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Abstract. Anindirect enzymelinked immunosorbent assay (EL | SA) using monoclonal antibody (MAb)
originated from the native Thai isolates of P. vivax (McPV 1) and the polyclonal antibody (PAb) raised
against Nepali isolates of P. vivax was devel oped for detection of P. vivax antigensin red cell lysates.
The assay was specific (100%) sinceit was positive only with P. vivax-infected erythrocytes and was
negative when erythrocytes from 40 healthy individuals from malaria non-endemic areas and 40 P.
falciparuminfected erythrocytes were tested. When the assay was applied to 203 vivax blood samples
already proven by microscopic examination collected from Dhanushadistrict of Nepal, and using the
cut-off level of the mean optical density (OD) (0.144) of 40 healthy individuals who had been living
in malaria-endemic areas (0.073) + 2 SD (0.016), the assay could detect 189/203 samples, indicating
the sensitivity of the test was 93.1% with a detection limit of erythrocytes of 240 parasites/10° eryth-
rocytes. In addition, the assay was negative when 40 blood samples with fever of unknown origin,
collected from the same malaria-endemic areas, were tested. However, there was a significant corre-
lation between OD values and parasitemia (r = 0.649; p = 0.018). The resultsindicate that MAb-PAb
indirect ELISA using MAD raised against Thai isolates of P. vivax as the coating antibodies, and
polyclonal antibodies raised against local Nepali isolates as the detecting antibody, could detect P.
vivax antigens with high degrees of sensitivity and specificity. Furthermore, it seemsthat the McPV 1
MADb raised against Thai isolates of P. vivax could recognize the antigens of Nepali isolatesin awide
range of blood samples.

INTRODUCTION and conditionsof poor health (Mendiset al, 2001).
In Nepal, more than 70% of thetotal populationis
at risk of malaria with varying numbers of Ma-
laria Parasite Incidence Rate/1,000 (Department
of Health Services, 1998/1999). Specific diagno-
sisof malariaisusualy by visual microscopic de-
tection of malariaparasitesin stained blood films.
Although the method is satisfactory in terms of
sensitivity, and specificity and permits speciesdif-
ferentiation of malaria parasites, microscopic ex-
amination, even by an expert microscopist, istime-
consuming, especially when the parasites are in-
frequent in blood, absent at the time of testing, or
in mixed infections. Asaconsequence, several a-
ternative methods have been developed to diag-

Malariaremainsamajor global public health
problem. It causes 300 to 500 million cases of
acute illness, with more than a million desaths,
each year, and contributes to an ever-widening
gap in prosperity between endemic countriesand
the malaria-free world (WHO, 2003). Besides
falciparum malaria, which isresponsiblefor most
severe and often fatal disease, P. vivax infection
is an increasing public health problem in Asia,
and South and Central America, which have been
associated with high level s of mortality, probably
indirectly through the presence of other diseases
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nose both falciparum and vivax malaria cases, es-
pecially those with low-grade parasitemia, in or-
der to supplement and perhaps, in certain situa-
tions, to replace microscopic examination. P.
fal ciparumspecific monoclonal antibodies(MAbs)
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have been used to develop immunological assays
for detection of P. falciparum antigens by
immunoradiometric assay (IRMA) (Khusmith et
al, 1987, 1988), and ELISA (Lim et al, 1992;
Namsiripongpun et al, 1993; Taylor and Voler,
1993; Tanpradist et al, 1995). For P. vivax infec-
tions, an IgM MADbs which reacted with blood
stages of P. vivax, wasused in acell-ELISA to de-
tect parasites in the blood with 100% specificity
for P. vivax (Bracho and Perez, 1996). Likewise,
an immunofluorescent test based on the specific
MAb wasdevel oped and used for detection of para-
Sitized erythrocytes in blood in Venezuela (Perez
et al, 1995).

