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Abstract

This study aimed to determine the accuracy of malaria rapid diagnostic tests (RDT) used in Thailand
Malaria Control Program. Three brands of RDTs: Paracheck P.F.™ (detecting single species), OptiMAL IT™
and SD MRDT (detecting pan or multi-species ), were field assessed and compared to Giemsa-Stained Thick
Blood Film (GS-TBF). The assessment was conducted during April to July 2013 in the malaria clinics of
three provinces, consisting a northern province; Tak, a western province; Kanchanaburi, and an eastern
province; Chanthaburi. Totally 899 suspected malaria cases visited to these malaria clinics. Of these cases;
84, 157, and 658 found Plasmodium falciparum-positive, Plasmodium vivax-positive and malaria-negative,
respectively. All cases were diagnosed by four tests; GS-TBF and the three RDT tests, consisting of Paracheck
P.E.™, OptiMAL IT™ and SD MRDT. These RDTs revealed the sensitivity for P. falciparum, 98.81%,
91.67%, and 94.05% respectively. Whereas the sensitivity for P. vivax of OptiMAL IT"™ and SD MRDT
were 94.27% and 95.54% respectively. The specificity of the three RDTs were higher than 99.00% which
was proved that these RDTs were well discriminated for positive cases. This study revealed the superiority of
Paracheck P.F.™ in detecting P. falciparum to two other RDTs. Regarding P. vivax, both OptiMAL IT™ and
SD MRDT revealed their accuracy in bottom line of acceptance. In conclusion, this study gave evident to

malaria policy maker to determine which kind of tests could be used in remote malaria endemic areas.
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areas. A delay in detection and treatment was

Introduction evident®. Therefore, alternative methods are needed

Malaria is a public health problem in Thai-
land, especially among the border areas adjacent to

Myanmar and Cambodia.

Microscopy is the
time-honored method to detect malaria parasites, but

it is not always immediately accessible in remote

184

to complement or even to replace microscopy. Rapid
diagnostic test (RDT) is considered, because it is
simple, quick, minimal training and does not require
electricity(g). It also provides prompt diagnosis which

is the key factor of any country malaria control
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program for promptly detect and treat malaria patient.
RDTs are normally produced in dipstick or cassette
format. Basically it capture parasitic antigen in a few
drop of patient blood and tap it on the bands of
specific antibodies which are fixed on the strip. Then,
visible color line is occurred as well as the control line
is pop-up. The productions of RDT is based on
immunochromatographic assays, which can be divided
into two groups according to Plasmodium’s antigens;
histidine-rich protein 2 (HRP2) and Plasmodium
glycolytic enzyme; lactate dehydrogenase (pLDH)(B).
Most RDTs are produced in the multi-species or Pan
species detection because P. falciparum (Pf) and

P. vivax (Pv) are frequently co-circulated in malaria

endemic countries”. However, some RDTs are produced
to detect single species like Paracheck P.F.™ for Pf
only. Figure 1 A shows the single species RDT,
detecting only Pf. species, the test is valid when the
C band (control line) is visible and the appearance of
the second band which is embedded monoclonal
antibodies produced against Pf. Figure 1 B shows the
multi-species RDT, detecting Pf and Pan malaria
species, the test is valid when the C band is visible
and the appearance of the second band which is
embedded monoclonal antibodies produced against
Pan malaria species (P band) and the third band which
is embedded monoclonal antibodies produced against

Pf (Pf band).
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Figure 1 RDT in a cassette format

Regarding the field studies of Pan species
MRDTs®'?, the Pan species revealed the sensitivity
and specificity between 75.00-98.00% and 87.00-
100% respectively. However, most of the RDTs’
sensitivity decreases when the level of parasitemia is
low. According to previous studies(H), the sensitivity
of Pan species RDT were 69.68+21.01%, where
malaria parasitemia less than 100 parasites/pl.
Various malaria RDTs heave been tested for their
performance at the World Health Organizatio (WHO)
and the Foundation for Innovative New Diagnostics
(FIND)“"From 2002 till now, more than 100,000
RDTs have been used in Thailand under national

malaria control program (NMCP). By 2004, World

Health Organization (WHO) launched the quality
assurance guideline for quality control of RDT"" and

it has been applied in Thailand NMCP since 2007.

