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Abstract The aim of this retrospective study was to
evaluate the Immunoquick+4 (BioSynex, Strasbourg,
France), a three-band malaria rapid diagnostic test
(MRDT) targeting histidine-rich protein-2 (HRP-2) and
pan Plasmodium-specific parasite lactate dehydrogenase,
in a non-endemic reference setting. Stored whole-blood
samples (n=613) from international travellers suspected
of malaria were used, with microscopy corrected by
polymerase chain reaction (PCR) as the reference method.
Samples infected by P. falciparum (n=323), P. vivax (n=97),
P. ovale (n=73) and P. malariae (n=25) were selected, as
well as 95 malaria-negative samples. The overall sensitivities

of the Immunoquick+4 for the diagnosis of P. falciparum,
P. vivax, P. malariae and P. ovale were 88.9, 75.3, 56.0
and 19.2%, respectively. Sensitivity was significantly related
to parasite density for P. falciparum (93.6% versus 71.4% at
parasite densities >100/µl and ≤100/µl, respectively) and
P. vivax (86.8% versus 48.3% at parasite densities >500/µl
and ≤500/µl, respectively). The Immunoquick+4 showed
good reproducibility and reliability for both test results
and line intensities. The Immunoquick+4 performed well
for the detection of P. falciparum and P. vivax.

Background

For the diagnosis of malaria, microscopy is considered as
the reference method, but expert microscopy may be
lacking in both endemic and non-endemic settings. In
resource-poor endemic settings, there may be problems
related to equipment, expertise and workload, whereas in
non-endemic settings in industrialised countries, there may
be a lack of routine among the laboratory staff, resulting in
low expertise [1]. In these circumstances, the use of malaria
rapid diagnostic tests (MRDTs) can be valuable in the
diagnosis of malaria [1, 2]. MRDTs detect antigens specific
to one or more of the Plasmodium species. The initially
developed tests were two-band tests, including a control
line and a P. falciparum-specific line targeting histidine-rich
protein-2 (HRP-2) or P. falciparum-specific parasite lactate
dehydrogenase (Pf-pLDH). Later developed so-called
three-band MRDTs also detect antigens common to the
four Plasmodium species, such as aldolase or the pan
Plasmodium-specific pLDH (pan-pLDH). The Immuno-
quick malaria +4 (BioSynex, Strasbourg, France), further
referred to as Immunoquick+4, is a three-band MRDT
targeting HRP-2 and pan-pLDH. We evaluated the
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Immunoquick+4 for use on returned international travellers
in a non-endemic reference centre.

Methods

Study design

In this retrospective study, the Immunoquick+4 was
evaluated against a collection of stored samples obtained
from international travellers. Tests were carried out in the
reference laboratory of the Institute of Tropical Medicine
(ITM), Antwerp, Belgium.

Patients and samples

Samples were selected from a collection of EDTA blood
samples stored at −70°C. They were obtained from
patients attending the travel clinic at the ITM. Included
patients were international travellers or immigrants
returning from visits to their native countries. In addition,
samples sent by Belgian laboratories to the ITM in the
scope of the national reference function were included.
All patients had symptoms suspect for malaria (e.g.
fever, headache, nausea). All positive samples collected
between December 1995 to August 2008 were selected,
including the four malaria species with varying parasite
densities. In addition, samples from symptomatic patients
without malaria parasites (negative samples) attending
the ITM between December 1995 to 2008 were included.
There were no exclusion criteria except a blood sample
lower than 100 µl.

Reference method

Microscopy, corrected by polymerase chain reaction (PCR),
was used as the reference method. Standard microscopy
including the determination of parasite density was
performed on thick blood films as described previously
[3]. PCR analysis was performed on all samples, with a
species-specific real-time PCR adapted from Rougemont
et al. [4], as described previously[3].

Test platform

The Immunoquick+4 is a lateral-flow immunochromato-
graphic MRDT in a dipstick format. In brief, 20 µl of whole
blood is deposited on the test strip, which is subsequently
transferred to a plastic tube containing six drops of buffer.
After 15 to 30 min, the results can be read. Three lines are
present; a control line which indicates whether the test is valid,
a HRP-2 line and a pan-pLDH line. According to the
manufacturer’s instructions, a combination of a HRP-2 line

and a pan-pLDH line indicates an infection with P. falciparum
or a mixed infection with P. falciparum and one or more of
the other Plasmodium species. A single HRP-2 line indicates
an infection with P. falciparum and a single pan-pLDH line
indicates an infection with one or more of the non-
falciparum species. For the evaluation, test kits of two
different lot numbers were used, M4D060508 and
M4D091708, with expiration dates 01/2010 and 04/2010,
respectively.

