EVALUATION OF MALARIA RAPID DIAGNOSTIC
TESTS IN MADINAH, SAUDI ARABIA

Majed H Wakid!? and Ziab Z Alahmadey?

"Department of Medical Laboratory Technology, Faculty of Applied Medical Sciences,
2Special Infectious Agents Unit, King Fahd Medical Research Center, King Abdulaziz
University, Jeddah; *Ministry of Health, Al-Ansar Hospital, Madinah, Saudi Arabia

Abstract. Malaria is a parasitic disease causing high morbidity and mortality
in tropical and sub-tropical regions of the world. Determination of malaria
parasitemia level is essential for estimating severity of the disease. Detection of
malaria in endemic regions using rapid diagnostic tests (RDTs) has been widely
adopted. The study evaluated prevalence of Plasmodium spp. in Madinah, Saudi
Arabia, determined parasite density and assessed diagnostic accuracy of RDTs.
One hundred EDTA blood samples were collected from patients presenting fever
or a recent history of fever and examined microscopically in parallel with two
RDTs (OptiMAL-IT and AMP). Malaria was microscopically confirmed in 20%
of the samples, with Plasmodium falciparum and P. vivax detected in 13 and 7%
respectively and no mixed infection. Mean parasite density for P. falciparum and
P. vivax was 6,357 and 5,660 parasites/ul respectively. Sensitivity of AMP and
OptiMAL-IT tests was 85 and 80% respectively, and 100% specificity for both
tests. In conclusion, diagnostic performance of the two RDTs were satisfactory
with AMP having a slightly higher sensitivity than OptiMAL-IT test, but both
RTDs were still inferior compared to microscopic examination.
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INTRODUCTION

Malaria still remains a major life-
threatening disease and is caused
by Plasmodium protozoan parasite
transmitted from bites of infected
Anopheles mosquitoes (WHO, 2018a). In
2017, World Health Organization (WHO)
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estimated globally there were 219 million
new cases of malaria with a mortality of
435,000 (WHO, 2018Db). It is advisable
to have rapid and accurate malaria
diagnosis before commencing treatment
to minimize morbidity and mortality
(WHO, 2010; FIND, 2019; WHO, 2018a).

The common routine diagnosis is
carried out by microscopy and by rapid
diagnostic tests (RDTs). Light microscopy
examination using thin and thick blood
films is considered as the “gold standard”
(Salimi Khorashad et al, 2014); however,
the method is labor intensive, requires
skilled technicians and (of course) needs
a light microscope. Several commercial
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RDTs are available to detect specific
targets of Plasmodium parasites, based
on immunochromatographic assay on
a nitrocellulose strip (Gillet et al, 2010;
WHO, 2010). The test targets either
Plasmodium sp-specific histidine rich
protein-2 (HRP2) or pan-Plasmodium-
specific target dehydrogenase (pan-
pLDH) or aldolase (Gillet et al, 2010).
RDTs are simple and easy to carry out
and do not require laboratory instruments
or special tools (Gillet et al, 2010, WHO,
2018b). Output is in the form of line(s)
appearing on the strip within a few
minutes, which can be directly interpreted
as a positive or negative result (Gitonga
et al, 2012).

The study was conducted to evaluate
the diagnostic accuracy, reproducibility,
and efficiency of two RDTs (AMP and
OptiMAL-IT) in comparison with the
gold standard microscopy among blood
samples from patients attending the
General Hospital, Madinah, Saudi Arabia.

MATERIALS AND METHODS

Specimens collection

Patients (n = 100) attending the
General Hospital, Madinah, Saudi
Arabia, with clinical symptoms and
signs of suspected malaria infection were
recruited. EDTA blood samples were
collected and sent immediately to the
parasitology laboratory. Demographic
information was retrieved from medical
records.

The research protocol study was
approved by the Ministry of Health,
Directorate of Health Affairs, Madinah,
Saudi Arabia (approval no. IRB 330). No
prior consent was required as the protocol
was part of routine clinical examinations
and names of patients were removed prior
to dissemination of medical records.
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Blood film examination and parasitemia
determination

Thick and thin blood films were
stained with 10% Giemsa stain and at least
100 microscopic fields examined under
a light microscope (100x magnification)
(Haggaz et al, 2014; Salimi Khorashad et
al, 2014). In positive cases, parasitemia
level was determined using two methods
(WHO, 2010; Salimi Khorashad et al,
2014): (i) number of parasites/ul in thick
blood film quantified using the formula
(assuming mean count of white blood cells
(WBCs) of 8000/ ul blood):

