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CHAPTER 4. EVALUATION OF DHFR-TS, HDP AND GLURP ANTIBODIES
FOR P. FALCIPARUM AND P. VIVAX DETECTION IN ELISA

4.1 Abstract

Currently available rapid diagnostic tests (RDTs) for malaria show large varia-
tion in sensitivity and specificity, and there are concerns about their stability
under field conditions. To improve current RDTs, monoclonal antibodies for
novel malaria antigens have been developed against glutamate rich protein
(GLURP), dihydrofolate reductase-thymidylate synthase (DHFR-TS) and heme
detoxification protein (HDP). A selection of antibodies was evaluated for detec-
tion of several genetically divers P. falciparum cultured isolates and P. vivax
from patient samples in a whole blood background in ELISA and compared
to two commercially available HRP2-antibodies. The DHFR-TS antibodies, D6
and D15, performed well in detecting P. falciparum and P. vivax, and the HDP
antibody, H19, performed well in detecting P. vivax in ELISA, with similar
performance as both HRP2 commercial antibodies. Further optimisation of
these antibodies for the development of more accurate malaria diagnostic test
is recommended.
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4.2. BACKGROUND

4.2 Background

The World Health Organisation (WHO) reports that there were an estimated
216 million episodes of malaria in 2010 [179]. From these malaria episodes an
estimated 655 000 malaria deaths occurred in 2010, of which 91% in Africa
and 86% of these deaths were children under 5 years of age [179]. Fortunately,
the estimated incidence of malaria globally has reduced by 17% since 2000
and malaria-specific mortality rates by 26% [179]. Accurate early diagnosis
and subsequent treatment are essential to reduce morbidity and mortality.
Diagnosis of malaria based on clinical signs and symptoms may lead to over-
diagnosis even in highly endemic areas, as the clinical presentations of the
disease resemble those of a number of other common illnesses equally asso-
ciated with morbidity and mortality, such as pneumonia and other common
diseases that cause fever [157–159]. The WHO recommends that all persons of
all ages in all epidemiological settings with suspected malaria should receive
a parasitological confirmation of diagnosis by microscopy or rapid diagnostic
test (RDT) [179]. The introduction of effective but expensive artemisinin-based
combination therapies (ACTs) increased the urgency for cheap and accurate
diagnosis [160]. The number of RDTs and ACTs procured is growing, and
the percentage of reported suspected cases receiving a parasitological test
has also increased, nevertheless, many cases are still treated presumptively
without a parasitological diagnosis [179].

Microscopic examination of blood slides, though in principle sensitive and
specific for the parasitological detection of malaria, is not always widely avail-
able in many highly endemic areas or it is poorly executed, and for that reason
an easy-to-use alternative such as an RDT is needed in situations where good
quality microscopy is unavailable [88,179].

RDTs are based on the detection of malaria parasite antigens in patient
blood by specific monoclonal antibodies (mAbs) that bind the antigen and im-
mobilize and mark it with a label on nitrocellulose. Commercially available
RDTs for malaria all detect one or more of the following antigens: histidine
rich protein 2 (HRP2), Plasmodium-specific lactate dehydrogenase (pLDH) or
aldolase. In general tests detecting HRP2 are most commonly used, because
they are generally less expensive, more stable across a larger temperature
range and have a lower detection threshold than pLDH tests [62, 63]. How-
ever, concerns about test stability, performance (in terms of sensitivity and/or
specificity), and antigen persistence and genetic diversity prompt the need for
improvement of test performance characteristics, and therefore new antigens
should be targeted by RDTs [62,63,78,88–90].

In this study novel antigens for the purpose of new diagnostic test devel-
opment were identified. These antigens are unique for Plasmodia in some
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way, such as sequence or structure and are encoded by conserved genes or
gene regions [180]. Monoclonal antibodies were raised against the Plasmod-
ium falciparum specific antigen glutamate rich protein (GLURP) and the PAN-
plasmodial antigens dihydrofolate reductase - thymidylate synthase (DHFR-
TS) and heme detoxification protein (HDP). These antibodies have been de-
scribed and characterised [180] and a selection of these antibodies were used
to determine their detection of native protein in a whole blood background
and evaluated for detection several genetically distinct P. falciparum cultured
isolates and P. vivax from patient samples in ELISA and compared to two
HRP2-antibodies.

