the first model, direct bilirubin was
not included as data were not available for many patients. In this model, none of the factors
that were significantly associated during univariable analysis were independently associated

with increased likelihood of bacteraemia during hospitalisation.

Table 39 Multivariable analysis of factors associated with bacteraemia in hospitalised SCD

patients n = 308; admissions = 530 (excluding bilirubin)

OR p
History of anaemia 1.99(0.55-7.13) 0.29
History of jaundice 2.25(0.55-9.25) 0.26
Temperature (°C) 0.92(0.49-1.70) 0.78
Haemoglobin (/dL) 0.77(0.57-1.04) 0.09
White blood cell count (x10°/1) 1.00(0.97-1.04) 0.94

In the second model, bilirubin was included in the model resulting in the analysis of 245
events in 208 individuals. Direct bilirubin was independently associated with increased

likelihood of bacteraemia during hospitalisation.

Table 40 Multivariable analysis of factors associated with bacteraemia in hospitalised SCD

patients n=208; admissions = 245 (including bilirubin)

OR P
History of anaemia 3.15(0.75-13.27) 0.12
History of jaundice 1.60(0.29-8.73) 0.59
Temperature (°C) 0.95(0.45-2.00) 0.89
Haemoglobin (g/dL) 0.82(0.57-1.17) 0.27
White blood cell count (x10°/1) 0.99(0.95-1.04) 0.81
Bilirubin direct — (umol/L) 1.01(1.00-1.02) 0.05
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DISCUSSION

This is the largest study of episodes of bacteraemia in SCD patients in Africa. The prevalence
and pattern of bacterial infections in SCD hospitalised at MNH during a three year period is
reported. During this period, data were analysed from 890 hospitalisation events from 667
SCD patients. 143 (16.1%) of the 890 blood cultures grew organisms. 100 of these organisms
(69.9%) grew coagulase negative staphylococci (88), bacillus (11) and micrococcus (1).
These were considered contaminants and were classified as being negative for infection. 43
out of 890 hospitalisation events in SCD patients had a positive infection, giving a prevalence

of bacteracmia of 4.8%.

A study conducted in Kenya reported a prevalence of bacteraemia of 1,094 from 16,750
(6.6%) patients admitted to Kilifi district hospital between 1998 and 2002 *°. The age range
was from 1 day to 13 years. In patients who were above 1 year of age, the prevalence was
5.4%. A retrospective study at the same site analysed 38,441 blood cultures from admissions
between 1998 and 2008 of children less than 14 years. 2,157 (6%) cultures grew important
bacterial pathogens230 . Despite the small number of patients with SS SCD (108 (6%) of
1,749), the robust framework in Kilifi was able to clearly demonstrate the increased risk of
bacteraemia in SCD between O to 13 years. This was reported as 26.3 (95%CI 14.5 - 47.6).
Within SCD patients, the highest incidence reported at 5.34 (95%CI 4.38 - 6.44) was in the
12-23 month age group. Furthermore, the study was also able to unequivocally illustrate the
role of S. pneumoniae infection in patients with SCD. The strongest association was with S.
pneumoniae, non-Typhii Salmonella and H. Influenza type b, with reported incidence of 2.18,

1.58 and 0.64 per 100 person years of observation respectively.
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The prevalence of bacteraemia in SCD patients in this study was 4.8% compared to 6.6% in
Kenya™, 6.1 % in Jamaica'® and 5.2 in the USA® | Although these rates could be
considered comparable, three possible factors can account for the marginally lower rate in
Dar-es-Salaam. First, the age structure of the SCD population in Dar-es-Salaam was older,
with a median age of 10.5 (8.5) years. Although studies in Kenya, Jamaica and USA did not
report a median age, the study population from other studies was limited to children.
Furthermore, although only 30% of the study population were less than 5 years, 43% of the
positive isolates were in children in this age group. Therefore, these results were probably an
underestimate of the true bacteraemia rates as there was no information on the younger
population where the incidence of bacteraemia is likely to be highest. The second factor may
be that this patient group may represent the individuals with mild phenotype who have less
severe disease (as the ones with severe disease have already died), and therefore less
susceptible to bacterial infections. The third possible factor that may have contributed to the
low prevalence of bacteraemia in Dar is that this study was conducted in a referral hospital.
Therefore, there are differences in access to care with patient’s most likely receiving care
before being hospitalised at MNH. Prior treatment with antibiotics would therefore reduce the

prevalence of bacteraemia.

The pattern of bacteraemia from hospitalised SCD individuals found that the commonest
organisms isolated were .S Aureus, non-Typhii Salmonella species and S. Pneumoniae.
Staphylococcus Aureus, non-Typhii Salmonella and Mycobacterium tuberculosis were the top
three causes of bacteraemia in patients who were older than 15 years hospitalised at MNH**,
Salmonella species has been reported as one of the top three causes of bacteraemia in both
hospitalised”*?" as well patients attending outpatient clinic in Kenya43 L
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The age of the SCD patients greatly influences the type of bacteraemia. In a study in the
USA®®, S. Prneumoniae accounted for 66% infections under 6 years whereas Gram negative
rods accounted for over 50% infections above 6 years. The commonest Gram negative rod was
salmonella species. This has been reported in other SCD populations where S. pneumoniae is
more common in the younger age group””. Norris ef al reported that the mean age was 3.5
years in a group of SCD patients where S. pneumoniae accounted for 42% of total pathogens
isolated whereas the mean age was 8.1 years in the group where the Gram negative rods,
mostly Salmonella species, were the commonest organisms accounting for 28% of total
isolates*®. These findings are in keeping with the evidence of the epidemiology of
pneumococcal infection. It has a higher burden before 5 years. It is therefore not surprising
that in Africa, where the SCD population that is seen in hospitals is usually older, the
prevalence of bacteraemia due to S pneumoniae is low. This may be because children with

SCD and S. Pneumoniae infections die before presenting to hospital.

The other factor that could explain the low prevalence of S Pneumoniae bacteraemia in
this population was prior treatment with antibiotics. During the course of the study a
methodological issues was identified as a limitation to the data that were being collected.
Since MNH was a tertiary health facility and in an urban setting, SCD patients were likely to
seek health care at a health facility near their home or take medication that they had bought
over the counter. This would either be an anti-malarial or antibiotic. The antimalarial that
were available were chloroquine, Sulphadoxine - pyremethamine (SP) or Artemether
Lumefantrine (ALu). SP and ALu both have anti-bacterial activity. Furthermore, when
patients were hospitalised, they received anti-malarial medication within 24 hours. In order to
address this limitation, blood cultures were taken before patients received antibiotics in the
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hospital. However, it was difficult to influence the use of antibiotics before SCD patients
were hospitalised. It was felt that since patients had easier access to peripheral clinics,

discouraging them from receiving treatment that was prescribed would be unethical.

The association been salmonella osteomyelitis with SCD was reported almost 50 years
ago”®” and mechanisms involve deficiency of opsonising factors®? . Although over 70% of

434

haematogenous osteomyelitis is due to salmonella™” and over 77% of salmonella

75, salmonella bacteraemia is not frequently

bacteraemia is associated with osteomyelitis
considered as a cause of infection in SCD patients435 . However, there is evidence that

salmonella infection is common in hospitalised SCD patients suspected to be infected,

. 198, 433, 436, 437
Wlthz 10, 267, 268 36,43 .

or without involvement of bone

In summary, this study has reported high prevalence of bacterial infection in SCD patients
who are hospitalised at MNH. The commonest organisms were S. Aureus, non-Typhii
Salmonella and S. pneumoniae. Guidelines for prompt management of infection in patients
who are hospitalised are recommended. This study has limited information on bacteraemia in
SCD children who are less than 2 years old and highlights the need of a birth cohort to
identify natural history of infection. There were only 3 episodes of bacterial infection due to
S. pneumoniae and the number of children under 5 years was small, making it difficult to
make conclusive recommendations from this study. However, during the course of this thesis,
published reports have provided this evidence. It is now recommended that all SCD children
below 5 years should receive prophylaxis against infection, particularly due to S.
pneumoniae. The questions that need to be addressed are the appropriate agent that should be
used and the mechanism of delivering this agent to ensure compliance and access.
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Chapter Seven
Sickle Cell Disease and Stroke

INTRODUCTION

Stroke and transient ischaemic attacks (TIA) are the most common neurological
complications of SCD, occurring in 11% of patients with SCD by the age of 20 years 245 438
Approximately 25% patients with SCD will have had a stroke by the age of 45 years®. Most
vascular events occur between the ages of 5 and 10 years and are thought to be cerebral
infarction resulting from cerebral blood vessel occlusion. High-risk patients can be predicted
by raised cerebral blood flow velocity (CBFv) in the middle cerebral artery (MCA) as

% Interventional strategies for

measured by Transcranial Doppler Ultrasonography (TCD)
primary and secondary prevention of stroke include blood transfusion and hydroxyurea '
129361 " All this is information from studies conducted in the USA and Europe with limited

information from Africa.