At present, no single technique has been
described that is clearly superior to microscopic
examination. However, increasing evidence in-
dicatesthat specific detection of antigen markers
with specific monoclonal antibodiesispotentially
suited to overcome most of the problems of by
thick and thin smear examinations. Thus, atwo-
site monoclonal antibody (MAb) sandwich
ELISA (MAb-MAb sandwich ELISA), using
MAD raised against P. vivax Thai isolates, could
detect P. vivax antigens in blood samples with a
detection limit of 6.68 P. vivax parasites/10° RBC,
and aspecificity of 100% (Khusmith et al, 1992).
However, in that study, the optical density value
was shown to have a poor correlation with para-
sitemiain infected individuals examined by mi-
croscopy. In this study, we developed another
version of ELISA usingaMADb produced against
Thai isolates of P. vivax, and polyclonal antibody
raised against Nepali isolates of P. vivax to detect
malaria parasite antigens in the blood of people
living in malariaendemic areasin southern Nepal.

MATERIALSAND METHODS

Subjects

Patients with vivax malaria. Two hundred and
three blood samples from microscopically-con-
firmed P. vivax- positive patients, aged between
1-82 years, were collected from Godar Health
Post, Dhalkebar Health Post and Lalghad Health
Post of Dhanusha district, Janakpur Zone, Nepal,
between July 2001 and May 2002. Written in-
formed consent was obtained before blood was
drawn. Ethical clearance was approved by the
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Nepal Health Research Council, with an offi-
cial approval letter.

P. falciparum patients. Included in the study
were 40 patients with falciparum malaria proven
by microscopic examination, collected from the
same endemic areas between March and May,
2002.

Healthy controls from non-endemic area.
Forty healthy adults residing in Kathmandu,
where malaria is not endemic formed the con-
trol group. They had no history of malaria and
denied traveling to any malaria-endemic areas
during the past two years; hence, they would
be most unlikely to have been exposed to malaria
during the time of the study.

Healthy controls from endemic areas. Forty
adult healthy individuals residing in malaria-
endemic areas of Dhanusha district were stud-
ied.

Patientswith fever of unknown origin (FUO)
other than malaria infections. Forty adult
patients with fever of unknown origin (FUO)
for more than two weeks, collected from ma-
laria-endemic areas, proven microscopically-
negative for malaria, were included.

Blood samples

Two to three ml of blood were collected in
screw-capped tubes containing 10 ul of 10%
EDTA per ml, from which thick and thin blood
films were made, stained with Giemsa and ex-
amined by light microscope. The collected blood
samples were centrifuged at 1,000 rpm for 10
minutes at room temperature to remove the
plasma. The remaining packed red cells were
aliquoted and stored at -20°C until used. All
samples were transported to Kathmandu in dry
ice. For testing, the packed red blood cells were
treated with 9 volumes of 0.01 M phosphate buff-
ered saline (PBS), pH 7.4 containing 0.05%
Tween 20 and 0.5% Nonidet P-40 (BHD Chemi-
cal, Poole, England) (PBST-NP40) for 10 min-
utes at room temperature.

Preparation of anti-P. vivax polyclonal anti-
bodies (PAbs)

A healthy malerabbit wasimmunized intra-

muscularly with 3 doses of 0.5 ml of approxi-
mately 3.6 x 107 P. vivax infected erythrocytes
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(Nepali isolates) previously concentrated by
Percoll gradient centrifugation using the method
described by Khusmith et al (1992) with an equal
volume of Freund’'s complete adjuvant (Difco
Laboratories, Michigan, USA) initially, and
Freund's incomplete adjuvant subsequently, at
intervalsof threeweeks. The blood wastaken one
week after thelast injection. The serum was sepa-
rated and inactivated at 56°C for 30 minutes. The
immunoglobulin was concentrated by saturated
ammonium sulphate (\Voller and Bidwell, 1986).

Preparation of anti-P. vivax monoclonal an-
tibodies (M Abs)

The McPV1 MADb prepared from the corre-
sponding hybridoma culture supernatant was
kindly provided by Prof Srisin Khusmith, Depart-
ment of Microbiology and Immunology, Faculty
of Tropical Medicine, Mahidol University, Thai-
land. ThisMAb was produced by fusion of Sp 2/
0 myeloma cells with spleen cells from BALB/c
mice immunized with erythrocyte stages of P.
vivax Tha isolates (Khusmith et al, 1984). The
McPV 1 MAb belonged to group I, which reacted
with uniform bright generalized staining of all
blood stages. This MAb reacted with a common
blood-stage antigen of Mr 30,000, shared by al-
most al Thai isolates.

