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ABSTRACT

Background: Malaria diagnosis depending on clinical conditions is often unreliable due to the inconsistent
signs and symptoms of malaria, leading to over-diagnosis and over-treatment. Correct diagnosis is important
for effective management of malaria cases and to reduce wastage of costly drugs.

Objective: This study was conducted to detect malaria infection in patients complaining of fever of unknown
origin, highly suspected clinically to be due to malaria. OptiMAL rapid antigen test and polymerase chain
reaction (PCR) were used in comparison with microscopy.

Subjects, Material and Methods: A total of 120 expatriate patients attending King Faisal specialized
hospital, Taif, KSA, complaining of fever of unknown origin were screened for malaria parasites by
microscopy of Giemsa-stained blood smears, OptiMAL rapid antigen test and genus specific PCR. The
diagnostic performance of these methods was statistically compared.

Results: Out of 120 clinically suspected cases, 54 (45%) were positive for Plasmodium infection by using
microscopy, and of these 45 (83.3%) were infected by P. vivax, 6 (11.1%) by P. falciparum, 1 (1.9%) by P.
malariae and 2 (3.7%) were mixed infections (P. vivax and P. falciparum). Correspondingly, OptiMAL test
and PCR detected malaria infection in 51(42.5%), and 56(46.7%) patients respectively. The differences in
detection rates of these diagnostic tests were not statistically significant (P>0.05). Using direct microscopy
as gold standard, OptiMAL test showed 5 false-positive samples that were negative by microscopy and 8
false-negative samples that were positive by microscopy. At the same time, PCR showed 3 false-positive and
one false-negative results. PCR showed a higher sensitivity (98.1%), specificity (95.5%), positive predictive
value (94.6%), negative predictive value (98.4%) and diagnostic accuracy (96.6%) than OptiMAL test
(85.1%, 92.4%, 90.1%, 88.4%, 89.1%, respectively).

Conclusion: Consideration of fever alone as a presumptive prompt diagnosis for anti-malarial treatment
would result in huge over-treatment. The use of OptiMAL test and/or PCR assay is a valuable complement
to microscopy because these methods help expand the coverage of parasite-based diagnosis and minimize
exclusive clinical diagnosis.
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INTRODUCTION

Rapid and accurate diagnosis is the key to effective
management of malaria cases in order to reduce morbidity
and mortality caused by delayed or poor management of
patients'”). In many instances, a presumptive diagnosis
of malaria is based upon the presence of fever alone
which leads to the overuse of antimalarial drugs. Fever
paroxysms, the hallmark of malaria, occur when infected
RBCs rupture and release parasite-derived molecules that

stimulate the production of pro-inflammatory cytokines
by the host?®. Under ideal circumstances, the clinical
suspicion of malaria would be confirmed by a laboratory
test that is simple to perform, rapid, sensitive, specific,
and inexpensive. Hence traditional malaria diagnosis
based on the examination of stained blood smears under
light microscope remains the gold standard for malaria
diagnosis. In addition it can routinely detect parasitaemia
levels as low as 40 parasites/ul, and experienced
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microscopists can detect as low as 5-10 parasites/ul of
blood®. However, it is labor-intensive, time-consuming,
requires technical expertise and the availability of a
good quality microscope. Therefore, several alternative
methods have been developed for malaria diagnosis
including immunochromatographic (ICT) assays and
molecular amplification methods*®. Each of these
methods has strengths and weaknesses in terms of test
parameters, cost and technical complexity.

Malaria rapid antigen tests are commercially available;
most of them are ICT dipstick assays, based on the
detection of malaria antigen in blood flowing along a
membrane containing specific anti-malaria antibodies.
Most tests which detect P. falciparum are based on
the histidine rich protein 2 (HRP-2), which is specific
to that species. Other tests detect the parasite enzyme
lactate dehydrogenase (LDH), using either monoclonal
antibodies which react with LDH of all species including
P. falciparum (so called PAN or pLDH), or antibodies
specific for P, falciparum LDH®. Of these tests, OptiMAL
test has been used for the specific detection of pLDH, an
enzyme produced by metabolizing malaria parasites”.
This assay was found to be accurate, rapid and easy to
perform and interpret. Moreover, it can be a useful tool
for the detection of malaria in countries where both
plasmodial species are co-endemic and where laboratory
support is limited®. Its sensitivity has proved similar
to the sensitivity of microscopy in both developing and
developed countries™?.

