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The association between P. falciparum eba-175, ama-1, and msp-3 polymorphism in the pathogenicity of malaria disease was
investigated. We therefore compared the prevalence of different alleles between symptomatic and asymptomatic malarial children
under five years of age living in Burkina Faso. Blood filter papers were collected during the 2008 malaria transmission season
from 228 symptomatic and 199 asymptomatic children under five years of age. All patients were living in the rural area of Saponé
at about 50 km from Ouagadougou, the capital city of Burkina Faso. P. falciparum parasite DNA was extracted using QIAGEN
kits and the alleles diversity was assessed by a nested PCR. PCR products were then digested by restriction enzymes based on
already described polymorphic regions of the eba-175, ama-1, and msp-3 genes. The individual alleles eba-175_FCR3 and msp-3_K1
frequencies were statistically higher (p < 0.0001) in the asymptomatic group compared to the symptomatic ones. No statistically
significant difference was noted in the prevalence of ama-1-3D7, ama-1-K1, and ama-1-HB3 genotypes between the two groups
(p > 0.05). The comparative analysis of P. falciparum genotypes indicated that the polymorphism in eba-175 and msp-3 genotypes
varied between asymptomatic and symptomatic clinical groups and may contribute to the pathogenesis of malaria.

1. Introduction and merozoite surface protein 3 (MSP-3) are merozoite
surface antigens thought to play a key role in red blood cell
invasion by the parasite [5-8]. An association between both
ama-1 and msp-3 genotypes and protection from malaria
has been previously reported in earlier seroepidemiological
studies [9-11]. In addition, eba-175 C-genotypes were found
to be associated with fatal outcome in severe malaria [12].
In 2001, Policy and Conway [13] revealed the allele specific
immunity of P. falciparum msp-3 K1 allelic form. Based on
the above clinical associations and the polymorphism in eba-

According to the latest WHO malaria report [1], there
were in 2014 about 197 million malaria cases worldwide
and an estimated 584 000 deaths, mostly among African
children. Unfortunately, although active implementation of
malaria control strategies including global deployment of
artemisinin-based combination therapies (ACTs) is under-
way, malaria remains a major public health concern, espe-
cially in sub-Saharan Africa. The genetic complexity of

malaria parasites represents one of the main obstacles to the
effective control of the disease. The relationship between the
parasite genotype and the clinical presentation of malaria has
already been reported elsewhere [2-4]. Erythrocytes binding
antigen-175 (EBA-175), apical membrane antigen-1 (AMA-1),

175 [12], msp-3 [14], and ama-1 [15, 16], we believe that the
assessment of the clinical variation of eba-175, msp-3, and
ama-1haplotypes in symptomatic and asymptomatic children
living in a malaria endemic and specifically in seasonal
areas is of scientific interest. Indeed, the results from this
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current study could help to improve our understanding of
the role, if any, of P. falciparum genotype diversity in malaria
pathogenicity. Moreover, data generated from this study
might be relevant to vaccine studies in the context of EBA-
175, AMA-1, and MSP-3 based malaria vaccine development.

2. Material and Methods

2.1. Study Site and Study Population. The study was con-
ducted in two community clinics, Saponé Marché and
Kounda located in the Saponé Health District, approximately
50km southwest of Ouagadougou, the capital of Burkina
Faso. The Saponé Health District is located at 12°13'N,
1°48'W and has approximately 80,000 inhabitants, most of
them (>95%) belonging to the Mossi ethnic group. Malaria
transmission is perennial and seasonal in this district and
is characterized by a peak during the rainy season (May-
October). The entomologic inoculation rate was estimated
at 200 infective bites/person/year in the study area [17]. The
incidence of clinical malaria cases in children less than five
years of age was estimated at 1.3 episodes/child-year [18].

About 500 children under the age of five living in the two
communities were targeted for this study.

During the follow-up period, all malaria cases were
managed by the study clinical staff with no cost. Clinical
management was based on the National Policy guidelines,
which consisted of artemisinin-based combination therapy
(Coartem; Roche, Basel, Switzerland) for uncomplicated
malaria cases and quinine salt for severe malaria cases.

2.2. Ethical Considerations. The study was part of a large
epidemiological study aimed at assessing malaria morbidity
and mortality in children under the age of five years (DMID
protocol 06-0020). The study protocol was reviewed and
approved by Office of Clinical Research Affairs (OCRA)
within the Division of Microbiology and Infectious Disease
(DMID at National Institute of Allergy and Infectious Dis-
eases (NIAID) of the USA). It was also approved by the Health
Research Ethics Review Committee in Burkina Faso.