Materials and methods

Study areas and population

The assessment was conducted during April
to July 2013. Three provinces were purposively
selected, consisting of two Thailand-Myanmar border
provinces, Tak and Kanchanaburi and one endemic
Thailand-Cambodia border province, Chanthaburi.
The first two are about 426 and 121 kilometers to
the west of Bangkok, respectively. The third one is
254 kilometers to the east of Bangkok. Their total
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populations in 2013 are 526,045, 838,269 and
521,812, respectively. All are known to be highly
endemic malarious areas with Annual Parasite
Incidence (API) of 20.58, 1.43 and 1.48 respectively.
The malaria transmission period in these provinces is
normally throughout the year. People working and
living in these areas are therefore at high risk malaria
infection. Agriculture remains the majority of the
people’s livelihood. The pf to pv ratio among these
three provinces in 2013 are 46.44/53.56,
9.70/90.30; and 10.46/89.54 respectively”’. One
malaria clinic (MC) with highest malaria cases in the
previous year is chosen from each province. These

three MCs are managed by well-trained microscopists.

Study design

Three brands of RDTs were validated;
namely, Paracheck P.F."™ (detecting only Pf HRP2)
batch number 31677; expired date 07/13 (Orchid
Biomedical Systems, Verna Industrial Estate, Verna,
Goa 403 722, India), OptiMAL IT™ (Pan species,
detecting Plasmodium LDH) batch number
46110.13.01; expired date 10/13 (DiaMed AG,
1785 Cressiers/Morat, Switzerland), and SD BIO-
LINE Malaria Antigen Pf/Pan, (detecting Pf HRP2
and Plasmodium LDH) batch number 71103, expired
date: 22/05/2014 (Standard Diagnostics Inc.). The
RDTs were quality control by either short or long term
quality assurance under WHO guideline(”'). For short
term, quality control at perusing phase at Headquarter,
RDTs were randomly picked up to check with standard
panel of malaria parasitic specimens in either real or
heat accelerated temperatures. Then, RDTs were
randomly picked up as well for long term quality

control every three months.
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The experiment was performed to the patients
visiting at the three MCs. Sixty microliters (60 pl)
of blood samples was collected from the patients by
finger-pricking. Twenty microliters (20 ) of blood
was used to make blood film and examined under
microscope®. Then, 20 pl of the blood was kept in
filter paper and sent to Bureau of Vector Borne Diseases
(BVBD) for confirmation by PCR according to
Muhamad’s technique 2011%%. Another 20 ul was
examined by three brands of RDTs according to the
manufacturer’s instructions. The microscopy was used
as gold standard method when the RDT’s accuracy

was calculated.

Ethical issue of this study

All activities correlated with the patients were
done strictly under good clinical practice (GCP).
Before collecting the blood samples, the patients were
informed consent regarding the procedures and details
of this study. All participants agreed and were willing
to be part of this study and signed the consent forms™®.
Inclusion and exclusion criteria regarding

either patient or RDTs""” were done strictly to prevent

false negative or false positive results.

Quality control of this study
Internal quality control according to WHO

(12)

guideline™*’ was done throughout this experiment for

preventing either false positive or false negative result.

Data analysis

Data was cleaned and analyzed by using
Microsoft Excel 2007 software. For sensitivity and
specificity calculations, the test kits were compared

with Giemsa-Stained thick blood films (GS-TBF).
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However, the numbers of positive case by GS-TBF
were counted only in the asexual stage as of their

clinical importance.

