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Abstract
Background: Diagnostic accuracy of malaria is critical for early treatment, control, and elimination of
malaria, especially in war-affected malaria endemic areas. Microscopic detection of Plasmodium species
has been the gold standard in remote malaria-endemic regions. However, the diagnostic accuracy is still
questioned, especially in discriminating mixed and submicroscopic parasitic levels. This study was
designed to evaluate the diagnostic performance of microscopic examination against nested PCR
analysis in war-torn malaria-endemic Federally Administered Tribal Areas (FATA) of Pakistan.

Methods: Venous blood samples were collected from symptomatic patients for microscopic examination
and nested PCR analysis from January 2016 - December 2016 from �ve Agencies  (Bajaur, Mohmand,
Khyber, Orakzai and Kurram Agency) and four Frontier Regions (Peshawar, Kohat, Bannu, and Dera Ismail
Khan Frontier Region) of FATA. Malaria-positive isolates were con�rmed by nested PCR (targeting
Plasmodium small subunit ribosomal ribonucleic acid (ssrRNA) genes) for speciation.

Results: Among enrolled participants, 762 were found positive for malaria parasite on microscopic
examination of the blood �lm. P. vivax was found in 623, P. falciparum in 132 and 7 were diagnosed with
mixed infection (P. vivax and P. falciparum coinfection). Nested PCR detected Plasmodium infection in
679 samples (523 P. vivax, 121 P. falciparum, and 35 mixed infections). Compared with microscopy, the
sensitivity of nested PCR was 98.94%, and speci�city was 98.27%, while the sensitivity and speci�city of
slide microscopy 89.34% and 87.99% respectively.

Conclusion:

The conventional microscopy method has low sensitivity to detect mixed infection as compared to
nested PCR. High sensitivity and speci�city observed in nested PCR makes this molecular tool a useful
technique for monitoring, controlling, and eliminating malaria-endemic regions.

Background
The World Health Organization (WHO) malaria report showed an estimated 216 million malaria cases
worldwide, with 0.45 million deaths reported in 2017 from 91 countries. It is the second most reported
disease in Pakistan, affecting 4.5 million individuals with 33 reported and 1100 estimated deaths in 2016
[1]. More than 80 % of nationwide malaria incidences previously reported were from the war-torn Federally
Administered Tribal Area (FATA) [2]. FATA has the highest annual parasite incidence (17.64) in the country
(followed by Balochistan and Khyber Pakhtunkhwa provinces) [3], and about 0.1 million cases were
screened for malaria in 2016 [4]. Among many factors that in�uence malaria emergence in this region are
political instability, the war against terrorism, mass population displacement within the country (IDPs)
and across the border, underprivileged socioeconomic conditions, declining health infrastructure, poor
diagnostic, preventive and curative services, regional tribal and sectarian strife all contributing to this
huge disease burden [5]. For such remote and under-developed regions, malaria is severe both in local
and focal infections [6, 7]. Plasmodium �ve species (Plasmodium falciparum, Plasmodium vivax,
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Plasmodium ovale, Plasmodium malariae, and Plasmodium knowlesi) are responsible for causing
malarial infection in humans. Among the two globally predominant Plasmodium species, P. vivax is the
most prevalent species in Pakistan that account for 80% of the malaria cases, while P. falciparum causes
infection in an estimated 20% [8]. Incidence of double infections with both P. falciparum and P. vivax in
FATA region has been reported 4–5 % of all malaria infection that is quite high as compared other parts
of the country. In FATA region the rate of co-infection with P. falciparum and P. vivax is quite higher (4 % to
6 %) than other malaria endemic regions of the Pakistan [5]. Diagnosis and surveillance of malaria in a
region where more than one species of Plasmodium genus is present are di�cult to achieve without
using a more sensitive, speci�c, and reliable diagnostic technique.

Even though empirical diagnosis results in overtreatment due to inaccuracy, it remains the basis for
malaria diagnosis in a majority of the symptomatic patients in malaria-endemic regions, where advanced
diagnostic facilities are lacking. Nevertheless, a clinical or presumptive diagnosis is the least expensive
and most commonly used method that forms the basis for self-treatment in areas such as FATA [9].