Prior to the work reported in this thesis, I conducted a pilot study in Kilifi where I looked at
the rates and risk factors of high CBFv in SCA population in Kenya. In a cross-sectional
study of 105 Kenyan children, the mean CBFv was 120+34.9 cm/sec. However, we found
that only 3 had conditional CBFv (170-199 cm/sec), but none had abnormal CBFv>200
cm/sec. After adjustment for age and haematocrit, CBFv>150 cm/sec was predicted by
peripheral oxygen saturation (SpO2) <95% and history of fever. Four years later, 10 children
were lost to follow-up, none had had neurological events and 11/95 (12%) had died, predicted

by history of fever but not low Sp 02
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In Tanzania, there has been no description of the magnitude of neurological events in patients
with SCD, but there have been a few case reports™® and anecdotal evidence that suggest that
with an increase in the prevalence of SCD surviving past 5 years of age, CVA may be a
common cause of morbidity and mortality, as found elsewhere in the world. Therefore, the
third aim of my PhD was to investigate the relationship between cerebral blood flow
velocities (CBFv) and cerebrovascular accidents (CVA) in SCD patients in East Africa.
Initially, I measured the CBFv in a proportion of SCD patients in order to assess the range of
CBFv in this population in Tanzania and to determine the factors at enrolment that were
associated with abnormal CBFv. I then determined the prevalence of neurological events in
the cohort of SCD patients. During the period of follow-up, I evaluated the incidence of
stroke and tried to establish an association with CBFv in order to determine a cut-off point for

CBFv that would be used to identify high-risk patients who would benefit from intervention.

METHODS

Procedures

Description of CBFv by TCD measurement

Between November 2004 and June 2005, TCD examination was undertaken in a cross-
section of patients between the age of 2 to 16 years of age who were attending the outpatient
clinic and had consented to participate in the study. Patients were recruited consecutively at
the OPD clinic and were given an appointment to return for a TCD examination. All patients
had TCD examination done which was recorded. For those patients who had an inadequate

examination, a repeat TCD was performed.
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Prevalence of neurological events

All patients recruited into the study had screening questions to determine whether there were
any neurological deficits that were present or had occurred in the past. For those patients who
had a CNS event during the course of the study, a thorough neurological assessment with
detailed clinical history and neurological examination. Neurological events included stroke,
seizures, transient ischaemic attacks, lower limb weakness, cranial nerve deficit and cognitive

impairment.

Incidence of neurological events

The incidence of neurological events was determined at follow up clinic in the outpatient
department (OPD) as well as during admission. At the clinic, all patents coming for follow-up
visit would be specifically asked for a history of any neurological deficits that occurred at
home, required care at any health facility. During admission, any evidence of neurological

deficit was assessed and documented.

Imaging

High resolution computerised tomography (CT) was performed on patients who were either
admitted or had attended outpatient clinic and suspected to have a stroke. The CT scan was
performed in the radiology department at Muhimbili National Hospital. The images were

scanned and saved in JPEG format. The results of this will not be included in this thesis.
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Statistical methods

Description of range of CBFv in SCD population

CBFv was measured following the STOP protocol** using the Companion II (Nicolet,
Warwick, UK) machine. The highest CBFv [time-averaged maximal mean velocity in the
distal internal carotid artery (ICA) and MCA on either side] was determined. We classified
the higher (right or left) CBFv as low (<50 cm/sec), normal (50-169 cm/sec), conditional
(170 - 199) or high (>200 cm/sec) based on Adams’ (1990) criteria. The lower limit of

normal was based on CBFv data from TCD measurements in Kenya**' .

I documented the factors at enrolment visit that have been previously reported to be
associated with increased risk of abnormal or high CBFv including clinical features such as
history of specific clinical events e.g. painful episodes, admissions as well as laboratory
features previously suggested to be predictors of high CBFv, such as haemoglobin®* *¥,
haemoglobin oxygen saturation, MCV, WBC, HbF levels and markers of haemolysis such as
lactate dehydrogenase levels™ ****. Effect modifier variables included age, sex, past history of

CNS event e.g. seizures, stroke.

Continuous variables were analysed using two-sided t-tests. Categorical variables were
analysed by x-squared test. Logistic regression was used to explore associations between high
CBFv (>200 cm/sec) and clinical and laboratory variables, presenting the results as odds ratio
(OR) with 95% confidence interval. A p-value <0.05 was considered statistically significant.
Multivariable analysis included all variables with univariable significance of <0.05. Using
backward elimination, the final model included all variables significant at the 0.05 level.
Binary logistic regression was also used to assess factors associated with abnormal CBFv.
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Determining the prevalence of CNS events

The prevalence of neurological event was determined at enrolment where gross neurological
impairments such as hemiplegia, dense cognitive impairment or neurological deficit was
recorded. During the course of the study, any neurological event was identified and
documented. The results presented include the prevalence of neurological events identified

throughout the study period.

The prevalence of neurological events was described. This included stroke, transient
ischaemic attack, loss of consciousness, seizures and any other focal or general neurological
deficit. Explanatory variables included clinical and laboratory features with specific focus on
the following variables as confounders/effect modifiers: age, sex, Hb, MCV, WBC, oxygen

saturation, LDH, AST, unconjugated bilirubin, reticulocyte percentage.

Determining the incidence of CNS events

This analysis was done to determine the incidence of neurological events during the study
period. Therefore the outcome was any neurological event captured during the study period
and if possible confirmed by CT scan. The explanatory variables were clinical and laboratory
features including TCD reading, which were explored to look for any association.
Confounders/effect modifiers: age, sex, Hb, MCV, WBC count, oxygen saturation. Some
individuals will have more than one event and for some patients, the exact time of event may

not be known.
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Inclusion criteria;
1) Enrolled into the main SCD study population. This is defined previously but requires
an entry visit at outpatient clinic.

2) Laboratory confirmation of SCD

Exclusion criteria;
1) SCD patients who were identified at hospitalisation, but had not returned to outpatient
clinic for enrolment into the cohort.
2) No laboratory confirmation of SCD
Data were analyzed using STATAv10 (StataCorp, College Station, TX). The overall
incidence of stroke was estimated for the cohort. This was calculated from the ratio of
number of strokes that occurred during the course of the study divided by the number of

person years of observation (PYO), expressed as stroke rate per 100 PYO.

In order to determine the factors at enrolment associated with stroke, I grouped the
individuals in the cohort into two groups; those who had a stroke documented at MNH and
those who had never had a stroke during the study period. Data were summarized as medians
or proportions. Logistic regression analysis was used to analyze factors at enrolment
associated with stroke, with results presented as odds ratios (ORs) with 95% confidence
intervals (95%CIls). Multivariable logistic regression was used to identify independent
associations with stroke, using variables that had significant association (p<0.05) on

univariable analysis.
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In order to determine the association between CBFv and TCD, the analysis was limited to the
sub-group who had a TCD examination done. Note that the TCD sub study was conducted
from November 2004 to June 2005. During this period, I conducted detailed neurological
examination on all patients who came for a TCD examination. Individuals who had a

previous stroke were not included in the analysis.

The overall and age-specific incidence of stroke was estimated for this sub-group. This was
calculated from the ratio of number of strokes divided by the number of person years of
observation (PYO), expressed as stroke rate per 100 PYO stratified by age. In order to
explore the association between CBFv and stroke, I explored this relationship using different
categories of CBFv. Data were summarised as means and proportions. Logistic regression

was done to explore this relationship with results presented as OR (95%CI).

The categories for CBFv were as follows:

1) Definition used in the trials in the USA (STOP trial). STOP definition'? uses the
following cut-off points: >200cms/sec abnormal, 170-199cms/sec conditional, 50 -
170cms/sec normal.

2) Iused the interquartile range of the CBFv in this study to group CBFv (in cms/sec)
into low (0 - 103), medium (104 - 156) and high (157 and above)

3) I used the 150cms/sec cut off point used from Kilifi data® to group CBFv into low
(below 150cms/sec) and high (above 150cms/sec).

4) 1 used the 150cms/sec cut off point used from Kilifi data® to group CBFv into low

and high. In this instance, I excluded all individuals with CBFv less than 70 cms/sec.
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The rationale for this is that these individuals either have low velocity due to stenosis

and Moya Moya syndrome or the examination was not valid
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RESULTS
Description of cerebrovascular flow velocity (CBFv)
A total of 6,416 cerebral blood flow velocities (CBF,) were measured in 401 SCA patients.
6,096 of these measurements were successful and we selected 1,934 CBFv representing the
maximum velocity measured in each vessel, irrespective of side. The velocities for the five
vessels are shown (Figure 30) shows the maximum CBFv of the five blood vessels which
were measured, stratified into 3 age groups as well as summary of the velocities for each

vessel.

