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Abstract

Introduction: Timely diagnosis of malaria is a challenge in marstiemic areas due to lack of resources. The methods
most commonly used are microscopy, regarded agdldestandard, and rapid dipstick tests (RDT) whiekect antigens
in blood. Enzyme-Linked ImmunoSorbent Assay (ELI®&sed tests are fast and easy to perform espesiadin large
number of samples have to be tested. p-LDH is hlyigensitive marker of malaria in blood The preéstady was done
to assess the diagnostic performance of a p-LDled&LISA on samples from clinically suspected nialpatients.
Methods: We tested the sensitivity and specificity of a plbased, commercially available ELISA kit on both
microscopy positive and negative samples. Microgomps done for all suspected malaria patients dnithase 146
samples (73 positive and 73 negative) were tesyeithdr Erbalisa PAN (LDH) malaria ELISA kit as w&D Bioline
malaria antigen test (RDT) based on detection dfi B¢RP-2 and p-LDH common to all four speci®esults. The
sensitivity of Elisa was 95.9% while specificity sv83.2% compared to gold standard microscopy WRDE's had
91.8% sensitivity and 86.3% specificity. All 67 gales positive by both microscopy and RDT were glesitive by
ELISA. Conclusion: p-LDH based ELISA promises to be a cost effectind reliable option for diagnosis of malaria in

endemic areas like India.
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Introduction

Malaria is a vector borne disease caused by
Plasmodium species and transmitted by female
anopheles mosquitoes. In 2015, approximately 3.2
billion people — nearly half of the world's popiat —
were at risk of malaria. Nearly 300-400 millionnitial
episodes occur worldwide claiming lives of 1.5-2
million people each year. Currently more than 806 o
the population of India lives in malaria risk arg¢ap In

the face of increasing drug resistance, thereniseal of
rational and timely treatment of malaria. This imnt
depends on the accuracy of malaria diagnosis.

Malaria presents a diagnostic challenge in most
resource poor countries where this disease is eindem

Diagnosis made on clinical grounds is often inaataur
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as symptoms are very nonspecific and overlap thbse
other febrile illnesses. The accepted gold standard
diagnosis is the examination of Giemsa stainedkthic
blood smears. However, diagnosis by microscopytis n
easy due to problems of variable parasitemia,
sequestration of parasites in later stages of dpwednt

in case of P. falciparum, pretreatment of casegedhi
infections and technical expertise required for
microscopy [2].

Newer approaches to malaria diagnosis include siee u
of fluorescent stains like Acridine orange, PCReuhs
detection, automated blood cell analysis and
Quantitative Buffy Coats but these tests are natyea
and require expensive equipments. The new generatio
antigen capture tests for malaria diagnosis ardadla

as rapid dipstick tests (RDT). These tests arecbase
detection of HRP-2 antigen produced Byfalciparum,
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adolase and parasite lactate dehydrogenase (p-LDH)
produced by all four common species of Plasmodium.
These tests have become popular due to their sitypli
easy availability and lack of technical expertige i
interpretation. Persistent HRP-2 antigenemia, pLDH
production by gametocytes and, cross-reactivityhwit
rheumatoid factor and heterophile antibodies araeso

of the causes of false positive RDTs. On the ottaerd
false negative results may be caused by deletion or
mutation of thehrp-2 gene or by anti-HRP-2 antibodies

[3].

There are no commercially available molecular assay
for malaria diagnosis and currently available molec
assays like PCR and LAMP are currently available in
reference laboratories and are being used mainly fo
research or epidemiological purposes [4].

ELISA based tests are easy, fast and generally have
good sensitivity and specificity. In ELISA format a
large number of samples can be tested togetheigeint
detection based on ELISA promises to be a precise,
reproducible and cost-effective option for diagsosf
malaria in endemic areas like India [5].

Aims and objectives

Keeping in mind the seriousness of the diseasel foge
its early diagnosis and the limitations of avai@abl
diagnostic techniques, the present study was uaddent
to evaluate the diagnostic performance of an ELi&A
based on p-LDH.

Material and Methods

The present study was an observational study cdaeduc
at the department of Microbiology, Era’s Lucknow
Medical College and Hospital, Lucknow for a perifd
one year. The study population comprised of all
suspected malaria patients.

They included patients in all age groups visitimg t
hospital OPD, or admitted with history of fever 3
days duration with any of the following symptoms:
chills and rigor, splenomegaly, hepatomegaly, helagla
or abdominal discomfort. Patients already on anti-
malaria therapy and those unwilling to participatere
excluded from the study.

Out of the study population, blood samples were

collected at the time of first hospital visit. Tkiand
thin smears were prepared directly from these sasnpl
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and rest of the sample was divided in 2 equal darts
ELISA and RDT.

Microscopy: Thick and thin blood films were prepared
from the venous blood. Using a micropipetteyl6 of
blood was placed on a clean slide for the thickame
and 4uL of blood for the thin smear. Two such slides
were made from each sample. The slides were stained
by Leishman stain and read by independently by two
microscopists.

