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Abstract: Knowledge of the genetic diversity of leading malaria vaccine candidate genes in various geographical
regions is very essential for the development of a very successful malaria vaccine. This study aimed at assessing the
haplotype variation of Plasmodium falciparum thrombospondin-related adhesive protein (PfTRAP) gene in malaria
isolates from Buea, Cameroon. Parasitized blood samples were collected on whatmann filter papers by finger pricks
from 291 participants. Plasmodium infection was assessed by thick and thin blood films. DNA samples were
isolated from blood spots using the chelex method and used for falciparum speciation and PfTRAP gene
amplification by polymerase chain reaction. PfTRAP amplicons were digested using four different restriction
enzymes. The PfTRAP sequences were amplified from 83 of 172 falciparium positive DNA extracts. Digestion of
the gene with the Bglll gave two of four possible variants {(+-; 2.4%), (--; 100%)}, three with Sspl {(+-; 1.2%), (-+;
15%), (--; 80.7%)} and all four with Aflll {(+-; 71.1%), (++; 16.9%), (-+; 4.8%); (--; 7.2%)}. The single Taq”l site
on the gene was present in 65% of the samples. Haplotype analysis showed that 14 of the 96 possible PfTRAP
haplotypes were present in our isolates with haplotype 91 (----+-+) being the most prevalent (32%). We have
demonstrated the various PFTRAP haplotypes circulating with low frequency in the malaria endemic region of Buea.
These findings will add to the knowledge of the PFTRAP haplotypes circulating worldwide which is very vital for a

TRAP-based/multi-antigen malaria vaccine development that will be globally effective.
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Introduction:

Efforts in recent years to curb malaria death toll has
led to a significant reduction in the incidence of
malaria especially in malaria stricken regions of
Africa and south-East Asia. Presently malaria is
endemic in 91 countries with about 216 million cases
and an estimated death toll of 445,000; 90% of which
are from Africa [1]. These deaths are caused mostly
by the most deadly and most prevalent falciparium
malaria parasite in the African continent. Various
efforts to contain this disease have significantly
reduced the recent annual malaria deaths to about
445,000 [1], down from the historic peak of 1.8
million in 2004 [2]. However, the advent of
artemisinin resistant parasite strains in south East
Asia [3], mosquito resistance to insecticides, non-
compliance of the population to the use of the bed
nets, reduction in funding for the fight against
malaria, amongst others tend to pause a challenge to

these efforts. Efforts to protect the most affected and
vulnerable group which include children below the
age of 5, pregnant women, HIV/AIDS patients and
naive travelers have also yielded much dividend but
also remain compromised. Presently, the decline in
malaria cases and deaths seem to have stalled as a
result of these factors as the number of cases and
deaths in 2016 slightly exceeds those in 2015 [1, 4].
Antimalaria drug resistance has been recurrent and
with the development of parasite resistance to
artemisinin in South East Asia in recent years leaves
fears of widespread occurrence in sub-Saharan Africa
as was the case with chloroquine and sulfadoxine-
pyrimethamine (SP) in the 1950s and 60s [5]. No
Asian artemisinin-resistance allele has yet been
detected in the African continent though many other
distinct Africa-specific alleles have been found with
yet unkown functions [6]. There is therefore the need
for novel therapeutic agents against malaria in order
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to preempt any eventual widespread artemisinin
resistance in case the malaria-drug-resistance vicious
cycle continues at a global scale.

