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◄ Figure 3. Detection 
frequency of the different 
haplotypes.

(CSP-35 , CSP-3, CSP-11, CSP-7, 
CSP-1 are the most prevalent with 10%, 

8%, 6%, and 4%, respectively.) 

◄ Figure 4. Maximum 
Likelihood phylogeny of the 
39 haplotypes. 
• Haplotypes csp125 and csp64 are

closely related to the 3d7 reference
• However they only represent 1% and

2.5% of the haplotypes present in the
samples respectively and they differ
by one amino acid at position 71 in
the Th3R region

Background
• An estimated 200 million malaria cases and 440,000 malaria deaths are reported each year worldwide.
• Today, P. falciparum remains the most dominant pathogen species in Sub-Saharan Africa that accounts for

almost all mortality in malaria.
• To effectively control the disease in highly endemic regions as well as in children, the world’s first malaria

vaccine RTS,S will soon be implemented in three African countries including Ghana, Kenya, and Malawi.
• RTS,S is a recombinant protein vaccine that contains a portion of the central NANP repeats (B-cell epitopes)

and the C-terminal region that contains the T-cell epitopes (Th2R and Th3R) of the P. falciparum
circumsporozoite protein (PfCSP), similar to the sequence of the 3D7 laboratory strain.

• Previous studies have shown that RTS,S provides ~36% protection against clinical malaria in young children.
• The questions of whether RTS,S-induced immunity is PfCSP allele-dependent and selection favors non-3D7

strains are still uncertain.

Summary
● We found that the MOI varies dramatically across samples and regions and the most

prevalent haplotypes are not closely related to the 3D7 CSP reference.
● Mutations were found predominantly in the Th2R and Th3R regions of the PfCSP gene.
● Using the predicted structure, we observed that these mutations may change the

overall conformation of the CSP protein.
● These findings may provide insights into the low vaccine efficacy (~36%) that has been

described thus far in the field.

Figure 1. Sequence diversity in the Th2R and Th3R regions of PfCSP

Objectives
• To provide baseline data on within- and between-host parasite diversity in endemic regions of Ghana.
• To determine the population genetic structure of local P. falciparum and their relatedness with the 3D7 strain

• To examine the distribution of PfCSP variants and assess selection pressures driven by RTS,S vaccine.

Results

Methods
A. DNA extraction and Molecular screening of P. falciparum: About 200ul capillary blood samples were collected from 400

subjects in central Ghana. DNA was extracted using Zymo Quick-DNA kit following the manufacturer’s protocol and samples
were stored in -20°C until used. Plasmodium species identification and DNA quantification was performed by real-time
quantitative PCR of the 18S rRNA gene for all samples.

B. PfCSP amplicon deep sequencing: The C-terminal of the PfCSP containing the Th2R and Th3R regions were amplified,
and the Illumina partial adapters were added using PCR. Samples were purified using the QIAGEN kit. Multiple samples
were pooled and sequenced in paired-end on the Illumina Hiseq 2500. Coverage of at least 50,000 reads were obtained for
each sample amplicon.

C. Sample Haplotyping: Using the HaplotypR package from Lerch et al., SNPs were detected across all samples. These
mutations were summarized as a final list of haplotypes based on a minimum occurrence cutoff value of 2 and mismatch
rate of 50%. This list of nucleotide CSP haplotype sequences were then translated to amino acids.

D. Protein Structure Prediction: A consensus sequence of the mutations across all CSP haplotypes was created. The 3VDJ
protein structure was collected from PDB and visualized as a reference (Fig. 5, A1). The mutation consensus sequence’s
structure was predicted using QUARK and visualized (Fig. 5, A2) and compared to the reference structure (Fig. 5, B).

(A1) 3VDJ:       EPSDKHIKEYLNKIQNSLSTEWSPCSVTCGNGIQVRIKPGSANKPKDELDYANDIEKKICKMEKCPH
(A2) Prediction: EPSDQHIKEYLNTIKNSISTEWSPCSVTCGNGIQVRIKPGSADKPKEQLNYANDIEKKICKMEKCSS

▼ Figure 5. Protein structural 
changes from mutations.
• A1 and A2: Th2R (magenta) and

Th3R (orange) mutating residues
shown in red.

• B: Structure changes from reference
(green) to QUARK predicted mutant
(blue mesh).

▲ Figure 2. Within- and 
between-host diversity of the 
PfCSP gene, showing 
multiplicity of infection.
• 39 Haplotypes were detected in the 

60 samples.
• The number of haplotypes found 

within one sample varies from 1 to 11 
with sample Sk166 harboring the 
highest number of haplotypes. The 
various colors in the graph represent 
the different Haplotypes. 

• We detect a high level of polyclonality
in the majority of samples. 
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