Number of parasites/ul blood
_ Number of parasites counted 8000
Number of WBCs counted

and (ii) percent infected red blood cells
(RBCs) in thin blood film (300-500 cells)
calculated using the formula:

Percent parasitemia
Number of infected RBC

= x 100
Total number of RBCs counted

AMP test

AMP test, animmunochromatography
RTD (AMEDA cat no. RT2655; AMEDA
Labordiagnostik GmbH, Graz, Austria) is
based on detection of P. falciparum-specific
histidine rich protein 2 (HRP2) and non-
falciparum-specific lactate dehydrogenase
(pLDH) in whole blood sample using
monoclonal antibodies (Maltha et al, 2012).
A5 plaliquot of EDTA blood was added to
well “A” and three drops (approximately
180 ul) of the buffer to buffer well “B”. After
10 minutes, the test result is interpreted
as positive P. falciparum, when two bands
develop (control and “Pf” lines); positive
pan non-falciparum malaria, when two
bands develop (control and “P” lines);
positive mixed infection, when three
bands develop (control, “Pf” and “P”
lines); and negative, when only control
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line develops a band.

OptiMAL-IT test

OptiMAL-IT test, an
immunochromatographic RDT (BIO-
RAD cat no. 710024; BIO-RAD, Hercules,
CA), is based on detection of P. falciparum
and pan-specific (non-falciparum species)
lactate dehydrogenase (pLDH) using
monoclonal antibodies (Gitonga et al,
2012; Maltha et al, 2012). One drop of
buffer was added to “conjugate well”, four
drops were added to “wash well” and 5
ul aliquot of EDTA blood was added to
the “conjugate well”. After one minute,
the one end of a dipstick was inserted
in the “conjugate well” and allowed to
stand for 10 minutes, then transferred to
the “wash well” and allowed to stand for
another 10 minutes before observing the
result. When bands appear at both control
and test “Pf” lines, the result is considered
positive for P. falciparum; if bands appear
at control and test “P” lines, the result is

considered positive for non-falciparum
malaria; if three bands appear, the result
is considered positive for mixed infection;
and if only a band appears at control line,
the result is considered negative.

Statistical analysis

Results were analyzed using the
Statistical Package for the Social Sciences
(SPSS) version 22 (SPSS Inc, Chicago, IL).
A p-value <0.050 is considered statistically
significant.

RESULTS

Of the 100 EDTA blood specimens,
20 were malaria-positive by microscopy,
with subjects of 18-65 years of age and
highest infection rate among patients 41-
60 years of age (Table 1). Prevalence of
malaria in male and female patients are
not statistically significant. Prevalence of
infection is significantly higher among
non-Saudi: Pakistanis (1 = 6), Nigerians

Table 1
Demographic profile of patients attending General Hospital, Madinah, Saudi Arabia.

Characteristic Number Positive cases* p-value

of patients Number (%)

(n =100)

Male 58 15 (75) 0.085*
Female 42 5 (25)
Saudi 17 0 (0) 0.015**
Non-Saudi 83 20 (100)
<20 years of age 3 1(5) 0.469*
21-40 years of age 33 3 (15)
41-60 years of age 58 15 (75)
>60 years of age 6 1(5)
Infected with P. falciparum 13 (65) 0.469*
Infected with P. vivax 7 (35)

P. falciparum: Plasmodium falciparum; P. vivax: Plasmodium vivax; #Microscopic examination; *Chi-

square test; **Fishers’” exact test.
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(n = 5), Sudanese (n = 5), Yemenis (n =
3), and Indian (n = 1) compared to Saudi
patients. Infection rate is not significantly
different between P. falciparum and P. vivax.
Although the range of parasite densities
was larger among P. falciparum compared
to P. vivax cases, mean and median values
are not significantly different (Table 2).

Compared to the microscopy (gold
standard), AMP and OptiMAL-IT test
detected 17 and 16% malaria cases, a
sensitivity of 85 and 80% respectively,
but specificity for both of 100% (Table 3).
Positive and negative predictive value
for AMP and OptiMAL-IT test was 100
and 96% and 100 and 95% respectively.
Sensitivity of AMP and OptiMAL-IT tests
was equal that of microscopy at parasite
density >5,000 parasites / ul, but fared less
well at lower parasite densities (Table 4).

DISCUSSION

Hajj and Umrah religious rituals
may introduce malaria into Saudi Arabia,
as many Muslim countries have a high
prevalence of P. falciparum and P. vivax
infections (Almutairi et al, 2018). In
addition, hundreds of thousands of
foreign migrant workers in Saudi Arabia
come from malaria-endemic countries.
The results of the study as regards
demographic profile of malaria patients
were consistent with a recent study by
Gomerep et al (2017).

