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Malaria reportedly accounts for 10% of Africa’s disease burden and about 90% of the global mor-
bidity and mortality affecting mostly children under S years old. Previous studies have ex-pressed
varied opinion on the protection from severe Plasmodium falciparum malaria by o+-thalassaemia. A
random cross-sectional sampling of 456 children at the Komfo Anokye Teach-ing Hospital (KATH),
Kumasi, Ghana were tested for malaria parasite, complete blood count (CBC), serum ferritin, and
a-globin genotype. Alpha (+)-thalassaemic children recorded a sig-nificantly lower (28,705/pL)
mean parasite density (MPD) compared to non-o-thalassaemic children (35,483/pL) (p<0.0001).
The homozygotes, a+-thalassaemia, recorded a significantly lower (691/pL) MPD compared to
26,350/uL for the heterozygotes and 35,483/uL for the non-a-thalassaemic children (p = 0.0001).
Alpha (+)-thalassaemia was hypothesized to protect against malaria via a reduction in the parasite
density. The homozygous o+-thalassaemias were more protective than the heterozygous. Microcytic
hypochromic anaemia was found in 141 (59%) of the subjects of which 71 were a+-thalassaemia.
Alpha (+)-thalassaemia was shown to be a possibly key contributor to microcytic hypochromic
anaemia amongst cases that were suspected of iron deficiency. Suspected iron deficiency cases
should therefore be screened for o-thalassaemia to avoid the unnecessary administration of iron

supplement.
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Introduction

The ot-thalassaemia is the most common single gene
disorders in the world affecting 5 to 10% in the Medi-
terranean, 20 to 30% in West Africa, and approximately
68% in the South Pacific [1]. In Ghana, there have been
reports of the high prevalence of a+-thalassaemia, espe-
cially the heterozygous affecting between 26-33% of the
population [2,3]. The o+ thalassaemia is prevalent in
areas where malaria is endemic thus providing a com-
pelling example of natural selection. Malaria reportedly

accounts for 10% of Africa’s disease burden and the fact
that about 90% of the global morbidity and mortality of
malaria is suffered by Africa especially children below
five years [4]. Though a+-thalassaemia is reported to
confer protection against the fatal consequences of ma-
laria, especially the type caused by Plasmodium falci-
parum, there is however, a degree of controversy as to
whether it is the heterozygous a+-thalassaemia trait, the
homozygous o+-thalassaemia trait or both a-globin
genotype that offer protection, or indeed whether the
protection applies to all forms of malaria. According to a
study in Papua New Guinea (PNQG), the risk of severe
malaria was reportedly reduced by 60% and 34% in ho-
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mozygous and heterozygous a+-thalassaemic children,
respectively [5]. Some studies have however, expressed
varied opinion on the protection from severe Plasmo-
dium falciparum malaria by o+-thalassaemia. Whereas a
Ghanaian study found no protection for the homozygous
status [3], a Kenyan study found protection for both ho-
mozygous and heterozygous conditions [6]. As is the
case in sickle cell trait, the mechanism of the proposed
protection might most likely be linked to a reduction in
the parasite density [7,8].

Similarly, o+-thalassaemia is suggested to have a
causative effect on anaemia, specifically microcytic hy-
pochromic anaemia; mean cell volume (MCV) < 80 fL;
mean corpuscular haemoglobin (MCH) < 27 pg). It had
been indicated that about 50% of individuals analyzed
had a+-thalassaemia as the cause of the microcytosis and
hypochromia [9]. Similarly, Rahim found a considerable
20% prevalence of o+-thalassaemia in microcytic hy-
pochromic anaemic patients [10]. These were also sup-
ported by findings that microcytic hypochromic red cell
might be responsible for conferring protection from se-
vere P. falciparum malaria in o+-thalassaemia [11].

We tested the hypothesis that heterozygous, homo-
zygous or both a+-thalassemia, have effect on malaria
parasitaemia, and that a+-thalassemia contributes to mi-
crocytic hypochromic anaemia.