A sustainable approach to malaria control is the
development of a suitable vaccine that can confer full
and long-lasting protection against all malaria
populations. Till date none has been developed and
certified in this line due to various challenges among
which are the extreme genetic diversity among
malaria parasite isolates observed in different parts of
the world [7,8]. Of the malaria vaccine candidates
based on P. falciparum antigens identified so far,
slightly more than a dozen have undergone clinical
trials [9, 10, 11, 12]. The circumsporozoite (CS)
recombinant protein-based malaria vaccine RTS,S
(RTS,S/AS01) (“Mosquirix™) is the most advanced so
far. However, it only provides partial protection
against falciparum malaria in young children, short
of full or complete protection to all the populations
and shows a decreasing efficacy after a year of
administration [13,14]. RTS,S comprises a portion of
the Pasmodium falciparum circumsporozoite surface
protein (CSP) sequence fused to the hepatitis B
surface antigen and delivered with the adjuvant
(ASO1). CSP and the thrombospondin-related
adhesive protein (TRAP) are the two major
Plasmodium falciparum sporozoite surface antigens
on which experimental falciparum malaria vaccines
are in advanced stage [9, 15].

Genetic diversity in these parasite antigens helps it
evade the immune system and impose constraint on
the development of an effective malaria vaccine. An
antibody raised against an allele of a particular
antigen may not be effective in blocking the invasion
of red blood cells by a heterologous parasite strain
that expresses a different allele of that same antigen.
Consequently, a thorough genetic variability study on
these P. falciparum vaccine antigen candidates in
natural P. falciparum populations in various endemic
areas is required prior to their inclusion in a cocktail
for a very successful vaccine. The Thrombospondin-
Related Adhesive Protein of Plasmodium falciparum
(PfTRAP) is a component of the parasite
micronemes, organelles that play an important role in
apicomplexa adhesion and invasion, and is currently
a promising target for malaria vaccine research. It is
a sporozoite surface protein present in sporozoite and
the erythrocyte stages of the parasite [16, 17]. TRAP
functions in sporozoite gliding, motility and
hepatocyte invasion. Previous findings suggested that
it could be an important component of a multivalent
malaria vaccine [18, 19, 20]. Currently, it is being
tested in a number of vaccine formulations in various
endemic areas with some promising results [21, 22,
23, 24]. Though the PfTRAP gene sequences of
cultured parasites have been shown to be stable,

http://www.ijSciences.com

sequences from field isolates have been shown to be
polymorphic probably due to the host-immune
response [25, 26]. These antigenic sites need to be
represented if it has to be incorporated into a cocktail
for an effective vaccine. Such a diversity-covering
approach with the P. falciparum vaccine candidate
antigens has been used for a number of vaccine
formulations that have reached clinical trials [27, 28,
29]. Allele-distribution frequency genome-wide
studies have shown that some of these genes are
under balancing selection in endemic populations and
may also be under current directional selection in
local populations [30, 31]. Antigenic variation in
relation to vaccination has been widely studied
including clinical demonstration of allele-specific
protection [32, 33]. Previous results predict allele-
specific immunity to TRAP and CSP and these needs
to be considered in designing vaccines based on these
candidates [34]. Selection to maintain diversity
operates more strongly on the P. falciparum TRAP as
compared to the P. falciparum CSP [35]. The
Plasmodium vivax TRAP has also been shown to be a
suitable candidate for the development of an effective
pre-erythrocytic stage vaccine based on this antigen
[36]. Thus a TRAP-based vaccine could be very
valuable for both falciparum and vivax malaria. In
this study the genetic variability of the PfTRAP
vaccine candidate antigen gene was assessed in P.
falciparum isolates from the malaria endemic region
of Buea in the South West Region of Cameroon. A
good knowledge of the haplotypes circulating in
various parts of the world is very vital for a TRAP-
based or TRAP-based multi-antigen malaria vaccine
development.

MATERIALS AND METHODS

Ethics concern:

This study was approved by the Ethics Review and
Consultancy Committee (ERCC) of the Cameroon
Bioethics  Initiative  (CAMBIN) (Ref.  No.
2016/01/1098). Written informed consent was
obtained from all participants.