Results

A total of 899 suspected malaria subjects
were recruited from the three MCs during April to
July 2013, in which 12.57% (1138 cases) of the
cases were under 14 years old and their gender
distribution was 54.30% male and 45.70% female
respectively. Leading occupations were farmer,
agricultural employee, forestry worker and logger. Of
the 899 subjects, the numbers of individuals that
provided positive results by microscopy for P. falciparum
with or without P. vivax, and P. vivax only were 84
(34.85%) and 157 (65.15%) respectively. All 899
blood samples were confirmed by Polymerase Chain
Reaction (PCR) and showed the identical results to

those examined by GS-TBF. It was proved that no

misdiagnosis among the study subjects.

Meanwhile, the numbers of individuals found
positive for P. falciparum by Paracheck P.F.™,
OptiMAL IT™, and SD MRDT test, were 83, 80 and
81 respectively. Whereas, the numbers of individuals
found positive for P. vivax by OptiMAL IT™, and
SD MRDT test, were 155 and 153, respectively. The
accuracy of those RDTs was calculated by comparing
with standard microscopy results. The analysis revealed
that the Paracheck P.F.™ possessed sensitivity to
P. falciparum, specificity and accuracy, at 98.81%,
99.63% and 99.56% respectively (Table 1).
OptiMAL IT™ possessed sensitivity to P. falciparum,
non-P. falciparum, specificity and accuracy, at
91.67%, 94.26%, 99.25%, and 97.66% respectively
(Table 2). Whereas the SD MRDT test possessed
94.05%, 95.54%, 99.39% and 98.22% respectively
(Table 3).

Table 1. Cross tabulation of Paracheck P.F." against GS-TBF.

GS-TBF
Z Pf. Negative* Total
2 = Pf. 83 3 86
T Negat

g £ egative 1 812 813
z Total 84 815 899

*Negative here consists of Non-falciparum and negative because the Paracheck P.F.™ can detect only Pf.

Effectiveness of Paracheck P.F."™, sensitivity for Pf. 98.81%, specificity 99.683%, accuracy 99.56%, PPV". 96.51% , and

NPV* 99.88%.

“‘Expected test kit result’ means P. falciparum if microscopy detected P. falciparum alone or mix infection with other

Plasmodium parasites; and non-P. falciparum if microscopy detected Plasmodium parasites but no P. falciparum. Only

asexual parasites are included. "“Pf.’, Plasmodium falciparum, ‘Non-Pf.’, other Plasmodium parasites including P. vivax, P.

malariae and P. ovale. “‘PPV’, positive predictive value. “NPV’, negative predictive value
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Table 2. Cross tabulation of OptiMAL IT™ against GS-TBF.

GS-TBF
g Pf. Non-Pf. Negative Total
g - Pf. 71 2 1 80

=
2 Z Non Pf. 3 148 4 155
8 Bt
= Negative 4 7 653 664
=

Total 84 157 658 899

Effectiveness of OptiMAL IT™, sensitivity for Pf’. 91.67%, sensitivity for non-Pf. 94.26%, specificity 99.25%, accura-
cy 97.66%, PPV for Pf'. 96.25%, PPV for non-Pf'. 95.48% and NPV* 98.34%.

Table 3. Cross tabulation of SD MRDT against GS-TBF.

GS-TBF

g Pf. Non-Pf. Negative Total
Z - Pf. 79 0 2 81
E g Non Pf. 1 150 2 153
D

& Negative 4 7 654 665
= Total 84 157 658 899

Effectiveness of SD MRDT, sensitivity for Pf’. 94.05%, sensitivity for non-Pt° 95.54%, specificity 99.39% , accuracy
98.22%, PPV for Pt'.97.53% , PPV for non-Pf'. 98.04% and NPV* 98.35%.

On the other hand, when the child group was
separated to calculate for diagnostic value by using
SD MRDT. The sensitivity to P. falciparum, non-

P. falciparum, specificity and accuracy, were at

Table 4. Cross tabulation of SD MRDT against GS-TBF in children’s group (113).