The rate of positivity in the present
study was similar to previous studies
(Houzé et al, 2013; Laman et al, 2014;
Mukry et al, 2017). P. falciparum and P.
vivax were the most common plasmodial
species in agreement with findings in

Table 2
Plasmodium spp parasitemia from thick blood film examination.

Measurement Number of parasites/ pl
Plasmodium falciparum Plasmodium vivax
(n=13) n=7)
Minimum 720 3,240
Maximum 12,000 7,360
25 percentile 3,720 5,160
Median 7,520 5,600
75t percentile 8,280 6,920
Mean 6,357 5,660
SD 3,225 1,345
Mean LL (95% CI) 4,408 4,415
Mean UL (95% CI) 8,306 6,904
Range 11,280 4,120
IQR 4,560 1,760

*Based on white blood count of 8,000/ u]; ul: microliter; CI: confidence interval; IQR: interquartile
range; LL: lower limit; UL, upper limit; SD: standard deviation
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Table 3
Comparison of microscopy with malaria rapid diagnostic tests.
Rapid diagnostic test Microscopy

Positive Negative Total

AMP test Positive 17 0 17

Negative 3 80 83

OptiMAL-IT test Positive 16 0 16

Negative 4 80 84

Total 20 80 100
Table 4

Parasite density of malaria positive cases using microscopy and rapid diagnostic tests.

Number of parasites/ pl Number of cases

Microscopy OptiMAL-IT AMP
<1000 3 0 1
1000-5000 4 3 3
>5000 13 13 13
Total 20 16 17

ul: microliter of blood.

Guinea (Laman et al, 2014), Myanmar and
Thailand (ACTwatch Group et al, 2017)
and Vietnam (Thang et al, 2009).

Although microscopic examination of
thick and/or thin blood film is the gold
standard for malaria detection, in order
to bypass the inherent weaknesses of the
microscopic examination, WHO supports
applications of easy, rapid, accurate,
inexpensive, and microscope-independent
malaria diagnostic tests (WHO, 2010).
During 2010-2017, 1.92 billion RDTs
were sold worldwide, 66% specific for
detection of P. falciparum (WHO, 2018b).
HRP2-based RDT is the most globally
utilized test and has been applied in
malaria cases of low and high-density
parasitemias (Kyabayinze et al, 2011;
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Aguilar et al, 2012). pLDH test appears to
perform poorly at low parasite densities
(Abbaet al, 2011). When HRP2-based RDT
is used during treatment, microscopy or
other tests should be used to confirm the
positive results as the antigen persists in
the blood even after parasite clearance,
unlike pLDH that is secreted only from
living parasites (Houzé et al, 2009). HRP2
in combination with pLDH test has
been used for differentiation between P.
falciparum and non-falciparum infections
(Maltha et al, 2012).

In the present study sensitivity,
specificity, and positive and negative
predictive values of AMP and OptiMAL-
IT tests were comparable, consistent with
previous reports using these RDTs from
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Afghanistan (Kolaczinski et al, 2004),
Ghana (Ayeh-Kumi et al, 2011), India
(Singh et al, 2010), Kuwait (Igbal et al,
2002), Malawi (Makuuchi et al, 2017),
Saudi Arabia (Alkhiary, 2015), and Turkey
(Aslan et al, 2001). However, there are
reports of HRP2 sensitivity being higher
than that of pLDH (Bell and Peeling, 2006;
Singh et al, 2013). Reduced sensitivity of
RDTs at low parasite densities (200-500
parasites/ul) have also been observed
(Palmer et al, 1998; Gitonga et al, 2012),
in particular with P. vivax infection
(McMorrow et al, 2011).

Differences between median P.
falciparum and P. vivax densities in thick
films are not significant, but other studies
showed significant differences (Jeremiah
and Uko, 2007; Bilal et al, 2016). Reports
of lower WBCs in P. falciparum compared
to P. vivax infections are not consistent
(McKenzie et al, 2005; Tangpukdee et al,
2008; Adam et al, 2011). Several studies
(Adu-Gyasi et al, 2012; Alves-Junior et al,
2014; Haggaz et al, 2014; Liu et al, 2016)
do not support the use of 8,000 WBCs/
ul blood in estimating parasite density
(WHO, 2010). It may be necessary to
validate this assumption on a situation-
by-situation basis.

In conclusion, the study confirms the
use of thick and /or thin blood film as the
gold standard method in examination of
all Plasmodium spp infection. Malaria rapid
diagnostic tests, AMP and OptiMAL-IT,
were only 80% sensitive compared to
microscopy but were 100% specific. For
accurate high through-put detection of
malaria, molecular techniques will be
required.
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