Materials and Methods

Study site, subject population, and sample
collection

The study was conducted at the Komfo Anokye Teach-
ing Hospital (KATH), and the Kumasi Centre for Col-
laborative Research (KCCR), both located in Kumasi,
with a projected population of about 1.2 million [12].
The ethnicity of Kumasi is predominantly Akans, who
make up 77.7% of the population, while other smaller
groups, including, but not limited to, the Mole-Dagbon
(9.1%), Ewe (2.9%), and Grusi (2.9%), account for the
rest [13]. A total of 456 children, aged 1 week to 10
years, were recruited between the months of May and
December 2008. Five ml of blood was obtained by ve-
nepuncture after consent by parents or guardians. The
Committee on Human Research Publication and Ethics
(CHRPE), Kumasi gave approval for the study

Malaria parasite test

Thick and thin blood films were prepared, stained with
Giemsa, and read for malaria parasites following stan-
dard, quality-controlled procedures. Parasitaemia was
expressed as the number of asexual forms of the malaria
parasites per microlitre. It was graded as low (1-999/pl),
moderate (1000-9999/ul) and high (= 10000/pul) [14,15].

Complete blood count (CBC)

Haemoglobin (Hb), mean corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH), and red cell
count (RBC), were determined using the Cell-Dyn®
3700 (Abbott Diagnostics, USA). Microcytosis (MCV <
80fL) an% hypochromia (MCH < 27pg) and RBC count
(<4.2x10 /uL)) were used to exclude microcytic hy-
pochromic anaemia.

Serum ferritin test

All samples that showed microcytosis were further
evaluated for plasma ferritin [16] to exclude iron defi-
ciency, leaving probable alpha thalassaemia as causes of
microcytosis The test was conducted using a microparti-
cle enzyme immunoassay (MEIA), (Abbott laboratories,
USA.) technology, which uses a solution of suspended,
submicron, sized latex particles to measure ferritin. Us-
ing this method plasma ferritin shows 79% specificity
and 79% sensitivity for IDA and a cutoff of <273 pg/ul
best predicted iron deficiency anaemia (IDA) [17]. The
results were compared with the age-adjusted values de-
scribed previously elsewhere [18].

Polymerase chain reaction (PCR)

The molecular characterization of the alpha plus o*’kb
heterozygous and homozygous were determined by
DNA sequence analysis of each deletion breakpoint us-
ing the single-tube multiplex-PCR assay [19] capable of
detecting any combination of the 6 common single and
double gene deletion. Since each of the 6 deletions either
partially or completely removes the a, gene, its positive
amplification was used to indicate heterozygosity when
a deletion allele is present. Amplification of the large
2.5Kb segment of the LISI gene 3' UTR was included as
control for the amplification. The extraction of the DNA
complied with the protocol described in the QIAamp
DNA mini kit handbook [20].

Following the extraction of the DNA, each DNA
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sample was amplified using a thermal cycler (Eppendorf,
Germany). Along with the test sample, each PCR run
included three positive control DNAs (mutant DNA (64
ng/ul), wild type DNA (71ng/ul), and heterozygote DNA
(105ng/ul)) and a negative control of aqua ad in-
jectabilia. The total reaction volume was 50 ul in adher-
ence to the protocol of Chong [19]. Each 50ul reaction
tube contained primers as shown in Table 1.

After the DNA, amplification the product was elec-
trophoresed using 1.5% agarose gel. The images were
then printed out on a black and white Polaroid film. The
individual bands were then compared with the positive
controls, and the different genotypes determined. The
extent of deletion was confirmed by comparing the
bands with the 100bp DNA ladder. Along the 100 bp
DNA ladder, the 1800 bp point served as the wild type,
the 2000 bp, the deletion type, while the heterozygote
form comprised two strands, one of the 1800 bp, while
the others were of the 2000 bp. The results were thus
reported as wild type or normal (ao/ot), mutant or dele-
tion type (-a/-a), and heterozygote (-o/aat).

Statistical analysis

Categorical data were analyzed using the y test for
trend, and numerical data were compared using one way
analysis of variance (ANOVA) or unpaired #¢-test and
were determined using logistic regression from Graph-
Pad prism version 5.00 for windows (GraphPad soft-
ware, San Diego California USA). In all statistical test, a
value of p<0.05 was considered significant.

