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Abstract

Background: The erythrocyte binding antigen 175 kDa (EBA-175) gene is located on chromosome 7.
It encodes protein that binds to specific receptor glycophorin A on the erythrocyte surface during inva-
sion. It has a dimorphic nature (FCR3 and CAMP). This study was designed to determine the distribu-
tion of EBA-175 alleles of Plasmodium falciparum in the southeast of Iran

Methods: We used the nested PCR method with specific primers, which improves the two fragments
of the EBA-175 gene. Sixty eight microscopically positive blood samples were collected from the in-
fected falciparum malaria subjects in the southeast of Iran.

Results: In this study which marks the first one in Iran, CAMP strains (714 bp) and FCR-3 strains
(795 bp) were found in 14 (37.8%) and 23 (62.2%) in the originally Iranian subjects and in 10
(32.3%) and 19 (61.3%) Pakistani infected migrants respectively. Two migrant cases (6.4%) had mix
CAMP/FCR-3 infection.

Conclusion: The two fragments of dimorphic EBA-175 gene were observed and the FCR-3 allele was
more prevalent in Iran. There was no significant correlation between one of the EBA-175 alleles and
the subject group in the mentioned region. This distributional pattern should be considered in design-
ing to control P. falciparum malaria in the region.
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Introduction

r I \he asexual erythrocytic stage of the malaria
parasite is responsible for all of the clinical
and pathological manifestation of the

disease (1). Antigens on the surface of the

merozite and those released from apical
organelles are potential targets of antibody-
mediated immunity. The erythrocyte binding
antigen 175 kDa (EBA-175) gene of Plasmodium
falciparum is located on chromosome 7 (2). It
encodes protein that localizes in the microneme
organelles at the apical end of the merozites and
binds to the specific receptor on the erythrocyte

surface (3,4).

Its cysteine-rich region II can bind to sialic acid

residues on glycophorin A on red blood cells to

mediate invasion and it, therefore, acts as a bridge

between the parasite and host red blood cells (5).

There is a low amount of deduced amino acid

polymorphism in this region among alleles of P.

falciparum (6).

EBA-175 region III is located in the central part

of the gene that there are highly divergent dimor-

phism segments of sequence as the F-fragment in
the FCR3 strain and C-fragment in the CAMP

strain (4, 5). The C and F fragments encode 114

and 141 amino acids respectively. P. falciparum

merozoites, which are haploid, have either C or F

but not both or neither (7).

Iran, located in the eastern Mediterranean re-

gion, is generally defined as a low to moder-

ate endemic area. Although the rate of malaria
transmission considerably has been decreased
in Iran in recent years, local malaria transmis-
sion has been continued because of some
technical and operational problems (8). Now,
the southeast of Iran is a main center of the
endemic falciparum malaria that is bordered
by Pakistan and Afghanistan (9). Malaria
transmission occurs almost in a year with two
peaks, May-June and October-November
(10). Both P. falciparum and P. vivax are
found in the country. National Malaria Con-
trol Program reported 15,909 malaria cases in
the year 2006 of which more than 83% were
autochthonous. P. falciparum malaria cases
are included nearly 11% of total malaria in

Iran (11).

This study was designed to determine the

distribution of EBA-175 alleles in the south-
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east of Iran and to analyze some potential pro-
tective association of the EBA-175 fragments
in the region.

Material and Methods

Peripheral blood samples were collected from
the 68 P. falciparum infected individuals
participating in a descriptive cross sectional
survey in Sarbaz district in the southeast of
Iran in 2006.

Sarbaz, in (Iranshar) located in the Sistan and
Baluchistan Province, (about 1982 Km south-
east of the capital Tehran, Iran) was chosen
for this study. In this part of the country, ma-
laria is the oriental type; hence, it is more
difficult to control than elsewhere in Iran. P.
falciparum resistance to choloroquine and sul-
fadoxin-pyrimethamine and vector resistance
to insecticides were reported in this area (8,
12, 13). Another tribulation encountered here
is the importation of malaria, mostly P.
falciparum, from Afghanistan and Pakistan.
Thirty one P. falciparum Pakistani infected
migrants that moved to Iran during the eight
days and 37 native subjects were included in
this study. According to incubation period of
P. falciparum, the migrant subjects had been
infected to P falciparum in their own country.
No history of anti-malaria treatment during a
month before written informed consent was
required for inclusion in this study. P. falci-
parum infected blood samples were collected
from the symptomatic and asymptomatic
cases attending the health care centers in the
area and from subjects who were visited at
home as well as the people who moved to the
region. This study was approved by the Ethi-
cal Review Committee of Research in Tehran
University of Medical Sciences, Iran.
Symptomatic patients suffered from fever
(>37.5°C) as well as chills and headache. Six
of the subjects were asymptomatic. Their
axillary temperature was below 37.5 °C on the
day O and 4 days after sampling. Parasites
were counted in the thick smears stained by
the Giemsa method. DNA was isolated from
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the blood samples by the QIAamP DNA mini
kit (Quigen kit, Germany).