A clear description of the study and all anticipated risks
and benefits was explained to the participants before a
written informed consent was voluntarily obtained from the
participants or their legal guardians.

2.3. Sample Collection. Blood samples were obtained by
finger prick from children aged 3-59 months. Thick and
thin smears and blood spotted on filter paper (Whatman
No. 2) were collected during two cross-sectional surveys
conducted in February and September 2007, respectively,
dry and rainy season time points, for asymptomatic cases
detection. Children were then followed up during one year
at their relevant community clinics for malaria symptomatic
cases detection.

Thick and thin smears were stained with Giemsa and
examined under light microscope for malaria parasites iden-
tification and counting.

The spotted filter paper was kept at room temperature
with silica gel desiccant prior to genotyping analysis.
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For the purpose of this study, the following definitions
were adopted: symptomatic malaria case was defined as
children with axillary temperature >37.5°C bearing asexual
P, falciparum parasite irrespective of parasite density; asymp-
tomatic malaria case was defined as the presence of asexual
P. falciparum parasite irrespective of parasite density, in the
absence of clinical symptoms.

2.4. Microscopic Examination. Thick and thin blood smears
were stained with Giemsa and microscopically examined
to identify monoinfections with P. falciparum. Asexual P.
falciparum parasites were estimated against 200 leucocytes
and the parasite density was calculated based on a mean of
8000 leucocytes per microliter of blood.

2.5. Plasmodium Falciparum DNA Extraction. Parasite DNA
was extracted from blood spots using QiAmp DNA blood
mini kit according to the manufacturer’s protocol (Qiagen;
Valencia, CA). DNA samples were aliquoted in sterile tubes
and stored at —20°C until polymerase chain reaction (PCR)
amplification.

2.6. Eba-175, msp-3, and ama-1 Fragments Amplification.
Eba-175 genotyping was performed by nested PCR as
described elsewhere [4]. The primers sequences and the
amplification reaction conditions are described in Table 1. A
seminested PCR was used to amplify the polymorphic region
of msp-3 gene (see Table 1). This region is predominantly
confined to the N-terminal extremity within the heptad-
repeat previously identified as a site of antigenic diversity
among MSP-3 polypeptides [19]. Briefly, two rounds of PCR
amplification were performed. The first-round PCR ampli-
fication was achieved with 5uL of DNA template in a final
volume of 25 yL. The second one was performed similarly
to the first with 2.5 yL of the first PCR product being DNA
template. Each PCR round amplification contained 1M of
each primer, 1 unit of Tag DNA polymerase (Invitrogen,
Carlsbad, CA), 2.5 uL of 10x PCR buffer (Invitrogen), 2.0 mM
MgCl,, and 200 uM dNTP (Invitrogen). The PCR cycling
conditions for the first and the second reaction are described
in Table 1.

The first PCR reaction was similar to the above msp-3
first amplification reaction using a set of primers (VM785/3
and VM990) indicated in Table 1. The second-round reaction
mixtures for ama-1 were performed in a final volume of 50 yL
that contained 5 L of 10x PCR buffer (Invitrogen) and 2 units
of Taq DNA polymerase with 1 uM each of the ama-1 VM815
and VM990 primers. The PCR products from the ama-
I second reaction were digested by using three restriction
enzymes Mse I, Ssp I, and BfCU 1, which generated fragments
whose size corresponded to the 3D7, K1, and HB3/7G8 ama-1
allele classes, respectively.

2.7 Internal Quality Control and Data Interpretation. Puri-
fied DNA from P. falciparum 3D7 (MRA-102G), HB3-B2
(MRA-149G), and K1 (MRA-159) was provided by the Malaria
Research and Reference Reagent Resources Center, American
Type Culture Collection (Manassas, VA), and used as positive
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TABLE 1: Sequences of the primers and PCR conditions.