Test procedure

Tests were performed according to the instructions of the
manufacturer, except that a scoring system was used to
assess the intensity of the test lines. As recommended by
the manufacturer in the instructions for application of the
test on venous whole blood, we used a transfer pipette of
20 µl (Finnpipette, Helsinki, Finland) to apply blood to the
test strip. In case the control line did not appear, the result
was interpreted as invalid and the test was repeated. In
order to score test line intensities, we used a scoring system
of five categories: none (no line visible), faint (barely
visible line), weak (paler than the control line), medium
(equal to the control line) or strong (stronger than the
control line) [3]. Readings were performed with daylight
assisted by a standard halogen lamp. To homogenise the
results, all samples were read after 20 to 30 min, as
recommended by the manufacturer for low positive
samples. Readings were carried out by three subsequent
observers, of whom the one who performed the test
procedure invariably was the first. Observers were blinded
to the results of microscopy, PCR and to each others’
readings. The results of the readings considered were
based on consensus agreement, which means that a
positive result was defined as a result read positive by at
least two out of three different observers. When there was
no consensus, the result of the first reader was considered.
Inter-reader reliabilities were assessed for the test results,
expressed as positive and negative readings, as well as for
the intensity readings. To assess reproducibility, we tested
a panel of 16 samples with different parasite densities
(including four P. falciparum samples, four P. vivax
samples, four P. ovale samples and four P. malariae
samples) on five successive occasions.

Statistical analysis

Samples infected with P. falciparum and the non-
falciparum species were considered separately. For the
detection of P. falciparum, any test that generated a HRP-2
line was considered positive. Any test that did not generate
a HRP-2 line was considered negative. For the detection of
the non-falciparum species, any test that generated a
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unique pan-pLDH line was considered positive. Any test
that did not generate a test line or showed a HRP-2 line
was considered negative. Samples that generated a wrong
test line (e.g. a P. falciparum sample generating only a
pan-pLDH line) were considered as species mismatch and
assigned to the false-positives or false-negatives, depending
on the situation. Samples with pure gametocytaemia were
included among the positive P. falciparum samples. Sensi-
tivity and specificity were calculated for both P. falciparum
and the non-falciparum species with 95% confidence
intervals (CIs) and differences were tested for significance
using the Pearson Chi-square test or, in case of small sample
numbers, Fisher’s exact probability test. A p-value of <0.05
was considered as significant. Reliabilities for positive and
negative readings and line intensities were calculated as
percentage agreements for all three readers and kappa values
for each pair of readers. Associations between line intensity
readings and parasite densities were assessed for strength of
association with Cramer’s V for categorical variables, using
interpretative criteria published previously [3].

Duration of storage

Long-term storage of samples could affect antigen stability.
To minimise the possibility that the duration of storage
affects the test performance, we compared the sensitivities
of samples obtained between 1995 to 2000 with those
obtained between 2001 to 2008.

Ease of use

Three experienced laboratory technicians scored the ease of
use of the Immunoquick+4 test and the clarity of the
manufacturer’s instructions with a standardised list [3].

Ethical review

The study was reviewed and approved by the Institutional
Review Board of the ITM and by the Ethical Committee of
Antwerp University, Belgium.

Results

Sample collection

A total of 613 samples were selected, of which 83 samples
were sent by Belgian laboratories to the ITM for second
opinion and confirmation. According to microscopy and
after correction by PCR analysis, 323 of these samples were
positive for P. falciparum, 97 for P. vivax, 73 for P. ovale
and 25 for P. malariae. The results of microscopy were
corrected in 11 out of the 518 (2.1%) positive samples.

These corrections were uniquely related to P. vivax–P. ovale
mismatches: in the final collection, 4/97 (4.1%) P. vivax and
7/73 (9.5%) P. ovale samples had originally been identified
as P. ovale and P. vivax, respectively. In addition, 95
microscopic and PCR-negative samples of symptomatic
travellers were included in the panel. The majority (270/
323) of P. falciparum infection was acquired in Africa. The
samples were obtained from 613 patients, with a male:
female ratio of 2.07:1 and median age of 36.5 years (range
1–84 years). Only a minority (nine patients, 1.5%) were
children less than five years old.