The thick films were screened for 200 oil-immersion
fields (x100 oil immersion objective) before deaigra
film to be negative. If positive, parasite speciesre
determined using thin smears.

ELISA: The ELISA kit evaluated in this study was
ErbalLISA PAN (LDH) Malaria assay which is a
commercial ELISA test kit designed for qualitative
detection of p-LDH antigen in whole blood. Micro#t
wells were precoated with monoclonal antibodies to
LDH of Plasmodium species. One hundred microliters
of the sample diluent was transferred to blank and
sample wells while 100 ul of controls were put in
control wells.

This was followed by addition of 10ul sample and
incubation for 45 minutes at 37. Subsequently, the

plates were washed six times with the 350 ul washin
solution, and 10QiL of the diluted Ab-conjugate was

added to each well. After further incubation for 30
minutes, the plates were once again washed and 50

of the TMB chromogen was added.

The plates were incubated for another 15 minuteken
dark, at room temperature and 100 of the stopping
solution was added. Spectrophotometric analysis was
performed with an ELISA plate reader at an absarban
of 450/620 nm.

RDT: SD Bioline malaria antigen test (RDT) based on
detection of both HRP-2 and p-LDH common to allrfou

species. Testing done on whole blood following
manufacturer’s instructions.

Data Analysis- For the performance characteristics, the
following values were used: true positive (TP),séal
positive (FP), true negative (TN), and false negati
(FN). Sensitivity, specificity, positive predictivealue
(PPV), negative predictive value (NPV) were
calculated.
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Results

The present study was conducted in the departnfeMiarobiology at Era’s Lucknow Medical College amtbspital,
Lucknow. A total of 146 cases of suspected malilfiling the inclusion criteria were included the study. Of these,
73 were malaria positive by microscopy while re3twere malaria negative. Malaria was confirmed bgroscopy in
these patients using thick and thin smears stdigeldeishman stain. Of these, 9 cases were idedtd&® P. falciparum
while 64 cases were diagnosed as P. vivax. Equabeu of positive and negative samples were seletezhsure
proper evaluation of ELISA test on both malariaifiess and negative samples.

The age of patients included in the study rangethf6 to 80 years with a mean age of 35.8 years.oOLti6 patients
included in the study, male: female ratio was IZOvdth 74 males and 72 females. Comparison of remwpy and
ELISA results for these patients are presentedaliet1 while comparison of microscopy and RDT rssfdr these
patients are presented in table 2.

Table- 1. Comparison of microscopy and EL|SA results.

Microscopy results Elisa positive Elisa negative Total
Positive 70 3 73
Negative 5 68 73

Thus sensitivity of Elisa was 95.9% while specifiavas 93.2% compared to gold standard microscopy.

Table-2: Comparison of microscopy and RDT results.

Microscopy Results RDT Positive RDT Negative Total
POSITIVE 67 6 73
NEGATIVE 10 63 73

Thus sensitivity of RDT was 91.8% while specificitias 86.3% compared to gold standard microscogyé Akamples
positive by both microscopy and RDT were also pasiby ELISA.

Table-3: Sensitivity and Specificity of both ELISA and RDT compar ed to Microscopy.

Test TP FN TN FP SENS | SPEC PPV NPV | Accuracy
(%) (%) (%)
ELISA 70 3 68 5 95.9 93.2 93.3 95.8 94.5
RDT 67 6 63 10 91.8 86.3 87 91.3 89.7
x> 1.066 1.858 2.313
p 0.302 0.173 0.128

TP=True positive, FN=False Negative, TN=True NegatiFP=False Positive, SENS= Sensitivity, SPEC=fipitg,
PPV=Pasitive Predictive Value, NPV=Negative PradeValue.

All 9 P.falciparum cases were correctly identified as positive byt 3 tests used. Sk vivax positive were missed by
RDT and 3 of them also by ELISA. Out of 10 falseitive P. vivax results by RDT, one was also positive by ELISA.
Discussion

commonly used tests today employed for diagnosing
malaria.

Rational treatment of malaria is needed to avoi th
overuse of antimalarials, delay the developmertraf
resistance, save cost and improve treatment outome
Timely and accurate diagnosis is the only way of
ensuring effective and rational therapy. Microscapg
rapid diagnostic tests (RDTSs), represent the twstmo

The sensitivity of microscopy depends on a numifer o
factors like the quality of smear and staining,
experience of the microscopist, magnitude of
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parasitemia, and number of fields observed. Pooodl
film preparation generates artifacts which can &silg
mistaken for malarial parasites. Similarly bacteria
fungi, stain precipitation, dirt or cell debris andrmal
blood components such as platelets may be mistakenl
reported as malaria. The chance of false negatiselts
increases with decreasing parasite densities. €iiror
species identification are also commonly seen at lo
parasite densities. Experience of microscopist and
time/number of microscopic fields examined reduces
such errors [6]. False positive results lead tausgsand
thus decreased efficacy of anti-malarial drugs, lavhi
false negative results could lead to suboptimaltinent
and poor prognosis of patients. Moreover it de@gsas
the specificity of new diagnostics tests under
evaluation.

