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Abstract

Severe malarial anaemia (SMA) is one of the most outstanding complications of maaria in African children. It is
often associated with iron deficiency, but explorations of soluble transferrin revealed controversial data. Despite
the implication of host genetics factors in malaria pathogenesis, nothing is known about the role of iron carried
polymorphisms in this plague. Nevertheless, these polymorphisms have been associated with pathogenesis of dis-
eases associated with iron deficiency.

We conducted a cross-sectional study including 59 children with SMA, 176 with mild malaria anaemia (MMA)
and 92 with non-anaemia malaria (NAM). We investigated polymorphisms G258S, R300H, A477P, P570S from
transferrin exons 7, 8, 12, 15 respectively and S142G from transferrin receptorl (TfR1) exon 4 by PCR-RFLP. The
mean age of children with SMA, MMA and NAM was 27.7 + 8.8, 38.6 + 10.2 and 47.3+ 15.4 months respec-
tively, confirming that SMA is associated with young age (p<0.05). Alleles of transferrin C2 (corresponding to P
570S) and C3 (corresponding to G258S) occurred in 13.8% and 1.2% of the children, respectively. Allele C3 was
detected only in children with SMA (n=4, 6.8%). The frequency of allele C2 was significantly different between
study groups: 1.7%, 11.4%, and 26.2% respectively for SMA, MMA, NAM; p<0.0003. Allele of transferrin C2
was associated with decreased risk in malarial anaemia (malarial anaemia [8.9%)] versus NAM [26.2%], p<0.01).
Transferrin polymorphisms R300H and A477P were not found. The frequency of TfR1 polymorphism S142G was
13.6%, 12.5%, 13.0% respectively for SMA, MMA, and NAM, suggesting that it had no influence on the risk of
malarial anaemia. Data support the conclusion that transferrin polymorphisms influence the risk of SMA.
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INTRODUCTION

One of the most important causes of childhood mortal-
ity worldwide is the maaria parasite Plasmodium falcipa-
rum, which annually kills about 1 million children in Africa
aone [1]. Malarial anaemia is one of the most prevalent
symptoms of this infection. It is caused partly by the loss

Département de Parasitologie-Mycologie Médecine Tropicale,

of red blood cells, both infected erythrocytes and uninfected
erythrocytes, which are destroyed by hemolysis or phagocy-
tosis [2]. Rigidification of the membranes of infected
erythrocytes and uninfected erythrocytes during infection
may be an important factor in the destruction of these cells
during passage through the spleen [3]. Severe maaria
anaemia (SMA) is the most frequent complication of ma-
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lariaand it is often associated with a decrease of erythrocyte
volume reflected by a reduced mean corpuscular volume
(MCV) [4, 5]. One of the causes of this mycrocytosis is
iron deficiency [6].

Iron deficiency during a maaria attack could be due to
nutritional factors or to excessive loss and dismetabolism of
iron. This dismetabolism could be the consequence of the
iron-binding protein deficiencies, like transferrin and its re-
ceptors. Thus, they may be considered as factors involved
in SMA pathogenesis.

Transferrin is the major circulating glycoprotein in-
volved in iron metabolism [7]. It tightly binds two iron (111)
ions per molecule, together with the synergistic anion car-
bonate, giving rise to a characteristic ternary complex.
Modifications in its structure could therefore affect iron me-
tabolism. A great number of transferrin variants have been
reported in different human populations [8-12]. Polymor-
phisms of these proteins have been associated with the
pathogenesis of certain diseases. Among these, several are
involved in the pathogenesis of diseases related to iron dis-
orders. For instance, transferrin variant C2 corresponding
to C1815T transition in exon 15 (mutation P570S in pro-
tein) which is characterized by weak iron-binding capability
is associated with rheumatoid arthritis [13]. The C3 variant
characterised by mutation G258S (G876A transition in
exon 7) increases the risk of developing anaemia associated
with iron deficiency and the severity of Parkinson disease
[14, 15]. Moreover, the A477P mutation has been identified
as responsible for an atransferrinemia patient [16]. On the
other hand, S142G mutation in transferrin receptor 1 (TfR1)
combined with C282Y mutation in HFE gene has been as-
sociated with haemochromatosis [17].