Molecular amplification methods such as conventional
PCR, nested PCR and Real- time PCR, have
significantly affected the diagnostic and epidemiological
malaria investigations. These methods allow species
differentiation and can be used to identify mutation,
which can be correlated to drug resistance acquired by the
parasite. They were also used to study genetic variation
in malaria parasites and have practical significance in
developing strategies to control the disease®!V. The
amplification principle allows picking up a negligible
amount of parasite DNA sequence and multiplying it
million times for easy detection. It has been estimated
that PCR was able to detect as few as four malaria
parasites per microliter'”. These tests are relatively
sophisticated, expensive and require a PCR setup. Their
use for routine clinical diagnosis is therefore limited
because the analysis is time consuming due to the need of
multiple reactions per sample, and may not be applicable
for malaria diagnosis in remote areas!'®.

The objective of this study was to statistically evaluate
the diagnostic performance of direct microscopy,
OptiMAL rapid antigen test and PCR in detection of
malaria infection in clinically suspected cases.

SUBJECTS, METERIAL AND METHODS

Study Type: Descriptive analytical study.

Subjects: A total of 120 expatriate patients enrolled in
this study, presented with fever > 37.5°C, associated
in some cases with shivering and body aches, were
clinically diagnosed as malaria infection. The patients
were 90 males and 30 females with an average age of 18-
55 years, attending the internal medicine department at
King Faisal specialized hospital, Taif, KSA, in the period
from January 2007 to November, 2010. All patients
were immigrant workers from Southeast Asia (India,
Pakistan, Sri Lanka and Philippines) where malaria is
endemic and some of them had been treated at least once
with chloroquine in their countries. Finger-prick blood
samples were collected and tested for the presence of
Plasmodium parasites using microscopic examination
of thick and thin blood films, OptiMAL test and PCR
amplification. For PCR analysis, blood drops were
spotted onto grade 1 Whatman filter paper (Whatman
International Ltd., Maidstone, United Kingdom) allowed
to dry at room temperature, labeled and stored in a plastic
bag with silica gel. Further processing was done at the
molecular laboratory of Pediatric Genetic Unit, Ain
Shams University, Egypt.

Microscopic examination of blood smears: Thick
and thin blood films were prepared, stained with fresh
10% Giemsa's solution and examined using X 1000 oil
immersion magnification. The slides were reported
negative only when no parasites were detected in 200
fields of each thick film. Stained thin film preparations
of positive thick films were examined to determine the
species: P. falciparum, P. vivax, P. malariae or mixed
infection"?. Parasitaemia was evaluated in 100 fields
of thin films against the leucocytes counts taken from
records of the patients, based on the equation: number
of parasites/ul = total parasite count/WBC count X the
total leucocyte count/pl">. Samples with high level of
parasitaemia were used as positive control for PCR.

OptiMAL test: The OptiMAL rapid malaria test (Diamed,
Flow Inc. Portland, Oreg.) was performed according to
the manufacturer’ instructions. Briefly, a drop of blood
was added to a well in a microtiter plate and mixed with
two drops of lysis buffer A, which disrupts the red blood
cells and releases the pLDH. The specimens were then
allowed to migrate to the top of the pLDH strip. After
eight minutes, the strips were placed in washing buffer B,
which clears the hemoglobin from the strip. Positive and
negative control samples were included with each batch
tested. The entire process took approximately 15 min, and
results were visually interpreted immediately. A positive
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control line should always be present at the top of the
strip to verify that the test strip is functional. If this is
the only line that appears, the test is considered negative
for malaria. Appearance of a second line, adjacent to the
positive control line, indicates the presence of a non-P.
falciparum malaria parasite (P. vivax, P. ovalae, or P,
malariae). When a third line is also present, this indicates
a positive response for P, falciparum infection (Figure 1).

