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Abstract

Background
For ongoing malaria elimination programme, available methods like microscopy and rapid diagnostic test
(RDT) are not able to detect all the cases of malaria in acute febrile illness. These methods are entirely
dependent on the course of infection, parasite load and skilled technical resources thus the study was
carried out to compare performance of microscopy and RDT which are commonly used in a low resource
country along with reference to real-time PCR.

Methods
Altogether 52 blood samples collected from patients with acute febrile illness were tested by microscopy,
RDT and real-time PCR. The results were compared in terms of sensitivity and speci�city.

Results
The test results were as follows: 5.8% positivity by Microscopy, 13.5% positivity by RDT and 27% by real
time PCR. Taking into consideration of PCR as a gold standard method microscopy showed 21.4%
sensitivity and 100% speci�city. Likewise, RDT results revealed 28.6% sensitivity and 92.1% speci�city.

Conclusion
Despite of various diagnostic tools available, microscopy stills remains the gold standard for the
diagnosis and RDT is the user friendly to execute the test under the tree, but our preliminary results
emphasized the need to implement the test with the higher sensitivity and speci�city in context of malaria
elimination programme which could be another important opportunity to understand the parasite
circulation in case of low endemic region. However, these results should be further veri�ed with the large
study cohort in order to document the submicroscopic infection.

Background
Malaria is one of the vector borne disease causing the high morbidity and mortality. It is caused by
protozoan parasites of the genus Plasmodium which belongs to the phylum Apicomplexa. Five
Plasmodium species are reported to cause malaria infecting human namely Plasmodium vivax,
Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale and Plasmodium knowlesi [1].
Around 3.2 billion population in 95 different countries falls under risk of importing malaria and greater
than 1 billion are at high risk. As reported by the world malaria report in 2016, there were approximately
212 million cases of malaria in the world during 2015 and 429000 deaths due to malaria [2].
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Plasmodium falciparum and Plasmodium vivax are the most predominant species causing malaria in
Nepal. Plasmodium falciparum is recognized as the most virulent due to its ability to attain high levels of
parasitaemia during the life cycle as well as responsible for most (91%) of the morbidity and mortality,
due to its complications arising from parasite sequestrations in deep tissues [3]. There are different
methods used for the diagnosis of malaria which ranges from simple microscopy to the advance
polymerase chain reaction (PCR) based molecular methods. However, each method has advantages and
disadvantages. Microscopic blood smear examination has been considered the standard method for
diagnosis of malarial parasites but it is dependent upon the parasite load, course of infection and skilled
microscopist and alternative methods such as rapid diagnostic test (RDT) have been available [4]. Most
of these RDT rely on lateral immunochromatography to detect histidine-rich protein 2 (HRP2), speci�c to
Plasmodium falciparum and lactate dehydrogenase or aldolase, enzymes common to all species. In
cases of self-medication that has taken place before medical consultation, results of microscopic
examination can be negative while rapid diagnostic test results remain positive [4, 5]. However, the false
positive reaction has been reported, due to cross-reaction with rheumatoid factors, and lower sensitivity
of rapid diagnostic test has been reported especially for Plasmodium ovale, Plasmodium vivax and
Plasmodium malariae [6]. Among others, polymerase chain reaction (PCR) methods have been tested for
detecting parasites in blood samples along with the identi�cation of species, both in endemic areas and
in countries with imported malaria. PCR is a reliable tools for the diagnosis in patients with clinical signs
of disease or for epidemiological studies in endemic areas with high sensitivity and speci�city [7].

Methods
Study sites and duration

This study was conducted at tertiary care hospital (B.P Koirala Institute of Health Science), Dharan, Nepal
in department of microbiology during the period of 2017 to 2018 along collaboration with department of
internal medicine and pediatrics.

Study design

A descriptive cross-sectional study was conducted in B.P Koirala Institute of Health Sciences, a tertiary
care hospital in Nepal. The inclusion criterion was: patient visiting medicine ward, pediatrics ward,
emergency ward and out-patient department with acute febrile illness. An exclusion criterion was: patient
visiting pediatrics ward, medicine ward and emergency ward other than acute febrile illness cases.