Sequences PCR conditions”
eba-175
First 5'-CAAGAAGCAGTTCCTGAGGAA-3' (forward) D (94'C for 1 min), A (56°C for 1 min),

Ex (72° for 2 min), FEx (72°C for 3 min),

reaction 5'-CTCAACATTCATATTAACAATTC-3' (reverse)
Cy (29 cycles)
Second 5'-GAGGAAAACACTGAAATAGCACAC-3' (forward) EDX(?fz.,CCf;’;rlz“;ﬁ’) AFSX 6(525‘3 florr“;r;l)j’in)
reaction 5" CAATTCCTCCAGACTGTTGAACAT-3 (reverse) ’ ’
Cy (24 cycles)
ama-1
First VM?785/3: 5'-CCGGATCCCCTTTGAGTTTACATATATG-3' (forward) EDX(?gsoccf‘f)érz 4’?1;)1 3&2’(2852 fgrfgrrjgl §) ’
reaction VM990: 5'-AAA TTC TTT CTA GGG CAA AC-3' (reverse) ’ ’
Cy (30 cycles)
Second VMS815/3: 5'-GGA ACT CAA TAT AGA CTT CC-3' (forward) EDX(?g Soccf‘;érz 41?1;)1 3&2’(?852 fgrfgrrjgl §) ’
reaction VM990: 5'-AAA TTC TTT CTA GGG CAA AC-3' (reverse) ’ ’
Cy (35 cycles)
msp-3
First PCR 159F: 5 -ATGTTGCTAGTAAAGAAATTG-3' (forward) EDX(?:SFCf?OerO rsrzi’ Iﬁ (lféxc( égfé (;053
reaction 745R: 5'-CATAACTAGAAGCTTCTTTTGC-3' (reverse) : ’
5min), Cy (30 cycles)
Second PCR  I88F: 5'-ATAATCTTAACTTAAGAAATGC-3' (forward) EDX(?:Sf:Cf?;sZO ri)i 13 (lféxc( égfé (zosr)
reaction 745R: 5'-CATAACTAGAAGCTTCTTTTGC-3' (reverse) >

5min), Cy (40 cycles)

*D: denaturation; A: annealing; Ex: extension: FEx: final extension; Cy: number of cycles.

controls during the PCR amplification. The positive controls
were used to score and interpret fragment sizes.

The Eba-175 alleles (CAMP and FCR3) were identified
as single fragments, approximately 714 and 795 base pairs
in length, respectively. The msp-3 K1 and 3D7 alleles were
identified as single fragments, approximately 500 and 400
base pairs in length, respectively. All other msp-3 fragments
of different sizes were also reported. Finally, the ama-I1-K1,
ama-1-3D7, and ama-I-HB3/7G8 alleles were identified as
single fragments of 285, 400, and 335 base pairs in length,
respectively, when subjected to digestion with Mse I, Ssp 1,
and BfCU I, respectively.

Mixed infections were defined as the simultaneous pres-
ence of K1 and 3D7 msp-3 alleles or the F and C eba-175
fragments or the presence of two or three of the ama-1
fragments within the same sample.

2.8. Statistical Analysis. The allelic data input was double
entries in Excel format and was analyzed using the statistical
software Epi Info v6.04a (http://www.cdc.gov/epiinfo/Epi6/
EI6dnjp.htm). This software was used to obtain the carrier
frequencies of the different alleles. Individual allele frequen-
cies were estimated using GenAlEx 6.5 [20].

Inclusion in the combined dataset was limited to samples
with missing data for no more than one marker.

In order to assess if the prevalence of msp-3, eba-175, and
ama-1 alleles varies with age, the data were categorized into
three age groups (<1 year, 1 to 3 years, and >3 years) based on
the difference in the development of acquired immunity.

The chi-square and Fisher’s exact tests were used for data
analysis with p < 0.05 value used as statistical significance
threshold end point.

Genetic diversity was estimated by determining the het-
erozygosity based on the three antigens combined, where
heterozygosity (h) = 1- Y pi* ranged from 0 to 1, where pi is
the frequency of the ith allele. The ¢-test was used to compare
mean heterozygosity between the different groups.

3. Results

A total of 427 children with a mean age of 2.2 years (95%
confidence interval (CI), 2.1-2.4) were included in this study.
The genetic analyses included 427 samples representing 228
and 199 samples collected, respectively, from asymptomatic
and symptomatic malaria children. This genetic analysis
included only samples which were microscopically known
positive for Plasmodium falciparum parasite and therefore
successfully scored for at least one of the three genes.

3.1. Allele Prevalence in Symptomatic and Asymptomatic
Malaria Cases. We investigated whether asymptomatic and
symptomatic malaria patients could have differences in
the prevalence of the eba-175 alleles. Genotyping analysis
revealed that the frequency of the FCR3 allele was signifi-
cantly higher in asymptomatic infections compared to the
symptomatic infections (p = 0.0001). The ama-I-HB3 allele
was also overrepresented in the asymptomatic infections,
but without reaching a statistically significant difference
(Table 2). However, the msp-3_KI allele showed a signifi-
cant prevalence in symptomatic carriers when compared to
asymptomatic carriers (p = 0.00001) (Table 2).