Figure 30 Age stratified maximum CBFv of specified blood vessels or sites
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A. Middle cerebral artery (MCA), B. Anterior cerebral artery (ACA). C. Bifurcation of MCA
and ACA. D. Basilar artery E. Internal carotid artery. The y-axis is cerebral blood flow
velocity. The x-axis is age in years in 3 groups.
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Following this, the highest velocity at the MCA or bifurcation of MCA and ACA was
selected for each person. The spectrum of maximum CBFv is shown in Figure 31 with a

mean velocity of 132.2 (49.4) and a range between 0 and 309.

Figure 31 Histogram of maximum CBFv in 397 SCD patients
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Classifying the CBFv into 4 groups, the frequencies were as follows: low (<50 cm/sec) 13
(3.3%), normal (50 — 169 cm/sec) 331 (83.4%), conditional (170 — 199 cm/sec) 13 (3.3%)

and abnormal (>200 cm/sec) 40 (10.1%), which is illustrated graphically in Figure 32.

238



Figure 32 Distribution of CBFv in SCD patients
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For purposes of analyses, we classified CBFv into normal or abnormal using 200cms/sec as a
cut off. For 36 patients with available information about age, 16 out of 117children (13.7%)
were between 6-9 years with abnormal CBFv compared to 9 out of 79 (11.4%) under 5 years

and 11 of 133 (8.3%) above 10 years. The difference in odds ratio is shown in Figure 33. This

is not statistically significant (p=0.38)
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Figure 33 Odds ratio of having abnormal CBYV in 3 age groups
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Associations with abnormal CBFv
Univariable analysis

To explore the association of clinical and laboratory features with abnormal CBFv,
univariable analysis was done and the results are shown in Table 42. Individuals with
abnormal CBFv complained more often of symptoms of anaemia and were reported to have
received more frequent blood transfusions within 12 months of the baseline visit. On
examination, these patients also had higher levels of peripheral oxygen saturation and for

laboratory factors, direct bilirubin showed a significant association with abnormal CBFv.
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Multivariable analysis

Two separate models were built for multivariable analysis of factors associated with
abnormal CBFv. In the first model, we did not include peripheral oxygen saturation and the
analysis included 291 individuals. The results are shown in Table 44. In this model, all the
three factors, symptoms of anaemia, history of blood transfusion and direct bilirubin were

independently associated with abnormal CBFv.

Table 44 Multivariable analysis of factors associated with abnormal CBFv (n=291); excluding

saturation
OR (95% CI) p
Symptoms of anaemia 8.55 (1.58—46.4) 0.01
History of blood transfusion 0.36 (0.15—-0.88) 0.03
Direct bilirubin (umol/L) 1.02 (1.00- 1.03) 0.03

For the second model, this was restricted to those individuals who had peripheral oxygen
saturation at time of TCD and included 64 individuals. During analysis, the variable reporting
symptoms of anaemia was dropped from the model because of collinearity. The results are
shown in Table 45 and show the association of history of blood transfusion, direct Bilirubin

and peripheral oxygen saturation. Higher peripheral oxygen saturation was independently

associated with abnormal CBFv (p=0.04).

Table 45 Multivariable analysis of factors associated with abnormal CBFv including

saturation (n=64)
OR (95% CI) p
History of blood transfusion 0.51 (0.09-2.72) 0.43
Direct bilirubin (umol/L) 1.03 (0.98 - 1.07) 0.26
Peripheral oxygen saturation (%) 2.04 (1.04-4.00) 0.04
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Prevalence of neurological deficits

Data were available from 435 CNS forms from 1,573 patients. Please note that neurological
events forms were only completed during TCD examination or when there was clinical
suspicion of neurological event. There were 77 recorded neurological deficits with 47
patients reporting history of seizures (10.3%) and 16 episodes of stroke (3.8%). This is shown

in Table 46.

Table 46 Neurological deficits in 435 SCD patients

Neurological event Total Number Percent
Stroke 426 16 3.8
Seizures 434 47 10.8
TIA 423 9 2.1
Weakness 365 14 3.8
Cranial nerve deficit 428 9 2.1
Cognitive impairment 425 10 24
Total 435 77 17.7

The numbers vary depending on data available.

The table below (Table 47) shows the prevalence of neurological deficits in 1,573 SCD

patients, with stroke occurring in 16 (1.02) patients.

Table 47 Prevalence of neurological deficits in 1,573 SCD patients

Total N Percent
Stroke 1,573 16 1.02
Transient ischemic attack 1,573 9 0.57
Seizures 1,573 47 2.99
Weakness 1,573 14 0.89
Cranial nerve deficits 1,573 9 0.57
Cognitive impairment 1,573 10 0.64

1573 77 4.9
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Incidence of stroke

During the course of the study there were 16 episodes of stroke from 1,573 SCD patients
(1.02%) with available neurological data. 2 of the patients had repeated episodes. The
incidence of stroke was 0.3 (0.18 . 0.52) per 100 PYO for patients who were not lost to

follow-up (n=1,516).

Factors at baseline associated with stroke

Univariable analysis

The risk factors for stroke during the course of the study were explored by looking at the
association of clinical and demographic features at baseline with stroke. A reported history of
painful (p=0.03) or febrile episode (p=0.04) was more common amongst the patients who

had a stroke.

With regards to laboratory values, patients with stroke had higher MCV (83.6 vs. 77.2;
p=0.01) and reticulocyte count (12.7 vs. 6.9; p=0.01) but a lower level of HbS (83.5 vs. 87.5;

p=0.02) compared to the patients who did not have a stroke.
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Table 48 Factors at enrolment visit associated with stroke during the study

No Stroke Stroke OR p
412 (96.3) 16 (3.7)

Male 222 (55.8) 6 (46.2) 0.68 (0.22 - 2.06) 0.49
Age in years Mean (SD) 8.5(3.8) 7.8 (4.6) 0.95(0.72 - 1.24) 0.69

<5 76 (22.7) 1(25) 1.1(0.31-4.01) 0.88

5-10 120 (35.8) 1(25)

>10 139 (41.5) 2 (50)
History of hospitalisation 125 (44.8) 7 (70) 2.87(0.78 - 11.3) 0.13
History of blood transfusion 3(23.1) 0.47 (0.13-1.73) 0.26
Pain 220 (55.4) 3(23.1) 0.24 (0.07 - 0.89) 0.03
Fever 191 (48.1) 2(15.4) 0.19(0.43 - 0.89) 0.04
Laboratory features
White blood cell count (x10°/1) 159(5.1) 158 (4.4) 0.99(0.89-1.11) 0.92
Haemoglobin (g/dl) 75(1.2) 79 (1.1) 1.29(0.79 - 2.11) 0.30
Red blood cell count (x10™) 2.9 (0.8) 2.8 (0.5) 0.70 (0.28 - 1.75) 0.45
Mean corpuscular volume (fL) 77.2 (8.3) 83.6 (6.1) 1.11(1.03 - 1.19) 0.01
Red cell distribution width (%) 244.1 (4.9) 22.5(2.9) 0.93 (0.81 - 1.06) 0.27
Platelet count (x10°/1) 431.5(178.0) 527.7 (269.2) 1.00 (0.99 - 1.01) 0.06
Reticulocyte count (% of RBC) 6.9 (5.2) 12.7 (5.9) 1.17 (1.05 - 1.30) 0.01
Creatinine (umol/L) 40.9 (18.6) 42.8 (35.0) 1.00 (0.98 - 1.03) 0.73
Aspartate transaminase (IU/L) 56.2 (28.4) 52.5(13.3) 0.99 (0.97 - 1.02) 0.65
Alkaline phosphatase (IU/L) 264.8 (102.9) 285.3 (153.0) 1.00 (0.99 - 1.01) 0.50
Bilirubin (umol/L) - total 80.0 (55.2) 58.3(37.4) 0.99 (0.89 - 1.05) 0.18
Haemoglobin F (%) 5.3(3.8) 6.6 (55.6) 1.07 (0.95 - 1.22) 0.26
Haemoglobin S (%) 87.5(5.1) 83.5(10.7) 0.92 (0.86 - 0.99) 0.02
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Multivariable analysis

Two separate models for multivariable analysis of factors associated with stroke were built.
In the first model, we did not include reticulocyte count because there were not enough data
points for reticulocyte at the baseline visit. The analysis included 363 and the results are
shown in table below Table 49. Sickle haemoglobin levels were independently associated

with risk of stroke.

Table 49 Multivariable analysis of factors associated with stroke (n= 363)

OR (95% CI) p
Pain 0.42 (0.89-1.96) 0.27
Fever 0.35 (0.06 - 1.99) 0.24
Mean corpuscular volume (fL) 1.09 (1.01-1.18) 0.04
Haemoglobin S (%) 0.89 (0.82-0.97) 0.01

For the second model, reticulocyte count was included and the model included 101
individuals. The results are shown in Table 50. Reticulocyte and sickle haemoglobin were

independently associated with risk of stroke.

