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Evaluation of a malaria antibody enzyme immunoassay for use in
blood screening
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Transfusion-transmitted malaria is rare, but it may produce severe problem in the safety of blood transfusion
due to the lack of reliable procedure to evaluate donors potentially exposed to malaria. Here, we evaluated a new
enzyme-linked immunosorbent assay malaria antibody test (ELISA malaria antibody test, DiaMed, Switzerland) to
detect antibodies to Plasmodium vivax (the indigenous malaria) in the blood samples in the Republic of Korea (ROK).
Blood samples of four groups were obtained and analyzed, 100 samples from P.vivax infected patients, 35 from recov-
ery patients, 366 from normal healthy individuals, and 325 from domestic travelers of non-endemic areas residents to
risky areas of ROK. P.vivax antibody levels by ELISA were then compared to the results from microscopic examination
and polymerase chain reaction (PCR) test. As a result, the ELISA malaria antibody test had a clinical sensitivity of
53.0% and a clinical specificity of 94.0% for P.vivax. Twenty out of 325 domestic travelers (6.2%) were reactive and
28 cases (8.6%) were doubtful. Of the reactive and doubtful cases, only two were confirmed as acute malaria by both
microscopy and PCR test. Thus we found that the ELISA malaria antibody test was insufficiently sensitive for blood
screening of P.vivax in ROK.
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Malaria can be transmitted by the transfusion of any
blood component containing infected red blood cells
(Mollison et al. 1997). The frequency of transfusion
transmitted malaria varies from less than 0.2 in nonen-
demic countries to 50 or more cases per million in en-
demic countries (Mollison et al. 1997). Unfortunately,
there is no reliable approved laboratory test to screen
donated blood for malaria at present. The malaria anti-
body test was used for this purpose in some non-endemic
countries (Seed et al. 2005). Consequently, exclusion
of potentially infected donors is widely used to prevent
transfusion transmitted malaria (Reesink 2005). Previous
reports suggested that a malaria antibody test is effective
in detecting malaria infection in travelers returning from
overseas (Knappik et al. 2002) and in non-immune visitors
to endemic areas after their departure (Jelinek et al. 1998,
Knappik et al. 2002).

In the Republic of Korea (ROK), Plasmodium vivax
is the only indigenous malaria, and was almost eradi-
cated in the late 1970s. However, it has recently re-
emerged, especially North in the Delimited Militarized
Zone (DMZ) areas, and cases have gradually increased to
4,140 in 2000 (KCDCP 20006). In the meantime, ten cases
of transfusion transmitted malaria were reported in ROK
(Cho et al. 2001b, Lee et al. 2001). Because a high sero-
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positive rate is expected in the residents of risky areas,
the application of P. vivax antibody screening of blood
donors in risky areas has been often questioned. Fortu-
nately, the prevalence of malaria is very low in the ROK
as a whole. Cases are largely restricted to sparsely popu-
lated areas near the North DMZ and are most abundant
in the summer. The aim of this study is to evaluate a new
enzyme-linked immunosorbent assay (ELISA) malaria
antibody test for malaria detection in acute stages and in
follow-up after treatment. We also evaluated the ELISA
test for detection of malaria infection in visitors to en-
demic areas. Giemsa-stained blood smears were used as
a standard method. In cases where results from ELISA
malaria antibody test and microscopic examination dif-
fered, polymerase chain reaction (PCR) test was used to
confirm the presence of parasite.

