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Summary
Objective—To assess the impact of seasonal variation on the distribution of the eba-175 allelic
forms in the area where malaria transmission is markedly seasonal.

Methods—Blood samples were collected from 291 and 239 children under five years of age
during the low and the high malaria transmission season, respectively, in four villages named
Dawelgué, Kounda, Tanghin and Watenga of Saponé Health District, then screened for eba 175 F-
and C- alleles by nested PCR analysis.

Results—F- alleles were more prevalent than C-alleles in the low [0.66 versus 0.34 (p<0.0001)]
and high transmission season [0.67. versus 0.33(p<0.0001)]. No significant seasonal variation was
observed in the distribution of the two alleles. However, according to Sewall Wright rules, the
population pairwise FST values, between Dawelgué and Tanghin during the low transmission
season (FST_ value= 0.10415, p-value= 0.0090 and during the high season (FST_value= 0.08244,
p-value≪0.00001), between Tanghin and Watenga during the low season (FST value=0.07414, p-
value=0.009) indicated a moderate but statistically significant genetic differentiation.

Conclusion—Although there was a moderate but significant genetic differentiation between
some study villages at different times of the year, this study result in the seasonal stability of
eba-175 allele’s distribution in the study area.
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Introduction
Malaria constitutes a major public health concern throughout sub-Saharan Africa.
Worldwide deaths due to malaria are currently estimated at approximately 881,000 per year,
90% of which occur in sub-Saharan Africa and antimalarial drug and insecticide resistance
continues to be on the rise (WHO 2006,2008). During the last two decades there have been
considerable efforts to develop vaccines against malaria (Rogier et al. 2006). The
complexity of the life cycle and the high polymorphism level displayed by the parasite has
hindered progress in the development of a malaria vaccine in spite of a worldwide effort.
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Invasion of the human erythrocyte by Plasmodium merozoites represents a complex and
crucial stage in malaria parasite life cycle, and significantly impacts survival and host
pathogenesis (Miller & Greenwood 2002). This step involves several specific interactions
between receptors on the red blood cells (RBCs) and parasite ligands. In the most virulent
human malaria parasite, Plasmodium falciparum, only two invasion pathways have been
well characterized, one involving Glycophorin A(GPA) and the 175 kDa Erythrocyte
Binding Antigen (EBA-175) and a second pathway using glycophorin C (GPC) and a 140
kDa (EBA-140) also named BAEBL, a paralogue of EBA-175 (Camus 1985; Lobo et al.
2003; Maier et al. 2003; Sim et al. 1994). Other P. falciparum merozoites ligands involved
in the erythrocytes invasion, like EBA-181 (also called JE-SEBL), PfNBP1, and PfNBP2b,
have also been characterized (Duraisingh et al. 2003; Gilberger et al. 2003). However, little
is know concerning the identity of the corresponding RBC receptors. The members of the
erythrocyte binding-like (EBL) superfamily are highly diverse, providing the merozoite with
high affinity binding ligands for a range of receptors on the surface of the erythrocyte
(Adams et al. 2001). This genetic diversity likely explains why invasion of the erythrocyte
by merozoite ligands appears to be strain-dependent(Hadley et al. 1987; Okoyeh et al.
1999).

The erythrocyte binding antigen-175 (eba-175) gene, located on chromosome seven, is one
of the major genes in the Erythrocyte Binding Like (EBL) gene family that encodes for
proteins which play a crucial role during erythrocyte invasion. The eba-175 gene is
comprised of four exons and seven regions termed I–VII including three cysteine-rich
regions (F1, F2 and C)(Sim et al. 1990; Adams et al. 1992; Toure et al. 2006). Binding
regions F1 and F2 located at the N-terminus of the molecule, exhibit low polymorphism.
Conversely, region III, which is centrally located, is characterized by two dimorphic
segments termed FCR3 and CAMP (Kain et al. 1993). This dimorphism results from
different sized insertions located at slightly different positions in the region III (Ware et al.
1993). A single parasite clone may include one or the other segment but never both. This
dimorphic region has been implicated in the invasion process (Kain et al. 1993), and
previous studies have analyzed the influence of this dimorphism on clinical disease and
outcomes, as well as the distribution of the F and C genotypes in Africa (Cramer et al. 2004;
Toure et al. 2006). As malaria epidemiology is known to differ between high and low
transmission seasons (Molineaux L & Gramiccia G, 1980; Luxemburger et al. 1996;
Theander 1998), and based on some previous studies carried out in endemic area,
demonstrating seasonal changes in malaria parasite population (Roper et al.1998; Kobbe et
al. 2006), we hypothized that the distribution of the two allelic forms (CAMP and FCR3) of
eba-175 gene could be influenced by the season.