Study area:

The study was carried out at the Mount Mary
Hospital in Buea, capital of the South West Region of
Cameroon. Buea is a multi-ethnic town situated along
the slope of Mount Cameroon with an estimated
population of 81,478 inhabitants. This study area has
previously been described [37]. The climate is of the
equatorial type with temperatures varying between
18°C in August to 35°C in March. The mount
Cameroon area has a long rainy season that starts in
March and ends in late October (though the pattern
seems to be changing slightly) with maximum
rainfall of about 4,000 mm and a relative humidity of
over 80% in August and September. Malaria in this
region is meso-endemic and becomes hyper-endemic
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during the rainy season with peak incidence between
July and October. Plasmodium falciparum is the
predominant parasite specie which accounts for 96%
of malaria infection in this area [37, 38].

Subjects:

The study involved malaria positive volunteers aged
between 6months and 65years. Participants were
enrolled from amongst patients presenting to the
outpatient unit of the Mount Mary hospital in Buea
with malaria parasitemia. Written informed consent
(or by proxy) was obtained from volunteers who
were then made to fill a structured questionnaire prior
to enrolment into the study. A total of 291 patients
with malaria infection (confirmed by positive blood
smear) participated in this study.

Malaria samples:

Blood samples were collected from patients for thin
and thick blood films and for DNA analysis by
fingerpricks.  Screening for malaria was done by
microscopic analysis of Giemsa-stained blood
smears. For DNA analysis blot spots were collected
on individually allocated sheets of Whatman (3MM)
paper labeled with the subject name, code and date of
collection. The spots were allowed to dry and were
then transferred into individual resealable polythene
bags containing desiccants and stored at room
temperature until required for use. Samples were
collected between June and November 2016.

Measurement of haemoglobin content:

In order to assess the anaemic status of participants
which could be due to malaria, haemoglobin levels
were measured using haemoglobinoter (STAT- Site
MHgb metre, Stanbio Laboratory Texas, USA), as
per the manufacturer’s instructions.

Enzymes and reagents:

Restriction enzymes (Bglll, Sspl, Aflll/Acc651 and
Taq alpha 1) used in this study and PCR amplification
reagents were from New England BioLabs,.. (USA).
Agarose and chelex-100 were both from Sigma
(USA). Oligonucleotides were purchased from
Ingaba Biotec Ind. Ltd (Pretoria, South Africa).

DNA extraction and speciation of Plasmodium
falciparum:

Genomic DNA was extracted from dried parasitized
blood spots on Whatman® (3MM) filter papers using
the previously described Chelex extraction method
[39]. Briefly, a piece of approximately 3 mm x 3 mm
was cut from each blood spot and incubated at 4°C in
1 ml of 0.5% saponin in a microfuge tube overnight.
The saponin was then removed and 1 ml phosphate
buffered saline (PBS) was added and further
incubated at 4°C for 30minutes. The filter papers
were next transferred into a pre-heated (100°C, heat
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block for 10minutes) solution containing 150 pl
nuclease free water and 50 pl of 20% Chelex®-100
(Bio Rad Laboratories, Inc, California, USA). The
tubes were spun at 11000 rpm for 2minutes and the
supernatant (containing the genomic DNA) was
transferred into new sterile microfuge tubes and
stored at -20°C until required for use. Genomic DNA
samples of Plasmodium falciparum line 3D7 used as
control in this study was provided by MR4, ATTC®
Manassas  Virginia.  Plasmodium  falciparum
speciation was carried on the DNA extracts by
Nested-PCR using the genus-specific primers
(rPLUGF and rPLU5R) for the primary PCR and the
specie-specific primers (rFAL1F and rFAL2F for
Plasmodium falciparum) for the amplification of the
18s rRNA gene. These primers and PCR conditions
have previously been described [40].

Amplification of PfTRAP sequences from
falciparum positive samples:

The PfTRAP gene was isolated from the Plasmodium
falciparum positive DNA extracts by primary and
nested PCR using respectively the TRAP1 and
TRAP2 and TRAP1A and TRAP2A sets of primers
and conditions as described earlier [26]. Amplicons
were confirmed on 1 and 2% ethidium bromide
stained agarose gels respectively, for the primary and
nested PCR products.