Study procedure

Malaria detection from blood �lms using light microscopy

Peripheral blood smear (thick and thin blood �lm) was prepared and staining was done using 10%
Giemsa solution for 10 minutes and microscopic examination of Giemsa stained thick and thin blood
smears was performed [8].
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Quanti�cation of Malaria parasite by Red blood cell (RBC) count method using thin smear

Parasite quanti�cation was done by RBC count method following WHO protocol [9] using the given
formula below:

[Please see the supplementary �les section to view the equations.]

Percentage of parasitaemia was calculated by counting infected RBC amongst 2000 RBC by using
following formula:-

[Please see the supplementary �les section to view the equations.]

Malaria detection using rapid diagnostic test (RDT)

Histidine rich protein-2 and Plasmodium speci�c lactase dehydrogenase based rapid diagnostic test kit
was used for detection of malaria infection by immunochromatography process. The tests were done
with rapid diagnostic kit, based on the lea�et provided from its manufacturer instruction.

DNA extraction of blood samples using Qiagen kits

Blood samples preserved on 0.5mg EDTA vial were stored at -200C in order to prevent DNA degradation
and blood samples were left to room temperature for 30 minutes before the extraction process was
carried out. DNA was extracted from 200µl of blood samples using QIAamp DNA blood mini kit (Qiagen,
Hilden, Germany, Catalog number 51104) as instructed on manufacturer instruction on QIAamp. DNA
mini Handbook [10].

Taqman assay based real-time PCR

Puri�ed DNA samples were ampli�ed using a Qiagen Rotor Gene Q system using abTesTm Malaria 5
qPCRKit (Catalog number 300229) by a set of speci�c primers for each Plasmodium species designed by
a manufacturer company. At �rst, master mix solution was prepared using the following scheme:
primer/probe: 2 μl, enzyme/reaction mix: 6μl, nuclease-free water: 12 μl and template: 5 μl. The thermal
cycler was programmed as phase 1 at 95 0 C for 2 min to implement one cycle, phase 2 at 60 0 C for 20
second to produce 30 cycle and phase 3 at 68 0 C for 1 minute per kb to generate 30 cycle on the basis of
company manufacturer instruction. Fluorescence intensity was measured by the Rotor gene Q software
and the graph between Fluorescence intensity vs. number of cycle was plotted [11].

Ampli�cation of Plasmodium species identi�ed by real-time PCR

Real time PCR based taqman assay was performed in order to identify species and compare the results
with microscopy and RDT. Minicircular DNA of Plasmodium species was ampli�ed. Five �uorescent dye
i.e. FAM, HEX, ROX, Cy5, and Quasar 705 were used to detect different �ve species of Plasmodium [11]
which were described below:
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FAM (Green) - Plasmodium falciparum                          Cy5 (Red) - Plasmodium ovale

HEX (Yellow) - Plasmodium malariae                           ROX (Orange) - Plasmodium vivax

Quasar 705(Crimson) - Plasmodium knowlesi

Data management and statistical analysis

The collected data were entered in the excel sheet, coding was done for different variables and the data
was transferred to SPSS version 11.5 [12]. The data was then summarized using the frequencies and
relative frequencies (percentages). The comparison between different diagnostic tools were done using
chi-square test using real-time PCR as a gold standard tool in order to calculate sensitivity, speci�city,
positive predictive value, negative predictive value and accuracy of diagnostic tool.

Results

Age wise and sex wise distribution of cases

In our study, 52 individuals were involved and equal number (n=26) of male and female

were participated. The highest number of participants were from age group of 10-19

(n=12). Lowest participants were in old age group 70-79. Results were shown in fig 1.

 

Microscopic examination on peripheral blood smears:

Out of total 52 whole blood sample, n=3(6%) samples were positive by microscopic

examination and n=49(94%) samples were negative by microscopic findings.