Table 1 A collection of the primers used

Results

Age group, sex distribution and incidence of
P. falciparum

Out of the total of 456 children (mean age 4.3 years)
who were tested for malaria parasites, 60 (13.17%) were
positive, with ages 1 week to 5 years having an inci-
dence rate of 7.47% and a mean parasite density (MPD)
of 8609.0 uL™' compared to 5.70% incidence rate in the
6 to 10 year group with MPD of 51,740.0 pL" (p<0.0001)
(Table 2).

Females had a higher (15.51%) infection rate com-
pared to the males (11.52%), (p=0.2706). However, females
recorded a significantly higher (50,180.0 pL™') MPD
compared to males (9,513.0 pL™") (»<0.0001) (Table 2).

A total of 84 (35.59%) of the children were positive
for o+-thalassaemia, (28.81% heterozygotes and 6.78%
homozygotes) while 152(64.41%) were non-o-thalassaemic
(Figure 1)

The incidence rates of malaria in children with
a+-thalassaemic (16.67%)compared to non-o+-thalassaemic
(26.32%) were not significant (p = 0.2036), (Table 3)
although o+-thalassaemic children had a significantly
lower (28,705/uL) MPD compared to non-o-+-thalassaemic
children (35,483/uL) (p < 0.0001). Interestingly, the
homozygotes recorded a significantly lower (691/uL)
MPD compared to 26,350/uL for the heterozygotes and
35,483/uL for the non-a-thalassaemic children (p =
0.0001). Severe malaria amongst a+-thalassaemic chil-
dren (1.19%) and non-o-+-thalassaemic children (1.97%)
showed no significant difference (p = 0.6605).

Microcytic hypochromic anaemia (MCV < 80fL,
MCH < 27pg and RBC count <4.2) was evident in 59%

Name 5’-3’ Sequence GenBank ID: Nucleotide
02/3.7-F CCCCTCGCCAAGTCCACCC HUMHBA4:5676-5694
3.7/20.5-R AAAGCACTCTAGGGTCCAGCG HUMHBA4:11514-11494
a-R AGACCAGGAAGGGCCGGTG HUMHBAA4:74757457

Table 2 Age group, sex distribution and malaria incidence in children within the Kumasi metropolis

Age (yrs) Total (456) Male (269) Female (187)
%(Infected) MPD (/uL) %(Infected) MPD (/uL) Y%(Infected) MPD (/uL)
<5 7.47(34) 8,609 6.69(18) 13,220 8.55(16) 15,900
6to 10 5.70(26) 51,740 4.83(13) 30,380 6.95(13) 73,100
Total 13.17(60) 30,626 11.52(31) 9,513 15.51(29) 50,180

MPD = mean parasite density
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Table 3 Incidence of malaria in a+-thalassaemic children within the Kumasi metropolis

-a/aa & -a/-a (84) -a/aa (68) -a/-a (16) aa/aa (152)
Malaria Prevalence 16.67(14) 16.18(11) 18.75(3) 26.32(40)
MPD 28,705.0 26,350.0 691.3 35,483.0
Severe malaria 1.19(1) 1.47(1) 0(0) 1.97(3)

MPD =mean parasite density;

Severe malaria = Hb < 8.0g/dl with mean parasite density of >10,000 pL"’

64.41%

35.59%

Prevalence (%)

28.81%

Fig.1 Prevalence of a-thalassaemia genotypes in children within the Kumasi Metropolis.

of the subjects. These subjects were further tested for
serum ferritin (cut-off level of 273ug/ul), of which
120(85.0%) had normal/high levels, while 21(15.0%)
had low levels. Out of the 120 with normal/high serum
ferritin levels, 63(52.5%) were o-+-thalassaemia, while
57(47.5%) had the normal genotype (ao/aa). Of the 21
with low serum ferritin levels, 8 (38.1%) were also
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o+-thalassaemia (Table 4).