4.3 Material and methods

Purification of mAbs

HDP and DHFR-TS antibodies were purified directly from hybridoma super-
natant (filtered through 0,2 µm) with 1 ml HiTrap protein G HP columns (GE
Healthcare) in case of IgG and with 1 ml HiTrap IgM purification HP columns
(GE Healthcare) in case of IgM, according to manufacturer’s instructions. Pu-
rifications were performed on an ÄKTA FPLC system (Amersham Biosciences).
Antibody containing fractions were pooled and concentrated with 50 kD (IgG)
or 100 kD (IgM) Amiconr Ultra-4 Centrifugal Filter Units (Millipore) until a
concentration of approximately 1 mg/ml was reached. Antibody concentra-
tion was determined by adsorption at 280 nm with a Nanodrop 1000 (Thermo
Scientific).

The GLURP antibody was precipitated with ammonium sulphate. Hy-
bridoma supernatant was clarified by a 0.2 µm syringe filter (Millipore) and
saturated ammonium sulphate pH 7.4 was slowly added till the final con-
centration of ammonium sulphate was 45% and left on a rotator for 45 min.
Subsequently, the mixture was incubated O/N at 4◦C and then centrifuged at
3893 g for 40 min. The pellet was resuspended in 8 ml cold PBS and concen-
trated with 50 kD Amiconr Ultra-4 Centrifugal Filter Units (Millipore) until a
concentration of approximately 1 mg/ml was reached.

In-vitro culture of P. falciparum

Non-synchronized Plasmodium falciparum parasite strain 3D7 (MRA-102, MR4,
ATCCr Manassas Virginia, USA) were cultured in a candle jar on RPMI 1640
medium with L-Glutamine and 25 mM HEPES (Gibco, Invitrogen) with hu-
man A+ serum and O+ red blood cells according to the candle-jar technique
of Trager-Jensen [171, 172]. The parasitemia was determined with Fields-
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stained microscopy slides and counted as percentage of infected red blood
cells.

P. falciparum culture- and extract ELISA

To all wells of ELISA plates 50 µl of 50 mM Na-carbonate pH 9.6 was added.
P. falciparum culture 3D7 of approximately 2% parasitemia was gently cen-
trifuged for 10 min to pellet the red blood cells (RBC) and supernatant was
removed until approximately the same volume was left as the RBC pellet,
resulting in ∼50% hematocrit, which was mixed 4:6 with whole O+ blood.
Alternatively, whole blood was mixed with crude antigen extract, which was
prepared from a late stage 3D7 culture (∼3-4% schizonts) with Percoll as de-
scribed by Troye-Blomberg et al. [172,177]. As negative control whole blood
without P. falciparum was used. The mixtures were lysed by adding 1:2 cold
MilliQ water (optimal ratio to lyse RBC as determined by trying different dilu-
tions). The lysed mixtures were added to the plates in a 4-step 1:1 dilution
series in the 50 mM Na-carbonate pH 9.6 already in the plates, to determine
the optimal coating dilution ratio, and left to coat O/N at 4◦C. Half the plates
were coated with P. falciparum or crude antigen extract and half with neg-
ative control. Wells were subsequently blocked with 1% or 5% BSA in PBS
for 30 min to 1 h at 37◦C. Plates were washed and incubated 1h at 37◦C
with 50 µl of purified α-DHFR, α-HDP or α-GLURP antibody diluted in PBS,
1% BSA, 0.1% Tween-20 in the following concentrations: 1, 5, 10, 20, 25
or 50 µg/ml. Alternatively, antibody in hybridoma supernatant was added
in unknown concentration. Wells were washed three times with PBST and
incubated 1 h at 37◦C with peroxidase conjugated goat-anti-mouse (Jack-
son Immunoresearch) 1:5000 diluted in 1% BSA in PBST. Wells were washed
with PBST three times and the presence of antibody was measured by adding
0.04% 3,3’,5,5’-Tetramethylbenzidine, 0.04% urea peroxide in 0.1 M sodium
acetate citrate pH 4 and the reaction was stopped with 0.5 M sulphuric acid.
Colour development was measured at 450 nm with a SUNRISE ELISA reader
(Tecan).