Restriction fragment length  polymorphism
analysis of PFTRAP amplicons:

Digestion of the nested products for the genetic
variation of the PfTRAP gene made use of the
following four enzymes: Bglll, Sspl, Aflll/Acc651
and Taq alpha | and as instructed by the
manufacturers with some slight modifications. 0.4 pl
of each enzyme, 1.5 pl of the corresponding buffer,
3.1 ul of nuclease free water and 10 pl (~200 pg) of
nested PCR product in a total volume of 15 ul was
incubated at 37°C (for 1lhour for Bglll and 3hours for
Afll1/Acc651 and Sspl). Taq alpha 1 was incubated at
65°C for 30mins. The digests were analyzed on a 2%
agarose gel.

Statistical analysis:

Study data were reviewed, entered into Microsoft
Office Excel 2013 work sheet and exported to SPSS
version 20 (SPSS Inc, Chicago, USA) for analysis.
Association  between qualitative variables was
assessed using the chi square test while differences in
group means were compared using the Student’s t-
tests or analyses of variance (ANOVA). A difference
giving a P-value < 0.05 was considered statistically
significant.
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RESULTS

Socio-demographic  characteristics of study
subjects:

Table 1 below summarizes the basic socio-
demographic characteristics of the study population.
Of the 291 subjects aged 6months to 65years that
took part in the study 111(38.14%) were males and
180(61.86%) were females and the mean age was

Table 1: Socio-demographic characteristics of study subjects

23.67+17.39. Parasitemia ranged from 78,000 —
150,000 parasites/pL blood with geometric mean
parasite density (GMPD) of 9995 parasites/ul of
blood. The haemoglobin concentration varied from 8
- 16.6 g/dL with a mean concentration of 11.94 +
1.78 g/dL. 47.4% of participants were anemic while
52.6% were non-anemic.

Variables n Percentage
Gender Males 111 38.14
Females 180 61.86
Anemia status Not anemic 153 52.60
Mild 25 8.60
Moderate 113 38.80
Febrile Status Afebrile 83 28.50
Febrile 208 71.50
Parasitemia Low 115 39.52
Moderate 88 30.24
High 88 30.24
Age groupings <5 74 25.43
5-9 52 17.87
9-14 47 16.15
>15 118 40.55

Effects of socio-demographic parameters on
parasitemia

The mean parasite density was significantly (p =
0.0002) different when compared amongst age
groups with children having higher mean parasite
density than adults. Parasitemia load was also
significantly different (P=0.0001) between febrile
and afebrile individuals with the febriles having
relatively higher parasitemia loads. No significant
association was observed between  malaria
parasitemia and gender (p=0.529) and anemia status

(p=0.012). Though the geometric mean parasite
density was higher for females than males it was not
statistically significant. Fever showed a weak positive
correlation with parasitemia (r = 0.435) while there
was no significant association between fever status
and gender (p=0.260) and between fever status and
age groups (p=0.893). Equally there was no
significant association between anemic status and
gender (p = 0.191) or age categories (p = 0.090)
(Table 2).

Table2: Anemic status of study participants against gender and age.

Parameter N% Anemia [n(%0)] P value
Non anemic Mild Moderate
Gender Male 111 (38.1) 63 (56.8) 6 (5.4) 42 (37.8) p=0.191
Female 180 (61.9) 86 (47.8) 19 (10.6) 75 (41.7)
Age (yrs) <5 74 (25.4) 46(62.2) 4(5.4) 24 (32.4) b =0.09
5-9 52 (17.9) 32 (61.5) 3(5.8) 17 (32.7) '
10-14 47 (16.2) 26(55.3) 4 (8.5) 17 (36.2)
>15 118 (40.5) 49 (41.5) 14 (11.9) 55(46.6)

Falciparum speciation and amplification of
PfTRAP:

falciparum species-specific set of primers. The
extracts were analyzed on a 2% agarose gel and