Mean RBC, MCV and MCH counts were higher in
o+-thalassaemic children compared to non-o-+-thalassaemic
(Figure 2A, 2C, 2D) (»p<0.0001, p<0.0005, p<0.0019)
however, this was not the same for mean Hb (p =
0.1635) (Figure 2B).
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Fig.2 Haematological parameters of a+-thalassaemic against non a-thalassaemic children.
A: Mean RBC value in normal and alpha thalassaemic children; B: Mean Hb value in normal and alpha thalas-
saemic children; C: Mean MCYV value in normal and alpha thalassaemic children; D: Mean MCH value in normal

and alpha thalassaemic children.
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Table 4 Characteristics of serum ferritin level by non-microcytic hypochromic, microcytic hypochromic (IDA) and

a + thalassaemia

Non-Microcytic Hypochromic
(MCV280 fl; (MCHZ27pg)

Microcytic Hypochromic
(MCV<80 fl); MCH <27pg)

Prevalence 186 (41%)

270 (59%)

Microcytic Hypochromic/Microcytic Hypochromic (IDA)/

(a + thal)

Serum Ferritin (n=141) <273ng/uL

21 (15%)

120 (85%)

a + thalassaemia genotype

a+ thal
8 (38.1%)

aa/aa a+ thal aa/aa
13 (61%) 63 (52.5%) 57(47.5%)

Discussion

This study recorded malaria incidence rate of 13.16%
similar to the 13.65% and 16,1% earlier reported [21,22]
but differs from incidence rates of 66.90% and 77.80%
previously reported [3,23]. The lower rate found in this
study might be due to adherence to malaria-control pro-
tocols such as insecticide spraying, sleeping under insec-
ticide-treated mosquito nets, administration of intermit-
tent treatment with anti-malaria drugs, or strict adher-
ence to laid down sanitary ordinances, or difference in
rainfall patterns [24]. However, the rate of 13.16% sug-
gests that malaria currently presents a leading cause of
morbidity and mortality among urban African popula-
tions > with the projected rapid growth rate of 3.5% and
a United Nation Population Prospects (UNPP) projection
of 50% of African populations living in urban areas by
2025 [26]. Children betweenl week to 5 years recorded
a 7.47% incidence rate of malaria (MPD (8609/uL)
compared to the 5.70% for 6 to 10 years (MPD
51,740/uL) (p < 0.0001) (Table 2). Age-group 1 week to
5 years appear more susceptible to malaria infection
which may be due to their lower immunity against ma-
laria infection [27]. Females compared to males, are ap-
parently more susceptible to malaria parasitaemia
(15.51% and 11.52% incidence rate respectively and
MPD of 50,180/uL and 9,513 /uL (p < 0.0001) (Table 2)
which might be due to differences in background immu-
nity between males and females [28]. However, other
findings [29] have reported contrasting finding, in which
boys were rather more likely to be parasitaemic than
girls, even though no reasons were given.

The prevalence of the o’ kb deletional type of
o'-thalassaemia was 35.59% (28.81% heterozygotes and
6.78% homozygotes,) (Figure 1) and compares with pre-
vious findings [1,2] but considerably lower than the 45%
rate reported in Nigeria [23], or the 53.7% reported on

the coast of Kenya [30] and 90% in the PNG [5].

This study recorded no significant differences (p =
0.2036) in the incidence rates of malaria between
a+-thalassaemic children (16.67%) and non-o+-thalassaemic
children (26.32%), although o+-thalassaemic children
recorded a significantly lower (28,705/uL) MPD com-
pared to non-a+-thalassaemic children (35,483/uL) (p <
0.0001) (Table 3). Interestingly, the homozygotes recorded a
significantly lower MPD (691/uL compared to both the
heterozygotes (26,350/uL) and non-o+-thalassaemic
children (35,483/uL) (p < 0.0001) (Table 3).

These results suggest that o+-thalassaemia offer
some degree of protection against malaria in children, as
previously reported [3,4,5,30], and that the early expo-
sure of very young thalassaemic children to both P. fal-
ciparum and P. vivax appears to provide the basis for
better protection in later life [31].