P. falciparum panel

Antibodies were also evaluated with the manufacturers’ panels of the WHO/-
FIND/CDC RDT product testing programme [62,63]. The panel consisted of
five prepared blood panels of cultured P. falciparum parasites (strains PH1,
Nigeria XII, FC27/A3, Benin I and Santa Lucia) diluted to a low parasite
density (200 parasites/µL) and two high parasite densities (2000 and 5000
parasites/µL). All specimens were derived from the culture bank of CDC, and
diluted in O+ blood from US donors.
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P. vivax samples

Frozen peripheral blood samples from patients infected with P. vivax parasites
(n = 8) were provided by the Instituto de Medicina Tropical “Alexander von
Humboldt” - Universidad Peruana Cayetano de Heredia in Peru. Samples
were characterized by microscopy.

Negative samples

Blood samples from donors from the Dutch blood bank (Sanquin) were used
as Plasmodium negative blood controls.

Sample ELISA

For the ELISA, 37.5 µL of blood sample (manufacturers’ panel, P. vivax or
blood bank sample) was mixed with 75 µL of MilliQ water, then mixed with an
equal volume of 50 mM sodium carbonate pH 9.6 and coated on ELISA plates
(medium binding, Greiner) 1 hour at 37◦C. Wells were washed three times
with PBS, 0.1% Tween-20 (PBST). Subsequently, 50 µL of 5 µg/mL α-HDP
(H12, H16, H19) or α-DHFR-TS (D5, D6, D15, D16, D20) or α-GLURP (G25)
in 1% BSA in PBST was added and incubated for 1 h at 37◦C. In comparison
two HRP2 antibodies (C1-13 and PTL3, National Bioproducts Institute) were
taken along in the same concentration. Each sample was tested with each
antibody in duplicate. Subsequent washing of plates and detection of the
presence of antibody was performed as described for the ELISA above.

Definitions and analysis

The mean absorbance of the duplicates was calculated in Microsoft Excel (Mi-
crosoft 2003) and the mean of negative control (1% BSA in PBST instead of
antibody) for each sample was subtracted after which a mean greater than or
equal to 0.150 was considered positive. The detection rate is the percentage
of malaria samples in the panel giving a positive result in both duplicates.
The false positive rate is the percentage of all tests that returned a positive
test when it should not have, based on both duplicates. Calculations, includ-
ing those for detection rate and false positive rate, were performed in STATA
(Special edition 11.2, StataCorp LP).
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Tabel 4.1 Absorption Units (AU) in ELISA of HDP antibodies that showed a difference in
signal with crude antigen extract in whole blood vs whole blood
First rows are AU with crude antigen, 2nd rows are only blood and third rows are the different
between the two (in italics). Differences greater than or equal to 0.1 are indicated in bold. The
columns are increasing dilution of the antigen diluted in Na-carbonate.

Antibody 1st dilution 2nd 3rd 4th average difference SD
H7 0.25 0.29 0.24 0.26
10 µg/ml 0.26 0.24 0.20 0.24

-0.01 0.05 0.05 0.02 0.03 0.03
H14 0.12 0.12 0.15 0.15
10 µg/ml 0.10 0.10 0.11 0.14

0.02 0.02 0.04 0.01 0.02 0.01
H14 0.12 0.13 0.16 0.19
20 µg/ml 0.10 0.13 0.15 0.18

0.02 0.00 0.02 0.01 0.01 0.01
H12 0.28 0.19 0.19 0.19
10 µg/ml 0.24 0.19 0.16 0.16

0.05 0.00 0.03 0.03 0.03 0.02
H16 0.29 0.30 0.30 0.29
1 µg/ml 0.29 0.25 0.22 0.26

0.00 0.05 0.08 0.04 0.04 0.03
H16 0.78 0.74 0.54 0.57
5 µg/ml 0.64 0.62 0.46 0.48

0.14 0.12 0.08 0.09 0.11 0.03
H16 0.32 0.62 0.58 0.60
10 µg/ml 0.26 0.46 0.52 0.55

0.06 0.16 0.06 0.05 0.08 0.05
H16 0.96 0.47 0.32 0.26
10 µg/ml 0.90 0.46 0.26 0.24

0.07 0.01 0.06 0.02 0.04 0.03
H19 0.19 0.15 0.16 0.16
hybridoma 0.12 0.11 0.14 0.15
supernatant 0.07 0.03 0.02 0.01 0.03 0.03

4.4 Results

P. falciparum culture and crude extract ELISA

The antibodies D5, 6, 13, 15, 16, 20, 24 and H6, 7, 8, 10, 12, 14, 15, 16,
19 and G23, 24, 25 were tested in the whole blood ELISA with crude antigen
and/or P. falciparum cultured parasites. In Table 4.1 and 4.2 the signal
intensities are shown of the antibodies that showed a difference in signal
intensity between crude antigen in whole blood and negative sample (only
whole blood). Almost none of the antibodies showed sufficient differences
in signal (≥0.10) between crude antigen extract in whole blood and negative
sample; only H16 had a difference in signal above 0.10 (Table 4.1 and 4.2).