PCR amplification: DNA was isolated from dried
blood samples on filter paper using the genomic DNA
purification Kit #K0512 (Fermentas, EU) which has been
validated for extraction from human tissue samples. The
PCR procedure included two genus specific primers: L1
(biotin-5-GAC CTG CAT GAA AGA TG-3) and L2 (5-
GTA TCG CTT TAA TAG GCG-3)". To 10 ul of DNA
extract, 50 ul of Go Tag® Green master mix (Promega,
USA), and 0.8 pg/ul of each primer were added.
Amplification involved 40 cycles. Each cycle consisted
of 1 min of denaturation at 90°C, 2 min of annealing
at 56°C, and 1 min of primer extension at 72°C with
an additional extension at 72°C for 5 min after the last
cycle. Positive and negative controls were used for each
run. Positive control was DNA extracted from pooled
known positive blood samples, by blood film, with high
parasitaemia > 200 parasite/pl; while negative control
was a blank containing all PCR reagents but no DNA. For
detection of PCR products, 10 pl of each PCR mixture

and DNA molecular size marker were electrophoresed in
a 1.0% agarose gel for 1.5 hour and was stained with a 0.5
pg/ml ethidium bromide for 5.0 min, visualized in a UV
transilluminator then photographed. The positive control
lane showed a specific band at 600 bp, negative control
lane was free from any band and samples showing a band
opposite to the positive control band were considered as
positive (Figure 2).

Statistical analysis: Statistical analysis was performed
using the computerized software program SPSS version
10. The variables measured were the numbers of true
positives (TP), true negatives (TN), false positives (FP)
and false negatives (FN). Sensitivity was then calculated
as TP/(TP+FN)x100, specificity as TN/(TN+FP)x100,
the positive predictive value (PPV) as TP/(TP+FP)x100,
and the negative predictive value (NPV) as TN/
(FN+TN)x100, diagnostic accuracy (DA) as TP+TN/
Total No. of patientsx100. Differences in detection rates
of the diagnostic tests were also tested for significance
using Chi-square test. A probability value of less than
0.05 was considered statistically significant.

Ethical considerations: All patients included in the
study were informed of the study objectives and a
written signed consent was taken from each one of them.

RESULTS

Results are shown in tables (1-2) and figures (1-2).

Table (1): Validation of OptiMAL test and PCR results for diagnosis of malaria using direct microscopy as gold standard

Applied Direct microscopy Sensitivity ~ Specificity PPV~ NPV DA
tests +ve (%) -ve (%) Total (%) % % % Yo Y
OptiMAL
Positive 46 (38.3%) 5 (4.2%) 51 (42.5%)
Negative  8(6.7%)  61(50.8%) 69 (57.5%)
85.1 92.4 90.1  88.4 89.1
Total 54 (45%) 66 (55%) 120 (100%)
PCR
Positive 53 (44.2%) 3 (2.5%) 56 (46.7%)
Negative  1(0.8%) 63 (52.5%) 64 (53.3%)
98.1 95.5 94.6  98.4 96.6
Total 54 (45%) 66 (55%) 120 (100%)

OptiMAL vs direct microscopy, P > 0.05 = no significant difference.
PCR vs direct microscopy, P > 0.05 = no significant difference.

Table (2): Results of microscopy for detection of malaria species

Direct Malaria species

microscopy P, vivax P. falciparum P. malariae Mixed Total
Positive 45 (83.3%) 6 (11.1%) 1 (1.9%) 2 (3.7%) 54 (45%)
Negative 66 (55%)
Total 120 (100%)
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Figure (1): Result reaction on the OptiMAL test strip. Figure (2): Agarose gel electrophoresis of PCR products
(1) Negative, based on Plasmodium parasite (Ls-rRNA gene).

(2) Positive for non-P. falciparum,
(3) Positive for P. falciparum

DISCUSSION

Malaria diagnosis has for a long time, and particularly
at community level, depended on clinical diagnosis.
However, this is unreliable due to the non-specific
nature of signs and symptoms of malaria leading to
Dependable
diagnostic services for malaria are critical in order to

over-diagnosis and  over-treatment('®.
reduce wastage of costly drugs, and reduce drug selection
pressure. In developed countries, rapid diagnostic tests
(RDTs) used in screening febrile returnees from endemic
areas*!” and for self-use by travelers, however, produced
variable outcomes®!?. In developing countries, RDTs
render the sole dependence on clinical diagnosis for
malaria unfavorable, especially in remote areas where
good microscopy has failed or is unavailable. RDTs are
also recommended in situations exceeding microscopy
capability, such as in an outbreak or in occupationally
exposed groups®@?._