Table 50 Multivariable analysis of factors associated with stroke including reticulocyte

count (n=101)

OR (95% CI) p
Pain 0.71 (0.05-9.23) 0.79
Fever 0.32 (0.03-4.08) 0.38
Mean corpuscular volume (fL) 1.02 (0.92-1.13) 0.73
Reticulocyte count (%) 1.19 (1.02-1.39) 0.03
Haemoglobin S (%) 0.87 (0.77-0.99) 0.04
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Incidence of stroke and relationship with CBF

Incidence of stroke

The association between CBFv and stroke was explored by focusing on the individuals

who had CBFv that was considered valid. The figure below (Figure 34) shows the flow

of patients in the study who had CBFv measurement and known stroke during the course

of the study.

Figure 34 Summary of patients to explore relationship of CBFv and stroke

SCA patients
n=798
SCA eligible for ||
TCD
n =654
SCA with TCD
done
n =401
SCA with valid
CBFv
n=372
| |
] 1 |
Not abnormal Abnormal
n =332 (89.3) n=40(10.8)
Stroke | Stroke
n=3(09) n=0()
No stroke u a No stroke
n = 304 (88.6) n =39 (11.4)

There were 372 SCD patients who had valid CBFv of which 348 had documented presence or

absence of stroke. Amongst the 348 SCD patients, 3 individuals (0.86%) had a stroke and the

CBFv was 135, 155 and 188 cms/sec. The patients had 240.1 patient- years of observation
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(PYO). The incidence of stroke was 1.25 per 100 PYO, with the rate decreasing from 2.0 (0.29
—14.5) in under 5 year age group, 1.13 (0.16 — 8.01) between S -9 years and 0.98 (0.14 - 6.93)

above 10 years (Table 51). This was not statistically significant (p=0.85).

Table 51 Incidence of stroke in patients with CBFyv, stratified by age at TCD

Age (group) | # patients’ | Observation (yrs) | # stroke | Incidence®

<Syears 81 48.9 1] 2.0(0.29-14.5)
59 years 121 386 1 1.13 (0.16-8.01)
>10 years 146 102.5 11098 (0.14 - 6.93)
Total 348 240.1 311.25(0.40-3.87)

The mean CBFv was higher amongst the individuals who had a stroke compared to those who
did not have a stroke (133.5 vs. 159.0). The odds ratio was 1.01 (95% CI 0.99 — 1.03) but this
did not reach statistical significance (p=0.37). The relationship between CBFv was explored
using different cut-offs for CBFv (Table 52) and there was a trend of association between
CBFv and stroke with a lower CBFv cut-off of 150cms/sec. However, there was a very wide

confidence interval since there were very few episodes of stroke.
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Table 52 Association between CBFv and stroke during course of the study: The

relationship using different cut-off points to predict risk.

No stroke Stroke OR P
CBFv (cms/sec) 133.5(49.7) | 159(26.8) | 1.09(0.99 1.03) | 0.37
STOP definition
50-169 292 (85.1) 2(0.7)[ 1.16(0.24 5.69) | 0.85
170 199 12 (3.5) 1(7.7)
>200 39 (11.4) 0()
Inter quartile range”
Low (0 103) 88 (24.0) 0(-) | 1.95(0.35 10.79) | 0.45
Medium (104 156) 184 (50.3) 2(1.1)
High (157+) 94 (25.7) 1(1.1)
Using 150 (include CBFv<70)
0-150 247 (67.5) 1(04)| 4.15(0.37 46.2) | 0.25
>150 119 (32.5) 2(1.7)
Using 150 (exclude CBFv < 70)
50 149 236 (66.5) 1(04)| 3.97(0.36 44.2) | 0.26
150+ 119 (33.5) 2(1.65)

STOP definition'?: uses the following cut-off points: >200cms/sec abnormal, 170-
199cms/sec conditional, <170cms/sec normal. Interquartile range of the CBFv in the

Dar cohort, 150cms/sec is cut off point used from Kilifi data®'.

DISCUSSION

This is the first description of neurological events and CBFv in SCD in Tanzania. Most of
the information that is available on the neurological events and CBFv in SCD is from
studies that were conducted in the USA and Europe. Although there have been studies
in Nigeria and Kenya, these studies involved small number of patients. There are key
differences between the spectrum of CBFv in Tanzania, Kenya and USA. The mean
CBFv in the Tanzanian population was (132 cms/sec) higher than what was found in
Kilifi (120cm/sec) and that reported in the US (129cnv/sec). One possible explanation

for the higher CBFv in the Tanzanian population may be that SCD children in this
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population have lower levels of haemoglobin. However, anaemia can only explain the
difference in CBFv up to 150cms/sec, as studies done in the US and UK suggests that

velocities beyond 150cm/sec are most likely due to stenosis.

The second important finding in this study was that the prevalence of abnormal CBFv was
10%. This is similar to the finding from studies in the USA where prevalence rates were
between 3-17%" 446 It was expected that that the spectrum of CBFv would be similar in
the two areas in Affica because the populations are similar with regards to sickle haplotype and
well as genetic and environmental exposures. On the contrary, SCD patients in Kilifi had lower
mean CBFv and there were no abnormal CBFv detected. This unexpected result may be
because the SCD patients in Kilifi are different from that in Dar as it is rural with the highest
rates of people living below the poverty line, low educational and nutritional status and poor
access to health care*”’ . Furthermore, the site where the study was done is a district hospital. In
comparison, Dar-es-Salaam is a large city with a more heterogeneous population and MNH is
the national referral hospital. It is therefore possible that the patients seen at Muhimbili have

more severe disease.

Another factor that may explain the difference is that children in Kilifi die before there is a
chance for them to develop stenosis which would be detected by TCD. Reports from Kilifi
suggest that the mortality in SCD in Kilifi is particularly high with only 5% of SS births
reported to be alive by five years of age (personal communication). However, in Kilifi, CBFv

was not associated with mortality ** as was the case in this study.

The other explanation for this finding is that the natural history of neurological complications
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in SCD may be different in Kilifi. According to proposed pathophysiological mechanisms,
progressively worsening stenosis may result in complete occlusion of the vessel leading to
infarcts/stroke. In this case, patients will have gradually increasing CBFv which can be
identified by TCD measurements. However, it is possible that, rather than leading to
occlusion, the progressive stenosis, may precipitate the development of collaterals. In this
situation, there is a decrease in CBFv as less blood flows in the affected vessel. This
phenomenon, Moyamoya syndrome, has been described in SCD children®” 3! “® - In Kilifi, low
CBFv, compatible with*® but not diagnostic of Moyamoya, was documented in 7 SCD patients,
one of whom had had seizures; none of these patients was known to have died or have
neurological complications 4 years later. It is not clear whether the development of
cerebrovascular disease in Dar-es-Salaam would involve stenosis leading to occlusion or

stenosis leading to Moya Moya syndrome.

To determine the factors that could be used to identify SCD patients who may have abnormal
CBFV, we looked at the association between clinical and laboratory features at time of TCD
measurement. For some of the laboratory investigations, e.g. chemistry the investigations
were not available at time of TCD. In this instance we used the measurement done at the
closest time point to TCD measurement. On univariable analysis, patients with high CBFv
had symptoms of anaemia, history of blood transfusion within the past 12 months and had
higher peripheral oxygen saturation. High levels of direct bilirubin were associated with
abnormal CBFv. On multivariable analysis, peripheral oxygen saturation was independently
associated with high CBFv; however the model included only 64 SCD patients because at this
visit, patients did not have peripheral oxygen saturation measured. However, evidence from

Kilifi and USA suggests that low oxygen saturation predicts neurological events 3** 32 442,
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whereas in this case patients with abnormal CBFv had higher oxygen saturation. However it
is known that hypoxia promotes polymerisation of HbS and adhesion of RBC to endothelium
314 and platelet and WBC adhesion®’. The hypoxia may be caused by upper airway
obstruction, since enlarged adenoids are associated with CVA®®. 1t is difficult to make any
conclusions from the study as there were incomplete data for peripheral saturation. However,
this requires further investigation as the evidence suggests that peripheral oxygen saturation

has a significant role in cerebrovascular dynamics.