SUBJECTS, MATERIALS AND METHODS

Subjects - A total of 826 samples were collected with
EDTA and no addictive tubes between April 2002 and
August 2007 at Korea University Ansan Hospital, ROK.
These blood samples comprised four groups: 100 from
acute malaria patients (group 1- from P. vivax patients
with parasitaemia) and 35 from post-treatment follow
up (group 2 - from malaria patients followed up at least
one month after treatment when no longer parasitaemic).
Samples from normal controls (n = 366, group 3) were
tested to determine assay specificity. These donors had
no previous history of malaria and had not traveled to
a malaria-endemic area in the previous three years. The
last group of samples (n = 325) came from visitors to
high-risk malaria areas within six months (group 4). Ma-
laria risk areas in ROK are divided into three categories
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based on annual incidence per 100,000 residents: only
one region is considered of high risk in 2005; six areas
are considered of moderate risk and 12 are considered
suspicious (KCDCP 2006). Donors in group 4 resided
in malaria-free areas, had traveled to malaria risk areas,
and were included regardless of the presence or absence
of fever. Patient data was collected in face to face in-
terviews and all subjects gave their written informed
consent to participate in the study, which was approved
by the Korea University Ansan Hospital Institutional Re-
view Board. For malaria analysis, thick and thin blood
films were prepared. Following Giemsa-staining of the
blood films, the species and density of plasmodial para-
sites were determined by an expert in malaria diagnosis,
using microscopic examination.

PCR - Genomic DNA was extracted from frozen
pellets using a Blood Genomic DNA Extraction kit
(Bio-Solution, ROK) and stored at -20°C or -80°C. Cir-
cumsporozoite protein (CSP) genes of P. vivax (Belem
strain, M11926) were amplified by nested-PCR using
the following oligonucleotide primers corresponding to
nucleotides 266-1325: CSP-A1 (5’-GTCGGAATTC-AT-
GAAGAACT-TCATTCTC-3"), CSP-A3 (5’-GTAGAT-
CTGTCCAAGGCCATAAATTTAA-3’) and CSP-BI
(5-GAGGACGCCGAAAATAATGGATG-3"). Internal
primers were CSP-A2 (5’-TCTAGAGAAAATAAGCT-
GAAACAACCAGGA-3’) and CSP-B2 (5’-AAGCTTC-
TAAACTTTATCTAGGTATTCTTTCA-3’), correspon-
ding to base pairs 422-1,072. The first round of ampli-
fication was carried out using primer pair CSP-Al or
CSP-A3 and CSP-B1. The second round of nested-PCR
was carried out in separate tubes each containing inter-
nal primer pair, CSP-A2 and CSP-B2. In both round of
PCR, primers were used at a final concentration of 0.1
UM in 100 p reaction mixture (10 mM Tris-HCI, pH 8.3,
50mMKCI,1.5mMMgCl,,0.2mMeachdNTP)containing
10 pl of DNA or 5 ul of template DNA in second round
and 2.5 units of AmpliTaq polymerase (Perkin Elmer
Co., Norwalk, CT, USA). Reaction mixtures were cycled
30 times: 1 min denaturation at 95°C, 1 min annealing at
53°C, and 3 min extension at 72°C in a DNA thermal cy-
cler (Perkin-Elmer Model 9600). The plasmids contain-

ing Pvivax CSP gene and normal healthy control samples
were used as positive and negative control of PCR test,
respectively. Amplified products were size-fractionated by
electrophoresis on 1.5% agarose gels containing ethidium
bromide at a concentration of 0.5 mg/ml.

ELISA malaria antibody test - The ELISA malaria an-
tibody test (DiaMed, Switzerland) is based on binding of
anti-Plasmodium antibodies present in a serum sample to
antigens immobilized on 96-well plates. The antigens are
a mixture of a total extract of cultured Plasmodium falci-
parum and recombinant P. vivax antigens merozoite sur-
face protein (MSP)-1 and CSP. The test was performed as
recommended by the manufacturer, as previously report-
ed (Doderer et al. 2007). The cut-off value was calculated
by multiplying the average optical density (OD) of the
negative control wells by four (with a minimum value of
0.200). The antibody (Ab) index of each determination is
obtained by dividing the OD value of each sample by the
cut-off value. A negative reaction corresponds to an Ab
index of 0.8 or less, a positive reaction to an Ab index of
1.0 or more, and an equivocal result to an Ab index be-
tween 0.8 and 1.0. The test does not distinguish between
IgG and IgM, or between antibodies to P. falciparum, P.
vivax, Plasmodium ovale and Plasmodium malariae. The
assay was carried out by an automatic ELISA processor
(Bio-Rad CODA System, Bio-Rad, USA).