Data describing the effects of soluble transferrin on the
outcome of malaria remain controversial.

Since it has been shown that host genetic factors con-
trol blood infection levels and malaria pathogenesis [18-20],
the aim of this study is to investigate the influence of the
polymorphisms of transferrin and those of TfR1 on suscep-
tibility to childhood SMA.

PATIENTSAND METHODS

This cross-sectional study was conducted in two hospi-
talsin Libreville, Gabon. The Centre Hospitalier de Libre-
ville, which isthe largest public hospital in the country situ-
ated in the capital city of Libreville and in Centre Hospi-
talier Régiona de Melen, which is a peripheral hospital of
Libreville. Ethical clearance and national endorsement
were received from the Gabonese Ministry of Health. Ma-
laria diagnosis was based on blood smears according to the
Lambaréné method [21] with P. falciparum parasitemia of
more than 1000 parasites per microliter and fever (tympanic
temperature > 37.5C). After obtaining informed consent
from parents or guardians, 327 children diagnosed with ma-
lariaand ranging in age from 6 to 84 months were included
in the study. They were classified according to previous re-
ports [22] in 3 groups: 59 in the group of severe maaria
anaemia (SMA) (Hb<5 g/dl) without neurological signs,
176 in the group of mild malaria anaemia (MMA) (5< Hb <
10 g/dl) and 92 in the group of non anaemia malaria NAM
(Hb >10 g/dl). Microcytosis anaemia was defined as anae-
miawith amean cell volume (MCV) lessthan 80 fL.

According to the recommendation of the National Pro-
gram of Malaria Control of Gabon, each episode of illness
was treated with artesunate-amodiaguine for three days.
Children with severe malaria were treated with intravenous
quinine and those presenting with SMA received blood
transfusions in addition. At the end of the treatment, para-

Table 1. Sequences of primer sets and restriction enzymes used to characterize transferrin

polymorphisms of transferrin and transferrin receptor 1

Gene Primers TC Mutation, (AAY) Restriction sizes*
enzyme
Tfexon7 5'-CTCACTCCAGACCTCTCAGCT - 3 63 A879G, (G258S) Bbv | 324+134
5-CTGCTCTGTGGGGAGTCCCA-3
Tf exon 8 5 -GCAGAGATTTCTTTTCTCTTCAGT -3 60 A1006G, (R300H) Acc ll 256+170
5 -GACTAACGCCATTCAGCATCAG-3
Tfexon12 5-CTGATTGAGGATATCTTTGCTT-3 60 G1428C, (A477P) Mva | 150(x2)+50
5 -ACAGCACCTTATGCCACACT-3
Tfexon1l5 5-GCTGTGCCTTGATGGTACCAGGTAA -3 58 C1815T, (P570S) BstE Il 89+21
5-GGACGCAAGCTTCCTTATCT -3
TfR1exon4 5-ACGTCTCTGGCATCCTTCCCT -3 62 AB87G, (S142G) Ban | 240+40

5 -GGTGAGCGCCCCGAGCCGCG-3

sizes* indicate the sizes of fragments generated after restriction enzyme digestions

AA'= mutation on amino acid sequence
T°CO hybridization temperature during PCR programme