The objective of the present study was to assess the distribution of the F- and C-alleles in a
malaria vaccine trial site of Burkina Faso where malaria transmission is endemic and
markedly seasonal.

Material and methods
Study area and Patients

This study is part of a larger epidemiology study with one year longitudinal follow up.
During this period children involved in the study received care of free on charge at the
community health facilities involved in the study. All uncomplicated malaria cases were
freely managed using artemisinin-based combination therapy (COARTEN®). The study was
carried out in 2007 in Dawelgué, Kounda, Tanghin and Watenga, four villages of the Saponé
Health District, located approximately 50 km Southwest of Ouagadougou, the capital city of
Burkina Faso. The 4 study villages are located in the north-east part of the Saponé health
district within an 8 km radius (Figure 1). The two farther villages (Kounda and Watenga) are
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about 11 km apart, while the two closest in distance (Dawelgué and Kounda) are 4
kilometres (Figure 1). The population is about 540, 1720, 1332 and 480 inhabitants in
Dawelgué, Kounda, Tanghin and Watenga respectively. In all four villages the Mossi are the
main ethnic group (> 95%). The estimated total population of children less than five years in
the four study villages is about 465. Malaria transmission is perennial and seasonal in the
district and peaks during the rainy season (from May to October). The entomological
inoculation rate (EIR) was estimated at 200 infected/bites/person/year in the study area
(Nebie et al. 2008). In 2007, the incidence of clinical malaria cases in children less than five
years old living in Saponé Health District was estimated at 0.7 episode/child-year at risk
(Sirima BS and others, unpublished data).

Ethical clearance
This study is part of a large epidemiology study whose protocol (DMID protocol 06-0020)
was reviewed by the Office of Clinical Research Affairs (OCRA) within the Division of
Microbiology and Infectious Disease (DMID at National Institute of Allergy and Infectious
Diseases (NIAID) the United State of America. The Protocol was also approved by the
Burkina Faso Health Research Ethics Review Committee. Written informed consent was
obtained from the parents or guardians of all the children participating prior to the
enrolment.

Sample collection
A finger prick blood sample was collected on filter paper (Whatman No 2) from 528 and
486 children aged 3 to 59 months living in the four study villages, during two cross-
sectional surveys conducted in February and September 2007, constituting the middle of the
low and the peak of malaria high transmission seasons, respectively. Before the genotyping,
the blood filter paper samples were stored at room temperature with silica gel dessicant.

For the purpose of this study, 336 and 334 samples were randomized in low and high
transmission season respectively, for DNA extraction and eba-175 genotyping. The samples
were selectively randomized from each transmission season and each village to fulfil the
statistical minimum size of 182 PCR positives samples required for each season for the data
analysis. Thick and thin blood smears were also prepared for microscopic diagnosis and
parasite count.

Asexual P. falciparum parasites density
Thick and thin blood smears were stained with Giemsa. The number of asexual P.
falciparum parasites was estimated against 200 leukocytes and parasite density was
calculated assuming a mean of 8,000 leukocytes per μl. A sample was declared negative
after examining 200 thick film fields without observing any asexual parasites.

Parasite DNA extraction and genotyping
The DNA was extracted using QIAGEN commercial kits (QIAamp DNA blood Mini kit®)
and conserved at minus 20°C until amplification was performed. eba-175 genotyping was
performed as described elsewhere by a nested polymerase chain reaction (PCR) (Toure et al.
2001). Primers sequences for the first (nested) amplification were: eba1 5′-
CAAGAAGCAGTTCCTGAGGAA-3′ (forward) and eba2 5′-
TCTCAACATTCATATTAACAATTC-3′ (reverse). For the second (nested) amplification
the following primers were used: eba3 5′-GAGGAAAACACTGAAATAGCACAC- 3′
(forward) and eba4 5′-CAATTCCTCCAGACTGTTGAACAT-3′ (reverse).