RESULTS

Clinical sensitivity in proven P. vivax malaria - The
ELISA malaria antibody test gave positive results in
53.0% (53/100) of samples obtained from subjects with
proven P, vivax malaria. Of the follow-up samples, 57.1%
(20/35) tested positive. The PCR test, however, failed to
detect parasite DNA in any of the follow-up cases, in-
cluding those which tested positive (Table I).

Assay specificity in normal healthy controls - Of the
366 presumably non-exposed healthy controls, 22 (6.0%)
were reactive, but none had detectable parasitaemia by
microscopic examination. Equivocally reactive samples
were interpreted as negative in repeated test. Assay spec-
ificity was 94.0%.

TABLE I

ELISA malaria antibody test and microscopy results for Plasmodium vivax infected patients,
normal healthy controls and follow up cases

Pvivax Healthy control
Microscopy positive Microscopy negative Follow up cases”
(n=100) (n=366) Month
Mean Mean
n(%)  OD/cut off n (%) OD/cut off 1-3(%) 3-6(%) >6(%) Total (%)"
Positive 53(53) 2.9544+2.036 22 (6.0 1.698+0.750  8(66.7) 2(25.0) 10(66.7) 20(57.1)
ELISA malaria Equivocal® 12 (12) 0.897+0.059 18 (4.9)* 0911+0.315  0(0) 0(0) 0 (0) 0(0)
antibody test Negative 35(35) 0.467+0.202 326 (89.1) 0.349+0.315 4 (33.3) 6(75.00 5(33.3) 15(42.9)
Total 100 (100) 1.837+.907 366 (100) 0.459+0.491 12(100) 8(100) 15(100) 35(100)

a: absence of parasite was confirmed by PCR and microscopic examination; b: equivocal region was interpreted as negative.

OD: optical density.
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Clinical sensitivity in risky area visitor group - P. vivax
was identified in 2 of 325 subjects by both microscopic
examination and PCR test. ELISA test gave positive re-
sults for these two samples but was also positive for 18
other samples that were negative by both microscopy and
PCR (Table II).

TABLE II

The seropositive rate by ELISA malaria antibody test in
domestic travelers who returned from five regions in Korea

Microscopy
positive negative Total
n (%) n (%) n (%)
ELISA  Positive 2 (100) 18 (5.9) 20 (6.2)
malaria  Equivocal® 0 (0) 28 (9.2) 28 (8.6)
antibody Negative 0(0) 259 (84.9) 259 (79.7)
test Total 2 (100) 305 (100) 325 (100)

a: absence of parasite was confirmed by PCR and microscopic
examination; b: equivocal region was interpreted as negative.

DISCUSSION

Prevention program against the transfusion-transmit-
ted malaria differs from nation to nation. The Council of
Europe recommends that donors returning from malaria-
endemic countries may be accepted as blood donor if the
result of a validated immunological test for antibodies to
the malaria parasite, taken at least four months after last
visit or since cessation of treatment and last symptom is
negative (Council of Europe 2006). In non-endemic ar-
eas, the most widely-applied approach relies on identify-
ing donors with a risk of malarial exposure by medical
history-based questionnaires (Reesink 2005). After the
resurgence of malaria in the ROK, ten cases of transfu-
sion-mediated malaria were reported between 1997 and
2006 (Cho et al. 2001b, Lee et al. 2001), and malaria be-
came a serious problem affecting blood donation policy.
The ROK has donor deferral criteria of cellular product
(red blood cell and platelet) restriction for periods of 12
or 36 months after domestic travel to, or residence in,
malaria risk areas (KSBT 2007). Despite the strict adher-
ence to donor exclusion guidelines, transfusion-transmit-
ted malaria was reported to be unpreventable in the USA
and UK (Purdy et al. 2004, Kitchen et al. 2005a, b).

