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ABSTRACT

Objectives: Todraw attention to the extent of homozygous sickle cell (SS) disease asa public
health problem in Uganda where a mean 20% frequency of the sickle cell trait impliesthat
25,000 babies with SS disease are born each year. To highlight the dangers of applying
interventions developed in non-malarial areasto regions where malaria may change the
natural history and outcome of sickle cell disease.

Data Sources: The published literature from Africa and from the US and Caribbean in
populations of African ancestry.

Study Selection: Theworld literature especially, that derived from the US, Caribbean, and
equatorial Africa.

Data Extraction and synthesis: In non-malarial areas, smpleinterventionsapplied early in
life have significantly improved survival and the quality of life. Two well documented
interventions are pneumococcal prophylaxisand the early parental diagnosis of acute splenic
sequestration. The available literature from Africa suggeststhat neither of these may be
appropriatein malarial areas.

Conclusions: Manifestations of SS disease differ in malarial areasand it is questionable
whether interventions developed in non-malarial areas apply. Thereisan urgent need to
document the causes of death so that locally appropriate inter ventions may be developed to
improve survival. Equally urgent isthe need to define the pattern of clinical problems so that
models of care may be evolved for usein malarial areas. Without thisknowledge, health care
plannerswill not havethe information necessary to develop strategies and limited resour ces

may be inappropriately deployed.

INTRODUCTION

Fifty years ago, the frequency and distribution of the
sickle cel trait in Uganda (1-3) revealed marked variations
between different tribal groups, 1-4% in the Karamajong
Banyankole, and Bahima, 16-20% among the Baganda,
Etesot, Acholi, and Banyoro, 20-28% among the Bakiga,
Basoga, Bagisu, and Lugbara, and 40% (the highest
frequency described anywhere in the world) among the
Baamba. These observations led to conjecture on the
anthropological significance of thetrait and the migration
of people carrying different trait frequencies but also laid
the foundation for knowledge on the relationship between
thetrait and faciparum maaria. Work from Mulago Hospitd
in Kampala, Uganda documented the reduced parasite
density and relative infrequency of malariain personswith
thetrait (4,5). The cost of such protection was an average
sickle cell trait frequency of 20% and homozygous sickle
cell (SS) affecting 1-2% of births, prompting Trowell et al
(6) in 1957 to comment “That a paediatric problem of this
magnitude existed in Africa has only recently been realised”
In Uganda' s current population of 25 million, approximately
25,000 babies are born with SS disease each year yet there
arefew comprehensive studies of clinicd festuresin Uganda

(6,7). Thefate of these children islargely unknown athough
indirect evidence suggeststhat 70-80% die by the age of two
years and malariais likely to be amajor determinant of
mortdlity. Interventions designed in non-malarial areas (8-
10), have significantly improved survival (11), but
preliminary data cast doubt on their appropriatenessin
malarial areas. Thereis an urgent need to document the
clinical course, causes and age of death of patients with
sickle cell disease in maarial areas and provide the
knowledge essential for health care planners to develop
appropriate services and interventions.

This review addresses some of the factors known to
influence expression of sickle cell disease elsewhere and
attempts to highlight important areas of ignorance and
research opportunitiesin Uganda. It is hoped that it will act
as a stimulus to research and also inform health care
personnel on the extent of the problem and the need to
improve management and services for the disease.

Genotypes of sickle cell disease: The available data
indicate that SS disease is the dominant and maybe the
only formof sickle cell diseasein Eagt Africa. Haemoglobin
C(HbC) with a prevalence of 20% in parts of Ghana and
Burkina Faso and 3-5% in Nigeria does not occur in East
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Africaexcept in persons of West African origin and the
double heterozygous sickle cell-haemoglobin C(SC) would
not be expected to occur. The genes for betat, and betad
thalassaemiawhich occur in 1.0% and 0.5% of Jamaicans
of West African ancestry (12) give riseto sickle cdll-beta®
and sickle cell-betal thal assaemia but the frequency of
these conditions in East Africais unknown. Sickle cell-
beta thal assaemia most commonly resultsin 20-30% HbA
and amild clinical condition easily detectable on routine
haemogl obin electrophoresis whereas sickle cell-betal
tha assaemia produces only HbS, HbF, and HbA 2, similar
to the pattern observed in SS disease, and the diagnosis
rests on family studies, microcytic red cells (MCV<70fl)
and raised levels of HbA o, (> 4.5%). If these conditions do
occur, they are likely to be uncommon and almost all
sickle cell diseasein East Africamay be assumed to be SS
disease. The existence of only one major genotype
simplifies research and removes an important variable in
clinical course in populations of West African origin.