The sequence of primers consisted of EBA1
5-CAAGAAGCAGTTCCTGAGGAA-3 and
EBA2 5- TCTCAACATTCATAT-
TAACAATTC-3 for the outer PCR
and EBA3 5-GAG-
GAAAACACTGAAATAGCACAC-
3 and EBA4 5-CAATTCCTCCA-
GACTGTTGAACAT-3 for the nested PCR.
The nested PCR method was applied as pre-
viously described (14). The product of PCR
was electrophoresed on 1.5% agarose gel and
stained with ethidium bromide. Ultraviolet
light was used to visualize the stained DNA.
Chi-square test was applied to check for an
association between fragment types and sub-
ject groups in the region.

Results

This study concluded 68 P. falciparum in-
fected subjects aged between 2 and 45 year.
Parasitemia on the day zero in subjects ranged
from 50 to 30000 asexual parasites/mm3. The

median values of the parasitemia on day zero
in the native group were 3200 and 3500 in
subjects harbor FCR3 and CAMP fragments
respectively. These amounts in the migrant
group were 4100 and 4550 in subjects harbor
FCR3 and CAMP fragments respectively.
There was no significant correlation between
parasitemia, gender and age of subjects with
the two fragments of EBA-175 gene.

Both CAMP (714bp) and FCR-3 (795bp)
strains of P. falciparum were observed in the
two groups of the study (Fig. 1). There was
no significant correlation between one of the
two EBA-175 alleles and the subject group.

FCR-3 and CAMP strains were observed in
42 (61.8%) and 24 (35.3%) of our study sub-
jects and FCR-3 allele was predominant in the
endemic region of Iran for P. falciparum.
Mixed infection was found in two samples
(2.9%), both of which belonged to the migrant
group. In mixed infection, at least, two single
isolates were found in one subject. Therefore,
70 isolates were obtained from 68 samples
(Table 1).

Table 1. Distribution of erythrocyte binding antigen -175(EBA-175) gene fragments of Plasmodium falcipa-
rum according the two groups in the southeast of Iran

Fragments N (%)
Blood Samples FCR-3 CAMP Both (FCR-3/CAMP)
Native Subjects (n=37) 23 (62.2) 14 (37.8) 0(0)
Migrant Subjects (n=31) 19 (61.3) 10 (32.3) 2 (6.4)
Total 42 24 2
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Fig. 1: Gel photograph showing PCR amplified products of EBA-175 from different Plasmodium falciparum
infected isolates in the southeast of Iran. The DNA size marker is a 100 bp ladder shown on the left and right
side. Lane2 and 10 are multiple infection and negative control respectively

Discussion

This study is the first to determine the EBA-
175 allelic dimorphism in Iran. The CAMP
and FCR-3 were both reported in our study,
but the FCR-3 genotype was more prevalent
(61.8%) which is similar to results obtained in
the Lao PDR in Asia (7) and Gabon in Africa
(15) but different results reported in Sudan
(4).

Since there is a different population of P.
falciparum in various parts of the world, the
distribution of alleles of the EBA-175 gene
might be different according to the geographi-
cal region (13,14). The genetic and immu-
nologic differences in the host population for
allele’s selection could be considered as one
explanation for this finding.

Our study shows that the prevalence of co-
infection is lower in the Iranian infected sub-
jects than that of the Lao PDR and Gabon (7,
15). However, the presence of either the F or
C segment alone does not exclude the
possibility of multiple infections, because in
the previous study we showed 34% multiple
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infections in this area through MSP-1 and
MSP-2 genotyping (16).

In this study, there was no significant correla-
tion between two groups and fragment types.
This finding is not consistent with the study
performed in Lao PDR in which the distribu-
tion of EBA-175 alleles was different be-
tween the north and south provinces (7). The
geographical proximity of the two groups of
the study, which results in their contact,
seems to be main factor in the similar allele
distribution. While the median value of para-
sitemia was higher in subjects harbor CAMP
fragment, there was no significant correlation
between F and C fragments and parasitemia
on day zero. Since only a single peripheral
blood sample was obtained in this study, the
total parasitic load was not determined and it
needed a further detailed study. According to
the study that conducted in Senegal, the para-
site density had dramatic fluctuations in a few
hours in most examined children (17).

All of the six asymptomatic subjects belonged
to the migrant group. Although parasitemia
ranged from 50 to 2000 asexual para-
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sites/mm’ in the subjects 4 days after sam-
pling, they had no symptoms. The previous
study conducted in the south of Iran has
shown that Afghan immigrants harbor P.
falciparum asymptomatic infection (18). It
seems that most of the asymptomatic subjects
have already been exposed to the current
strain of malaria infection and acquired
immunity. Some of them might become ill
when exposed to the parasite, which repre-
sents a new antigenic variant (19). These as-
ymptomatic infections have been suggested to
represent a significant source of parasites for
local mosquitoes and maintaining residual
malaria transmission (20). There was no
significant correlation between clinical out-
comes and the EBA-175 fragments types in
this study. More studies on larger populations
are needed to understand the distributional
pattern of EBA-175 alleles according to clini-
cal outcomes of falciparum malaria in Iran.
We concluded that there were both FCR3 and
CAMP fragments of EBA-175 gene of P.
falciparum in the southeast of Iran of which
the former is predominant. The significant
correlation was not observed between EBA-
175 fragments and two groups of the study.
The molecular genotyping of the EBA-175
antigen gene showed the low co-infection in
this area. According to our data, distributional
pattern of the EBA-175 alleles is almost simi-
lar in Iranian native and Pakistani infected mi-
grants.
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