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Currently, malaria ranks as the 5" major cause of death in
developing countries. There are six human malarial parasites
species, with Plasmodium falciparum (Pf) and P. vivax (Pv) being
the most predominant. This study enrolled 165 outpatients of a
tertiary care hospital of the northeast district of Delhi. Blood
samples were taken and were examined for malaria by slide
microscopy and rapid malarial antigen detection test. DNA
extraction was done and PCR was performed for genus as well as
species identification. A total of 60 (36.36%) malaria positive
samples were identified among a total of 165 samples collected.
P. vivax and P. falciparum were found to be present in 51.66 and
13.33% samples, respectively and 18.33% samples were positive
for both the species on the basis of PCR analysis. The present
study suggests that while the traditional methods for diagnosis of
malarial infection are gold standard they will not be able to detect
mixed infections with low parasite count.
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India, a major contributor of malaria with 65%
incidence of malaria occurring among 2.4 million
cases observed in Southeast Asia"®. The human
malarial parasite species have now increased to six
which includes Plasmodium vivax, P. malariae,
P. falciparum, P. knowlesi and newly identified P. ovale
curtisi (classic type) and P. ovale wallikeri (variant
type)**. Globally, P. falciparum (Pf) and P. vivax (Pv)
have higher level of morbidity and mortality in
comparison to other known species>”. In India, 60-65 %
of the infections are due to P. vivax and 35-40% are
due to P. falciparum. Considering the severity of Pf
malaria in humans, and the emerging severe form of
malaria in Plasmodium vivax (Pv) a need to identify
these parasites early and at different stages of the
infection is necessary to start an early treatment.
Advanced technology such as PCR has
revolutionized diagnosis of pathogenic infections with
the ease of detection, accuracy and reproducibility.
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Moreover, due to the emergence of drug resistance in
malarial parasites and limited choice of antimalarial
drugs, it becomes essential to make an early and
definitive diagnosis®®.

Molecular tools have been utilized for malaria
diagnosis and have improved the capacity to diagnose
sub microscopic infections’®''. The limitations of
microscopy and rapid diagnostics tests (RDTS) in
species differentiation can be overcome with
molecular diagnostic tools. Here, we studied the
potential of PCR in detection of malarial parasites
with pan malarial primers and species specific primers
(Pf and Pv) in humans.

Materials and Methods

This study enrolled 165 patients, who visited
outpatient department of a tertiary care hospital of the
Northeast district of Delhi, India, during the monsoon
and post monsoon months of (June-August) 2015.
Peripheral blood smears were giemsa stained and
examined for malarial parasite by slide microscopy,
and the collected blood in EDTA vial was subjected
to commercially available rapid malarial antigen
detection test, sure test malaria PF/PV HRP2/pLDH
Combo (Access Bio Inc, NJ, USA) This immune
chromatographic test has a sensitivity of 96 and 98%
for P. vivax and P. falciparum, respectively with
specificity of 97.5% and precision 100% (as per the
manufacturers of the kit). For molecular detection,
2 mL of whole blood was taken into EDTA tubes for
DNA extraction using commercial kit (Real Biotech
Corporation). Primers were selected from previous
published literature as shown in Table 1'%

Table 1 — Primer sequences, annealing temperatures and size of
amplified products

Target gene Primer sequence(5'-3") Amplicon Temp.

size (bp) (°C)

Plasmodium CGCTTCTAGCTTAATCC 120bp  55%
vivax F ACATAACTGATAC

Plasmodium ACTTCCAAGCCGAAGC
vivax R AAAGAAAGTCCTTA

Plasmodium GGAATGTTATTGCTA 422bp 47V
falciparumF  ACAC

Plasmodium AAT GAA GAG CTG TGT
falciparum R  ATC

Plasmodium GCTCTTTCT 107bp 60
genus F TGATTTCTTGGATG

Plasmodium AGCAGGTT
genus R AAGATCTCGTTCG
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Plasmodium infection was confirmed with genus
specific primer (18s-rRNA region) and Plasmodium
falciparum and Plasmodium vivax were differentiated
by PCR.

Statistical analysis was done using Statistical
Package for Social Sciences (SPSS) package (SPSS;
Version 20.0). The chi square test and Fisher’s exact
test were used to determine statistical significance of
data. P value <0.05 was considered significant.
Diagnostic performances of PCR, microscopy and
RDT were compared. It included true positive (A),
false positive (B), false negative (C) and true
negative (D). Sensitivity: A/ (A+C) x 100, specificity:
D/(D+B) x 100, positive predictive value: A/(A+B) x
100, negative predictive value: D/(D+C) x 100",