Table 2. Biologica characteristics of patients

SMA MMA NAM p
No. of subjects 59 176 92
Sexe Ratio (M/F)* 13 16 14 NS
Mean Age, (Monthst SD 27.7 (+ 8.8) 38.6 (+ 10.2) 47.3 (+ 15.4) 0.01
Geo. Parasitemia, (P/uL)** 20728 (1860-33928) 18954 (2367-31235) 17356 (8131-32657) NS
Means (m+ SD)
Hemoglobin, g/dI 3.7(x 0.5) 81(x 1.0) 10.7 (= 0.3)
MCV, fL 70 (+ 7.8) 69.2 (+ 6.3) 73.8 (+ 10.6) NS
Leucocytes, X 1000/mL 114 (+ 7.5) 8.8(x 3.7) 82(x 15 NS
Platelets, X 1000/mL 155.3 (= 112.4) 158.5 (+ 83.4) 168.5 (+ 34.7) NS
Frequencies of polymorphisms
Transferrin
G258=C3 allele, (%; n) 6.8;4 0;0 0;0 0.05*
R300=Dchi allele, (%; n) 0;0 0;0 0;0 ND
A4TT7 (%; n) 0:;0 0;0 0;0 ND
P570=C2 allele, (%; n) 17;1 11.4; 20 26.1;24 0.00005
TfR1
S142 (%; n) 136;8 125;22 13.0; 12 0.98

SD = Standard Deviation, MCV = Mean of Corpuscular Volume of Red Blood Cells, % = percentages

n = number
M/F*: Mae/Femae

Geo. Parasitemia (P**/uL) : Geometric means of parasitemia by Parasites/uL, m (minimal-maximal)
0.05*: Significant difference between SMA versus NAM and SMA versus MMA, but no difference between NAM and MMA

ND : Not determined
NS : Not significant

sitemia was checked by blood smears according to the Lam-
baréné method [21].

Routine haematological data were collected from all
the children using an automate blood cell counter (STKS,
Coulter Corporation), and malaria parasite densities were
determined by the Lambaréné method [21]. After DNA ex-
traction using the EZNA kit (Biofidal®, France) according
to the manufacturer’s instructions, transferrin and transfer-
rin receptor 1 gene polymorphisms were investigated using
PCR-RFLP. The sequences of primer sets and restriction
enzymes used to genotype the samples are detailed in Table
1.

The chi-square test was used to compare categorical
variables among groups. Student’s t test, Pearson chi-
square and Fischer’s exact tests were used when appropriate
for group comparisons. In al cases, P values of <0.05
were considered significant. We determined the odds ratios
(OR) for SMA, MMA, and NAM by Epilnfo 2000 (CDC,
Atlanta).

RESULTS

We examined 2018 children visiting the hospitals. Al-
though 760 (37.7%) had a positive blood smear, 433 were
excluded because of parasitemia<1000parasite/uL. Subse-
quently, 327 children (16.2 % of the total examined) with
parasitemia more than 1000parasites/pL were included in

this cross-sectional study. The mean age of children with
NAM (47.3+ 15.4 months) was significantly higher than
that of children with SMA and MMA (27.4+ 8.8, 38.6+
10.2 months respectively), p<0.0001, confirming that
younger children are the most likely to develop SMA. The
biological characteristics of the patients are summarised in
Table 2.

The mean of temperatures was 38.7C £+ 1.1 in the
study population, with no significant difference observed
among the study groups (38.4C+ 1.0, 389C + 1.1 and
38.5C+ 0.9 respectively for SMA, MMA and NAM). The
mean level of parasitemia and level of leucocytes and plate-
lets (Table 2) did not differ among study groups. These
haematological parameters were not associated with the de-
velopment of SMA in our study population. Microcytic
anaemia, corresponding to a mean cell volume (MCV) less
than 80 fL, accounted for 95.2% of all anaemia.

To analyse the influence of transferrin and its receptor
TfR1 on the pathogenesis of SMA, we investigated four
polymorphisms of transferrin (exons 7, 8, 12 and15) and S
142G polymorphism of TfR1 genes.