Our results showed that the differences in detection rates
of microscopy, OptiMAL test and PCR (45%, 42.5%, and
46.7% respectively) in 120 clinically suspected cases,
were not statistically significant (P >0.05). Our findings
are in agreement with another observational study®? in
which malaria was diagnosed in 46.9% among patients
with undifferentiated fever; and are more or less similar
to those obtained by other reported studies from different
countries of South Asia: Sri Lanka®, Pakistan® and
Thailand®? that demonstrated 38%, 42%, 53% malaria
positive among studied groups using microscopy and
RDTs. Our results also agree with other reports indicating
that RDTs have shown a comparable level of accuracy to
microscopy in clinical settings>%>.

Species differentiation in the positive samples by blood
film examination showed higher prevalence of P. vivax

M: Molecular size marker, Lane 1: Positive control,
Lanes 2-5: Positive cases (600 bp band) and Lane 6: Negative
control

(83.3%), than P. falciparum (11.1%), and P. malariae
(1.9%). Mixed infections by P. vivax and P. falciparum
presented 3.7% with preponderance of P. vivax. This
coincides with reports on the high levels of P vivax
disease activity in South Asia®®, In addition, Fernando
et al.®® reported that P. vivax malaria accounts for up to
70% of infections in Sri Lanka. The preponderance of one
malaria species over the other at a particular period might
vary from one area to another, not only depending on
climatic and seasonal factors but also owing to variation
in geographical localities®”. Accurate identification of
malaria parasites to the species level is imperative so
that the patient receives appropriate therapy, particularly
when the patient has relapsing malaria caused by P. vivax
and P. ovale. It is also important because of the severe
morbidity and mortality associated with P. falciparum and
growing resistance to antimalarial therapy. Furthermore,
it is vital to obtain follow-up specimens from malaria-
positive patients to monitor therapy outcome and detect
drug failure @,

Misdiagnosis can lead to inappropriate or delayed
treatment that has been implicated in malaria-associated
deaths in developed countries®®. In the current study,
OptiMAL test showed 5 false-positive samples that were
negative by microscopy and 8 false-negative samples
that were positive by microscopy, which is compatible
with results obtained from previous studies®?. In
explanation of false positivity researchers hypothesized
that RDT positive cases missed by microscopy might
be individuals who had been treated but in whom
Other
persistence of antigens due to sequestration of malaria

antigenemia  persists!>29. reasons include

parasites from peripheral blood®?, incomplete treatment,
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delayed clearance of circulating antigen (free or in anti-
gen-antibody complexes), and cross reaction with non-
falciparum malaria, theumatoid factor® or heterophile
antibodies®?. False negative results of RDTs have been
attributed to possible genetic heterogeneity of HRP2
or LDH expression, deletion or mutation of HRP2 or
LDH gene, presence of blocking antibodies, or immune-
complex formation®Y; and also inability of OptiMAL test
to detect parasitaemia levels blow 100 parasites/pl of
blood®).

With the PCR protocol used in our study, Plasmodium
parasites were missed in one blood sample that was
positive by direct microscopy. It has been shown that
PCR false-negative results are obtained when the DNA
isolation protocol is not appropriate®¥; for example,
not removing the inhibitors from the sample and not
preventing the action of enzymes that degrade DNA. On
the other hand, PCR-positive results are obtained only
when the DNA is extracted from samples containing live
parasites, while dead parasites or parasites cleared by
drug treatment or immune system pressure do not register
as positive by PCR amplification". Our recorded false
positive PCR results (2.5%) as compared to microscopy
may be attributed to the possibility of low levels of
parasitaemia below the detection level of the microscope.
Using microscopic examination of Giemsa stained blood
smears as gold standard method, PCR showed a higher
sensitivity (98.1 %), specificity (95.5%), PPV (94.6%),
NPV (98.4%) and DA (96.6%), than OptiMAL test
(85.1%, 92.4%, 90.1%, 88.4%, 89.1%, respectively). The
sensitivity and specificity of OptiMAL test when used by
others ranged from low 25% to high 100%". Factors that
may contribute to these diverse findings include test kit
storage conditions in the field (manufacturers usually
recommend 4-30°C as the optimal temperature range and
practically, exposure of RDTs to > 70% humidity and/
or > 30°C frequently occurs in the tropics); in addition
to inadequate adherence to the test protocol, or levels of
parasitaemia below the detection limit of the OptiMAL
test?.