Plasmodium species identification and quantification was done from the positive findings in

Giemsa stained smear using light microscopy following RBC count method from the thin

blood film to estimate the level of parasitemia and their percentages were shown in table 1

below.

 

Table 1: Quantification of parasitemia by RBC count method among plasmodium species

identified by blood film using light microscope
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Sample
code

Parasites species
identification by
blood films

Infected RBC
per 20 field
(100x)

Parasites/
µl

Infected
RBC per

2000 RBC

Parasitemia
(%)

MP125 Trophozoites of
Plasmodium
falciparum

12 12000/µl
5 0.25 %

MP134 Trophozoites of
Plasmodium
falciparum

10 10000/ µl 4 0.2 %

MP146 Scizoints of
Plasmodium vivax

7 7000/ µl 3 0.15 %

 
Rapid diagnostic tests (RDT) on whole blood sample:

Out of total 52 blood samples, n=7(13%) blood samples were found to be positive cases and

n=45(87%) cases were found to be negative by immunochromatography test.

Taqman assay based Real-time PCR results:

Out of total 52 whole blood samples, n=14(27%) blood samples were found to be positive

for Plasmodium falciparum and Plasmodium vivax and n=38(73%) were found to be

negative by Real-time PCR assay. The graphical representation of Real-time PCR

amplification of 52 blood samples of patients with acute febrile illness was analyzed and

interpreted. The blood samples were considered as positive due to the fluorescent intensity

which were greater than the threshold value or cut off value which were shown in fig 2 and

fig 3.

 

Table 2: Sensitivity and Specificity of light microscopy and rapid diagnostic test (RDT)

comparing with the gold standard test (Real-time PCR)
 
Microscopic
examination

 
Gold Standard Test (Real-time PCR)

  Positive Negative Total

Positive 3 (TP) 0 (FP) 3

Negative 11 (FN) 38 (TN) 49

  Total=14 Total=38 Total=52
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Rapid Diagnostic Test (RDT)

 
Gold Standard Test (Real-time PCR)

  Positive Negative Total

Positive 4 (TP) 3 (FP) 7

Negative 10 (FN) 35 (TN) 45

  Total=14 Total=38 Total=52

(TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative)

 

The performance characteristics of Light Microscopy, Rapid Diagnostic test and Real time

PCR was calculated by using Chi square test analyzed by SPSS version 19 in order to

estimate the Sensitivity, Specificity, Positive predictive value (PPV), Negative predictive

value (NPV) and overall calculated accuracy of diagnostic tools are shown below in table 3.

 

Table 3: Performance characteristics of Microscopy, Rapid diagnostic test and Real-time

PCR

Diagnostic Equipment
 

Sensitivity Specificity PPV NPV Accuracy

Microscopic examination
 

21.4% 100% 100% 77.6% 78.84%

Rapid Diagnostic Test
 

28.6% 92.1% 57.14% 77.8% 75%

Real-time PCR
(Gold standard test)

100% 100% 100% 100% 100%

 

Discussion
Accurate estimation of malaria burden exhibits vital role planning on effective malaria control strategies
and developing a correct treatment regimen. The diagnosis of malaria has been a remarkable challenge,
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especially in poor region, due to availability of limited resource, equipment and methods. Laboratory
diagnostic methods have been mandatory for detection of cases and timely initiation of appropriate
therapy which are essential for malaria management.

Our study had aimed to compare the performance of three diagnostic tools i.e. microscopy, RDT and real-
time PCR. Microscopy and rapid diagnostic test are routinely used diagnostic tools to determine the
sensitivity, speci�city, positive predictive value, negative predictive value and accuracy of the tools. Other
country research shows �ve-fold difference on prevalence when compared to prevalence estimated
between light microscopy and PCR [13, 14]. In many parts of Nepal and other malaria endemic
developing countries, light microscopy is still widely used as the standard tool due to limited supply of
RDTs as well as greater possibilities of RDT kits owing out of stock [15–17]