Plasmodium genomic DNA was isolated from all the
291 participants’ Whatmann paper spotted blood
samples. Plasmodium falciparum specie-specific
gene sequences (205bp in length) were successfully

yielded sharp bands at molecular weights of 205bp
on the electrophoregram corresponding to the P.
falciparum species- specific gene sequences (Figure
1).

amplified from 172 of the 291 samples using the P.
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Figure 1: Agarose gel electrophoregram of P. falciparum species-specific gene sequences amplified by PCR from
Plasmodium genomic DNA extracts using falciparum species-specific primers. Lane 1= 100bp ladder (Mwt), lane 2-
3= negative control, lane 4= positive control (3D7), lane 5-11= DNA amplicons of field isolates.

The PfTRAP gene sequences were successfully
amplified by nested PCR from 83 of the 172 P.
falciparum genomic DNA samples using TRAP1 and
TRAP2 forward and reverse primers respectively for
the primary PCR and TRAP 1A and TRAP 2A
forward and reverse primers respectively for the

nested. Majority of the samples (89) were refractory
to amplification despite repeated efforts to obtain
amplicons. Nested PCR products were analyzed on a
1% agarose gel yielding the expected band size of
1638bp (size of the PFTRAP gene) (Figure 2).

Mwt 123456 7 8 910111213 14 15 1617

(1kb)

2500bp

500bp

1638bp

Figure 2: Agarose gel electrophoregram of PFTRAP sequences amplified from P. falciparum positive samples by
nested PCR using TRAP 1A and TRAP 2A forward and reverse primers respectively. Lane 1= 1kb ladder (Mwt),
lane 9 and 13= refractory to amplification, lane 2-15= PCR amplicons (PfTRAP sequences), lane 16= P. falciparum

3D7 (positive control), lane 17=negative control.

Digestion of PfTRAP:

The 1638bp long PfTRAP gene of P. falciparum
contains two Bglll, two Aflll/Acc651 and two Sspl
sites (the first at the 5’ end and the second at the 3’
end of the gene). There is only one Taq® | site present
in the gene. The 3” BglIl and 3 Sspl sites are
mutually exclusive. Digestion of this gene with these
four enzymes will give various fragment sizes
(Supplementary data). When mutated these sites
remain unrecognized by the enzyme and the presence
(+) or absence (-) of the restriction enzyme sites will
give different restriction fragment length sizes where
in some cases the fragments may vary in sizes since
they contain regions with repeats
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Mutation of the Aflll sites on the PFTRAP gene:
Acc651 is an enzyme used in combination with Aflll
to enhance Aflll activity. Aflll/Acc651 digestion of
the 83 PCR amplified PfTRAP sequences gave
various combinations of the presence/absence of the
restriction sites (Figure 3). Polymorphism associated
with Aflll/Acc651 revealed all four variants (+-),
(++), (-+) and (--). 59 (71.1%) samples had intact 5’
site and no 3'site (+-), 14 (16.9%) samples had both
sites intact (++), 4 (4.8%) samples lacked the 5’ but
had the 3'site (-+) and 6 (7.2%) samples had both
sites mutated (--). Overall, 73 (~88%) of the 83 field
isolates from Buea had intact 5°Afll1/Acc651 sites and
only 18 (~22%) samples had an intact 3°AflllI/Acc651
sites on the PfTRAP gene. The 3’ site was thus highly
mutated.
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depicting various combinations of presence/absence
of AflllI/Acc651 restriction site. A: gel illustrating the
+- and -- variants. Lane 1= 100bp ladder, Lane 2-5
and 8-16= Aflll/Acc651 digests, lanes 6 and 7 =

positive and negative controls respectively. B: gel
P illustrating the -+ variant. Lane 1= 100bp ladder,
< a1shp Lane 2-5= Aflll/Acc651 digests.