specificity for this commercially available RDT may be

Moreover, markedly variable sensitivity and

influenced by the use of different gold-standards, as well
as possible geographic variation in malaria antigens®".
Igbal ez al.®® showed that the sensitivity of the OptiMAL
test is 97% at a high level of parasitaemia (>100 parasites/
ul), but drops to 59% when the level is <100 parasites/pl
and to 39% when it is <50 parasites/ul. Although RDTs
require minimal skills and are easy to read, which allow
them to be used by moderately trained health workers,
their accuracy (sensitivity and specificity), storage under
field condition and application for treatment of malaria

remain a challenge>**3%. Even though microscopy is
considered the “gold standard,” it is not 100% sensitive
and specific, even when practiced by skilled and
experienced technologists in countries where malaria is
endemic. This is due to low-level parasitaemia and the
occurrence of frequent errors in species identification
in mixed infections; in addition interpretation of results
is often ambiguous, and procedures for preparation of

slides and enumeration of parasites are inconsistent®%7,

The multicopy Ls-rRNA genes of Plasmodium have been
demonstrated to be highly stable and conserved, and
assays to detect them have displayed no cross reactions
with human DNA or other human pathogen DNA or RNA
including non human Plasmodium sp.®®. Our results
obtained by genus specific PCR proved it to be superior
to microscopy based on the report that PCR assay could
detect as few as three to four parasites /ul of blood with
either the genus- or the species-specific primers!?.
However, the use of this promising technique is limited
today to research labs, as it involves a high cost as well
as trained personnel; and the possibility of contamination
(false positive) of the blood product remains another
drawback of PCR. Moreover, the technique is not
quantitative and the recurrence of P. vivax infections
cannot be theoretically predicted by PCR assays because
PCR cannot detect relapses of the P vivax hypnozoite
liver stage®”.

In the present study, pools from blood samples
(irrespective of species) directly spotted on filter paper
were used for PCR amplification. The dried blood spot
technique is far more practical, inexpensive, technically
simple, and once dried, the nucleic acids are stable over
a wide range of temperatures and over time“?. It was
possible to amplify old blood spot samples that had
been stored at room temperature up to 3 years!'?. This
technique avoided the use of heparin because of its high
inhibitory effect on Tag polymerase® and also EDTA
which is known as a PCR inhibitor by depletion of free
Mg @D, Although the use of dried whole blood spots on
filter paper may result in a minor loss of sensitivity!?
however, the advantages in collection, transport, and
storage outweigh any slight loss in sensitivity. So, dried
blood samples used gave very promising results, which

will be highly considered in future sample collection.

Based on the results of this study, the use of fever alone as
a presumptive prompt for anti-malarial treatment would
result in a huge over-treatment burden. OptiMAL test
and PCR assay are valuable complements to microscopy
because they help expand the coverage of parasite-based

diagnosis and minimize exclusive clinical diagnosis.

63



Malaria Diagnosis

Author contribution: MM Abdel-Wahab proposed the
research idea and the study design, collected the study
samples and shared in laboratory performance of the work.
KA Ismail shared in study design, assisted in performing
the laboratory work and revised the manuscript. NM
El-Sayed assisted in performing the laboratory work,
interpreted the results, wrote the manuscript and helped
in the study design. Each author examined carefully the
prepared slides separately and all agreed on the positivity
of samples by microscopy.

Acknowledgment: The grateful to
Dr. Mahmoud Khalifa of
Dermatology, King Faisal specialized hospital, Taif,

authors are

Mahmoud, Consultant

KSA, for his help in collection of samples and Dr. Rehab
Mohamed Abdel-Mwgoud, Biochemistry Researcher at
the molecular laboratory of Pediatric Genetic Unit, Ain
Shams University, Egypt for her help in the practical part.