Our results highlighted low sensitivity of light microscopy and we had observed a greater than four-fold
difference between parasite prevalence estimated by light microscopy in compared to real-time PCR.
Other several studies conducted in some countries of south East Asia with respect to systemic review [13]
had similar report with our study. On the basis of study conducted in Myanmar showed the rate of
detection of malaria was higher with 100% sensitivity and speci�city of real-time PCR over the
performance of light microscopy and RDT [18]. Several limitations of light microscopy had been
documented in past study such as its limit of detection (LOD) of about 50 parasites/µl of blood [19]. The
LOD varies from 30–100 parasites/µl between expert and �eld microscopists. This implies that most
infections were not detected by light microscopy and RDT. Various demerits of RDT includes limited
potential to identify species and unable to quantify parasitaemia. Observation of false positivity in RDT
occurs due to cross-reaction and limit of detection that ranges from 50–100 parasites/µl [6, 20, 21]. We
observed 5.76% of false positive cases when we had compared with gold standard test (qPCR). On the
basis of experiment conducted by Bell D, Wilson S et al on comparison of different RDT, 8.33% was found
to be false positive [20]. Similar study done in Equatorial Guinea had represented 13.3% of false positive
cases by RDT [21]. This resulted from cross reaction of rheumatoid factor or residue of HRP-2 antigen
circulating in blood of patient even after parasite clearance [6, 22]. Rapid diagnostic test kits applied in
our study was able to distinguish only single species i.e Plasmodium falciparum .This was due lack of
separately divided pLDH panel for different Plasmodium species. RDT sensitivity was found to be 28.6%
in our study and speci�city of 92%. Study conducted by Moody et al and Bell D, Wilson S et al determined
RDT sensitivity had ranged from 60–80% and speci�city 80–90% based on detection of different
Plasmodium species [5, 20]. Similar study in Tanzania had also determined 0.92% of false positive cases
by RDT in their survey [23].

In our study light microscopy and RDT had determined false negativity of 94% and 92% respectively
among the cases of acute febrile illness. Hence, it was concluded low sensitivity of microscopy and RDT
compared to real-time PCR where 21% and 19% of microscopy and RDT negative sample was found to be
positive with real-time PCR. Thus we suspect submicroscopic infection in our region which is
successfully detected by real-time PCR. Identical results were observed on experiment conducted Berzosa
P, Lucio AD, Romay-Burza M et al where 19.4% were false negative by microscopy and 13.3% false
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negative by RDT [21]. False negativity by microscopy and RDT mostly occurred in the past study due to
submicroscopic infection [6]. This �ndings had been explained by study of Okel LC, Ghani AC et al and
Wamp�er R, Mwingira F et al that both microscopy and RDT was unsucessful to detect the
submicroscopic infection due to its low limit of detection that ranges from 50–100 parasites/µl [13, 24] .

Our microscopy positive results had signi�cantly high level of parasitaemia ranging 7000–12000
parasites/µl which resembles 0.15–0.25% quanti�ed by RBC count method. Similar study was conducted
by Koep�i C, Nguitragool W, Hofmann NE et al had revealed light microscopy were able to quantify only
upto 0.25-0.0625 µl of parasitaemia based on skilled microscopist whereas real-time PCR had quanti�ed
less than 0.03 µl of parasites [25].

Microscopic examination in our study had low sensitivity (21.4%) and high speci�city (100%) with
accuracy of 78.84%.Study conducted by Mogeni P, William TN, Omedo I et al had determined despite of
lower sensitivity compared with molecular tools, speci�city of light microscopy was found to be 100%
that had retained its diagnostic superiority in many endemic �elds [26]. There are very few reported cases
of false diagnosis of light microscopy. Study of Han TZ, Aye KH et al revealed claiming false diagnosis of
light microscopy on determining Plasmodium vivax where they had reported as Plasmodium falciparum
which was con�rmed later by PCR [27].