351bp

1 23456 789 10111213141516

Mwt
(100bp)

1517bp ——
1000bp ——

100bp —

Mutation associated with the Sspl sites:
A Digestion with the Sspl restriction enzyme revealed
the presence of three variants (+-), (-+) and (--)
(Table 3). No case where both sites (++) were present
was observed in any of the samples analyzed. 67
(80.7%) samples had both 5’ and 3’ sites mutated (--)
while 15 (18%) lacked the 5’ site but had the 3’ site (-
+) and only 1 (1.2%) sample had an intact 5’ site and
by 3;‘2‘;: a mutated 3’ site (+-) (Fig 4). Though the 5° Sspl site
was almost inexistent in these field isolates from
Buea, the 3’site was found in 18% (15) of the
samples. Both sites have thus been lost probably due
to mutations.

Mwt
(100bp)

1517bp ——
1000bp ——

100bp —

B

Figure 3: Agarose gel electrophoregram of PfTRAP
amplicons digested with AfllI/Acc651 enzyme and

Table 3: Distribution of restriction enzyme sites on PFTRAP genes isolated from samples from Buea.

Restriction Restriction site | Number of samples Total Total samples
enzyme containing samples with | with intact 3’ site
site/percentage intact 5’ site
Aflll/Acc651 ++ 14 (16.9)
+ - 59 (71.1) 73 18
-+ 4 (4.8)
- - 6 (7.2)
Balll ++ 0
+ - 2(24) 2 0
-+ 0
- - 81 (97.6)
Sspl ++ 0
+ - 112 1 15
-+ 15 (18)
- - 67 (80.7)
Tag®l + 50 (65) 50 33
- 33 (35)
++ = presence of both 5’ and 3’ restriction sites; +- = presence and absence of 5* and 3’ restriction sites respectively;
-+ = absence and presence of 5’ and 3’ restriction sites respectively; -- = absence of both the 5’ and the 3’ restriction

sites.
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Mwt 123 45 6 7 8 9 1011 1213 14 15 16

(100bp)

1517bp ——
1000bp ——

100bp

Figure 4: Agarose gel electrophoregram of Sspl
digested PfTRAP gene. Lane 1=100bp ladder, Lane
2-10, 12-15= Sspl digests with band sizes at 1638bp
(--), lanes11= Sspl digests with band sizes at 1211bp
and 414bp (-+), lane 16 = positive control (3D7).
Note worthy is the fact that fragments at 1638bp and

Mwt 12345 6 7 8 910111213141516 17

(100bp)

1625bp
~———— 1211bp

<« a14bp

1211bp can vary since they contain regions with
repeats.

Polymorphism associated with Tag®*l Enzyme:
Digestion with Tag”l enzyme showed that 50 (65%)
samples possessed the Taq®l restriction site and 33
samples (35%) lacked the site (Figure 5; Table 3).

7211bp*

Figure 5: Agarose gel electrophoregram of Taqg®l digested PFTRAP PCR products. Lane 1=100bp ladder, Lanes
2,5,8,9,13,15= Taq”l digests with band size of 1137bp and 501bp (-), Lanes 4,5,6,11,14,15,16,17= Taqg®l digests
with band sizes of 926bp, 501bp and 211bp (+). 211bp*“= contain regions with repeats and size varies.

Mutation of the Bglll site:

Digestion of the 83 PCR-amplified PfTRAP
sequences with  Bglll enzyme revealed a
predominance of a single band at 1638bp which
corresponds to the absence of the restriction sites on
both ends of the gene. Only two samples had an
unmutated 5’ site with mutated 3’ site. Since the
positive control (3D7) was also cut by this enzyme
these two sites must probably have been completely
mutated in these isolates (Table 3)

PfTRAP Haplotype analysis:

The PfTRAP haplotype analysis was done by
combination of various restriction enzyme sites.
Particular haplotypes were defined by the sizes of the
various restriction fragments obtained after digestion.
The presence and absence of a particular restriction
site was denoted by + and -, respectively.
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Combinatorial analysis of each + and — yielded a total
of 128 possible haplotypes using the four sets of
enzymes. The 3’ Bglll and the 3° Sspl sites are
mutually exclusive. Taking this into consideration
implies that there are 96 possible haplotypes that can
be delineated for the PfTRAP gene as 32 of 128
possible haplotypes contain both sites and are thus
excluded (supplementary data). The 96 possible
PfTRAP haplotypes range from haplotype 1 (+++-
+++) to haplotype 96 (------- ). Haplotype 1 is defined
as Bglll (++), Sspl (+-), Aflll (++) and Tag’l (+) and
haplotype 96 as Bglll (--), Sspl (--), Aflll (--) and
Taq“l (-). No Sspl (++) and Bglll (++ and -+) variants
were observed in the samples. Our analysis showed
that 14 (14.6%) of the 96 possible PfTRAP
haplotypes (Table 4) were present in samples from
Buea with haplotype 91 (----+-+) being the most
predominant.
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Table 4: PfTRAP haplotypes present in falciparum isolates circulating in Buea and their predominance.

Haplotype Haplotype Frequency of occurrence of
number abbreviation haplotype in samples.

91 ——tet 27 (32.5%)

92 —— 12 (14.5%)

89 ——t ++ 10 (12%)

90 -t - 8 (9.6%)

95 | - + 6(7.2)

84 -t t-- 3 (3.6%)

9% | @ - 3(3.6%)

83 -+ -+ 3(3.6%)

94 | - +- 3(3.6%)

44 FR—— 2 (2.4%)

93 | ++ 2 (2.4%)

82 R 2 (2.4%)

87 S 1 (1.2%)

85 ettt 1 (1.2%)

+ and — represent respectively the presence and absence of enzyme site. Order of enzyme sites: Bglll, Sspl,
AflIl/Acc651, Tag®l. It should be noted that there are two Bglll sites, 2 Sspl sites, 2 Aflll sites and only one Taq®l

site.

DISCUSSION:

Malaria vaccines may be the only ultimate solution to
the malaria disease given the continuous vicious
cycle of malaria-dry-resistance both with regards to
the parasites and the vectors. Rationale design of a
subunit malaria vaccine targeting any one of the
leading malaria vaccine candidate antigens needs a
very good knowledge of all the circulating antigenic
variants in various endemic regions for a multivalent
vaccine formulation that would be globally effective.
The present study describes the diversity of the P.
falciparum thrombospondin-related adhesive protein
(PfTRAP) gene in field isolates from the malaria
endemic region of Buea. The PfFTRAP antigen is one
of the 15 vaccine candidate antigens that successfully
underwent clinical trials and is currently being tested
with  promising results in various vaccine
formulations [24, 22, 23, 21]. Unlike other vaccine
candidates this antigen (PfTRAP) has not been
studied in details in naturally occurring infections.
With increasing drug pressure especially in endemic
areas these candidates need to be monitored for any
change in the haplotype frequency for consideration
in a vaccine formulation.

The genetic diversity of the PfTRAP gene was
assessed in field isolates from Buea Cameroon by
PCR and RFLP. Analysis of the results revealed that
some of the restriction enzyme sites were lost on
these isolates most probably due to mutations. While
the two Bglll and the two Sspl sites on the gene were
almost inexistent in these isolates, the 5° Aflll site
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was very little affected though its 3’ site was also
highly polymorphic. This shows that the Sspl sites
and especially the Bglll sites on the PfTRAP gene
from these field isolates have been seriously mutated
and could no longer be recognized by these enzymes.
Though these two enzyme sites were very
polymorphic, polymosphism associated with the Aflll
enzyme revealed the presence of all four variants ((+-
; 71.1%), (++; 16.9%), (-+; 4.8%) and (--; 7.2%)) and
the single Tag®l site on the gene was present in 65%
of the 83 samples. This shows that some segments of
the gene seem more susceptible to mutation than
others. This confirms the suggestion from previous
findings [25] that certain regions of the gene could
tolerate point mutations while others could not.

