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A major challenge in the development of successful malaria vaccines is
the antigenic diversity of vaccine candidate genes in natural parasite
populations leading to immune escape.

The most advanced vaccine is the RTS,S/ASO1 vaccine designed based
on the immunogenic regions of the 3D7 laboratory strain of Plasmodium
falciparum Circumsporozoite protein (PfCSP) (Fig.1)

The degree of malaria transmission intensity affects the extent of genetic
diversity of PICSP whereby diverse PICSP non-vaccine haplotypes in
specific immune epitopes of the PICSP antigen were detected reflecting in
low levels of the 3D7 strain in Ghanaian natural parasite populations
regions (Amegashie et al., 2020)

Poor vaccine efficacy against non-vaccine parasite strains has been
observed (Neafsey et al., 2015)

However, the effect of these changes on protein structure and interactions
is poorly understood. Therefore, we studied the genetic diversity of PICSP
between two distinct ecological regions in Ghana and the impact of amino
acid mutations specifically in the immunodominant T cel epitopes on the
protein structure, stability and potentially its effect on T cell mediated
immuniy .

PICSP amino acid data were obtained from two variable malaria
transmission sites, Cape Coast and Navrongo in Ghana (Fig.2). Cape
Coast has an Entomological inoculation rate (EIR) of 50 infective mosquito
bites per year and Navrongo has EIR of 1132 infective mosquito bites per
year.
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Fig.1: Circumsporozoite protein (CSP) and RTS,S vaccine construct
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Fig.2: Reference Protein structure (3VDJ.pdb) of PICSP.
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Fig. 5: Position based conservation analysis of amino acid of Cape Coast
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Fig.6: Position based conservation analysis of amino acid of Navrongo
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Effect of circulating PfCSP variants in Ghana and the implication on
vaccine development
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« Datasetcollection and Sequencing:
184 lllumina HiSeq sequence data was collected from Gape Goast in 2013,

256 Illumina HiSeq sequence data was collected from Navrongo in 2010, 2011 and
2013

Multiple Sequence Alignment and Variant Analysis with ClustalW/

Determination of the patterns of amino acid sequence substitutions frequency
within each population in R

Determination of amino acid variations between both populations, using entropy-
based conservation analysis in ChimeraX.

Determination of BLOSUM 62 scores and phytochemical properties of amino
acid substitutions

Prediction of the impact of mutations at the T cell immune epitopes upon protein
stabillty and flexiility with DynaMut tool

Distribution of TH2R (CD4+ epitope) and
TH3R (CD8+ epitope) Amino acids:
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The distribution graph (Fig.4) revealed
the two geographically distinct Ghanaian
parasite populations had varying levels
of polymorphisms at similar positions
with the same types of amino acids that
populate these sites appearing to be
conserved between them

These similar mutable positions 314, TR CRR
321,324, 327 at the TH2R epitope , and
352, 359 at the TH3R epitope were seen
in both populations.

Fig.4: The amino acid column represents the frequency of amino acids seen in isolates from Gape
Goast (eft half o the column) and Navrongo (right half of the column)

Common mutations seen in both Table 1: TH3R Amino Acid frequency in Cape Coast and Navrongo

Fig.3: Eco-Epidemiological Zones in Ghana

Table 3: Blosum62 scores, Physiochemical properties and mutation effect prediction
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Table 4: Mutation effect prediction

-0.058 - Destabilizing
-1.043 - Destabilizing
-0.096 - Destabilizing
-0.048 - Destabilizing
-0.151 - Destabilizing
-0.107 - Destabilizing
-0.036 - Destabilizing
-0.239 - Destabilizing

0.433 - Increase of molecule flexibility

0.718 - Increase of molecule flexibilty
0.037 - Increase of molecule flexibility
0.036 - Increase of molecule flexibilty
0.009-
0.045 - Increase of molecule flexibilty
-0.016 - Decrease of molecule flexibility
0.004 - Increase of molecule flexibilty
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Table 2: TH3R Amino Acid frequency in Cape Coast and Navrongo

In Navrongo, some mutations had higher
frequencies than the reference amino
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(Zeeshan et al., 2012)

Vaccine efficacy tended to decrease with the number of mismatches with 3D7 at these seven amino acid positions at 299, 301, 317, 354, 356, 359 and 361
(Neafsey et al., 2015), in this study mutations were observed at some of these loci in the Ghanaian population (301,317,354,356, and 359)

Isolates in Navrongo revealed increased mutations (11 mutable sites in both TH2R and TH3R epitopes) than in Cape Coast (7 mutable sites) and this is likely
attributed to higher malaria transmission patterns (EIR =1132) in Navrongo as compared to Cape Coast (EIR = 50).

Geographical differences in amino acids even within the same country provides insight into the need to design location specific PICSPvaccines

Radical replacement of an amino acid was observed whereby an amino acid is exchanged into another with different physiochemical properties and this may
lead to changes in protein structure with implication of reducing immune recognition by T-cells

There were radical replacement of amino acid residues in terms of: Hydropathy: hydrophobic to hydrophilic residues (P354S), Chemistry; basic to acidic
(K317E), basic to amide (K314Q), basic to hydroxyl (K317T), amide to basic (N321K, N321H, Q324R), amide to acidic (N352D, D356N), acidic to amide
(E3570Q, D359N), Volume; small to medium (N321H), very small to small (P354S), small to medium (N321),small to large (N321K), medium to large
(Q324R), large to medium (K314Q, K317T), large to small (K317T).

These changes may alter the conformation of the protein structure with a potential of affecting its stability and interaction with T-cel receptors and reduce
epitope recognition, leading to reduced vaccine efficacy

Mutation effect prediction analysis revealed 8 mutations predicted to have destabilizing effect on the protein (Table 4) with 3 located in positions previously
observed to reduce vaccine efficacy (K317E , K317T and D356N) (Nealsey et al, 2015)

In Navrongo, there were amino acids with negative BLOSUM scores in positions K317T and P354S suggesting that these amino acids substitute rarely and
may negatively be selected against.

Overall, this study reveals mutations which are likely to occur frequently at specific positions and may affect the vaccine efficacy, therefore aside from the
wild-type, these mutants could also be included in the vaccine component.

Considering the extent of diversity in circulating parasites from different transmission settings even within a country can provide us with insight into how well
RTS,S/AS01 may perform if implemented on a large scale in that country
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