REFERENCES

1. Hawkes M, Kain KC. Advances in malaria diagnosis.
Expert Rev Anti Infect Ther; 2007, 5(3): 485-95.

2. Ferreira MU, Nunes MS, Wunderlich G. Antigenic diversity
and immune evasion by malaria parasites. Clin Diagn Lab
Immunol; 2004, 11(6): 987-95.

3. World Health Organization. New Perspectives: Malaria
Diagnosis, Report of a Joint WHO/USAID: Informal
Consultation held on 25-27 October 1999. Geneva,
Switzerland, World Health Organization; 2000, 4-48.

4. Moody A, Hunt-Cooke A, Gabbett E, Chiodini P.
Performance of the OptiMAL antigen capture dipstick for
malaria diagnosis and treatment monitoring at the Hospital
for Tropical Diseases, London. Br J Haematol; 2000,
109:891-4.

5. Malik S, Khan S, Das A, Samantaray JC. Plasmodium
lactate dehydrogenase assay to detect malarial parasites.
Natl Med J India; 2004, 17(5):237-9.

6. Johnston SP, Pieniazek NJ, Xayavong MV, Slemenda SB,
Wilkins PP, da Silva AJ. PCR as a confirmatory technique
for laboratory diagnosis of malaria. J Clin Microbiol; 2006,
44:1087-9.

7. Palmer CJ, Bonilla JA, Bruckner DA et al. Multicenter study
to evaluate the OptiMAL test for rapid diagnosis of malaria
in U.S. Hospitals. J Clin Microbiol; 2003, 41(11):5178-82.

8. Cooke AH, Chiodini P, Doherty T, Moody AH, Ries J,
Pinder M. Comparison of a parasite lactate dehydrogenase-
based immunochromatographic antigen detection assay
(OptiMAL) with microscopy for detection of malaria
parasites in human blood samples. Am J Trop Med Hyg;
1999, 60:173-6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mangold KA, Manson RU, Koay ESC et al. Real-time PCR
for detection and identification of Plasmodium spp. J Clin
Microbiol; 2005, 43:2435- 40.

Ndao M, Bandyayera E, Kokoskin E, Gyorkos TW,
MacLean JD, Ward BJ. Comparison of blood Smear,
antigen detection, and nested-PCR methods for screening
refugees from regions where malaria is endemic after a
malaria outbreak in Quebec, Canada. J Clin Microbiol;
2004, 42(6)2694-700.

Menegon M, Severini C, Sannella A et al. Genotyping
of Plasmodium falciparum gametocytes by reverse
transcriptase polymerase chain reaction. Mol Biochem
Parasitol; 2000,111 (1):153-61.

Tham, JM, Lee SH, Tan TM, Ting RC, Kara UA. Detection
and species determination of malaria Parasites by PCR:
comparison with microscopy and with ParaSight-F and ICT
malaria Pf tests in a clinical environment. J Clin Microbiol;
1999, 37(5):1269-73.

Hénscheid T. Current strategies to avoid misdiagnosis of
malaria. Clin Microbiol Infect; 2003, 9(6):497-504.

Endeshaw T, Gebre T, Ngondi J e al. Evaluation of light
microscopy and rapid diagnostic test for the detection of
malaria under operational field conditions: A household
survey in Ethiopia. Malar J; 2008, 7:118.

Moody A. Rapid diagnostic tests for malaria parasites. Clin
Microbiol Rev; 2002, 15:66-78.

Reyburn H. New WHO guidelines for the treatment of
malaria. BMJ; 2010, 340:¢2637.

Marx A, Pewsner D, Egger M er al. Meta-analysis:
accuracy of rapid tests for malaria in travelers returning
from endemic areas. Ann Intern Med; 2005, 142:836—46.

Jelinek T, Amsler L, Grobusch MP, Nothdurft HD. Self-
use of rapid tests for malaria diagnosis by tourists. Lancet;
1999, 354: 1609.

Trachsler M, Schlagenhauf P, Steffen R. Feasibility of
a rapid dipstick antigen-capture assay for self-testing of
travelers’ malaria. Trop Med Int Health; 1999, 4:442-7.

WHO. The use of malaria diagnostic tests. Manila: WHO
Regional Office for the Western Pacific (WPRO); 2004.