In the present study, compared to microscopy 1€efal
positive results were seen with RDTs and one adehe
was also positive by ELISA. Due to above mentioned
shortcomings of microscopy, it is difficult to know

whether or not these cases were true negatives.

Molecular tests like PCR could have been helpful bu
these tests are not available at most centersdimgju
ours.

The need for an easy diagnostic test which canone d
rapidly and is not dependent on experienced d&ffto

the development of rapid tests. Rapid diagnos§ititea
device based on immunochromatography which uses
monoclonal antibodies directed against the target
parasite antigens. These antigens are impregnated o
test strip and a small amount of blood, usually5i,

is used for these tests which give results, usually
colored test line, in 5-20 minutes. RDTs, do nquiee
much infrastructure or investment and are easy to
interpret without much past experience. Commercial
tests using different combinations of target amtggthat
can distinguishP. falciparum from the three non-
falciparum species are available. Therefore RDT
consumption, especially in developing countriess ha
increased for the past few years.

RDT tests in general have shown good sensitivity an
specificity and agreement to the reference light
microscopy and thus RDT consumption, especially in
developing countries, has increased for the past fe
years [8]. However, RDTs generally miss about five
percent of cases and RDTs which aim to identifyi-no
falciparum malaria only' as a proxy for P. vivaxyma
miss between 11% to 22% of cases. In addition, such
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tests do not allow the identification of non-falaipm
malaria as part of a mixed infection, or
differentiation of P. vivax from P. ovale and P.lanae
[9]. Persistent HRP-2 antigenemia, pLDH production
by gametocytes and, cross-reactivity with rheungatoi
factor and heterophile antibodies are some of thses

of false positive RDTs [10]. On the other hand dals
negative results may be caused by deletion or ioatat
of thehrp-2 gene or by anti-HRP-2 antibodies [3].

the

Enzyme-linked immunosorbent assays (ELISAS) tests
provide a fast, relatively inexpensive, and rekablay

to detect malaria. It allows for the testing ofgar
numbers of samples within a short time frame ang th
can be useful for blood bank screening. ELISA may
serve as a suitable adjunct to microscopy. Thera is
need of commercial species-specific ELISA tests. kit

In present study, overall detection rate for ELI®AS
51.4% where as for RDT it was 52.7%. As present
study used a purposive sampling design in which 50%
were microscopy positive and 50% microscopy
negative cases thus overall detection rate mora tha
50% indicated a definitive false positive pattesntioth
diagnostic techniqueskotet et al. (2014) also observed

a higher detection rate than microscopy in their
assessment of SD Bioline malaria Ag-Pf/Pan RDT test
(11). A false positivity is indicative of reductioim
specificity. However actual efficacy of two methods
could only be evaluated with their respective
performance against microscopy.

In this study, compared to microscopy, ELISA had
sensitivity, specificity, PPV and NPV of 95.9%, 2%,
93.3% and 95.8% respectively. RDT had a sensifivity
specificity, PPV and NPV of 91.8%, 86.3%, 87% and
91.3% respectively .These findings indicated thBfR
as compared to ELISA despite having higher detactio
rate in suspected cases had a lower sensitivityelsas
specificity which might be attributed to a highemnber

of both false positive as well as false negativeesan
this technique as compared to ELISA. With respect t
accuracy too ELISA scored better with an accuraty o
94.5% compared to 89.7% of RDT but this difference
was not statistically significant.

Most previous studies have found antigen based ELIS
to be more sensitive and more specific compared to
ELISA. Noedl H et al. found overall sensitivity of the
HRP2 ELISA for P. falciparum malaria to be 98.8%
(95% CI, 93.6-100%) and the specificity was 100%
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(95% [12]. The sensitivity and specificity of th&IBA-
based Novalisa test, based on antibody detection of
Plasmodium spp. using malarial-specific antigens
(MSP1, CSP, and a chimeric multi-epitope antigemfr

P. falciparum and P. vivax), was 89.0 vs 91.6%,
respectively compared with the microscopy [13].

Studies where ELISA performance was found
insufficiently sensitive were mostly antibody basedi
these tests were found to have little role everbfood
screening of P.vivax [14]. The combined use ofganti
and antibody ELISAs has been reported to improee th
diagnostic sensitivity of P. vivax. cases [15].

The present study was limited by purposive sampling
designs and small sample size, further studies with
larger sample size in cross section of suspectéalriala
cases are highly recommended. Also, the presedy stu
had moreP. vivax cases (87.7%) and thus this pLDH
based ELISA needs to be evaluated on more
P.falciparum cases.

In present study detection rate of ELISA as well as
RDT was 100% for microscopically positive P.
falciparum however for microscopically positive
P.vivax was 90.6% for RDT and for ELISA 95.3%. The
findings in this study show that ELISA as well aBB R
have a great clinical importance from management
point of view. Although both techniques had high
sensitivity and specificity, ELISA had overall estt
sensitivity as well as specificity.

Conclusion

For rapid diagnosis of malaria, ELISA based antigen
detection test could be a reliable alternative @TR
especially with large sample loads. They can balykd
adjunct to microscopy in malaria diagnosis.
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