Invalid test results

A single sample gave an invalid result at initial testing.
After 30 min, there was no control line visible. Upon
repetition, the test performed well.

Sensitivity and specificity

Table 1 lists the test results of all samples and Table 2 lists
the sensitivities matched with species identification and
parasite densities. For the detection of P. falciparum, the
sensitivity was 88.9%; it increased with parasite density,
with values at parasite densities >100/µl being significantly
higher as compared to those at parasite densities ≤100/µl
(93.6% versus 71.4%, respectively, p<0.001). For the
detection of the non-falciparum species, the overall sensi-
tivities for P. vivax, P. ovale and P. malariae were 75.3, 19.2
and 56.0%, respectively. The difference in sensitivity
between parasite densities above and below 500/µl was
statistically significant in the case of P. vivax (86.8% versus
48.3%, p<0.001). Specificities for P. falciparum and the
non-falciparum species were 97.9% (95.3%–99.2%) and
98.3% (96.4%–99.3%), respectively. Eight out of the 518
(1.5%) Plasmodium-positive samples resulted in a species
mismatch (Table 1). Four P. falciparum samples reacted only
with the pan-pLDH line; they had parasite densities of 180,
210, 1,123 and 147,000/µl, respectively, and the travel
destinations were Democratic Republic of the Congo (n=2),
Nigeria (n=1) and Ghana (n=1), respectively. One P. vivax
sample (India; 4,150/µl), one P. ovale sample (Mali; 864/µl)
and one P. malariae sample (Nigeria; 2,200/µl) reacted with
both HRP-2 and pan-pLDH lines. Finally, there was one
P. malariae sample (Togo, 712/µl) that reacted only with
the HRP-2 line.

Line intensities

The line intensity readings for both HRP-2 and pan-pLDH
lines were faint or weak in almost half of the true-positive
readings, 136/287 (47.4%) and 131/301 (43.5%), respectively.
Line intensity readings for HRP-2 and especially pan-pLDH
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were related to parasite densities (HRP-2: V=0.296, p<0.001;
pan-pLDH: V=0.620, p<0.001). Of interest is that, in the
case of positive P. falciparum samples, the unique presence
of a HRP-2 line almost exclusively (98.9%, 92/93 samples)
pointed to a parasite density below 1,000/µl (Table 3).
Conversely, the co-presence of both HRP-2 and pan-pLDH
lines predicted parasite densities above 1,000/µl in 131/194
(67.5%) samples.

Inter-reader reliability

For the HRP-2 line, the inter-reader reliability for positive
and negative test results was excellent, with 97.2%
agreement among the three readers and kappa values
between the three pairs of readers of 0.97, 0.96 and 0.95,
respectively. For the pan-pLDH line, there was 91.2%
overall agreement and the kappa values were 0.91, 0.88 and
0.86. For the HRP-2 line intensity readings, the overall
agreement among the three readers was 80.6%, with kappa
values of 0.81, 0.80 and 0.79 for the different pairs of
readers. For the pan-pLDH line intensity readings, there

was 76.7% overall agreement and kappa values of 0.79,
0.78 and 0.74.

Reproducibility

The test results (positive or negative for relevant species
detection) and HRP-2 line intensity readings were reproduc-
ible. Consistent test results upon five times repetition were
obtained for 10 out of 16 samples. Of the remaining six
samples, five had consistent test results upon four times
repetition and one sample upon three times repetition. HRP-2
line intensity readings were consistent upon five times
repetition for 13 out of 16 samples. Two out of the three
non-consistent samples had identical test results upon four
times repetition and one sample upon three times repetition.
The pan-pLDH intensity readings were consistent upon five
times repetition for five out of 16 samples. Eight out of the 11
non-consistent samples had identical results upon four times
repetition and three samples upon three times repetition. All
but one inconsistent result for line intensity readings (13
out of 14) of the HRP-2 and pan-pLDH samples had