Neuberger A, Zaolan O, Tenenboim S et al. Malaria among
patients and aid workers consulting a primary healthcare
centre in Leogane, Haiti, November 2010 to February
2011: A prospective observational study. Euro Surveill;
2011, 16(13): 19829.

Fernando SD, Karunaweera ND, Fernando WP. Evaluation
of a rapid whole blood immunochromatographic assay for
the diagnosis of Plasmodium falciparum and Plasmodium
vivax malaria. Ceylon Med J; 2004, 49:7-11.

Igbal J, Muneer A, Khalid N, Ahmed MA. Performance of
the OptiMAL test for malaria diagnosis among suspected
malaria patients at the rural health centers. Am J Trop Med
Hyg; 2003, 68:624-8.

64



Abdel-Wahab et al.,

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pattanasin S, Proux S, Chompasuk D ef al. Evaluation of a
new Plasmodium lactate dehydrogenase assay (OptiMAL-
IT) for the detection of malaria. Trans R Soc Trop Med
Hyg; 2003, 97:672-4.

Moonasar D, Goga AE, Frean J, Kruger P, Chandramohan D.
An exploratory study of factors that affect the performance
and usage of rapid diagnostic tests for malaria in the
Limpopo Province, South Africa. Malar J; 2007, 6:74.

MacLean DJ, Demers AM, Ndao M, Kokoskin E, Ward
BJ, Gyorkos TW. Twenty years of malaria surveillance in
Canada; epidemics missed, lessons learned. Emerg Infect
Dis; 2004, 10:1195-201.

Checchi F, Cox J, Balkan S ef al. Malaria epidemics and
interventions, Kenya, Burundi, southern Sudan, and
Ethiopia, 1999-2004. Emerg Infect Dis; 2006, 12:1477-85.

Kain KC, Harrington MA, Tennyson S, Keystone JS.
Imported malaria: Prospective analysis of problems in
diagnosis and management. Clin Infect Dis; 1998, 27:142-
9.

Igbal J, Sher A, Hira PR, Al-Owaish R. Comparison of
the OptiMAL test with PCR for diagnosis of malaria in
immigrants. J Clin Microbiol; 1999, 37 (11): 3644-6.

Reyburn H, Ruanda J, Mwerinde O, Drakeley C. The
contribution of microscopy to targeting antimalarial
treatment in a low transmission area of Tanzania. Malar J;
20006, 5:4.

Chaijaroenkul W, Wongchai T, Ruangweerayut R, Na-
Bangchang K. Evaluation of rapid diagnostics for
Plasmodium falciparum and P. vivax in Mae Sot malaria
endemic area, Thailand. Korean J Parasitol; 2011, 49(1):

33-8.

Moody AH, Chiodini PL. Non-microscopic method for
malaria diagnosis using OptiMAL IT: A second-generation
dip-stick for malaria pLDH antigen detection. Br J Biomed
Sci; 2002, 59:228-31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Farnert A, Arez AP, Correia AT, Bjorkman A, Snounou
G, do Rosario V. Sampling and storage of blood and the
detection of malaria parasites by polymerase chain reaction.
Trans R Soc Trop Med Hyg; 1999, 93:50-3.

Murray CK, Gasser RA Jr, Magill AJ, Miller RS. Update
on rapid diagnostic testing for malaria. Clin Microbiol Rev;
2008, 21:97-110.

Chinkhumba J, Skarbinski J, Chilima B et al. Comparative
field performance and adherence to test results of four
malaria rapid diagnostic tests among febrile patients more
than five years of age in Blantyre, Malawi. Malar J; 2010,
9:209.

Ohrt C, Purnomo M, Sutamihardja M, Tang D, Kain KC.
Impact of microscopy error on estimates of protective
efficacy in malaria-prevention trials. J Infect Dis; 2002,
186:540-6.

Coleman RE, Sattabongkot J, Promstaporm S et al.
Comparison of PCR and microscopy for the detection of
asymptomatic malaria in a Plasmodium falciparum/vivax
endemic area in Thailand. Malar J; 2006, 5:121-5.