A comparison of the allele’s prevalence within each group
(asymptomatic or symptomatic) revealed that the ama-1_HB3
allele and the eba-175_FCR3 allele were the most prevalent
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TABLE 2: Prevalence of ama-1, eba-175, and msp-3 genotypes from symptomatic and asymptomatic malaria cases.

Alleles Asymptomatic Symptomatic p value (between groups)
No (%) h No (%) h

Ama-1.K1 75 (33.3) 0.44 39 (32.8) 0.44 0.9

Ama-1.3D7 78 (34.7) 0.45 43 (33.3) 0.44 0.8

Ama-1_.HB3/7GS 131 (58.5) 0.48 55 (47.8) 0.50 0.06

p value (within group) <0.0001" 0.03"

Eba-175_FCR3 202 (88.6) 0.50 95 (67.9) 0.46 0.0001"

Eba-175_CAMP 107 (46.9) 0.20 51(36.4) 0.44 0.05"

p value (within group) <0.0001" <0.0001"

Msp3.K1 83 (36.4) 0.46 103 (59.5) 0.49 0.00001"

Msp3_3D7 115 (50.4) 0.50 98 (56.32) 0.49 0.2

p value (within group) 0.002" 0.5

h: heterozygosity.
*Significant p value <0.05.

TABLE 3: Age variation of eba-175, msp-3, and ama-1 allele prevalence.

Asymptomatic malaria cases Symptomatic malaria cases

Alleles <1 year (45) 1-3 years (99) >3 years (84) <I year (66) 1-3 years (92) >3 years (41)
EBA-175_CAMP 46.7 52.5 40.5 30.3 17.4 36.6
eba-175 EBA-175_FCR 95.6 87.9 85.7 48.5 48.9 43.9
p value 0.4 0.01" 0.12 0.08 0.005" 0.4
AMA-1.K1 37.8 38.4 23.8 12.1 21.7 26.8
ama-1 AMA-1.3D7 37.8 38.4 274 15.2 30.4 12.2
AMA-1_HB3 66.7 49.5 61.9 22.7 29.3 31.7
p value 0.006" 0.18 0.00001" 0.24 0.35 0.1
MSP-3_K1 42.2 34.3 35.7 45.5 59.8 43.9
msp-3 MSP-3_.3D7 511 52.5 47.6 60.6 39.1 53.7
p value 0.00001" 0.00001" 0.00001" 0.03" 0.00001" 0.5

*Significant p value <0.05.

ones in both groups. The msp-3_3D7 was the most common
msp-3 alleles in the asymptomatic group.

The analysis of the frequency of the individual alleles
showed that eba-175 FCR3 and the msp-3 K1 alleles were more
common in asymptomatic versus symptomatic group and
that the difference was significant (Table 2).

3.2. The Effect of Age on msp-3, ama-1, and eba-175 Allele
Frequency. In order to assess if the prevalence of msp-3,
eba-175, and ama-1 alleles varies with age, the data were
categorized into three age groups (<l year, 1 to 3 years, and
>3 years) based on the difference in the development of
acquired immunity. Statistical analysis of the distribution of
the different alleles by age demonstrated some structure in the
allele frequencies. The distribution of msp-3 alleles showed a
higher and statistically significant prevalence of msp-3 3D7
compared to msp-3 K1 alleles in all age groups irrespective of
the clinical features, except in the “1-3 years” category where a
statistically significant lower frequency (p = 0.005) of msp-3
3D7 alleles was observed (Table 3).

The analysis of the ama-1 alleles showed that even the HB3
allele was the most frequent one across all age categories, the

difference was statistically significant only for children <1and
>3 years of age in the symptomatic group (Table 3).

A higher prevalence of eba-175_FCR3 alleles compared
to CAMP was notified in all age categories, except in symp-
tomatic children aged >3 years (Table 3). The difference was
statistically significant only in the children aged between 1-3
years of age in both group (p < 0.5).