MAb-PADb indirect ELISA

Anindirect ELISA method was developed as
described by Khusmith et al (1992), with some
modifications. Wells of 96-well flat-bottomed mi-
cro-ELISA plates (Costar, USA) were each coated
with 100 ul of 10 mg/ml McPV1 MAD, followed
by incubation at 37°C for 2 hoursand further incu-
bation at 4°C overnight. The unbound MAb was
washed 3timeswith PBS Tween-20 (PBST 0.05%)
and the non-reactive siteswere saturated with 200
ml of PBST-2.5% milk 1 hour at room tempera-
ture. The plates were thoroughly washed with
PBST to which 100 ul of test and control erythro-
cyte lysates were added per well, followed by in-
cubation for 2 hours at 37°C. After washing, 100
ul of 10 ug/ml of anti-P. vivax PAb were added
and incubated for 1 hour at 37°C. The plates were
washed again with PBST and 100 ul of goat anti-
rabbit 1gG labeled with HRP conjugate (Dako
Company, Denmark, 1:2000) was added to each
well and incubated at 37°C for another hour. After
washing, the enzyme substrate solution, Ortho-
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phenylenediamine (OPD) (Dako Company, Den-
mark) in citrate buffer at pH 5.0, was added, and
thereaction wasstopped with 50 ul of 0.5M H,SO,
after 30 minutes at room temperature. The OD was
measured by ELISA reader (MTP-32 Microplate
Reader, Corona Electric) at 492 nm.

Data analysis

SPSS 10.0 for Windows was used for statis-
tical analysis of the data. Pearson’s correlation
was used to estimate the correlation between the
number of parasites/10° erythrocytes and the OD
values (492 nm) of the developed MAb-PAb-
based indirect ELISA method.

RESULTS

Sensitivity and specificity of MAb-PAb indi-
rect ELISA

The MAb-PAb indirect ELISA using MAb
raised against P. vivax Thai isolates as coating
antibody and PAb raised against Nepali isolates
was performed on blood samplesfrom 40 healthy
individuals from non-malaria, and 40 from en-
demic areas. The results showed that the mean
value optical densities among individuals from
endemic areas (0.073) was higher than for indi-
viduals from non-malaria areas (0.043) (Fig 1),
with SD of 0.003 and 0.008, respectively. There-
fore, we decided to use the mean OD among the
individuals from endemic aress to establish the
cut-off level. Since the accuracy of the ELISA
reader (M TP-32 Microplate Reader, CoronaElec-
tric) is0.05, and the accuracy of themicro ELISA
plate (Costar, USA) recommended by the manu-
facturer is 0.005, the precise recommended cut-
off level shouldincludetheseerror values. There-
fore, the test sample was considered positive if
its OD was = an OD of 0.144 [mean OD + 2 SD
(0.016) + the error values obtained from the
ELISA reader and plate, of 0.050 and 0.005, re-
spectively]. These cut-off levels were used to
determine the sensitivity of the MAb-PAb indi-
rect ELISA. The specificity of the assay was de-
termined when tested with P. falciparum blood
lysate that was shown 100% specific, since all
falciparum blood samples were negative (Fig 2).

MAb-PAb indirect ELISA in clinical samples
The pre-treatment blood from vivax malaria
patientswastested by MAb-PAb indirect ELISA,
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Fig 1-Scatter diagram showing themean OD + 1SD of
blood samples collected from healthy controls
who had been living in malaria-endemic and
non-malaria areas.

tested, all were negative. Thus, the sensitivity,
specificity, and positive predictive values were
93.1, 100, and 94.5%, respectively. In addition,
the orange-brown color produced by the reaction
of peroxidase enzyme with its OPD substrate in
the assay of P. vivax samples could be distin-
guished by the naked eye from the pal e color-to-
colorlessreactionsin theassay of P. vivax lysates
and healthy controls. Based on the parasitemiain
the test blood samples (range 6-32,920 parasites/
10° erythrocytes), the established MAb-PAb in-
direct ELISA could detect as low as 240 para-
sites/10° erythrocytes, and a significant correla
tion was observed (r = 0.649; p = 0.018).