Stronger signal intensity has been seen with P. falciparum lysed culture
extract while screening the antibodies [180]. Therefore, an ELISA setup with
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whole blood spiked with P. falciparum cultured parasites was tested, and there
the antibodies that showed sufficient differences in signal (≥0.10) were H16,
D5, D6, D15 and D20, although not at all antigen dilutions (Table 4.3).

Tabel 4.2 Absorption Units (AU) in ELISA of DHFR-TS (D) and GLURP (G) antibodies that
showed a difference in signal with crude antigen extract in whole blood vs whole blood.
First rows are AU with crude antigen, 2nd rows are only blood and third rows are the different
between the two (in italics). Differences greater than or equal to 0.1 are indicated in gray. The
columns are increasing dilution of the antigen diluted in Na-carbonate.

Antibody 1st dilution 2nd 3rd 4th average difference SD
D5 0.33 0.22 0.21 0.21
10 µg/ml 0.27 0.20 0.17 0.17

0.07 0.02 0.04 0.03 0.04 0.02
D6 0.25 0.43 0.47 0.51
10 µg/ml 0.19 0.36 0.46 0.46

0.06 0.08 0.01 0.05 0.05 0.03
D6 0.38 0.23 0.19 0.21
10 µg/ml 0.36 0.23 0.15 0.16

0.02 0.00 0.04 0.06 0.03 0.02
D15 1.96 1.43 0.84 0.59
10 µg/ml 1.89 1.45 0.77 0.65

0.07 -0.02 0.08 -0.06 0.02 0.07
D16 0.50 0.55 0.50 0.47
10 µg/ml 0.47 0.55 0.47 0.44

0.03 0.01 0.02 0.04 0.02 0.01
D16 2.56 2.54 2.32 2.13
hybridoma 2.51 2.72 2.35 2.08
supernatant 0.06 -0.18 -0.03 0.05 -0.03 0.11
D20 0.68 0.69 0.59 0.60
10 µg/ml 0.70 0.65 0.53 0.59

-0.02 0.05 0.05 0.02 0.02 0.03
D20 0.17 0.13 0.15 0.17
1 µg/ml 0.11 0.12 0.13 0.14

0.06 0.01 0.02 0.03 0.03 0.02
G23 0.13 0.11 0.13 0.17
25 µg/ml 0.09 0.11 0.12 0.14

0.03 -0.01 0.02 0.04 0.02 0.02
G23 0.11 0.11 0.15 0.16
50 µg/ml 0.10 0.11 0.13 0.15

0.01 0.00 0.02 0.01 0.01 0.01
G25 0.17 0.15 0.19 0.20
hybridoma 0.16 0.13 0.16 0.18
supernatant 0.02 0.02 0.03 0.02 0.02 0.01

Detection of P. falciparum isolates

Detection rates of P. falciparum isolates and false positive rates of healthy
controls were tested for selected antibodies and are listed in Table 4.4. The
antibodies were selected because they reacted well in the experiments de-
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scribed above or because of good affinity [180]. The antibodies were tested
in a direct ELISA setup to determine their capability in this setup to de-
tect the P. falciparum isolates at 200, 2000 and 5000 parasites/µL dilution
from the manufacturers’ panels of the WHO/FIND RDT product testing pro-
gramme [62,63].

Tabel 4.3 Absorption Units (AU) in ELISA of DHFR-TS (D) and HDP (H) antibodies that
showed a difference in signal with P. falciparum in whole blood vs whole blood.
First rows are AU with crude antigen, 2nd rows are only blood and third rows are the different
between the two (in italics). Differences greater than or equal to 0.1 are indicated in bold. The
columns are increasing dilution of the antigen diluted in Na-carbonate.