The first and second amplification were performed under the following conditions: 2 μL of
DNA template for the first and 1 μL PCR-product for the second reaction; 1 μM of each
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Primer, 1 U Taq DNA polymerase (SIGMA-Aldrich CHEME GMBH), 2 μL of 10x PCR-
Buffer (SIGMA-Aldrich CHEME GMBH) as supplied by the manufacturer and 200 μM
dNTP (SIGMA-Aldrich CHEME GMBH) were used for the both reaction for a 20 μL final
volume. The amplification reaction was performed on a PTC 100 Thermocycler (MJ
Research, Inc) using the following reaction conditions: 29 cycles (first reaction) and 24
cycles (second reaction) of denaturation at 94°C for 1 minute, annealing at 56°C for 1
minute and extension at 72°C for 2 minutes followed by a final extension period of 3
minutes at 72°C.

The second amplification products were separated on 1.5% ethidium bromide stained
agarose gel and were visualized on UV-translumination.

Quality control and data interpretation
P. falciparum CAMP (MRA-149) and FCR3 (MRA-102) lines were provided by MR4,
ATCC® Manassas Virginia and were used as positives controls during the amplification
reactions. To confirm the results, 20% of the sample extracts were re-amplified using the
nested primers (eba3 and eba4) only, following whole genome amplification (Qiagen).

The CAMP allele was identified as a single fragment of ~714 bp in length while the FCR3
allele was a single fragment of ~795 bp relative to CAMP and FCR3 controls. Mixed
infections were defined as the simultaneous presence of the F and C fragment in the same
sample (Figure 2).

Statistical analysis
Allelic population data were analyzed using Epi Info v6.04a
(http://www.cdc.gov/epiinfo/Epi6/EI6dnjp.htm) and Arlequin v3.1 (Excoffier et al. 2005).
Due to the presence of mixed infections in the population (approximately 1/3 of all the
infections), some samples displayed more than one eba-175 allele, while the rest showed a
single allele (Figure 2). Comparisons were made using the Chi squared or Fisher’s exact
test, and the Student’s t-test and ANOVA for normally distributed continuous data.

To analyse whether allele frequencies varied across the two transmission seasons regardless
of geographical location (village), data were pooled from the four villages and allele
frequencies compared between the high and low transmission seasons.

Secondly, to investigate whether geographical location (i.e. village) or transmission season
within a particular village explained a significant proportion of the variation in the data, the
data were organized into 8 populations and 4 groups. Each group represents one village
while each population represents a further subdivision of the data into high and low
transmission season samples, such that each group contains two populations. For this
purpose the Analysis of Molecular Variance (AMOVA) was used implemented in Arlequin
v3.1 (Excoffier et al. 1992, 2005). Va estimates the amount of variation in the data explained
by transmission season, Vb, estimates the amount of variation due to different transmission
season within individual villages, and finally Vc calculate the amount of variation found
within each village/transmission season combination in the study population. 10,000
permutations were run for the AMOVA analysis and populations were considered to be
significantly differentiated at P < 0.05 (Excoffier et al. 2005).

To explore genetic differentiation based on genetic distance method between the fur study
villages, population pairwise FST values (computed genetic distance, ranges from 0–1) were
assessed and the results interpreted according to guidelines suggested by Sewall Wright
(Hartl & Clark 1989). Briefly: “The range of FST values 0 to 0.05 may be considered as
indication little genetic differentiation; the range of 0.05 to 0.15 indicates moderate genetic
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differentiation; The range of 0.15 to 0.25 indicates great genetic differentiation; Values of
FST above 0.25 indicate very great genetic differentiation.”

Standard diversity indices (gene diversity) were also assessed to estimate genetic diversity,
the probability that two randomly chosen haplotypes are different in each population (Nei
1987).

Results
Seventy-one of 336 samples (21.1%) in low and 105 of 334 samples (31.4%) in high
transmission season analyzed in this study were negative slides. With the PCR reactions 45
of 336 samples (13.4%) and 95 of 334 samples (28.4%) were negatives in low and high
transmission season respectively.

Finally, the eba-175 genotypes were obtained for malaria parasites from a total of 530
samples from four villages, 291 and 239 during low and high transmission respectively that
were used for the subsequent analysis. The proportion of male and female participants in
total population was 1.2:1 (Male/Female). The mean participant age was 3.1 years (95%
confidence interval [CI], 3.1–3.3). The geometric mean of parasite density, although slightly
higher in CAMP infections, was not statistically different between CAMP, FCR3 and mixed
infections (p-value= 0.69) (Table 1). Genetic diversity was moderately high for all 4 villages
(Table 2). Unsurprisingly, the 2 villages with the largest sample sizes, Kounda and Tanghin,
showed the greatest diversity, though diversity did not differ significantly among villages.