A variety of diagnostic tools are available for Plasmodium identi�cation and speciation, including
microscopy (light and �uorescence), immuno-chromatographic techniques, nucleic acid ampli�cation
methods (PCR and isothermal ampli�cation), and �ow cytometry [10]. Dielectrophoretic and
magnetophoretic approaches are also among the promising new techniques, but their sensitivity and
speci�city still has to be evaluated [11]. Laboratory diagnosis of malaria at the primary healthcare level in
remote areas is limited to light microscopy. However, this technique has some advantages and
shortcomings in proper malaria diagnosis [12]. To overcome the shortcomings of microscopy, a rapid
diagnostic test (RDT) has been developed for malaria detection, which is claimed to be simple, accurate,
and cost-effective diagnostic tests for malaria. Like microscopy, RDT also has limitations [13],
particularly in differences in sensitivity among various kits [14].

During the last decade, the molecular diagnostic technique Polymerase Chain Reaction (PCR)
(ampli�cation of 18S rRNA genes) has gained popularity over conventional microscopic technique and
RDT [15]. The PCR technique has demonstrated its high speci�city and sensitivity in Plasmodium
identi�cation and speciation [15–18]. Besides detection and mixed-species identi�cation [19–21], PCR
has also proven its remarkable utility in follow-up studies on anti-malarial e�cacy, molecular
epidemiology, and drug resistance studies [7, 8, 13, 22]. PCR has been proven to be superior, but the
molecular diagnostic setup is not always possible as it is expensive, time-consuming, needs expertise,
supervision, and resources [23]. That's why PCR-based malaria diagnosis may not be feasible in remote
rural areas like FATA [24].

As per WHO malaria guidelines, all suspected cases must undergo laboratory diagnosis using
microscopy and RDT before any therapeutic care because information regarding the effectiveness of
presumptive diagnosis is inadequate. This study was conducted to evaluate the performance of nested
PCR in the detection of malarial parasites in positive microscopy samples in a warn-torn, remote malaria-
endemic region of Pakistan.
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Results
Among the malaria suspected population, 762 people were found positive on microscopic examination of
Giemsa-stained blood �lms. P. vivax parasite was found in 623(82%), 132(17%) were positive for P.
falciparum, and 7(1%) had mixed infection (a mixed infection counting for both P. vivax and P. falciparum
species as positive), as illustrated in Fig. 3.

All microscopy tested Plasmodium positive samples were subjected to parasitic DNA extraction to
identify Plasmodium species using PCR. In the �rst round of nested PCR the product size was 1100 bp.

Methods
The study population was comprised of patients visiting healthcare facilities in �ve Agencies (Bajaur,
Mohmand, Khyber, Orakzi, and Kurram Agencies) and four Frontier Regions (Peshawar, Kohat, Bannu, and
Dera Ismail Khan Frontier Region) of FATA, Khyber Pakhtunkhwa province from January 2016 to
December 2016, as shown in Fig. 1. Ethical clearance for this study was obtained from the Institutional
Review Board of the University of Gujrat, Pakistan. Inclusion criteria was malaria febrile patients
irrespective of age and gender (having fever, chills, nausea, vomiting, sweats, headache, and fatigue)
willing to give oral or written consent (parents or guardians for those below 18 years) to be part of the
research. Individuals who were already taking anti-malarial drugs in the past two weeks or those who did
not consent to be part of the study were excluded.

3 mL of venous blood was collected from patients in vacutainer tube containing EDTA.Thick and thin
blood �lms were prepared, stained with 3% Giemsa staining solution and observed under the 100x
objective of the microscope at study site [25, 26]. 50uL of whole blood from microscopy positive patients
was spotted on properly labeled 3MM Whatman �lter paper, air-dried separately to avoid contamination,
and were then placed in a zip lock bag with a desiccant for future analysis

For molecular analysis, the Plasmodium genomic DNA was extracted from dried blood spots on the
Whatman �lter paper by using a previously published method [27]. PCR ingredients and thermal cycler
conditions were adapted from previously published research work [8]. MRA-178, 3D7/HB3/Dd2, MRA-179,
and MRA-180 were used as positive controls for P. vivax, P. falciparum, P. malariae, and P. ovale,
respectively, while for the negative control, ultra-pure water was used. The PCR products were resolved by
electrophoresis, stained with ethidium bromide, and visualized with ultraviolet illumination.

DAG_Stat online statistics software was used to evaluate diagnostic tests like sensitivity, speci�city,
predicted values, and 95% con�dence intervals (CI). Vassar Stats tool for performing statistical
computation was used to estimate Kappa coe�cients (http://vassarstats.net/) [28]. The kappa values
were used to classify the strength of agreement between each microscopy and nested PCR. Additionally,
Standard formulae were used to calculate positive predictive values [TP/(TP + FP)] negative predicted
values [TN/(FN + TN)] and test accuracy [(TP + TN)/number of all tests]. For diagnostic accuracy to avoid
the risk of bias due to shortcomings in design and conduct, STARD 2015 guidelines of Reporting of
Diagnostic Accuracy were followed whenever required during analysis [29].