Molecular variation: The HbS mutation has arisen
independently in severa geographical locations. Structural
variations in the DNA molecule flanking the beta globin
gene, referred to as the beta globin haplotypes, are named
after the areas where they werefirst described i.e Senegal,
Benin and Bantu (13-17). The Senegal haplotype occurs
on the Atlantic coast of West Africathe Benin haplotype
in Central West Africa especially Ghana, Nigeria, and
Coté D’Ivoire and the Bantu or Central African Republic
haplotype in the Democratic Republic of Congo, the
Central African Republic, Angola and Kenya (18). A
fourth Asian haplotype characterises the HbS genein the
Eastern Province of Saudi Arabia (19,20), and in Central
India(21), where the DNA structure differs from those
encountered in Africa. Because the Benin haplotype
predominates among sickle cell populationsin Europe and
the Americas, most of the available haematological and
clinica dataare from this haplotype. Although there are no
direct data, Ugandan patients are assumed to have the
Bantu haplotype and Uganda offers an opportunity to
describe its clinical and haematological features.

Other factors with a genetic basis which ameliorate
Severity in patients of west African origin, include high levels
of fetd haemoglobin (HbF) and deletiond dphathdassaemia
(22). Heterozygous alpha thal assaemia occursin 35% and
homozygosity in 4% of Jamaicans of West African ancedtry.
Anecdotal evidence suggests that both high HbF levelsand
a pha thal assaemia are common in surviving SS patientsin
Ugandawhich, if confirmed, affordsamode for investigeting
the mechanism of such effects.

The impact of malaria: Most published work on
sickle cell disease derives from non-malaria areas of the
US, Caribbean, and Europe, and caution is needed in
extrapolating the findings to areas where maaria is
common. Falciparum maaria confersasurvival advantage
on the sickle cell trait, but although datain SS disease are
conflicting (23,24) it is undoubtedly amajor contributor to

both the morbidity and mortality of the disease. The
mechanism is unclear and it is debated whether deaths
occur from malaria itself or from precipitating the
symptoms of sickle cell disease. The markedly shortened
red cell life of 10-12 days typical of SS disease will be
aggravated by the additional haemolysis of acute malaria,
the fever would promote dehydration with precipitation of
dactylitis or painful crises, and increased endothelial
adhesion of red and white cells provides afurther. Malaria
may also change the natural history of splenic structure
and function in SS disease contributing to the clinical
impression that splenomegaly persists more frequently in
Ugandan SS children. Theinteraction of faciparum malaria
and SS disease presents many important questions and
challenges which can best be answered in areas such as
equatoria Africawhere both diseases co-exist. What isthe
most effective malarial prophylaxis for patients with SS
disease? Is chloroquinerophylaxis feasible in an area
where perhaps 70% of malarial parasites are chloroquine
resistant, or are impregnated bed nets more redlistic? Does
effective prophylaxis hinder the development of natural
immunity rendering patients particularly susceptible if
prophylaxis ceases? Should patients be alowed to develop
active immunity by prompt treatment of malaria episodes
or are the risks of this approach too high? These very
practical questions are essential to the management of
sickle cell disease in Uganda.

The spleen: Thisis central to much of the early
pathology in SS disease with the abnormal red cells
damaging the filtering mechanism and rendering patients
prone to blood infections. In non-malarial areas, splenic
function islost early and a gradual progressive fibrosis
culminates in a small shrunken splenic remnant
(autosplenectomy), although episodes of acute splenic
sequestration (ASS) or sustained sequestration
(hypersplenism) may be superimposed.

Acute splenic sequestration, with acute enlargement
of the spleen, typically 2-4cm below the costal margin, is
associated with haemoglobin fals of 3g or more and raised
reticulocytes counts. It was a common cause of morbidity
and desth in Jamaicawhere teaching the mother itsdiagnosis
now leadsto earlier presentation and areduction in mortality
from this complication by 90%(10). The prevalence of
ASS, whether its natural history is modified by malaria, and
whether parental education in its early detection would have
the same beneficial effect is unknown in Uganda.

Chronic hypersplenism is characterised by marked
splenomegaly, sequestration of red cells and a new
haematological equilibrium with Hb levels of 3-5g/dl and
reticulocytes of 20-30%(25). Extreme bone marrow
hypertrophy increases metabolic demands and consumes
protein and calories normally needed for growth. Height
velocity falls, children are stunted and a growth spurt
follows relief of hypersplenism by splenectomy(26,27).
Morbidity of hypersplenism aso results from the increased
cardiovascular work associated with the low haemoglobin
and an increased mortaity from haemorrhage, superimposed
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acute sequestration, or coincident aplastic crisis.
Management in the past has been based on intermittent
transfusion while awaiting progression of splenic fibrosis
avoiding splenectomy because of concerns over removing
any remaining splenic immune function. It is now known
that the risks of infection or death are no higher in
splenectomized SS patients than in matched SS controls
without splenectomy (28) and surgery is increasingly
advocated if spontaneous resolution does not occur after an
observation period of 3-6 months. There is a clinical
impression that hyperslenism is common in Uganda and
associated with singnificant morbidity. This requires formal
confirmation and study.