Our research had determined real-time PCR as a standard tool in malaria detection despite of its
expensive reagent and requirement of expertise. Real-time PCR performance showed better sensitivity
and speci�city than the conventional PCR which are represented in several past research study [24, 28,
29]. Earlier study was done by Gatti S, Gramegna M et al had reported that conventional PCR had failed to
detect mixed infection which were detected by microscopy [30]. The real-time PCR performance for the
investigation of malaria parasite from blood samples amongst cases of acute febrile illness showed
superior performance in comparision with microscopy and RDT. Similar study on PCR conducted by
Kamau E, Tolbert LS et al re�ected real-time PCR as a most con�rmatory tool for the diagnosis of malaria
for clearing doubts in between unoverlapped results of light microscope and RDT [28]. According to
Vincent OO, Eekei E et al sensitivity and speci�city of PCR was found to be 100% where as 58% were
diagnosed false positive by microscopy and 60% were diagnosed false positive by RDT [31]. False
diagnosis by light microscopy might result due to several factors based on experience as well as reagent
quality [32].Several studies had shown the limit of detection of real-time PCR ranging from 0.02-
1parasite/µl of blood [33], superior to limit of detection of microscopy 50 parasites/µl and rapid
diagnostic test 50–100 parasites/µl [5, 32, 34]. Hence due to high sensitivity (100%), speci�city (100%)
and accuracy (100%) in our research, several support of literature from a researcher including detection of
submicroscopic infection as well as of its potential of quantifying parasite load [30, 34] employed real-
time PCR a superior diagnostic as well as a con�rmatory tools in erogenous thickness of smear
microscopy and enhanced detection of scanty parasitemia as well as its accuracy on reporting cases of
malaria with a history of patient subjected to self-medication [33]. Therefore we had considered real-time
PCR as a gold standard tool in our research.
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Our PCR data had helped to understand the difference between light microscopy and RDT results in this
study. The LOD of RDT was roughly comparable to light microscopy in the �eld survey, although the
newer generation of RDTs had showed a higher sensitivity than past ones [5, 6]. Moreover, RDT had
performed better than light microscopy in surveys which was shown in various study [23, 24]. The use of
qPCR in our study increased the prevalence of malaria approximately two fold incomparision to RDT and
greater than four-fold comparing that with the microscopy, which was similar to differences between PCR
and RDT detected prevalence reported elsewhere [6, 35].

Light microscopy e�ciency seems inadequate for surveillance of parasite infections in Nepal at a certain
area when intensity of transmission rate is shifting from high to low. This test had the advantage of
allowing empirical treatment for symptomatic individuals with positive RDT results. Our preliminary
results emphasized the need to implement the test with the higher sensitivity and speci�city in context of
malaria elimination programme which provides opportunity to understand the parasite circulation in case
of low endemic region. However, these results should be further veri�ed with the large study cohort in
order to document the submicroscopic infection.

Conclusion
Lowest performance was shown by light microscopy for detecting both Plasmodium falciparum and
Plasmodium vivax parasites. This implies the presence of a large proportion of submicroscopic
parasitemia at tertiary care hospital that had been vastly underestimated. Performance of RDT was
sensitive than light microscopy, as it detected four Plasmodium carriers identi�ed by real-time PCR.
However, our molecular tool adds to our understanding of the malaria transmission level, in the sense
that it can determine recently cleared infections whether treated or not which are no more detectable by
RDT i.e due to HRP-2 residue remaining even after the parasite clearance and microscopy due to low
parasite load after treatment. Thus, using tools such as real-time PCR, RDT and light microscope which
together were able to detect actual parasitemia and recent infections and may provide the most precise
information to decide on the best malaria control strategies.

Abbreviations
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Positive predictive value
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Figures

Figure 1

Age and sex wise distribution of cases of patient with acute febrile illness
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Figure 2

Graphical representation of Real-time PCR ampli�cation of blood samples of patients infected by
Plasmodium falciparum.
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Figure 3

Graphical representation of Real-time PCR ampli�cation of blood samples of patients infected by
Plasmodium vivax.
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