95.88%, 95.00%, 100%, and 96.46% respectively

(Table 4). There were not much different from that in

Table 3

GS-TBF

&~ Pf. Non-Pf. Negative Total
g - Pf. 31 0 0 31
= =

2 3 Non Pf. 1 57 0 58
8 1=

=3 Negative 0 3 21 24
<)

Total 32 60 21 113

Effectiveness of SD MRDT, sensitivity for Pf’. 95.88%, sensitivity for non-Pf. 95.00%, speciticity 100% , accuracy 96.46%,

PPV for Pf'. 100%, PPV for non-Pf'. 98.28% and NPV* 87.50%.
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The assessment of RDTs against different
levels of parasitemia revealed the sensitivity of three
RDTs to either P. falciparum or Non-P. falciparum.
They were the fluctuation of the sensitivity of the
devices in reverse fashion to the level of parasitemia
(Table 5, 6, 7), except OptiMAL IT™, showed
decreasing sensitivity to 88.89 percent at >50,000
Parasitemia/ul among Non-P. falciparum group

(Table 6). Paracheck P.F."™ showed 3 false positive

cases to P. falciparum (Table 5), whereas OptiMAL
IT™ and SD MRDT showed 1 and 2 false positive
cases to P. falciparum respectively, but showed 4 and
5 false negative cases to P. falciparum respectively
(Table 6, 7). High false negative to Non-P. falciparum
found by OptiMAL IT™ and SD MRDT (9 and 7
cases respectively), as well as 4 and 4 false positive
to Non-P. falciparum found by these RDTs respec-

tively.

Table 5. The sensitivity of Paracheck P.F.™ at different levels of parasitemia.

Parasitemia/pl

P. falciparum

No. of patient TP FN FP Sensitivity
(%)
<500 3 2 0 0 66.67
501-1,000 4 4 1 1 100
1,001-5,000 12 12 0 1 100
5,001-50,000 39 39 0 0 100
>50,000 26 265 0 1 100
Total 84 83 1 3 98.81

TP = True positive, FN = False negative, FP = False positive, Sensitivity = TP/TP+FN

Table 6. The sensitivity of OptiMAL IT™ at different levels of parasitemia.

Parasitemia/pl P. falciparum

Non-P. falciparum

No. of TP FN FP  Sensitivity No. of TP FN FP  Sensitivity
patient (%) patient (%)
<500 3 0 0 0 0 11 7 4 2 63.63
501-1,000 4 2 2 0 50 7 5 2 1 71.42
1,001-5,000 12 11 1 1 91.67 71 70 1 0 98.59
5,001-50,000 39 38 1 0 97.44 59 58 1 1 98.31
>50,000 26 26 0 0 100 9 8 1 0 88.89
Total 84 77 4 1 91.67 157 148 9 4 94.26

TP = True positive, FN = False negative, FP = False positive, Sensitivity = TP/TP+FN
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Table 7. The sensitivity of SD MRDT at different levels of parasitemia.

Parasitemia/pl P. falciparum Non-P. falciparum
No. of TP FN FP  Sensitivity No. of TP FN FP  Sensitivity
patient (%) patient (%)
<5600 3 1 2 0 33.33 11 7 4 2 63.63
501-1,000 4 3 1 0 75 7 5 2 1 71.43
1,001-5,000 12 11 1 1 91.67 71 71 0 0 100
5,001-50,000 39 38 1 1 97.44 59 58 1 1 98.31
>50,000 26 26 0 0 100 9 9 0 0 100
Total 84 79 5 2 94.05 157 150 7 4 95.54

TP = True positive, FN = False negative, FP = False positive, Sensitivity = TP/TP+FN

Discussion

The assessment of the three brands of RDTs,
Paracheck P.F.", OptiMAL IT “, and SD MRDT
showed their diagnostic values higher than 90.00%
in terms of sensitivity, specificity, accuracy, positive
predictive value and negative predictive value. Even
though, OptiMAL IT™ revealed the lowest sensitivity
to P. falciparum (91.67%, Table 2), but all RDTs
revealed higher to average diagnostic values to the
previous studies regarding Malaria RDTs® ',