Transferrin variant C3 characterised by mutation G258
S (G876A transition in exon 7), which leads to the loss of a
BbV | endonuclease restriction site [23], was also investi-
gated. Only 4 children (1.2% of the study population) were
heterozygous C3 (figure 1A). All of them were children
with SMA corresponding to 6.8% of this group. This was
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Figure 1A:

A. Polymorphism G258S in amino acid sequence leading vari-
ant C3 of transferrin Exon 7 was amplified by PCR with spe-
cific primers. PCR products were digested with Bbv | to in-
vestigate transition G879A. The variant C3 of transferrin is
characterised by the lost of BbV | restriction site. Digested
products were migrated in 2% agarose gel. Only children 465,
520, 27635, and 27751 included in the SMA group were C3
genotyped, 280 and 594 included in UM as well as 30 and 934
included in the MMA group were examples of the profile of
children who do not carried variant C3 of transferrin. n. dig
corresponds to the non-digested PCR fragment of exon 7.

significantly different from the two other groups, where no
C3 variants were found (p<0.05).

We also investigated the frequencies of variant C2 cor-
responding to C1815T transition in exon 15 of transferrin
(mutation P570S), leading to the loss of aBst E Il restric-
tion site [24]. The genotype profiles according to amino
acid 570 are shown in Figure 1B. The frequency of this
variant in the study population was 13.8%. Only one ho-
mozygote child C2C2 was observed in the NAM group,
with 13g/dL of haemoglobin and 8500 parasites/uL. The C
2 heterozygote variant was present at 1.7% (n=1) for the
SMA group, at 11.4% (n=20) for the MMA group and at
26.1% (n=24) for the NAM group. A significant difference
was observed in the frequency of C2 between the SMA and
NAM groups (p<0.0005 [OR (Odds Ratio) =0.05, Clsx
(Confidence Interval 95%) 0.00-0.05]). This difference was
less pronounced between the SMA and MMA groups (p=
0.03 [OR =0.13, Clesy 0.01-0.98]). Comparing SMA and
MMA gathered (n= 21, 8.9%) versus NAM (n=24, 26.1%),
we found that the C2 variant has a protector effect against
anaemia during acute malaria (p<0.00006 [OR =0.28, Clesy
0.01-0.36]). That is confirmed by comparison of the mean
of haemoglobin level between heterozygous C1C2 (8.77g/dl
+ 0.61) and homozygous C1C1 children (7.86 g/dl £
0.39) by t-test, which showed a significant difference (p=
0.04).

In the study population, we have not detected poly-
morphisms in R300H (Dchi alele) and A477P, in exons 8

Heterozygosous Homozygosous

c1/C2 C2/C2

C1/C1

Figure 1B:

B. Polymorphism P570S in amino acid sequence leading vari-
ant C2 of transferrin.

Exon 15 was amplified by PCR with appropriated primers.
PCR products were digested with Bst E 11 to investigate transi-
tion T1815C. The variant C2 of transferrin is characterized by
thelossof Bst E Il restriction site. Digested products were mi-
grated in 2% agarose gel. Children 45, 110, and 27230 give a
profile heterozygous C1/C2, 688 was unique homozygous C2/
C2 and 189, 265, 544, and 875 give an example of profile of
homozygous C1/C1, n.dig corresponds to non-digested PCR
fragment of exon 15.

and 12, respectively.

The frequencies of TfR1 polymorphism S142G were
13.6%, 12.5%, 13.0% respectively for SMA, MMA, and
NAM suggesting that it had no influence on the risk of ma-
larial anaemia (p=0.98 [OR=1,04, Clss, 0.66-1.62]).

DISCUSSION

SMA is the most widespread complication of child-
hood malaria in Gabon, and it is often associated with mi-
crocytosis reflected iron deficiency [4]. The prevalence
found here is consistent with previous data showing that
malaria accounts for 40% of febrile paediatric consultations.

These data are consistent with previous findings from a
larger sample population of 8,036 Gabonese children [4].
They aso confirm that SMA is the most frequent complica-
tion of severe malariain Gabon, and that it is often associ-
ated with iron deficiency characterized by the decrease of
MCV.