Page 5/13

Agarose gel electrophoresis revealed a 205 bp ampli�cation product for P. falciparum, 120 bp for P. vivax,
144 bp for P. malariae and 800 bp DNA P. ovale in parallel with 100 bp DNA ladder as shown in Fig. 2.

However, discordant results were observed among several malaria positive isolates, and discrepancies of
Plasmodium species were observed between results of both techniques, which are depicted in Table 1. A
total of 523(77%) microscopy positive malarial isolates were identi�ed as P. vivax by nested PCR,
121(18%) were con�rmed as P. falciparum, 35(5%) were found to harbor mixed infection and 83 samples
tested negative, as shown in Fig. 2. None of the samples tested positive for P. malariae or P. ovale, Slides
were not available for re-examination to resolve discrepancies, but DNA was re-extracted, and nested PCR
was repeated.

Table 1
Cross-tabulation between microscopy and nested polymerase chain reaction for

Plasmodium parasite detection and speciation in Federally Administered Tribal Area,
Pakistan.

Plasmodium parasites detection by microscopy and nested-PCR (nt=762)

Microscopy Results Nested-PCR Results

P. vivax (623) P. vivax (518), P. falciparum (19), Mixed (15), Negative (71)

P. falciparum (132) P. vivax (5), P. falciparum (98), Mixed (18), Negative (11)

Mixed (7) P. vivax (0), P. falciparum (4), Mixed (2), Negative (1)

tn= number of positive blood samples examined.

To compare the agreement between microscopy and PCR, Cohen's kappa coe�cient was used, which
showed a high (kappa = 0.89) agreement for the presence or absence of Plasmodium infection.
Nevertheless, for Plasmodium species, the coinfection agreement was low (kappa = 0.51) because PCR
identi�ed 33(7%) samples as mixed-species infections, which were declared mono-species infections by
microscopy. The agreement between the diagnostic tools, microscopy, and PCR in diagnosis as P.
falciparum and P. vivax were kappa = 0.84.

PCR Sensitivity and Speci�city were calculated by using microscopy as a reference method. Sensitivity of
PCR was 98.94% (95% CI = 97.93–99.54) and speci�city was 98.27% (95% CI = 96.99–99.10).
Comparatively, microscopic analysis seemed to be less speci�c with speci�city 87.99% (95% CI = 85.33–
90.32) and sensitivity 89.34%, (95% CI = 86.93–91.45), as shown in Table 2. Test of the agreement was
calculated by comparison of PCR with blood �lm examination. PCR showed greater speci�city and
sensitivity over the manual microscopic examination.
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Table 2
Comparative analysis of both microscopy and nested-PCR for the diagnosis of

malaria.

  Microscopy   Nested-PCR

  Value 95% CI   Value 95% CI

Sensitivity 89.34 86.93–91.45   98.94 97.93–99.54

Speci�city 87.99 85.33–90.32   98.27 96.99–99.10

Positive Likelihood Ratio 7.44 6.07–9.11   57.14 32.61–100.13

Negative Likelihood Ratio 0.12 0.10–0.15   0.01 0.01–0.02

Positive Predictive Value 89.11 86.97 - 90.93   98.43 97.27–99.10

Negative Predictive Value 88.24 85.91–90.23   98.84 97.71–99.41

Accuracy 88.7 86.95–90.28   98.62 97.88–99.16

Discussion
Malaria is the second most reported disease in Pakistan, with about 98% of the population at varying risk
of contracting malaria infection and about 29% living in highly endemic areas, including FATA [4]. These
Plasmodium endemic regions of Pakistan share borders with WHO-declared malaria-endemic countries
Iran and Afghanistan [5]. Malaria surveillance data has been made available to national and provincial
malaria control programs by a web of diagnostic centers established by local government and
international donor agencies[4]. FATA is the most neglected part of Pakistan in terms of healthcare
facilities. Health Directorate is chie�y responsible for providing basic health services, but the healthcare
systems have been badly affected due to constant military con�icts, political unrest in the neighborhood
Afghanistan and the ongoing war against terror. [6]. Malaria is the leading cause of morbidity in the FATA
region, which contributes 80% of the disease burden of malaria in Pakistan with the highest test positivity
rate (17.01%) and API (17.64) [30]. Many epidemiological studies have reported a high prevalence of P.
vivax infection, 80–90 % compared to P. falciparum 10–20 % [3]. Incidence of double infections with both
P. falciparum and P. vivax in FATA region has been reported 4–5 % of all malaria infection that is quite
high as compared other parts of the country [5]. However, 363 malaria diagnostic centers established in
FATA for a population of about 5 million can't meet the public health demand for malaria management. A
presumptive diagnosis seems the only solution in such an area for treating malaria patients [31].