4. Discussion

The present study was designed to analyze the allelic diversity
of the three main malaria vaccine candidates in symptomatic
and asymptomatic malaria infected children living in the
southern region of Burkina Faso. The study was focused
on domain I of AMA-1 representing the most polymorphic
region of the gene [13, 16, 21] and known as a major target
of anti-AMA-1 protective antibodies [22]. The N-terminal
extremity of the msp-3 gene within and flanking the heptad-
repeat selected for this genetic analysis was identified in
previous study as the site of antigen diversity among MSP-3
polypeptides [19]. Finally, the polymorphic region of eba-175
subject to the present genetic analysis was the exon I located
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in region II which is known to code for a repeated sequence
of two Dufty binding-like domains (F1 and F2). The two
domains F1 and F2 are being separated by highly divergent
dimorphic region III, through the insertion of either a 342-
base pair segment in FCR-3 strains (F-loop) or a 423-base pair
segment in CAMP strains (C-loop).

The genetic diversity influence of such known surface
antigens in malaria pathogenesis was discussed in various
previous studies generating conclusions with a need for
further investigations in different malaria setting. Indeed, the
importance of the relationship between ebal-175 dimorphism
and malaria clinical status was demonstrated in children
living in central Africa and specifically from Gabon [12, 23].

The importance of AMA-1 as a malaria vaccine candidate
provides further justification for exploring the role of genetic
diversity in this antigen. A strong imbalance in ama-1I genetic
diversity between symptomatic and asymptomatic infections
was highlighted in a previous study [24] suggesting that
malaria morbidity may be strain specific.

The results from this present study confirmed that the
eba-175 gene was dimorphic with F and C alleles present
in general prevalence as shown in previous studies [25-27].
While the F alleles were predominant, the results also showed
that there was no relationship with the clinical status of
the patients (asymptomatic and symptomatic). However, the
study showed a high proportion of mixed segment infection,
including C and F alleles significantly in asymptomatic cases.
This finding is in line with previous reports in Asia [28] and
in Africa [29].

The analysis of ama-1 alleles in our study showed lack
of association in genotype prevalence with malaria infection
contrasting the finding from previous studies. Strong imbal-
ance between symptomatic and asymptomatic infections was
found in the distribution of residues at several clustered
polymorphic positions of ama-1 genotypes [24]. However,
the ama-1_HB3/7G8 genotypes were overrepresented in the
study area in both symptomatic and asymptomatic groups
compared to the other genotypes (K1 and 3D7). The common
PCR method used in this study does not provide enough
resolution to discern individual point mutations in the
domain I predicted to arise from diversifying selection due to
a protective immune response [13, 30-32]. Direct sequencing
of the ama-1 gene product would probably better address the
role of such polymorphism in the pathogenesis of malaria.

The msp-3_KI alleles were associated (p < 0.0001)
with higher risk of clinical malaria in Table 2. However,
this association remained only statistically significant in the
symptomatic population between 1 year of age and 3 years
of age but not in the other ages (groups <1 year and >3
years). In parallel, the presence of the msp-3_3D7 alleles
was associated with asymptomatic malaria only in the age
group of 1-3 years. These findings highlight the relevance
of analyzing the polymorphism of the P. falciparum parasite
based on subclasses with closer interval of age instead of
large range of age. Previous studies analyzing the age-allele
specific immunity constitute a perfect illustration of that
complexity of malaria antigen polymorphism [33] in which
polymorphism is a common mechanism for immune evasion
used by the parasite [34].

The PCR-RFLP is use as a technical approach to analyze
the allelic diversity in this study. Even though this is a useful
approach based analysis, inexpensive and ease to determine
the number of different parasite genotypes infecting an
individual patient or in assessing the multiplicity of infection
(MOI), the approach is of limited utility for interpreting
some patterns as the size itself (principle of polymorphism)
may be under selection [35, 36] or for identifying the exact
variation in the event that several polymorphisms affect the
same restriction enzyme recognition site [37].

5. Conclusion

This comparative analysis of the role of allelic polymorphism
of the eba-175, msp-3, and ama-1 gene in P falciparum
isolates from asymptomatic and symptomatic malaria cases
indicated that the polymorphism was comparable between
asymptomatic and symptomatic malaria groups in our study
area. Except for few differences observed in the eba-175 and
msp-3 alleles frequencies, the overall polymorphism of the
three genes together did not show any alleles association with
symptomatic or asymptomatic malaria. Nevertheless, these
findings give broad insights about the general distribution
of the P, falciparum polymorphism for the development of
malaria vaccine trial sites. Our results highlighted the need
of using more advanced techniques such as DNA sequencing
in order to shed light on this relevant debate.
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