In this study, all RDTs were quality control
following WHO guideline(lz), the test results revealed
their genuine attribution. Although it appeared that
all performed reproducibility to be more reliable, but
the devices misdiagnosed either false negative or false
positive which we found to be very interesting. Three
false positive to P. falciparum by Paracheck P.F.™
(Table 1) might be due to the persistence of Pf HRP2
antigen in blood circulation after parasite clearance
which it can persist more than two weeks®. Likewise,
SD MRDT detected Pf HRP2 antigen, and revealed
two false positive (Table 3). The misdiagnosis might
have been affected by either the RDT’s attribute
factors or by human error that the technician could

not see the third band appearing on the device, even
190

though internal quality control was carried out strict-
ly (Figure 1). Similarly, the devices misdiagnosed
seven of the non-P. falciparum as false negative
(Table 2, Table 3), which likely occurred in the same
reasons mentioned above. Nevertheless, the numbers
of false negatives were too few to provide an inter-
pretation on the quality of device, as the rest of results
showed concordance with the gold standard method
by GS-TBF analysis.

Regarding children being high risk in most
malarious countries, SD MRDT was chosen to analyze
and compare test results between children group and
overall. It was shown no difference in terms of the
diagnostic patterns (Table 4). Thus, RDT revealed
non-differential among age groups.

The numbers of Pf positive by Paracheck
P.E.™ were not higher than those detected by micros-
copy (88 and 84 cases respectively). It might be due
to the fact that Pf cases were mostly early infected
cases; therefore, these patients have no Pf HRP2 in
their blood circulation. Additionally, we used PCR
method to confirm results obtained by microscopy and
found identical results. Furthermore, the increasing
sensitivity of the OptiMAL IT™ and SD MRDT along

with increasing parasite densities in non-P. falciparum
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suggests that the problem is due to the ability of the
device to detect parasites at low parasitemia level,
rather than human error (Table 6, 7). On the other
hand, the device was able to detect P. falciparum at
low level of parasitemia with only a few cases where
the parasite could not be detected.

Several factors effect to the quality of RDTs
which are rather difficult to prevent. These factors can
be categorized into two types, controllable and un-
controllable. Those controllable factors are mainly
strictly on the short and long term quality control
recommended by WHO™® as described previously.
Whilst uncontrollable factors, firstly, we could not
control all experiment atmosphere to control all day
temperature in between 2°c-30°C at all day moisture
or relative humidity below 60.00%; even though, the
WHO recommended that the RDTs should be avoided
from excessing to heat and moisture®®. In most
malaria-endemic countries, temperatures frequently
exceed the recommended storage temperatures
especially during the transportation of RDTs®?.
Secondly, RDTs’ sensitivity and reliability depend on
parasitemia level. Several field studies of malaria RDTs
initially indicated the tests had good sensitivity
ranges, particularly for density of P. falciparum greater
than 500 Parasitemia/pl"®*". These finding are
correlated with this study when RDTs were tested
against <500 Parasitemia/pl level (Table 5, 6, 7).
Thirdly, the Pf HRP2 persists after parasite clearance®,
three and four false positive by Paracheck P.F.™ and
SD MRDT (Table 5, 7) might be due to this
persistency. In this regard, many commercial RDT
produced to detect Pf HRP2 antigen based on the
reason of the superiority of P. falciparum’s sensitivity

(3)

to other antigens'”’ must adopt this phenomenon.

Lastly, the Pf HRP2 antigenic variation in sensitivity

of Pf HRP2 may be affected by genetic heterogeneity
of the Pf HRP2‘®. This heterogeneity is important if
a proportion of the parasites produce variant alleles of
Pf HRP2 that lack the epitope or have fewer epitopes
recognized by monoclonal antibodies. Patients
infected with these parasites may be misdiagnosed as
malaria-negative without concurrent microscopic
examination. Therefore, one and five false negative
by Paracheck P.F.™ and SD MRDT (Table 5, 7)
might be related to phenomenon as well.

In conclusion, the three RDTs showed their
diagnostic values in the bottom line of acceptance
(higher than 90.00%)(4>; therefore, these devices
might be a useful adjuvant diagnostic tool with the
ability to detect malaria in children and suitable to be

used in all malaria endemic areas.
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