The second objective of our study was to describe the prevalence of neurological events in
SCD patients. Neurological events that have been described in SCD patients include seizures,
coma, and stroke, visual and hearing disturbances. In a study reported from Nigeria,
neurological events were more common in individuals with SCD (76%) compared to controls
(32.1%). Stroke, febrile convulsions and headaches were common in children whereas
paraplegia, epileptic seizures and localizes sensory neuropathy were more common in

adolescents and adults**’

. During the study period we identified 77 neurological events out
of 1,573 SCD patients (4.9%). Of the 77 events, the commonest events were convulsions
(2.99%) and stroke (1.02%). Seizures were more common than stroke as they accounted for
47 out of 434 individuals (10.8%) examined for neurological events, when compared to
reports in Kenya where they accounted for 6 out of 18 events (33.3%) and were less frequent
than stroke®® . Seizures have been previously reported in SCD in Nigeria where ten out of 96
patients (1.1%) satisfied the criteria for clinical diagnosis of epilepsy, with a prevalence of
epileptic seizures of 10.4%"'. The question of whether seizures are more common in SCD

children than in the normal population cannot be addressed by the study but the results

highlight the need for further investigations.
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During the course of the study, the incidence of stroke was 0.3 (0.2-0.5) per 100 PYO while
or the subset with CBFv the incidence was 1.25 (0.4 — 3.9) per 100 PYO. The reason for this
difference is not clear, but may be due to the different ages since CBFv was measured only in
children below 16 years. It is possible that there is an increase in incidence of stroke when the
patients get older. This would be in keeping with previous descriptions of stroke risk, which
suggests that there are two peaks, during childhood between 2-5 years, where stroke is due to
cerebral infarction. The second peak occurs during adulthood, above 30 years, and is
commonly due to cerebral haemorrhage®. Both of these rates are higher than the rate of
0.61/100 PYO reported from the USA®. Previous studies reported ranges of prevalence of
stroke between 1% in Saudi Arabia and 18% in Brazil illustrating marked variation of rates
between populations. In this study stroke occurred in 1.02% of patients. In Kenya, strokes
were reported to be more common than seizures, accounting for 67% of neurological
events’® and in 4 out of 6 patients with SCD admitted within a 18 month period with a
neurological event had a stroke’® . Furthermore, stroke causes significant morbidity to
individuals and causes a high burden of disease to the individual, family and the community.
Therefore, there have been concerted efforts to understand the natural history of stroke in
SCD and improve the outcome either by preventing the occurrence or prevention of recurrence.
Good diagnostic methods in the form of TCD and neuroimaging to identify high-risk
individuals®'® **?. Interventions, such as chronic blood transfusion and Hydroxyurea, have

. 28
also been shown to be effective 2% 328 330,361,453

The risk factors for stroke were determined by assessing clinical and laboratory features at
the baseline or TCD visit. This visit was chosen as the health care system in Tanzania,

particularly for SCD patients, is not comprehensive. Therefore, since SCD patients may be
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seen at a specialist clinic only once, it is vital that the patients are assessed at this stage for
risk of stroke. In this study, the factors that were associated with stroke were history of pain
and fever as well as high MCV, reticulocyte count and HbS level. HbS level and reticulocyte
count were independently associated with stroke. The finding that HbS concentration is
associated with risk of stroke is of interest. This is a recognised disease mechanism as
therapeutic intervention aimed at a reduction of HbS by exchange transfusion to below 30%
has been found to improve outcome during acute events such as stroke, acute

chestsyndromem‘ 122,125, 454

The association between reticulocyte count and stroke may be due to an increase in
erythropoiesis. It is interesting that reticulocyte numbers were associated with stroke but
haemoglobin levels were not as one would expect both to be related as an increase in
reticulocyte normally occurs with a decrease in haemoglobin. The exception to this is when
the bone marrow fails to respond. However, this analysis was done on a small subset of
patients. Therefore, further studies are required to determine the natural history of the
relationship between stroke and red blood cell indices. This is of particular interest as
previous studies have reported an association with low haemoglobin level, low HbF level,
low red blood cell count and high nucleated cell counts®> “° In this study, there was no
association with any of these factors. This may reflect a true difference in the
pathophysiology of stroke in the two populations. Alternatively, it may be that we have not
been able to see the association because this was a clinic-based cohort rather than a birth

cohort and therefore the SCD patients that have been studied may be survivors with mild

forms of the disease.
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The final objective was to explore the relationship between CBFv and incidence of stroke.
Patients who had a stroke during the study had higher levels of CBFv (159cms/sec) compared
to those who did not have a stroke (133.5cms/sec). However, this was not statistically
significant (p 0.37). The level of 200cm/sec used in the STOP trial to define high-risk
individuals'?’, was not associated with risk of stroke, as none of the 3 patients with stroke
had a CBFv above 200cms/sec and only 1 had conditional velocity (188cms/sec). The OR of
having a stroke when CBFv was above 200cms/sec was 1.16 (95% CI 0.24 - 5.69); p=0.85.
When a CBFv of 150cm/sec was used, the OR was higher at 4.15, suggesting a trend towards
a positive association. However, the confidence interval was very wide, 0.37 — 46.2 and this
association did not reach statistical significance (p = 0.3). These results suggest that the cut-
off value that was used in the STOP trial may be too high for the SCD population in Africa.
This has certainly been the case in other populations outside of the USA. A study done in
Brazil found that a CBFv of 123.4cn/sec in the MCA was able to accurately identify stenosis
in these vessels with a sensitivity of 100% and specificity of 73%"°. It is therefore vital that
the threshold for CBFv that is used in identifying patients with high risk of stroke should be

guided by the STOP trial but local-evidence should be determined for each population.

In summary, this study has reported the spectrum of CBFv in a cohort of children with SCD
in Tanzania. High peripheral oxygen saturation was independently associated with risk of
having an abnormal CBFv. During the course of the study, stroke occurred in 1.02% of
patients, and these were independently associated with HbS levels and reticulocyte count. It
is difficult to accurately determine the cause-effect relationship of the various factors,
including CBFv, and their change over time with stroke. In order to determine this

relationship accurately, detailed examination during steady-state and during acute clinical
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events are required to ascertain whether there are any changes at different time points. In this
way, accurate descriptions of the natural history of cerebrovascular disease in SCD in
children will be possible. It is possible that the course and mechanisms of cerebral
vasculopathy and neurological events in Africa are different from North America and Europe.
More detailed neuroimaging studies with magnetic resonance angiography are required to

clucidate this further.
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Chapter Eight
Sickle Cell Disease and Foetal Haemoglobin

INTRODUCTION

Foetal haemoglobin (HbF) is a major ameliorating factor of clinical illness in individuals with
SCD. High HbF levels are associated with milder forms of the disease with patients having
less pain®” **” lower morbidity and improved survival® . Clinical epidemiological studies in the
Eastern region of Saudi Arabia, where the Asian BS - globin haplotype predominate, SCD
patients have haemoglobin F levels of 10-40%, and rarely have severe disease®®, ** . a -
thalassaemia is also common in these regions and therefore the relative importance and

correlation between HbF, a - thalassaemia, and other factors, is not clear*”

The association of HbF and SCD severity has led to several interventional studies undertaken
using agents to increase HbF levels in SCD individuals®™*. Hydroxyurea (HU) is one of these
agents and has been effective in reducing painful episodes, rate of blood transfusion

requirement and rate and duration of hospitalisation’”*

. HU is also effective in reducing
mortality®®® 4*°. However, not all individuals with SCD have a similar response to HU. About
60-80% of SCD patients, received HU to a maximum tolerated dose, and were not able to

increase the HbF levels. The factors that determine the response of individuals to HU are not

well understood®®* .

In Tanzania, although there is a high prevalence of SCD, HbF levels are not measured for
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clinical purposes to assist with therapy or for research purposes. This is because the
laboratory measurement of HbF levels has been difficult, requiring meticulous laboratory
skills which have not previously been available. However, with the increasing use and
availability of high performance liquid chromatography (HPLC), HbF levels can be measured
easily, with reliable results that can be validated and compared with other centres around the

world. In 2005, Hb fraction quantification by HPLC was established in our laboratories.

We hypothesized that the spectrum of HbF levels in Tanzania was likely to be different from
that elsewhere because of the different ethnic origins of people in Dar-es-Salaam. There is an
admixture of people with African, Arab and Indian ethnicity and these 3 groups have
different BS -gene haplotypes. People of Bantu descent will most likely have the Central
African Republic (CAR) haplotype which is associated with low levels of HbF and severe
disease. On the other hand people of Arab or Indian descent are most likely to have the Asian
haplotype which is associated with high HbF levels and milder forms of SCD. Because HbF
has such a key role in determining clinical severity in SCD, I included a study to determine
role of HbF in SCD as part of this thesis. The aim was to describe the spectrum of HbF in
SCD patients and look at the association of HbF with disease morbidity and mortality. With

regards to morbidity, the clinical factors that I examined included malaria, CBFv, stroke and

hospitalization.
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METHODS

Procedures

From June 2005, HPLC for quantification of Hb fractions was included as one of the
investigations to be done on all SCD patients who came to the clinic. Since all patients had a
sample of whole blood for FBC, an aliquot was taken for HPLC. Measurement of HbF, HbS,
HbAO and HbA2 was done. For patients who were being recruited into the study, HPLC also
served as a test to confirm the sickle phenotype. Patients who were already in the cohort also
had HPLC measurements. All patients had a single HbF measurement at OPD clinic which
was then taken as representative of his or her HbF level at that age. HbF measurements were
not available for some patients within the cohort who were either lost to follow up or

deceased before HbF levels were determined.

HPLC testing was repeated 3 months later in patients who had received a previous blood
transfusion. HPLC was also repeated in some patients in whom the HPLC results did not
match previously undertaken haemoglobin electrophoresis. For both these groups of patients,
a thorough assessment with detailed clinical history and examination was undertaken to
determine whether they had received blood transfusion or had symptoms and signs suggestive

of SCD. Only patients who had confirmed SCD were included in this analysis.