Samples HRP-2 line-positive HRP-2 line-negative

pan-pLDH
line-positive

pan-pLDH
line-negative

pan-pLDH
line-positive

pan-pLDH
line-negative

P. falciparum (n=323) 194 93 4a 32

P. vivax (n=97) 1a - 73 23

P. ovale (n=73) 1a - 14 58

P. malariae (n=25) 1a 1a 14 9

Negative (n=95) - 2 3 90

Table 1 Test results of all
samples (n = 613)

HRP-2 = histidine-rich
protein-2; pan-pLDH = pan
Plasmodium-specific parasite
lactate dehydrogenase
a Species mismatch

Species No. Correctly identified
by Immunoquick+4

Sensitivity in %
(95% CI)

All P. falciparum samples 323 287 88.9 (84.8–92.0)

Pure gametocytaemia 17 13 76.5 (50.0–92.2)

Parasite density 0–100/µl 56 40 71.4 (57.6–82.3)

Parasite density 101–1,000/µl 116 102 87.9 (80.3–93.0)

Parasite density >1,000/µl 134 132 98.5 (94.2–99.7)

Parasite density >100/µl 250 234 93.6 (89.6–96.2)

All P. vivax samples 97 73 75.3 (65.3–83.2)

Parasite density 0–500/µl 29 14 48.3 (30.0–67.1)

Parasite density >500/µl 68 59 86.8 (75.9–93.4)

All P. ovale samples 73 14 19.2 (11.2–30.4)

Parasite density ≤500/µl 36 6 16.7 (7.0–33.5)

Parasite density >500/µl 37 8 21.6 (10.4–38.7)

All P. malariae samples 25 14 56.0 (35.3–75.0)

Parasite density ≤500/µl 9 4 44.4 (15.3–77.3)

Parasite density >500/µl 16 10 62.5 (35.9–83.7)

Table 2 Sensitivities of the
Immunoquick+4 for the detec-
tion of all Plasmodium species
related to parasite densities

CI = confidence interval
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discordances within one category of difference in line
intensity. One pan-pLDH result differed by three categories
in line intensity (medium instead of negative).

Duration of storage

There was no significant difference between the test
sensitivities of samples that had been stored for long versus
shorter periods, for any of the four Plasmodium species.
The sensitivities of samples obtained between 1995 to 2000
and samples obtained between 2001 to 2008 were,
respectively, 86.9 and 89.7% for P. falciparum, 73.2 and
76.8% for P. vivax, 16.1 and 21.4% for P. ovale, and 66.7
and 52.4% for P. malariae. None of these differences were
statistically significant.

Ease of use

The Immunoquick+4 was evaluated as easy to use and the
instructions were scored as clear and simple to follow by all
three technicians. However, because of its design (a strip
soaked in a test tube), it was considered to be less practical
as compared to one-step MRDTs in cassette format.
Further, the clearance was not optimal, causing the test
strip to remain red-coloured after completion of the test
procedure.

Discussion

In this retrospective study, the performance of the Immuno-
quick+4 was evaluated on a large panel of stored samples
obtained from international travellers. The sensitivity for the
detection of P. falciparum was 88.9%, reaching 98.5% at
parasite densities above 1,000/µl. The overall sensitivities for
P. vivax, P. ovale and P. malariae were 75.3, 19.2 and 56%,
respectively. The specificity was above 97.9%. Species
mismatches occurred in 1.5% of the samples and were
limited to non-falciparum species that were identified as
P. falciparum. The test results were reliable and reproducible.

The present study has some limitations. For instance, we
did not challenge the test with samples that are known to

give false test results (such as rheumatoid factor) [5].
Further, tests were performed in a non-endemic reference
centre, which tends—for reasons of resources and trained
staff—to give better results compared to field settings
[6, 7]. Finally, the storage time of the present samples
could affect antigen stability [6]. However, samples were
not exposed to repeated thawing and freezing, and no
differences in test performances were observed between
samples that had been stored for long versus short periods.
In addition, a prospective study revealed similar results
between fresh and stored samples with regard to HRP-2
detection [8].