Snounou G, Viriyakosol S, Jarra W, Thaithong S, Brown
KN. Identification of the four human malaria parasite
species in field samples by the polymerase chain reaction
and detection of a high prevalence of mixed infections. Mol
Biochem Parasitol; 1993, 58: 283-92.

Kimura M, Kaneko O, Inoue A et al. Amplification by
polymerase chain reaction of Plasmodium falciparum DNA
from Giemsa stained thin blood smears. Mol Biochem
Parasitol; 1995, 70:193-7.

Carducci C, Ellul L, Antonozzi I, Pontecorvi A. DNA
elution and amplification by polymerase chain reaction
from dried blood spots. BioTechniques; 1992, 13:735-7.

Huggett JF, Novak T, Garson JA et al. Differential
susceptibility of PCR reactions to inhibitors: An important

and unrecognized phenomenon. BMC Research Notes;
2008, 1:70.11(Suppl 1):100-5.

65



Malaria Diagnosis

aladiady LSS gad adidiall clad) 3 L Sl Al Laral) (adidal)
il 3 pall) Jolii g ay puad) Jia¥) daiocal) L) g 5 gaall (aadll

"adl ahaa 5 g e land daa Al (Gl gl A daaa L
2 uadi (8 Analy cbal) A0 5 18 ) (G gard) () el gy sgaay cililidhal) ale and

Aldle (g daaall i) dapdall |t adle aldie V) (S Y S padddl e hlde) Loydall (adin sdadial)
A 3 51 o8 e 2all Laga iy sl Gl (3 13 il 383 aae g% Laa Skl il sel
aciiiall o Lanall A gean eall (pe (g s 0l ca yall sl LSl ulal) e ol Al jall oda Cu jal sduanl) fra cagl)
ol alasiiuly LAY 638 4 e 5 cJuduciall B palil Jeldi g ay puall JiaY) daiisn HLialy LSS L Ol Abay) agd
L,,S;\-L\EY\ ua:\';ﬁﬂ\ ?‘-’ﬂ Q.SJP-“M

G el i) amiisall il el dasa aladinly (5 jeaal) Gandl A (e oy je VYo (and 3 sdiagd) (3 4h
Gl LEAYT ada Aleld 45 jlaa o3 ¢ uial] daaall Juduiiall 3 bl Jeldiy b Sl culilisla Leati Al SUSSU a 3 aiSy
sVl ilailly

agie 5 el andl) aladiuly 760 Ay A VY v G (e Al 54 3 LML AlaY) glial) o jelal a5 s uad) gilds
Al g abllal) Jaiday Bba¥) s (71),)) SV g GaSlal) Jadday Bbal) dagss L Sl <l (AT 57) s g0
JLa) aladiuly s abdlall g Sl Jidda (e Jaglay a1 dagss (7Y, V) B L) (g VW Jaiday Al A saal
Sl Je A (Z18,V) 05 ((Z£Y,0) o) LBl Aball calS Julidiall 3 jald) Jeldi syl Jia¥) acmivall
L jlaa s (P >0.05) Lilean] 44 xiay ¥ dpand il <l HLaAY) o3gs by Ol Ala¥) e ol i¥ans 8 GDEAY) cuils
¢ dlaall (5 seaall Gandll aladialy Al culS dplagl clive © JiaY) aaivuall Hlidl jelal ¢ Siluall (g jeaall (asill aladinl
Clige ¥ @y Juduiall 5 palil Jeli aladinly Wl | blall 5 jeaall pasdll aladiuly 4 g culS dllu Clie A ehil LS
Jelii ) ax 55 g senal) pandll aladiuly dun go CulS Al sl A 5 piluall (g peaall Ganidll aladinly Alla il dlay)
L) i) Aall (79,7 dplag¥) A i) el 5 ((790,0) Ao gill g ((Z9A,)) dpulien Ao (IS Juliiial) 3 50l
AR AN E TR TAY,E ALY m el JieY T i) Al G el e 787,71 Gandiiill d8a 5 (£, £)
(s e

omd) Jie) acaivsall alasiiul of 5 kel 8 Cal il a5 o 4ls e LY (andidi 8 s g el aladiin) sAadIAl)
SISV panail) 8300 5l (e ang g Gandall (Sl s 58 e el (5 gl (andll ALY Jududall 3 5eld) Jela

66