Although Giemsa-stained blood �lm microscopy has been recommended as a gold standard malaria
diagnostic technique, in those areas where microscopy is not possible (due to unavailability of either
microscope or trained staff), prompt malaria con�rmation can be done using rapid diagnostic tests
(RDTs). Microscopic examination has advantages such as low direct costs, sensitivity to differentiate
between malaria species, and the ability to measure parasitemia level before and after treatment.
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However, many factors affect the quality of results generated through microscopic examination of blood
�lms. These include parasitemia detection level per microliter of blood, species identi�cation constraints,
insu�cient staff, competency level of staff, substandard or inappropriate equipment. These factors
contribute towards reporting of false-negative and false-positive results and discrepancies in species
identi�cation using microscopy. In the present study, microscopic examination resulted in a misdiagnosis
of several mixed specie infections. The differences in sensitivity and speci�city of microscopy and PCR
are obvious through differences in their reported positivity rate in literature [19][1]. A study reported
signi�cant microscopy shortcomings with substantial problems even in reasonably sophisticated
laboratories. Studies concluded that strict quality assurance protocols must be enforced to maintain
microscopic examination accuracy [26, 27].

In this study, some discrepancies were found in microscopy results after con�rmation with nested PCR.
Additionally, PCR has been considered a molecular tool for Plasmodium identi�cation and species
discrimination. This technique helps in the detection of low parasitemia levels in samples, speciation and
signi�cantly robust in identifying mixed species infection that is mostly missed by routine microscopy.
Nested PCR revealed that 83(11%) of microscopy positive malaria cases were negative which is probably
due to low quality of stained smears, presence of artefacts, wrong diagnosis, slide contamination [32].

In cases of mixed infection diagnosis, 7 (1%) samples were mixed by microscopy whereas nested PCR
detected 35(5%) samples harboring mixed infections. Zaman et al. reported that a major drawback in
blood �lm examination is the misdiagnosis of Plasmodium species, mainly in case of mixed infection
[20]. A similar �nding is observed in the study conducted in India where microscopy declared 6 mixed
species infection, but isolated when exposed to PCR revealed 12 [10]. Detection of malarial DNA by PCR
technology has much greater sensitivity and speci�city, particularly in mixed infections and in case of low
parasitemia [21–23].

The present study has reported high sensitivity and speci�city of PCR [24, 25]. In contrast, a study
reported the less sensitivity and speci�city of PCR lower than the current study [26]. PCR also has few
disadvantages like it is time-consuming, involves many steps, requires technical staff, expensive because
of the complex equipment needed to run the PCR which hinder PCR implementation as an alternative to
microscopy in remote areas and low-income countries.

The results of microscopy compared with nested PCR revealed that PCR has higher sensitivity and
speci�city for detection of malarial parasites. All performance characteristics like sensitivity, speci�city,
positive predictive value, negative predictive value and accuracy were higher for nested PCR than
microscopy. We recommend using PCR for the detection of Plasmodium infection and also for specie
differentiation. PCR-based methods are useful in detecting malaria parasite, but recently this molecular
tool also showed its supremacy in evaluating treatment monitoring response, molecular drug resistance,
and parasite insecticide resistance detection.

Conclusion
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Our study reported that PCR detected Plasmodium and discriminated very well between different species
when compared to microscopy. Nested PCR is very effective in detecting mixed species infection than
microscopy. There is a need for PCR detection as missed or misread infections by microscopists are very
common in areas where more than one Plasmodium species co-exist. Higher sensitivity and speci�city
associated with the nested PCR, molecular detection method holds enormous promise for malaria
diagnosis and can be used as effective monitoring tools for surveillance, control, and malaria elimination
from a remote area like FATA. Based on the �ndings, we strongly recommend using the PCR technique as
the reference method in government institute and diagnostic center to diagnose malarial parasite and
verify blood �lm results and investigate the drug-resistant strains of plasmodium species.
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Figure 1

Sample sites from different agencies in war-torn Federally administered tribal areas (FATA) of Pakistan
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.
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Figure 2

Nested PCR results (a) genus Plasmodium (b) Plasmodium vivax and (c) Plasmodium falciparum Lane
1: 100 bp ladder, Lane +C: Positive control, Lane –C: Negative control.

Figure 3
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Flow diagram of comparative analysis about diagnostic testing of (n=762) malaria samples in two
different methods.