Statistical methods

HbF measurements were undertaken consecutively on all SCD patients from June 2005.
However, there were some patients who were already lost to follow up or had died when HbF

measurements were established. Therefore, for purposes of the thesis, the analysis was
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limited to SCD patients who had HbF with data on the primary outcome measure, death, at

time of analysis.

The explanatory variables included were laboratory factors such as Hb, MCV, WBC, and
markers of haemolysis and liver function such as bilirubin, AST and LDH levels. Effect
modifier variables included age and sex. For purposes of this thesis, clinical factors at
baseline were not included. Continuous variables were analysed using two-sided t-tests.
Categorical variables were analysed by y-squared test. Logistic regression was used to
explore associations between HbF and clinical and laboratory variables, presenting the results
as odds ratio (OR) with 95% confidence interval. A p-value <0.05 was considered
statistically significant. Multivariable analysis included all variables with univariable
significance of <0.05. Using backward elimination, the final model included all variables

significant at the 0.05 level.

RESULTS

The analysis included 1,668 SCD (HbSS) patients with HbF measurements and known
survival status. The median HbF level was 5.3 with an interquartile range of 2.9 — 8.6%. The
mean HbF level was 6.3% (SD 4.7) with men having a lower mean of 5.8% (4.4) compared

to females, who had a mean of 6.9% (4.8) (OR (95%CI): 0.68 (0.55 — 0.85); p<0.01).
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Figure 35 Foetal haemoglobin levels by gender
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The spectrum of HbF levels is shown below, with a minimum of 0 and maximum of 25.7%. It

does not show a normal distribution.

Figure 36 Histogram of HbF levels
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Due to the distribution, the data were log transformed and the histogram shown below.

Figure 37 Histogram of log transformed HbF levels
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The levels of HbF are known to vary within the first 5 years of life, following which they
remain relatively stable although there is a slow fall in levels with age. This pattern was

similar in this study, which showed higher HbF variation levels in patients in this age group;
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Figure 38 Distribution of HbF stratified by age and sex in SCD patients
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For the purpose of analysis, we used HbF level of 8.5% which was the 75™ percentile of the
study population, as the cut-off to differentiate patients as having high or normal HbF. There
were 428 SCD patients out of 1,688 (25.7%) with high HbF. With regards to variation of
HbF levels with age, there were 86/136 individuals under 2 years (63.3%) and 123/330
(37.3%) of those between 2- 5 years having high HbF. After this, the HbF levels were lower,

with less variation.
To illustrate the age-stratification of HbF levels, the odds ratio of high HbF in the 5 age

groups was plotted, showing that in the younger age group, the likelihood of having high HbF

is high but there is wide variation as evidenced by the wide confidence interval.
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Figure 39 Odds ratio of high HbF in S age groups
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Factors associated with high HbF

Univariable analysis

To explore the association of laboratory features with HbF, univariable analysis was done and
the results are shown in Table (Table 53). Since the HbF level is variable until the age of 5
years, the analysis excluded children below the age of 5 years. Individuals with high HbF had
significantly higher haemoglobin (7.6 vs. 7.4), and Mean Cell Volume (80.5 vs. 78.5)
compared to those with normal HbF and there was a trend for an association with RBC (3.1
vs. 2.9). The platelet count (383.9 vs. 439.2 x10°/1) and RDW (22.2 vs. 23.5 %) were
significantly lower in the group with high HbF compared to in group with normal HbF. Total
bilirubin was significantly lower and there was a strong trend for lower creatinine. Alkaline

phosphatase level was higher in those with high haemoglobin F (Table 53).
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Multivariable analysis

On multivariable analysis, the results are shown in table below (Table 54). In this model, sex,

haemoglobin, MCV, RDW and platelets were independently associated with high HbF.

Table 54 Multivariable analysis of factors associated with high HbF (n= 1,434);

OR P
Sex 0.57 (0.41 0.82) <0.01
Haemoglobin (g/dl) 0.97 (0.95 1.01) 0.20
Mean cell volume (fL) 1.35(1.16 1.56) <0.01
Red Cell distribution width (%) 1.06 (1.04 1.08) <0.01
Platelet count (x10°/1) 0.93 (0.88 0.98) <0.01
Reticulocyte count (%) 0.99 (0.996 0.998) <0.01

DISCUSSION

This is the first study to report the spectrum of HbF in SCD patients in East Africa. The mean
HbF was 6.3 (SD 4.7) with a range of 0 to 25.7%, which is lower than that reported in Congo
Brazzaville (8.8 (5.8)*”. Various reports from Nigeria have reported mean HbF levels
ranging between 5.9 and 9.5"°* “® #!  This may suggest either a wide variation in mean HbF in
SCD patients within the same geographical location or differences in methodological

approaches in measuring HbF levels. In the studies in Nigeria, the alkaline denaturation

method was used.

In this study the mean HbF levels were significantly higher in females compared to males,
similar to reports in Jamaica where adult males had a mean HbF level of 4 compared to the
mean level in females of mean 5.5%? . The HbF levels from SCD patients in the USA were

higher, with mean values of 7% in those aged <24 years and 6% in older patients in the
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Co-operative study of sickle cell disease*® . As expected, the levels in Tanzania were much
lower than the mean levels in countries in the Arab peninsular, where the mean HbF is 27.8
346,964 Although it is likely that both the CAR and Arab-Indian haplotype exist in the
population in Dar-es-Salaam, the predominant haplotype is expected to be the CAR
haplotype, as reports from Kenya suggest that this is the common haplotype in this region*®>
“6. Reports suggest that within the CAR haplotype, there are two chromosomal types that
determine different levels of HbF and G-gamma expression®’, which in tum influence HbF
levels. Therefore, there may be differences in the sub-haplotypes that could be affecting the
HDbF levels. In this study, the Bs-haplotypes were not characterised but this will be an area of

further research.

The laboratory factors that were independently associated with high HbF levels were sex, Hb,
MCV, RDW and platelets. High levels of Hb have been associated with HbF*®®. The reason for
this association is due to the fact that high levels intraeyrthocytic HbF improves RBC
survival*®. Individuals with higher HbF levels have higher MCV values which could be
explained by a pleiotropic effect of the genetic factors underlying the increase in HbF*"°
One of the suggested mechanisms for the increase in HbF relates to an accelerated
differentiation of erythropoiesis leading to the release of relatively younger’ erythroid
precursor cells, hence the lower RBC and larger MCV values. These younger’ erythroid
precursor cells are still synthesising relatively more HbF. The association of higher F cells
(erythrocytes that contain HbF) with lower RBC and higher MCV values, has also been

shown in healthy non-anaemic white Europeans*”’

. Independent genetic association has also
been demonstrated with the HBSIL-MYB locus, one of the three major HbF-associated

quantitative loci (QTLs), with these haematological variables, including platelet counts.
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In summary, this study has the first report of the spectrum on HbF in a cohort of SCD
patients in Tanzania. There is a significant gender difference, with females having higher
levels than male. Factors that were independently associated with high HbF levels were
female gender, haemoglobin, MCV, RDW and platelet count. The association with clinical
events such as death, hospitalisation and high CBFv was difficult to elucidate as the
differences did not reach statistical significance. HbF levels are highly genetically controlled
and recently three major loci (QTLs) have been shown to account for 20-50% of its variation
in diverse populations including healthy individuals of European descent as well as
Sardinians, African-Americans, Brazilians, African-British, Chinese and Thai, healthy and
with thalassaemia or SCD. Genotyping of the sequence variants in the three HbF QTLs is
underway to investigate if these three loci are also associated with modulation of HbF
production in Tanzanian sickle populations. If so, we will explore the incorporation of these
variants into a prediction algorithm as part of the care pathway for sickle cell disease.
Information on the HbF-associated QTLs should also be of value in better understanding of

therapeutic reaction of HbF using agents such as hydroxyurea.
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Chapter Nine
Discussion

INTRODUCTION

Although SCD results from a single gene mutation, it is a complex disease with marked
variation in clinical presentation of disease. There are environmental and genetic factors that
influence disease patterns within individuals at different stages, as well as within populations
in different geographical locations. Therefore, the approach with regards to interventions and
management differs within individuals at different time points and the interventions that are
applicable in one setting may not be appropriate in another setting. Much of the knowledge
that is available regarding SCD is based on evidence from SCD populations in Europe,
United States of America and Jamaica. There is limited information on the causes of illness

and death in SCD in Africa, where 75% of global population of SCD individuals live.

The work presented in this thesis increases the knowledge of the clinical spectrum of SCD in
Africa. A prospective study was conducted between 2004 and 2009 in Muhimbili National
Hospital in Dar-es-Salaam, Tanzania. This is the largest cohort established in Africa for
research from a single centre. Clinical events, at outpatient clinic and during hospitalisation
were described in order to understand the course of disease in this setting. The rates and risk
factors for hospitalisation and death were described. The decision to focus on malaria,
bacterial infections and stroke was due to the previously described role of these conditions in
SCD within Africa or in the case of stroke, within SCD populations outside Africa. There

was evidence, in some cases conflicting, that these conditions cause significant morbidity and
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mortality. However, this study has provided a description of factors that can be used to
identify SCD patients who have high risk or are protected from these outcomes. The details

of the study findings have been reported in chapter 4, 5, 6, 7 and 8.