At present there are no approved rapid tests for de-
tecting an asymptomatic malaria infection that could be
applied for large-scale screening in world blood centers.
Standard microscopy takes too much time and requires
educated personnel (Dodd 1998, Mungai et al. 2001). Re-
cently, various kinds of rapid immunochromatographic
test have been developed and evaluated for their sensi-
tivities in various epidemiological settings (Palmer et
al. 1998, Cho et al. 2001a). By their studies, the rapid
diagnostic test (RDT), OptiMAL (DiaMed, Switzerland)
and ICT (Amrad, Sydney, Australia), have shown to be
effective, quick and easy method for detection of malaria

(Beadle et al. 1994). However, these tests have some lim-
itations. In spite of excellent performance of RDT at high
parasite densities, several studies have reported that the
assay is not sufficiently sensitive at low parasite densities
(Palmer et al. 1998, Cho et al. 2001a).

Immunofluorescence antibody test (IFAT) was re-
garded as the gold standard for malarial serology and
until now has been used as the only validated method for
detecting malaria antibodies in blood banks. In France,
for example, IFAT has been used as a part of a targeted
screening strategy combined with donor questionnare
since 1983. IFAT is simple and satisfactorily sensitive,
but also has disadvantages. It cannot be automated, which
limits the number of sera that can be studied daily, read-
ings can be influenced by trained status of technicians,
and a fluorescent microscope is required. Additionally,
the lack of standardization of IFAT reagents made it im-
possible to apply routinely in blood transfusion centers
(Seed et al. 2005). Thus quick and enhanced tests are
needed for use in blood banks to prevent spreading of
malaria by transfusion.

Previous studies of malaria antibody assays have
demonstrated sensitivity for P. falciparum in the range
of 76 - 100% in acute samples, while sensitivity for P
vivax varies from 50 - 100% (Chiodini et al. 1997, Seed
et al. 2005). Doderer et al. showed that the ELISA ma-
laria antibody test kit (DiaMed, Switzerland) has a clini-
cal sensitivity of 84.2% and a specificity of 99.6% and
is less sensitive for P. vivax than P. falciparum (75% vs.
95.5%) (Doderer et al. 2007). Though this antibody test
is three times as sensitive as IFAT (25%) (Doderer et al.
2007), the number of P. vivax samples (n = 24) was not
enough to evaluate this kit in their study. Therefore, the
aim of our study is to evaluate the accuracy of the ELISA
malaria antibody test to detect P. vivax infections of pos-
sible blood donor. PCR and blood smears were used for
comparison. In our study, sensitivity was not satisfactory
in P. vivax infected cases from the ROK. For detection of
P, vivax antibody, the test kit used recombinant P. vivax
antigens (MSP-1 and CSP). The CSP and MSP-1 anti-
gens of Korean strains are different from global isolates,
which may have resulted in low sensitivity to P. vivax
from the ROK (Lim et al. 2000, 2005). The appearance
of malaria antibody in infected patients is affected by the
interval after exposure (Jelinek et al. 1995). During the
acute phase, circulating antibodies may not always be
detectable. However, we consistently observed low sen-
sitivity in follow up cases as well. Test specificity was an
important point of the evaluation. The ELISA malaria an-
tibody test showed relatively high specificity (> 94.0%)
in normal healthy controls. The loss of donated blood due
to false positives is predicted to be 5% of all tested.

The observed incidence of malarial antibodies in
visitors from malarial-risk areas was 6.2% by ELISA.
This result is higher than expected considering antigenic
differences in Korean strains and the low annual preva-
lence in malaria risk areas compared to other tropical
countries. Our study indicates that the malaria antibody
has a great potential to identify malaria risk in blood. Al-
though the ELISA malaria antibody test is a sensitive and
relatively specific assay for P. falciparum, it is not ap-
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plicable to blood screening for P. vivax. Therefore, our
results encourage efforts to improve malaria antibody
detection methods for ROK-specific P. vivax in the field
of blood screening for the prevention of transfusion-
transmitted malaria.
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