Antibody 1st dilution 2nd 3rd 4th average difference SD
H7 0.33 0.32 0.29 0.29
10 µg/ml 0.24 0.25 0.21 0.22

0.09 0.07 0.08 0.07 0.08 0.01
H8 0.31 0.29 0.28 0.31
10 µg/ml 0.23 0.24 0.22 0.24

0.07 0.05 0.05 0.06 0.06 0.01
H12 0.27 0.28 0.34 0.38
10 µg/ml 0.23 0.27 0.30 0.34

0.04 0.01 0.04 0.04 0.03 0.01
H12 0.43 0.41 0.41 0.40
10 µg/ml 0.38 0.36 0.38 0.36

0.05 0.05 0.03 0.04 0.04 0.01
H16 0.93 0.74 0.71 0.78
10 µg/ml 0.79 0.69 0.76 0.67

0.14 0.06 -0.05 0.11 0.07 0.08
H16 1.48 1.15 1.02 1.04
10 µg/ml 1.11 1.18 0.93 1.01

0.37 -0.03 0.08 0.03 0.11 0.18
H16 0.80 0.69 0.84 0.68
5 µg/ml 0.62 0.66 0.57 0.62

0.19 0.03 0.28 0.06 0.14 0.11
H16 0.37 0.31 0.35 0.34
1 µg/ml 0.30 0.29 0.32 0.32

0.07 0.03 0.02 0.02 0.03 0.02
D5 0.53 0.55 0.59 0.58
20 µg/ml 0.52 0.50 0.47 0.56

0.01 0.05 0.11 0.02 0.05 0.05
D6 0.37 0.36 0.38 0.40
10 µg/ml 0.32 0.32 0.30 0.34

0.05 0.03 0.07 0.05 0.05 0.02
D6 0.66 0.66 0.65 0.60
10 µg/ml 0.70 0.56 0.58 0.53

-0.04 0.10 0.08 0.06 0.05 0.06
D15 1.71 1.99 1.73 1.01
5 µg/ml 2.04 1.64 1.12 0.94

-0.33 0.35 0.61 0.07 0.17 0.40
D20A 0.41 0.30 0.29 0.31
5 µg/ml 0.25 0.25 0.23 0.28

0.16 0.06 0.06 0.02 0.08 0.06
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Tabel 4.4 Detection rates and false positive rates of the GLURP (G), DHFR-TS (D), HDP (H)
and HRP2 (PTL3 and C1-13) antibodies

Detection rates
P. falciparum P. falciparum P. falciparum False

Antibody low and high low parasite high parasite P. vivax positive
density density density rate

G25 87% 100% 80% 100% 33%
D5 100% 100% 100% 100% 67%
D6 93% 80% 100% 100% 22%
D15 67% 80% 60% 100% 11%
D16 0% 0% 0% 0% 0%
D20 100% 100% 100% 100% 67%
H12 0% 0% 0% 75% 56%
H16 20% 60% 0% 100% 11%
H19 0% 0% 0% 63% 0%
C1-13 100% 100% 100% 63% 67%
PTL3 100% 100% 100% 0% 22%

The GLURP antibody, G25, had good detection rates for P. falciparum (87%
overall), but there was a moderate false positive rate of 33%. Three of the
DHFR-TS antibodies, D5, D6 and D20, had good detection rates for the low
(above 80%) and high density (100%) P. falciparum isolates, but D5 and D20
also had quite high false positive rates of 67% (Table 4.4). The D15 antibody
had a low false positive rate, but the detection rates for P. falciparum were not
very high (Table 4.4). D16 and the HDP antibodies had very poor detection
rates for the P. falciparum isolates, but they had low false positive detection
rates, except H12 (57%) (Table 4.4). PTL3, one of the HRP2 antibodies, had
very good detection rates (100%) for P. falciparum and a relatively low false
positive rate of 22% (Table 4.4). The other HRP2 antibody, C1-13, had very
good detection rates as well, but performed poorly on the false detection rate
since it reacted with 67% of the negative blood controls (Table 4.4).

Detection of P. vivax isolates

The antibodies D5, D6, D15, D20, and H16 had very good detection rate of P.
vivax of 100% (Table 4.4). The antibodies H12 and H19 had a somewhat lower
detection rate, but reacted specifically with P. vivax, especially in the case of
H19 (Table 4.4). GLURP is a P. falciparum-specific antigen and therefore G25
should not react with P. vivax, which it does (100%). The same counts for
HRP2, and PTL3 indeed does not react with any of the P. vivax samples,
C1-13, however, detected 63% of these samples.
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4.5 Discussion and conclusion

Concerns regarding the diagnostic accuracy and test stability of malaria RDTs
have prompted the need for the development of novel antibodies that could
be incorporated in new diagnostic tests. In the present study, a selection of
high affinity antibodies developed against dihydrofolate reductase-thymidylate
synthase (DHFR-TS), heme detoxification protein (HDP) and glutamate rich
protein (GLURP) were evaluated in ELISA to detect P. falciparum and P. vivax
isolates in whole blood samples.