Using a PCR-based haplotyping system for PfTRAP
to detect changes in four restriction enzyme sites
(Bglll (2sites), Sspl (2 sites), Aflll (2 sites) and Tag"l
(1site)) and combining these sites taking into
consideration the fact that the 3” Bglll and the 3” Sspl
sites are mutually exclusive, the PFTRAP gene could
be assigned to one of 96 possible haplotypes. Our
analysis gave 14 haplotypes of PfTRAP out of the 96
in isolates from Buea. This shows that the PfTRAP
haplotypes in this endemic area are present in low
frequency. This concords previous finding which
showed that most haplotypes on which the present
falciparum vaccine candidates are based were found
to exist at very low frequencies in the parasite
populations [41]. Comparing this result with that of
Robson and collaborators [26] who also used a PCR-
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based haplotyping system for the PfTRAP gene and
who obtained a haplotype variation of 20.83% (20 of
the 96 possible haplotypes) using isolates from Mali,
also shows that the sequence variation of the PfTRAP
gene in this region is very low. The difference may
be accounted for by the fact that the gene from
isolates in Buea have been under intense drug
combinations that might have removed some of the
mutants from circulation just as it is known also to be
responsible for the generation of mutant species.
More so, the parasites in this region might not have
been under intense drug pressure compared to those
in Mali. The use of several drug combinations in
most endemic areas since the advent of ACTs seems
to exert a lot of pressure on the parasites. In a recent
study, analysis of 32 single allele sequences of the
entire coding region of the PFTRAP gene after direct
PCR sequencing of DNA samples from 32 malaria
infected patients from Thailand identified 23
different allelic haplotypes [42]. While this study was
based on sequencing the whole length of the PfTRAP
gene from only 32 patients, our study was based on
restriction analysis of 83 PCR-amplified PfTRAP
gene sequences from falciparum positive isolates.
Though the present study involved a larger sample
size as compared to the above mentioned study in
Thailand, both results show a level of genetic
differentiation of the PfTRAP (though at different
frequencies) gene most probably due to strong
diversifying selection acting on this gene. The most
common haplotype in this study was haplotype 91 (--
--+-+; 32.5%) unlike the case of Mali where Robson
and collaborators found haplotype 42 (+---++-) to be
the most common. This difference clearly
underscores the need for genetic analysis of these
vaccine candidates in various endemic areas in order
that all the allelic variants are considered for any
vaccine development based on the candidate antigen.
The genetic variability in T and B cell epitopes of the
PfTRAP vaccine candidate antigen has also been
assessed in a number of cases. The antigenic
variability assessed at TRAP epitopes located at
amino acid positions 78-88 and 504-513 (for T-cells)
and 201-215, 421-435 and 461-475 (for B-cell
epitopes) in Peruvian isolates showed highly
conserved TRAP sequences [43]. Other epitopes in
the above mentioned work of Ohashi and
collaborators were also found to be conserved in
Thailand. Though the haplotype frequency of
PfTRAP gene in field isolates from this geographical
region of Buea is low, further studies on the epitope
and amino acid sequence variability of this antigen in
this area will be necessary to throw more light on its
diversity for implication in a TRAP-based vaccine
development.

http://www.ijSciences.com

CONCLUSION:

The PfTRAP vaccine candidate genes from isolates in
Buea have low haplotype frequency, a property
relevant for a good vaccine candidate. However,
more studies on its epitope and amino acid sequence
variations in this endemic area are relevant for a
conclusive definition of its diversity in this study area
and its significance for a TRAP-based vaccine
design.

Data Availability statement:The (table of all the
possible haplotypes that can be obtained by
combining the Bglll, Sspl, Aflll and Taqg®l restriction
enzyme sites; table of different fragment sizes
obtained upon digestion with each of the four
enzymes) data used to support the findings of this
study are included within the supplementary
information file.
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