eba-175 allele’s distribution in four study villages across two transmission seasons
In the entire study population, F and C alleles were present as single genotype infections in
56.6% (300/530) and 14.2 % (75/530) of the participants, respectively. The remaining
enrolled children, 29.2% (155/530), showed mixed infections (F+C alleles) (Table 1).
Moreover, the proportion of samples carrying mixed infections showed a statistically
significance decrease (p= 0.01, χ2 test) between the low transmission season, [33.7%
(98/291)] and the high transmission season [23.8% (57/239); Table 1]

Comparison of allele frequency between high and low transmission seasons
For this analysis data were pooled from the four villages in order to compare allele
frequencies from the high and low transmission seasons. The pairwise population FST
indicated no statistical differences in allele frequencies between the two seasons (FST =
0.00277; p-value = 0.12, Figure 3).

Village-seasonal distribution and genetic differentiation in the eba-175 alleles
Significant differences were observed in allele frequencies, with the F-allele being twice as
common as the C-allele within each study village and across seasons (Table 2). No
difference in F- and C- allele distribution was observed between villages or transmission
seasons.

Analysis of the pairwise FSTs between the 8 populations according to Stewall guidelines
showed little genetic differentiation (FST values between 0 and 0.05) between all study
villages except between Dawelgué in high season and in Tanghin low season (Fst-value=
0.10415); Dawelgué and Tanghin in high season (Fst-value= 0.08244), and Tanghin and
Watenga in low season (Fst-value=0.07414) where the genetic differentiation was moderate.
There is no major genetic differentiation between study villages with a FST > 0.15 (Table 3).

Soulama et al. Page 5

Trop Med Int Health. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Analysis of molecular variance (AMOVA) within populations and transmission seasons
The variance analysis indicated that the vast majority of the variance (98.2%) in the data is
contained within individual populations, or village/season combinations (Table 4). In
addition, when looking within transmission seasons, villages account for a small but
significant proportion of the variance (2.22%; p-value= 0.04). In contrast, transmission
season did not appear to contribute to the variance (Table 4).

Discussion
The Erythrocyte Binding Antigen 175, one of the promising candidates in the malaria
vaccine pipeline, has been studied in different malaria endemic areas (Toure et al. 2001;
Cramer et al. 2004; Toure et al. 2006). The central role of this antigen in erythrocyte
invasion warrants a clearer understanding of genetic polymorphism in this gene (Camus &
Hadley 1985; Klotz et al. 1992; Orlandi et al. 1992; Sim et al. 1994). The present study was
designed to evaluate the seasonal variation of the frequencies of P. falciparum erythrocyte
binding antigen-175 alleles in malaria positives children under age five, living in four
endemic villages located in southwestern Burkina Faso.

The higher frequency of the F- compared with the C- allele that we observed in this study is
consistent with findings from Ghana,(Cramer et al. 2004) and Gabon (Toure et al. 2006),
suggesting that the F-allele may predominate throughout West and Central Africa, and that
the distribution of alleles is relatively stable over 8 months, including a low and high
transmission season. In contrast, in East Africa, where malaria endemicity is low, the C-
allele has been shown to be the most common (Binks et al. 2001). By way of comparison, a
study in Laos People’s Democratic Republic reported significant difference in the
distribution of eba-175 alleles when the northern and the southern provinces were compared.
There are several explanations as to why F- and C- allele frequencies differ among
geographical regions. One explanation is random shifts in parasite allele frequencies due to
genetic drift in genetically isolated populations (Cramer et al. 2004). In this case allele
frequencies might be predicted to change over time. Another possibility is that differences in
the host genetic background among study population may select for different eba-175 alleles
in which case stable allele frequencies would be predicted (Dittrich et al. 2003).

To our knowledge, this study is one of the first to analyze seasonal variation of the eba-175
allelic dimorphism between low and high malaria transmission seasons in an endemic area.
We found that fluctuations in transmission level had no effect on the distribution of eba-175
alleles except the decrease of mixed infection cases from low to high season which could be
explained by the cases management facilities with care free on charge set up in the health
community clinic during the one year passive follow up. Indeed the accessibility improved
by the care free on charge increased the attendance rate at the community health clinics and
consequently the reduction of the number of malaria episodes by regular and frequent
management of cases. The artemisine-based combination therapy used at the community
health clinics for uncomplicated malaria case treatments would clean the sensitive genotypes
with a possible reduction of the number of mixed infection from children.