Results and Discussion

During the three months study period from June to
August 2015, a total of 60/165 (36.36%) malaria
positive samples were identified by light microscopy.
Fig. 1 shows the monthly distribution of samples
received for testing. Table 2 depicts the evaluation
of conventional and molecular malarial detection

methods. Microscopy and RDT detected 47/60
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Fig. 1 —Monthly distribution of malarial positive samples

samples as positive and 13/60 samples as negative for
malaria infection in comparison to PCR which
showed 50/60 samples as positive and 10/60 samples
as negative. Table 3 depicts the age and gender
distribution of positive malarial cases showing a male
preponderance with 34 (56.66%) versus 26 (43.33%)
females with median age of 11.97 years. PCR
detected Plasmodium vivax (51.6) % as the
predominant species causing malaria followed by
P. falciparum (13.33%) and 18.33% samples were
positive for both the species. PCR showed a
sensitivity of (98%) and specificity (100%) higher
than that of microscopy and Rapid Diagnostics kit.
Fig. 2 (A & B) depicts the agarose gel picture for
plasmodium genus, P. falciparum (422 bp) and
P. vivax (121 bp).
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Fig. 2 — (A) PCR for detection of Plasmodium genus and species
on 1.5 % agarose gel. Lane 1: molecular weight marker (100 bp),
lane (2-15) plasmodium genus (107 bp); (B) Multiplex PCR for
detection of Plasmodium species (P. falciparum and P. vivax) on
1.5 % agarose gel. Upper lane 1-7: Plasmodium falciparum

(422bp), lower lane 1-7: Plasmodium vivax (121bp) and lane 8:
molecular weight marker (100 bp)

Table 2 — Comparative evaluation of malaria positive samples by PCR assays, microscopy and malaria Antigen detection kit. (n=60)

Cause of infection P. P. (P. falciparum) Total Sensitivity Specificity Positive Negative
falciparum  vivax and P. vivax) Plasmodium spp. (%) (%) predictive value predictive value
Methods detected (%) (%)
Microscopy (%) 8 (13.3) 30 (50) 9 (15) 47 (78.3) 94.1 92.8 97.9 81.2
PCR (%) 8(13.3) 31(51.6) 11 (18.3) 50 (83.3) 98 100 100 90.9
Malaria antigen (%) 7 (11.6) 30 (50) 10 (16.6) 47 (78.3) 90.3 81.2 94 722

Table 3 — Age and gender wise distribution of malaria positive samples by PCR

Age group  Male/female Plasmodium Plasmodium (Pf+Pv) (%) Negative (%) N=60 (%)
in years falciparum (%) vivax (%)
<5 years 14/8 3 14 2 3 22 (36.67)
5-15 years 5/4 2 4 2 9 (15)
16-25years 5/6 2 3 3 11 (18.33)
>26years 10/8 1 13 2 2 18 (30)

Total (m+f) 34/26 6+2=8 (13.33)

18+13=31 (51.66)

5+6=11(18.33) 5+5=10 (16.66) -
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Malaria diagnosis remains a challenge, not only in
the resource limited settings but also in research and
laboratory environments. Our study observed that the
patients were uniformly distributed in all age groups
with highest number of patients in age group of less
than five (<5) years. P. vivax and P. falciparum were
the most dominating species as seen worldwide.
A meta-analysis of 38 studies, demonstrated an
average of 69 and 56% of P. vivax and P. falciparum
infections, respectively™. The pathogencity of
P. falciparum is due to the cyto adherence properties of
infected red blood cells (RBCs) to the host epithelium
and sequestration into the peripheral vasculature®’.
Our study showed the presence of Pv and Pf co
infection (18.33%) which is also similar to the other
studies reported in India*®®. P. falciparum alone was
found in 13.33% samples which are in contrast to
other reported study™. Previously, P. falciparum was
known to be the dominant species but recently,
P. vivax has emerged as a dominant Plasmodium
species®. The seasonal fluctuation, rapid urbanization
and vector density, may be a possible assumption of
the changing trend of malaria. Whether low-density
parasitaemias are transmissible or not, it remains
debatable®, but several studies have confirmed that
sub microscopic P. falciparum as well as P. vivax
infections are capable of slow transmission from
hypnozoite reservoir, which are stated to be resistant
to current control measures®. The pathophysiology of
falciparum is unique and severe as it infects all stages
of erythrocytes, which causes heavy parasitemia and
severe breakdown of the RBCs provoke a hemo-
dynamic, immunologic and metabolic effect
compared to vivax species which infects only young
RBCs®. Loe et al.?* have already associated clinical
severity in P. vivax malaria due to cytoadhesion of
infected erythrocytes (Pv-iEs) to the endothelial cells
of the host partly mediated by variant interspersed
repeats (VIR) proteins, encoded by the vir genes
signifying their role in P. vivax infections.

Conclusion

PCR was found to be most accurate as compared to
microscopy and RDT results, when repeated. Evident
by the positive predictive value and negative
predictive value as 100% and 90.9% respectively,
PCR can be a valuable tool for surveillance.
Therefore, a continuous molecular and clinical
surveillance of malaria in symptomatic as well as in
asymptomatic individual may be an advantageous tool
in National surveillance programme.
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