Here, we investigated the influence of polymorphisms
of transferrin and its receptor (TfR1) on the development of
this disease.

The role of the variant C2 of transferrin in the patho-
genesis of other diseases is controversial. It is associated
with an increased risk of rheumatoid arthritis [13], while its
influence in Alzheimer’s disease is contentious. Certain re-
ports show that this allele is associated with the risk of Al-
zheimer's disease, while others are contradictory [25, 26].



The frequency of transferrin variant C2 found here is con-
sistent with previously described results for Black African
populations [27]. We found that the frequency of this vari-
ant in NAM is 15 times greater than in SMA, suggesting
that it is associated with decreased risk of SMA develop-
ment.

Comparing SMA and MMA versus NAM, the C2 vari-
ant has a protector effect against anaemia during malaria.
This suggests that this variant limits iron deficiency during
malaria. The C2 variant may provide an improved iron up-
take which compensates for the iron used by the parasite.
However, it has been suggested that C2 variant retains the
structure and iron-binding properties of the wild-type pro-
tein and that it does not have a different iron-binding capac-
ity [28]. The mechanism of the implication of transferrin
variant C2 in human pathogenesis therefore needs to be elu-
cidated.

Only 4 children carried transferrin variant C3, a find-
ing that is consistent with previous reports, showing that
this alele is rare in black African people [27, 29]. These
children have devel oped SMA; thisis consistent with the in-
creased risk of anaemia associated with C3 variant [14].

The prevalence of C3 variant found in the present
study is higher than the frequency previously described due
to the SMA and the smallness of our study population size.
Because of the low frequency of transferrin variant C3, the
number of patients needs to be increased to confirm the in-
volvement of transferrin variant C3, despite the fact that the
size of each group are sufficient for statistical analysis. In-
deed, some studies on the involvement of genetic factors ne-
cessitate a greater number of patients, but in the context of
Gabon, several years are needed to obtain a sufficient num-
ber of children to usein these studies.

Since C3 is one of the factors of the susceptibility fac-
ing SMA, it could result in a negative selection of subjects
with C3 allele, which in turn may explain the rarity of this
alelein Black African people.

Transferrin variant Dchi was not found in the present
study. This variant is widely described among mongoloid
and Asian populations [30-32], but it has not been associ-
ated with any pathogenesis nor described in African people.
Also, the mutation A477P has not been found in the study
population. This polymorphism is extremely rare and has

been described only once in an atransferrinemia patient [16].

The present study is the first to report on S142G poly-
morphism of TfR1 in an African population, and the first to
investigate the influence of S142G mutation of TfR1 on the
pathogenesis of SMA. Our observations are consistent with
previous reports showing that S142G mutation in TfR1 is
not an independent factor in human pathogenesis[17].

Only polymorphisms which can be analysed using

N

PCR-RFLP were investigated. Polymorphisms requiring a
sequencing exploration, such as variant D1 which is present
among 5% of the Black African people [33], should also be
explored in future studies.

LIMITATION

The findings in this report are subject to at least three
limitations. Oneis, the number of children included in each
study group. Since international efforts and funds for ma-
laria control have been stepped up, with a substantial in-
crease from 2003 in Gabon, a decrease has been observed in
severe malariain children, particularly severe malarial anae-
mia. Secondly, with regard to some infectious diseases in
the country, the haemoglobin rate is usualy less than 11 ¢/
dL and clinicians consider 10g/dL of haemoglobin to be
non-anaemic malaria. Thirdly, the demonstration of mecha-
nisms to explain the role of transferrin polymorphism on the
development of SMA is extremely demanding.

CONCLUSION

The present study is the first to investigate the influ-
ence of transferrin on the pathogenesis of SMA, and it re-
ports the association of transferrin polymorphism with the
risk of SMA in Gabonese children. Data revealed that
transferrin polymorphisms are a supplementary factor of
risk in SMA. Further studies in a larger population and
family-based analysis are required.
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