Overwhelming infection: In non-malaria areas, the
loss of splenic filtering capacity leadsto a greater risk of,
septicaemiain SS disease especidly in the first two years
of life(29,30) and falling rapidly thereafter. Sreptococcus
Pneumoniae (31,32) has been the dominant organism in
non-malarial areas and pneumococcal prophylaxis with
penicilin (8,9) has become routine clinical care
commencing at four months and continuing until four
years at least. This increased risk of Streptococcus
pneumoniae septicaemia does not characterise SS disease
in all areas. In the Eastern Province of Saudi Arabia,
splenic function persists longer (33,34) and Streptococcus
pneumoniae is aless frequent cause of septicaemia (35)
than Salmonella and other gram-negative organisms.

Data on causes of bacteraemiain SS disease from
Africa have reached conflicting conclusions. In the
Democratic Republic of the Congo, Streptococcus
pneumoniaewas the most frequent isolate from bacteraemic
SS patients (36,37) and this organism was found in the
blood of all the eight cases with ‘ pneumonia in northern
Nigeria (38). However, three other Nigerian studies (39-41)
have shown a paucity of Streptococcus pneumoniae. None
occurred among 19 bacteraemiasin Lagos(39), one among
54 bacteraemias in Benin City (40) and none among 304
children admitted with acute illnessin Kaduna (41) athough
this organism was found in the CSF of three children. In
Ugandathere was dso a dearth of Streptococcus pneumoniae
as a cause of septicaemia (Monica Etima 2002, personal
communication). In the five African studies from Nigeria
and Uganda, the most common causes of bacteraemiawere
Klebsidla, Streptococcus aureus, and Salmonella species.
The virtual absence of Sreptococcus pneumoniaein these
studies is unexplained but could be due to the widespread
use of across-the-counter antibiotics, death before
presentation to hospital in patients septicaemic with
Sreptococcus pneumoniae or the intriguing possibility that
malariaencourages persstence of splenic function in patients
with SS disease (41). The hypothesis of greatest concernis
that children with Streptococcus pneumoniae septicaemia
die before reaching hospital athough this seemsintringcaly
unlikely (three children with Streptococcus pneumoniaein
the CSF reached hospital in Kaduna). In this context a
randomised trial of pneumococcal prophylaxis with death
as an endpoint would be useful, since fewer deathsin those

receiving prophylaxis could justify its use regardless of the
cause of death. Currently the data on the frequency of
Streptococcus pneumoniae as a cause of septicaemiain SS
patientsin Africado not justify the use of pneumococcal
prophylaxis and Minigtries of Health with limited resources
and the large numbers of patients, will require
incontrovertible evidence to institute such apolicy.

Documenting the age and cause of early mortality:
The greatest challenge for Uganda remains the charting of
the natural history of sickle cell disease from childhood.
Mortality isgenerally greatest in thefirst year of life and the
inferred high early mortality in Uganda requires a study
based upon the intensive follow up of children detected by
newborn screening to document the principal causes of
death. Thisinformation is essentia to the design of smple
interventions to prevent deaths and to health care planning
throughout regions where SS disease and fa ciparum malaria
coincide. Such a study should have the greatest priority at
thistime, and from it, answers to the other questions will
flow. These should address the optimal mode of malaria
prophylaxis, the role for antibiotic prophylaxis, the optimal
management of acute and chronic splenic sequestration,
and the charting of the natural history of the disease.

Sickle cell diseasein Ugandaisamajor public health
problem with poor visibility and low, awareness, astuation
that will persist if patients continue to be hidden away in
families. Declaration of the disease is the first step in
establishing the frequency of the problem and the need for
clinical services. The disease cannot yet be cured but
elsewhere simple interventions have improved not only
aurviva (11), but aso the quality of life. These interventions
may not be appropriate for Uganda but others will be
evolved which can aso improve the outcome of the disease.
Sickle cell disease is not an inevitable cause of death.
Median surviva of SS patientsin the US now exceeds 40
years (42), and in Jamaica 50 years (43). The oldest patient
known to the Sickle cell Clinic at Mulago Hospital is 73
years. The outlook should be much brighter but the disease
must receive greater attention both from affected families
and from the health care planners. In 1957, Trowell et al (6),
noted “ The present study reveals many differences between
the pattern of the disease as seen in Central Africaand that
recorded in West Africaand America. The most important
differences lie in its early age of onset, rapid rate of
evolution, and high mortality in infancy in Central Africa’.
Nearly 50 years |ater, something should be done to document
and change these perceptions.
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