This chapter will summarize the key findings and discuss the validity of the study findings
with regards to the SCD population at Muhimbili (internal validity) as well as the
generalisability or validity of the findings in relation to other SCD populations (external
validity). This will be followed by a brief outline of the implications of the findings to current

policy for management of SCD as well as future research.

FINDINGS AND EVIDENCE TO SUPPORT FINDINGS

General results — baseline, hospitalisation and mortality

This study has illustrated that it is possible to conduct a prospective, cohort study on a genetic
disease in a country with limited resources. During the study period, 1,725 patients were
enrolled, with a survival rate of 80% and loss to follow-up rate of 12%. The mean age at
recruitment was 9.7 (7.9) years. Since SCD is an inherited disease that is present at birth, the
high median age at recruitment in this cohort suggests that children remain undiagnosed for a
long period of time. The natural history of the disease is such that there are many clinical
events in the first 3 years of life and that the highest incidence of death is between 1-3 years.
This finding highlights the need for newborn screening to identify children at birth. Once
identified, these children can be managed optimally with prophylaxis against infections as
well as prompt treatment of acute clinical events such as anaemia, pain and infections.

Identification of a birth cohort, would also allow accurate description of clinical events in
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early childhood in this setting.

504 (29.2%) of the cohort were hospitalised during the course of the study. Pain was the
most common cause of admission, followed by fever and anaemia. A history of
hospitalisation within the preceeding 12 months period was a risk factor for hospitalisation

during the course of the study.

The median survival amongst patients with SCD in the study was 33 years, which is 19 years
less than the life expectancy in Tanzania, which in 2008 was52 years*’> . The mortality rate in
the study was high, with an incidence of 2 per 100 PYO. The age group that was most
affected was under 5 years, although, the confidence interval was wide because of the small
number of children within this age group. The risk factors for mortality were low level of

haemoglobin and high total bilirubin. 23% of the deaths occurred in Muhimbili.

There were several issues that highlighted the importance of having a good health system that
includes good service delivery at different levels of health care starting from within their
homes. The first is that there were some SCD patients who were identified, during
hospitalisation, or were screened and found to have SS phenotype, but never returned for a
baseline visit. Second, from the 1,725 SCD individuals recruited during the study period, 209
(12.1%) individuals were lost to follow up. Although this rate is acceptable to make
conclusions about the information collected from the cohort, it is important to address the
factors that contribute to patients not attending the clinic. Third, only 23% of deaths occurred
at MNH. There may be different factors that contribute to these findings. However, these

issues suggest that SCD patients may only be seen once at a specialist clinic in a tertiary
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centre. Furthermore, acute clinical events and death occur at home or outside these
specialised centres. Therefore it is recommended that if any SCD patient is identified, risk-
stratification is done immediately at this stage. Health education and counselling of patients
and their guardians about the importance of regular attendance to clinics may improve
attendance. It is also important to explore whether there are any issues within the health
system that can be addressed to improve access to care. First, health services provided for
SCD patients in peripheral clinics and in the community can be improved. National centres
should work with the public health system to ensure that there are good systems in place for
delivering care to SCD patients at different levels of care. Second, outreach services can be
improved by the use of telephone and community based health workers so that doctors in
MNH or other specialist centres can provide advice to patients or health care workers. Third,
day care facilities would also reduce the time that patients spend at hospitals for clinic or
inpatient care. This would also improve adherence as spending long periods of time at

hospital may contribute to patients not coming to MNH.

Malaria

Falciparum malaria is usually considered a significant cause of morbidity and mortality in
SCD. In this study, the prevalence of parasitaemia was lower in SCD than in non-SCD
patients both at clinic (0.7% versus 1.6%; OR 0.53, 95% confidence interval 0.32-0.86;
p=0.008) and during hospitalization (3.0% versus 5.6%; 0.46; 0.25 - 0.94; 0.01). However,
SCD patients had higher rates of malaria during hospitalization than at clinic, the ORs being
4.29 (2.63 - 7.01; p<0.001) for malarial parasitaemia, 17.66 (5.92 - 52.71; p<0.001) for clinical
malaria, and 21.11 (8.46 - 52.67; p<0.001) for severe anaemia associated with malarial

parasitaemia respectively. The implications of these findings have significant consequences
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to the management of malaria in SCD. First; since malaria was rare amongst SCD patients at
outpatient clinic, this suggests that prophylaxis may not be necessary. The caveat to this is
that this result may only be pertinent to areas with low malaria transmission like Dar-es-
Salaam. Further studies in areas with high prevalence would need to be done to validate this
finding. The second implication, is that malaria parasitaemia during hospitalization was
associated with both severe anaemia and death. It is therefore vital to ensure that during acute
illness prompt diagnosis of malaria is made and effective treatment is given for malaria as

well as anaemia.

Infections

From this study, the pattern of bacterial infection in SCD patients admitted with acute clinical
events was ascertained. There was a low yield of pathogens from blood cultures during
hospitalisation of SCD patients. There were concerns that this was due to methodological
limitations in laboratory techniques within microbiology. After these issues were addressed,
the prevalence of bacteraemia was 4.8%, and the commonest organisms isolated were
Staphylococcus Aureus, non-Typhii Salmonella and Streptococcus pneumoniae. 1t is therefore
recommended that SCD patients who are hospitalised should receive prompt diagnosis and

treatment of bacterial infection.

Reports from Kenya, Uganda and other areas in the worlds suggest that bacterial infection
(most likely due to streptococcus pneumonia) is the most likely cause of death in SCD
individuals who are less than S years. Evidence is required to advise on the most appropriate

vaccination and chemoprophylaxis for SCD individuals in Africa.
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Stroke

The spectrum of CBFv in SCD patients in Tanzania was described in 372 SCD patients, with
the mean CBFv [132 (SD 49.4) cms/sec] higher in Tanzania than that previously reported in
Kenya and the US. However, the prevalence of abnormal velocities (above 200cms/sec) was
10% which was comparable to that reported by the US studies. Peripheral oxygen saturation
was independently associated with likelihood of having an abnormal CBFv. Further studies

are required to elucidate the role of hypoxia in cerebrovascular events.

During the course of the study, stroke occurred in 1% of patients. The incidence of stroke was
3.0 per 100 PYO and the factors that were independently associated with increased risk of
stroke were level of HbS and reticulocyte count. For the subset with CBFv measurements; the
rate was lower at 1.3 per 100 PYO. This is most likely due to the age difference as the latter
group were younger. Although patients with stroke had higher CBFv compared to those who
did not have a stroke, this was not statistically significant. Furthermore, the level of CBFv of
200cm/sec was not useful in predicting stroke. It is recommended that further evidence is
required to determine the relationship and establish whether a lower threshold of CBFv
would be more appropriate for predicting stroke. The fact that this was a self-selecting,
hospital based cohort may bias these findings as this patients group may have less severe
disease, including cerebrovascular disease. It is therefore essential that this study is conducted
in a cohort of SCD patients identified at birth while also expanding the SCD population by
either recruiting from several sites or including all SCD patients that can be recruited from

the community so that the selection and study is not limited to a hospital cohort.
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Foetal haemoglobin

The spectrum of HbF levels was described in 1,668 SCD patients. The mean HbF level was
6.3% (4.7) with females having significantly higher levels (6.9%) compared to males (5.8%).
There was variation of HbF with a gradual reduction in the first 5 years of life. The factors
that were independently associated with high levels of HbF were gender, haemoglobin,

MCYV, RDW and platelets.

Analysis of relationship between HbF with significant clinical events, in their respective
chapters, did not show a significant association between HbF levels with mortality,
hospitalization, high CBFv and stroke. This is a surprising result as HbF has been shown to
be associated with mild forms of SCD and agents such as hydroxyurea which increase HbF
have been found to improve survival and quality of life in SCD. However, such results have
been reported from other studies and the recommendation is that more detailed description of
the phenotype of HbF is required to understand the role of HbF in the clinical heterogeneity

of SCD.

VALIDITY
The validity of a study refers to how accurately the study measured its findings. Internal
validity refers to the adequacy with which the findings of the study can be used to draw
inferences about the study population. On the other hand, external validity refers to the
findings and how they relate to other populations. The lack of validity of a study results in

systematic error.
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Internal validity
The effect of selection bias
Selection bias can arise from errors in the study design that causes a difference in the way

individuals are recruited into the study.

This was a hospital based study, with limited recruitment in the community. The SCD
patients seen at Muhimbili were those who had been referred for investigation or had already
been diagnosed as having SCD. Therefore, most of these patients had symptoms suggestive
of SCD. This means that the patients that are at MNH may consist of those patients who have
not died in early childhood and therefore have relatively mild disease, i.e. the “healthy
survivors . However, this population may also present patients with disease severe enough to

warrant seeking health care.