The lack of change in allele frequencies across transmission seasons supports the prediction
that distribution of the two allelic forms of eba-175 gene is relatively stable over time. The
separated comparison of allele distribution across villages further indicates stability
throughout the geographic region sampled, despite moderate genetic differentiation among
some villages.

The fact that the study villages were located close to each other (within an 8 kilometer
radius) could explain the observed similarity in F-and C-alleles diversity and the absence of
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restricted gene flow demonstrated by the low or moderate genetic differentiation, such that
we are essentially sampling a single panmictic parasite population. But, it is also possible
that the genetic background (most of the study population are from the ethnic majority
group, Mossi) may contribute to the homogeneity of the eba-175 alleles distribution, as it
has been previously suggested by the findings in Laos People’s Democratic Republic study
where a significant difference in eba-175 allele distribution was showed between the North
and South province with different ethnic groups (Dittrich et al. 2003). The apparent stability
of eba-175 allele frequencies in the four villages in this study suggests that it is a suitable
area to test vaccine candidates targeting this antigen.

Broader regional sampling in sub-Saharan sites will address broader boundaries within
Africa. A large scale geographic comparison study that includes different sub-Saharan
African countries which takes into consideration both isolation by distance and differences
in the genetic background of the host is recommended to further address the factors
contributing to the distribution of eba-175 alleles.

Conclusion
This comparative analysis of the allelic dimorphism of the eba-175gene in P. falciparum
isolates from low and high transmission seasons indicates that the dimorphism was not
affected by seasonal fluctuations in transmission intensity. This analysis highlights the
importance of assessing the distribution of eba-175 allelic forms in different sentinel sites
within the same country as well as in neighbouring countries. These findings will inform
strategies for the development of malaria vaccine trial sites.
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Figure 1.
Map of the study area indicating the four study villages
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Figure 2.
Nested polymerase chain reaction of eba-175 products
Lane Mq: DNA 100 bp ladder; Lanes 1, 6–8, 11–16: FCR-3 genotypes; Lanes 3, 4, 9:
Mixed infections (FCR-3 plus CAMP genotypes); Lane 17: FCR-3 positive control; Lane
18: CAMP positive control; Lane 19: Nested PCR negative controls.
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Figure 3.
Temporal distribution of eba-175 alleles
FST = 0.00277; p= 0.12
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Table 1

Proportion of eba-175 genotypes and Geometric Means of parasites densities (P. falciparum trophozoites/μl)

Types of infections Low transmission season High transmission season Total population
Geometric Mean of Parasite
Density/Confidence intervals

(N= 291) (N= 239) N= 530

n (%) n (%) N (%)

CAMP infections 35 (12) 40 (16.7) 75 (14.2) 2404 [1480–4024]

FCR3 infections 158 (54.3) 142 (59.4) 300 (56.6) 2346 [1808–2921]

Mixed infections 98 (33.7)* 57 (23.8)* 155 (29.2) 2043 [1480–2697]

All infection 291 (100) 239 (100) 530 (100) 2257 [1998–2697]

p-values < 0.0001** < 0.0001*** < 0.0001$ 0.69£

*
The prevalence of the mixes infections (FCR3 plus CAMP) cases decrease significantly (p= 0.01) from the low season to the high season;

**
p- value [comparison of the proportion of FCR3, CAMP and Mixed (FCR3+CAMP) infections during the low transmission season];

***
p- value (comparison of the proportion of FCR3, CAMP and Mixed (FCR3+CAMP) infections during the high transmission season);

$
p- value [comparison of the proportion of FCR3, CAMP and Mixed (FCR3+CAMP) infections in the total (low and high season) population];

£
p- value [comparison of the Geometric Mean of Parasite Density between FCR3, CAMP and mixed (FCR3+CAMP) infections in the total

population]
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Table 4

Variance in eba-175 alleles frequencies

Hierarchical level Variance % total variation P-value φ-statistic*

Among transmission season −0.0015 −0.41 0.601 φCT
** = −0.00408

Among village/within transmission season 0.00808 2.22 0.042 φ SC
$ = 0.02211

Within populations 0.36166 98.18 0.0108 φ ST
£ = 0.01812

*
φ-statistic (average F-statistic Indices over loci);

**
φCT, F-statistic indices by permuting populations among transmission seasons.

$
φSC, F-statistic indices by permuting haplotypes among villages within transmission seasons; φ ST, F-statistic, indices by permuting haplotypes

within villiage within transmission seasons.
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