As is the case in sickle cell trait, the mechanism of
protection might most likely be linked to a reduction in
the parasite density [7,8]. However, current studies have
not been able to provide plausible mechanisms for the
protection [32]. This is in spite of earlier suggestions
[33,34] that the significantly higher level of haptoglobin,
an acute phase protein in homozygous individuals, has
been found to be toxic to P. falciparum in vitro and may
be responsible for conferring protection from severe
malaria. Later confirmation [35] suggested that the
higher level of haptoglobin (Hp), in homozygous
a+-thalassaemic individuals confers protection by re-
moving free haemoglobin released during haemolysis.
However, a recent study conducted in PNG however,
suggested that an increased number of abnormally small
erythrocytes associated with homozygous o -thalassaemia
might be responsible for the protection against severe
malarial anaemia [10].

Results from the current study, however, seem to
lend credence to a previous report [7] that the mecha-
nism might be due to a reduction in the degree of parasi-
taemia. This finding is supported by the observation that
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the imbalance in globin chain production, which is a
major characteristic of o+-thalassaemia, produces mem-
brane oxidation by hemichromes and other molecules
that produce reactive oxygen species — superoxide anion
(Oy) and hydrogen peroxide (H,O,) that supposedly
injure and kill malaria parasite [36-38].

Interestingly, this protective effect was most evident
in homozygotes that recorded a significantly lower MPD
compared to both the heterozygotes and non-o+-thalassaemic
children as reported previously [4,5]. This finding how-
ever, conflicts with an earlier study conducted in Ghana
[3], which reported that the observed protective effect of
a+-thalassaemia was attributable only to the heterozy-
gous. The present finding could be supported by the
suggestion that the small red blood cells of a+-thalassaemia
genotypes are less hospitable to parasite growth and
multiplication [39]. This implies that the mechanism by
which a+-thalassaemia appears to confer protection from
malaria might be due to a reduction in the parasite bur-
den. However, the fact that there is no significant differ-
ence (p = 0.2036) between the incidence rate of malaria
in o+-thalassaemic and non-o+-thalassaemic children
means that both groups were susceptible to the malaria
infection, a point supported by previous findings [23,40].
It has also been indicated that, both normal and
a+-thalassaemic RBCs were susceptible to P. falciparum
invasion, however, the parasite multiplication rates were
significantly reduced in the thalassaemic RBC popula-
tion [7].

This study observed no significant differences (p =
0.6605) in the incidence rates of severe malaria amongst
at-thalassaemic (1.19%) and non a - thalassaemic
(1.97%) children (Table 3).

Microcytic hypochromic anaemia was found in 141
(59%) of the subjects of whom 71 were a+-thalassaemia
making alpha (+)-thalassaemia a key contributor to mi-
crocytic hypochromic anaemia amongst cases that were
suspected to be iron deficiency and further suggests that
suspected iron deficiency cases should be screened for
a-thalassaemia so as to avoid the unnecessary admini-
stration of iron supplement [8,9]. In populations like
Ghana with a high prevalence of thalassaemia trait (33%),
and malaria (13%), serum transferrin receptor (sTfR)
level may not be useful in diagnosing iron deficiency
unless the patient’s thalassaemia status is known [41]. It
has however, been suggested that serum ferritin cut-off
level of 273pg/ul is able to distinguish between micro-
cytosis due to IDA and a+-thalassaemia [17]. This study
also found a significant increase (p < 0.0001) in the
mean RBC counts (Figure 2A), decrease in the mean
MCYV (p = 0.0005) (Figure 2C) and mean MCH values

(»p = 0.0019) (Figure 2D) for a+-thalassaemic children
compared to non-a+-thalassaemic children. The increase
in the small erythrocytes as recorded in this study might
be responsible in conferring protection from severe
parasitaemia by a reduction in parasite density.

Conclusion

The 13.16% incidence rate of malaria recorded in his
study appears to be relatively low, suggesting some de-
gree of compliance to malaria-control protocols; but
could be regarded as a serious public health conundrum
in an urban settlements like Kumasi.

Alpha thalassaemia protects against malaria by a
reduction in the MPD and that the homozygous o+
-thalassaemia were more protected. Alpha (+)-thalassaemia
appears to be a key contributor to microcytic hypochro-
mic anaemia, accounting for 52.5% of children that were
microcytic hypochromic, suggesting that these individu-
als are screened for thalassaemia before the administra-
tion of iron supplement.
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