Reproducibility of MAb-PAb indirect EL1SA

For assaysof high precision, theresults must
be read photometrically. Since the precision of
the ELISA reader given by the manufacturer was
2.5%, the differencein absorbance (OD) between
duplicate blood samples <2.5% can be consid-
ered as the same reading. The reproducibility of

0.70 the optical densities among 203 vivax malaria
cases determined by duplicate testing waswithin
2.5%, hence all samples were considered as the
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Fig 2—Scatter diagram showing the cut-off OD value
(0.144) of 40 healthy controls collected from
malaria-endemic areas. The OD values of 14 of
203 P. vivax samples were below the cut-off
value; hence they were considered negative.
Included were 40 healthy individualsfrom non-
malaria areas, 40 FUO, and 40 falciparum ma-
laria cases from an endemic area.

and the results compared with those found by
microscopic examination. Among 203 samples
tested, 189 vivax samples were positive by the
established MAb-PAb indirect ELISA (Fig 2). In
addition, when 40 samples of FUO patientswere
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vivax (McPV 1), and polyclona antibody (PAb)
raised against Nepali isolates of P. vivax, was de-
veloped to detect P. vivax antigensin red cell ly-
sates. The assay was specific (100%), sinceit was
positive only with P. vivax-infected erythrocytes,
and was negative when erythrocytesfrom healthy
individuals from non-endemic malaria areas and
from P. falciparum-infected erythrocytes were
tested. The MAb-PAb indirect ELISA showed a
very low non-specific background reaction using
blood from healthy individuals. However, higher
backgrounds were observed in the blood of
healthy individuals in malaria-endemic areas in
Dhanushadistrict, southern Nepal were used. As
recommended previously, (Khusmith et al, 1992),
to evaluate the sensitivity of the test, the cut-off
level should be considered when it is applied.
Therefore, the cut-off level for the blood of
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healthy individuals, who had been living in ma-
laria-endemic areaswas used. When the assay was
appliedto 203 vivax malariacases already proven
by microscopic examination, collected from
Dhanusha district of Nepal, the assay could de-
tect 189/203 samples, indicating that the sensi-
tivity of thetest was 93.1%. The parasite count in
the specimens tested ranged from 6-32,920 para-
sites/10°erythrocytes, and the detection limit was
240 parasites/10°¢ erythrocytes. However, there
was a significant correlation between OD values
and parasitemia (r = 0.649; p = 0.018). In addi-
tion, the assay was negative when blood samples
with fever of unknown origin, collected from the
same malaria endemic areas, were tested. How-
ever, the sensitivity and the detection limit of the
present assay was lower than that reported pre-
viously using monoclonal antibody that recog-
nized protein at the same molecular weight by
MADb-MAb sandwich ELISA (Khusmith et al,
1992). This showed that al vivax malaria cases
proven by microscopic examination were posi-
tive (100% sensitivity), with parasite detection
aslow as 6.68 parasites/10° erythrocytes. In ad-
dition, the MAb-MAb sandwich ELISA was
proven to be reproducible. This differential sen-
sitivity might be due to (i) antigenic diversity of
P. vivax blood-stage antigens, as shown by sev-
eral studies using a panel of MAbs by Western
blot analysis (Udagama et al, 1987; Khusmith et
al, 1998a,b), and (ii) the binding capacity of the
MAD to the parasite antigen. The MAb obtained
from clone McPV1, which reacted with a single
antigenic band (Mr. 30 kDa) by Western blot analy-
sis, was used as capture antibody. If the epitopes
onthisantigen vary qualitatively or quantitatively
in different isolates, this will affect the ability to
bind the monoclonal antibodies. Although the
monoclonal antibodiesraised against Thai isolates
could recognize the common antigens on Nepali
strains, some epitopes might be different.

Theresults obtained indicate that MAb-PAb
indirect ELISA using MADb raised against Thai
isolates of P. vivax as the coating antibodies, and
polyclonal antibodies raised against local Nepali
isolates as the detecting antibody could detect P.
vivax antigenswith high degrees of sensitivity and
specificity. Furthermore, it seemsthat theMcPV 1
MAb raised against Thai isolates of P. vivax could
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recognize the blood-stage antigens of Nepali iso-
lates in a wide range of blood samples. There-
fore, such monoclonal antibody could be used
further to develop arapid test for detection P. vivax
in field isolates elsewhere. However, an assay
with higher sensitivity should be devel oped.
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