The Immunoquick+4 has recently been evaluated as part of
theWorld Health Organisation (WHO) and the Foundation for
Innovative NewDiagnostics (FIND)Malaria RDT Evaluation
Programme [9]. This evaluation showed for P. falciparum
and P. vivax sensitivities of, respectively, 93.7 and 30.0% at
parasite densities of 200/µl, and sensitivities of 98.7 and
100% at parasite densities of 2,000–5,000/µl. In addition,
this study reported species mismatches in 2 (1.6%) out of
120 P. vivax samples (which showed an additional HRP-2
test line) and a single (0.6%) false-positive reaction among
168 malaria-negative samples. The sensitivities reported by
the WHO/FIND study are higher than those obtained in the
present study, but the nature of samples and the parasite
densities evaluated by both studies were different: for
instance, the WHO/FIND study also used culture-derived
samples and used samples that were diluted to parasite
densities of 200/µl and 2,000–5,000/µl. Unlike the present
study, the WHO/FIND study did not include P. ovale and
P. malariae samples and it assessed species mismatches
only between P. falciparum and P. vivax [9].

The sensitivities of the Immunoquick+4 for the detection
of P. falciparum and P. vivax are in line with those for other
MRDTs in non-endemic settings. Reported sensitivities for
P. falciparum range from 87.5 to 99.0%, with one exception
of 76.2% [3, 10–16]. However, the Immunoquick+4 did not
reach the 95% sensitivity for parasite densities >100/µl
recommended by the WHO [17]. For P. vivax, MRDTs
targeting pan-pLDH show sensitivities from 33.5% and
62.0–95.0% [3, 12, 15, 18–20], compared to 46.0–93.0%
[20] for those MRDTs targeting aldolase. The higher

Parasite density Test line(s) visible

None Only HRP-2 HRP-2 and pan-pLDH Total

Pure gametocytaemia 4 5 8 17

0–100/µl 16 36 4 56

101–1,000/µl 14 51 51 116

>1,000/µl 2 1 131 134

Total 32 93 194 323

Table 3 Presence of HRP-2 and
pan-pLDH lines for the Immu-
noquick+4 in Plasmodium
falciparum samples related to
parasite density

HRP-2 = histidine-rich
protein-2; pan-pLDH = pan
Plasmodium-specific parasite
lactate dehydrogenase
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sensitivities at increasing parasite densities are a well-known
phenomenon, with breakpoints around 100/µl (P. falciparum)
and 500/µl (P. vivax), respectively [3, 10, 18, 20, 21]. There
are only a few studies that allow the comparison of test
characteristics for the detection of P. ovale and P. malariae
separately. The sensitivities for the detection of P. ovale and
P. malariae of the Immunoquick+4 tended to be lower
compared to other MRDTs, with combined sensitivities of
36.0–95.0% for MRDTs targeting pan-pLDH [18, 20] and
7.0–80.0% for MRDTs targeting aldolase [20]. Previously,
we demonstrated for a three-band HRP-2/pan-pLDH
MRDT in a study design similar to the present one
sensitivities for P. ovale and P. malariae of 76.3 and
45.2%, respectively [3].

In line with other publications [3, 10, 22, 23], lines
intensities were in relation with the parasite densities, but
with considerable overlaps. The finding that a unique HRP-2
line was indicative for a low parasite density of P. falciparum
≤1,000/µl is in line with a previous observation for another
MRDT based on HRP2/pan-pLDH detection [3]

Although the Immunoquick+4 was reliable and reproduc-
ible, we observed incomplete clearance of the test strip. In
addition, nearly half of the test lines showed weak or faint
intensities. These findings are of concern, as they can result
in false-negative interpretations. Indeed, disregarding faint
line intensities is one of the most common mistakes among
end-users in both endemic and non-endemic settings, even
when provided with adapted job aids [24–28].

The Immunoquick+4 was scored as a less practical test
compared to MRDTs in cassette format. In particular, the
manipulation of the strip was felt to be more difficult
compared to the manipulation of a cassette. However,
although not evaluated as part of the present study, we
assume that the recommended transfer of the blood by
applying the soak pad of the strip to the blood on the finger
is easier and less error-prone than other application
systems, such as loops and straws [25, 29]. On the other
hand, the use of the absorption pad of the dipstick as a
sampling system for capillary blood may be less accurate.
Further studies at the end-user level are required to assess
these assumptions.

In conclusion, the Immunoquick+4 performed well for
the detection of P. falciparum and P. vivax, but moderately
and poorly for the detection of P. malariae and P. ovale,
respectively. The Immunoquick+4 can be a valuable
adjunct to microscopy, especially in those settings where
P. falciparum and P. vivax are predominant. Possible test
improvements include an increase in sensitivity, especially
for non-falciparum species detection, a better clearance of
the test strip and an increase in test line intensities.
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