The DHFR-TS antibodies D5, D6, D15 and D20 and the HDP antibody H16
were good at detecting P. falciparum-spiked whole blood compared to whole
blood. Additionally, many of these antibodies (G25, D5, D6, D20 and H16)
had a good detection rate of P. falciparum and/or P. vivax isolates at similar
rates as commercial HRP2 antibodies (C1-13 and PTL3). The false positive rate
with healthy controls, however, was quite high with many of these antibodies
(G25, D5, D20, C1-13). The D6 antibody had good detection rates and low
false positive rates, similar to PTL3. The D15 antibody had low false positive
rate, but not such a high detection rate, if the latter can be optimised without
increasing the false positive rate, it might be a suitable antibody as well.

Several antibodies show a background signal with whole blood, and with
many of these antibodies the specific signal with the antigen did not surpass
the background signal. This suggests that the antibodies might be cross-
reacting with other agents in the blood. The background with whole blood in
ELISA is an issue that hampers test development, and perhaps the develop-
ment of a sandwich assay that uses an antibody couple for detection of the
antigen might prove more specific. Further work should aim at finding anti-
body couples that show no background reaction with uninfected whole blood.
Conjugating the antibodies to biotin or an enzyme and use it as the secondary
and detection antibody in the sandwich ELISA would enable us to investi-
gate the antibody couples. In addition, there are more hybridoma cell lines
and more hybridoma cell-lines can be developed from remaining splenocytes
stored in liquid nitrogen. These cell-lines can be screened more specifically
for those that are not cross-reacting with blood controls.

The D16 antibody is not detecting anything in this set up, which cor-
responds with its poor performance in the P. falciparum culture and crude
extract ELISA, despite the good KD value of 0.16 ± 0.062, determined ear-
lier [180]. The same counts for H12 and H19. It might be that the antibodies
are very good at detecting the recombinant antigen (used in the affinity ELISA),
but are less capable at specifically detecting the native antigen in the crude
antigen extract and P. falciparum culture. Alternatively, the amount of the
particular antigens in the P. falciparum culture and extract might be relatively
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low, causing the low signal. However, these antibodies have been shown to
be able to detect the crude antigen extract and especially the H12 antibody
gave very high signals with crude antigen in previous experiments [180]. One
of the HRP2 antibodies, C1-13, did not perform well in this experiment either,
despite good performance in earlier experiments. C1-13 had relatively high
false positive rate and it reacted with P. vivax in this ELISA. This might be
explained by the fact that the antibody stocks used in these experiments were
quite old (in the case of HRP2 at least 2 years old) and might be denatured or
otherwise changed resulting in unspecific binding.

To be of additional value for the diagnosis of malaria, these antibodies
should perform equally or better than the HRP2 antibodies and in that light
the D6 antibody against DHFR-TS is the only antibody in this assay that per-
forms equally as the PTL3 antibody against HRP2. There are other arguments
though, besides detection rate and false positive rate, which can make an
antibody of added value to diagnostic tools. HRP2 is an antigen that is only
present in P. falciparum and cannot detect P. vivax, and tests that can detect
this species are urgently required since the pLDH and aldolase RDTs have
poorer performance characteristics than HRP2-based RDTs [78, 181]. The
antibodies D15, H16 and H19 had good detection of the P. vivax samples,
in addition to the D6 antibody. These antibodies have a low false positive
reaction with the healthy controls as well, and might therefore be of specific
interest for tests development for P. vivax. Homologues of DHFR-TS and HDP
exist in other malaria species as well and further research is needed if these
antibodies can also detect Plasmodium malariae and Plasmodium ovale para-
sites.

Several antibodies were evaluated in an ELISA setup to detect several ge-
netically divers P. falciparum cultured isolates and P. vivax from patient sam-
ples and some of the antibodies show potential to be used in diagnostic tools,
with an added benefit specifically for P. vivax. However, in this ELISA setup
they did not have sufficient accuracy to be used for the diagnosis of malaria
and further optimisation and test development is required.
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