This study has described the rates and patterns of bacterial infections during hospitalisation in
SCD patients. Although the SCD population is older, the evidence from this study reports that
SPN is one of the most common cause of infection. Further research is required to
determine the rates and patterns of bacterial infections in the younger age group and before

antibiotic use.

The effect of information bias

Information bias refers to errors that are caused by collection of inaccurate information. This
may be due to recall; reporting or observer bias. Recall bias may have arisen when
interviewing children and adults about past events. It is likely that the caretakers of young

children will have a more accurate recollection of events. Older children, adolescents and
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adults may not have an accurate recollection of events that occurred in childhood. In order to
address or reduce this error, it is necessary to include age in the multivariable analysis of
association between outcome and exposure. Furthermore, designing a study where
individuals are recruited at birth would allow the careful and accurate documentation of

rates and risk factors of events.

Reporting bias may have resulted from individuals with SCD seeking health care or health
care workers referring individuals to Muhimbili because of the knowledge that there was an
ongoing study. During this study, attempts were made to reduce this error by not influencing
the criteria for referral or hospitalisation. However, when exploring the role of malaria in
SCD, it is acknowledged that SCD patients may be more likely to report and be investigated

for malaria compared to non-sickle individuals.

The other issue that may have influenced the information that was collected was related to
access to care. As a referral hospital there are some events which would be managed at home
or in peripheral clinics. This is because there is a referral system which encourages patients to
initially seek care at a health facility near their homes. Furthermore, patients may come to
the hospital and receive care at casualty without being admitted. In these instances, clinical
events would not be captured during the study. The other factor that may have caused
information bias is physical and economic barriers to access to care. Individuals who live far
away from the hospital and those who cannot afford to travel to come to hospital are less

likely to come to the hospital.

Because of the potential for information bias, it is vital to reduce the factors that may
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contribute to this bias. Health education should be provided to SCD individuals and their
caretakers about the importance of attending clinic or contacting the health care providers
about clinical events that occurred and were managed at home. The second intervention that
can be put in place is to improve the care in the community by forming a network of care
with health facilities in the periphery. In this way, clinical events will be identified and the
appropriate intervention recommended. There is an urban demographic health surveillance
system that is being established in Dar-es-Salaam and in addition, there are community based
health workers that are providing care at home or in primary health care facilities for
individuals with chronic illnesses such as HIV/AIDS, Tuberculosis and Diabetes Mellitus. As
such, rather than set up a separate network of community-based and primary health care for

SCD, it is recommended that care for SCD uses these existing networks.

The effect of losses to follow up

In a cohort study, individuals are followed up over a period of time to determine the rate and
risk factors for clinical events. Patients may be lost to follow up because they drop out or stop
coming to the hospital because they have died in the community and this information has not
been collected. Alternatively, patients may move away from the study area or have physical
or economic reasons that prevent them from coming to the hospital. In this study there were
209 patients who were lost to follow up. It is difficult to conclude whether the patients who
were lost to follow-up are those with mild disease who stopped coming to the clinic because
they did not feel there was any advantage or benefit from coming to the hospital. It may also
reflect patients with severe disease who have not returned to clinic because they have died or
have a severe event like stroke that makes it difficult for them to come to hospital. However,

from the patients who were successfully traced, the suggestion was that there was no excess
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of deaths or severe events in those who were lost to follow-up.

Confounding
Confounding occurs when an estimate between outcome and exposure is mixed up with a
third factor. The third factor is associated with exposure and independently associated with

the outcome.

Within this study, attempts were made to minimise confounding. In the design of the study
and analysis of risk factors for key events of interest, confounding was controlled by
restriction of the analysis only to individuals with SCD. Therefore, comparison was made
between individuals who all had SCD. The other way that confounding was minimised was
by multiple regressions analysis. Variables that were significant during univariable analysis

were included in a multivariable regression model.

External validity - Generalisability of study findings

The external validity of the study refers to how the results from this study can be applied to
other populations. The findings from this study reflect the spectrum of SCD in a hospital
based-cohort in an area with low but variable malaria transmission. As it is in an urban
setting, the socio-economic status, level of education and access to health care is relatively
better than in a rural community. However, the rate of urbanisation in many African countries
is high and there is considerable success in public health interventions such that there is an
increasing number of SCD individuals who will be living in a setting similar to that where the

study was conducted.
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However, is acknowledged that these results may not be applicable to rural communities.
It is therefore important for evidence to be gathered in these settings. In this case, the results

from this study would be used as a reference point.

APPLICATION OF FINDINGS AND RECOMMENDATIONS FOR FURTHER
WORK

Implications for policy

The results from this study have demonstrated the burden of disease and highlighted the rates
and risk factors of hospitalization and mortality. Furthermore, it has provided initial evidence
with regards to the role of malaria, bacterial, infections stroke and HbF in SCD. The aim is
to start developing guidelines for the diagnosis and management of SCD patients at MNH.
Within MNH, guidelines for prophylaxis and treatment of malaria in SCD in Dar-es-Salam
have been proposed. Effective treatment for malaria during acute illness is of utmost
importance to minimise morbidity and mortality due to malaria and its complications such as

severe anaemia.

With regards to infection, it is recommended that SCD individuals who are below 5 years of
age receive prophylaxis against infection with oral penicillin and pneumococcal vaccination.
It is recommended that the introduction of prophylaxis should be accompanied by collecting

further evidence to determine the most appropriate intervention.

During the course of the study, a programme for control and management of SCD was
developed and submitted to the Ministry of Health. The aim is to establish a comprehensive

programme for detection, management and prevention of SCD in Tanzania. In addition it will
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aim to promote education and awareness in health professionals and the community regarding
the magnitude of sickle cell anaemia in Tanzania and develop active research programmes
that will provide an evidence-base for the detection, management and prevention of sickle

cell anaemia in Tanzania.

It has been proposed that Muhimbili is established as the national centre for the
comprehensive care and management of SCD. It will also act as the national referral
diagnostic centre that will provide laboratory and other diagnostic facilities for the detection
of SCD and its complications. Muhimbili will also support the establishment of regional
centres that will provide comprehensive care for the prevention and management of SCD in
other areas of Tanzania. The programme will explore appropriate strategies to introduce a
minimum package of simple, evidence-based essential interventions amongst SCD patients at
different levels of health care. This will include anti-malarials, antibiotics and guidelines for
prompt diagnosis and treatment of acute clinical events. All this will be supported by active
research programmes that will provide evidence for locally relevant policies and

interventions.

Implications for research

It is recommended that molecular studies should be established in Tanzania to identify
individuals with genotypes such as S/B°Thalassemia and S/HPFH. This would improve
the characterisation of the clinical spectrum of SS cohort. It is also recommended that
further work should be done to define the clinical events in SCD in early childhood. This
should be done by identifying SCD at birth by newborn screening. With the SCD birth cohort,

we would understand the natural history of SCD in Tanzania in the first 5 years of life. This
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would allow us to determine the most appropriate interventions. Second, the logistical issues
of NBS would be identified and used to guide and advise the ministry of health on how to
introduce NBS within Tanzania. In addition, the birth cohort would allow the study of

mechanisms of disease as well as understanding the genetic and environmental factors that

determine disease severity.

With regards to stroke, it is recommended that all SCD individuals between 2-16 years
should have measurement of CBFv by TCD. This should be done at least once a year, and
those with high risk of stroke, determined by locally appropriate CBFv as well as other
associated factors, should also have careful neurocognitive assessment and neuroimaging to
further define neurologic events. Furthermore, the natural history of neurological events can

be explored within the SCD birth cohort.

The role of foetal haemoglobin needs to be examined further by improving the phenotypic
description of HbF, by more descriptive epidemiologic studies. This needs to be accompanied

by careful genotyping to understand the genetic factors that determine Hb F levels.

This thesis forms part of a programme of work that is aimed at integrating research, clinical
care and education in SCD. There are various research questions that cut across different
disciplines, ranging from laboratory science aimed at understanding disease mechanisms to
social sciences which seeks to understand the social and behavioural factors that influence
disease and interventions. This is in partnership with clinical sciences focusing on morbidity
and mortality at individual level and public health sciences which approaches the same issues

at population level.
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CONCLUSION
This thesis has defined the spectrum of SCD in individuals at MNH. The study described the
characteristics of SCD patients at recruitment and determined the rates and risk factors for
hospitalisation and mortality. The role of malaria as a cause of morbidity and mortality was
determined and the usefulness of CBFv and other factors in identifying risk factors for stroke
was evaluated. Although the data were limited, information about the rates and patterns of
bacterial infections was described. Pilot data was gathered on the spectrum of HbF which

has important implications for interventions with agents such as Hydroxyurea.

This study has provided important evidence for developing policy for management of SCD at
MNH which will also help to guide principles of care at other levels of health care; it has also
highlighted important areas where there are gaps in knowledge which require further

research.
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