Journal of Medicine and Medical Sciences Vol. 1(9) pp. 385-390 October 2010

Available online http://www.interesjournals.org/JMMS
Copyright ©2010 International Research Journals

Review

A sequential review on accuracy of detecting malaria
Parasitemia in developing countries with large
restriction on resources

*Osamuyimen Igbinosa', Owen Igbinosa® Osasere Asowata, ®> Chenyi Jeffery®

'Drexel University College of Medicine/Saint Peter's University Hospital New Brunswick, New Jersey, USA
2 College of Health Sciences, University of Ghana Medical School, Korle-Bu, Ghana
®Department of Optometry, University of Benin, Benin City, Nigeria
4St. Martinus University, Brionplein 1, Otrobanda, Curacao, Netherlands Antilles

Accepted 10 August, 2010

Malaria is a leading cause of mortality worldwide, rapid and accurate diagnosis is fundamental to
effective management and control of malaria. New technologies have immerged to circumvent
limitations of the traditional diagnostic method. This review focuses on the quality issues with current
malaria diagnostics that have been developed over time. Databases including MEDLINE, PubMed and
Google beta were searched for literature pertaining to malaria diagnostics published between January
1970 and March 2009. The references of the retrieved articles were hand-searched for relevant studies.
Reduction of malaria morbidity and drug resistance intensity, along with its associated economic
losses require urgent upgrade of the quality of parasite-based diagnostic methods. An investment in
anti-malarial drug development or malaria vaccine development should be accompanied by a parallel
commitment to improve diagnostic tools and their availability to people living in resource-poor malaria

endemic areas.
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INTRODUCTION

From time immemorial malaria has been a plague to
human race especially to the population of sub-Saharan
Africa. More than a third of the world’s population (about
two billion people) is estimated to carry parasites at any
one time (Mishra el al., 1999). In Africa alone there are
an estimated 200-450 million cases of fever in children
infected with malaria parasites each year. Estimates for
annual malaria mortality range from 0.5 to 3 million
people (Breman, 2001). This wide range of 200 million
reflects the lack of precision of current malaria statistics
(Kilama, 2001). Malaria endemic countries are among the
poorest in the world, where access of medical care is
limited and lack facilities for laboratory diagnosis. As a
result, malaria treatment is given on the basis of clinical
diagnosis. In general clinical diagnosis is very inaccurate
even in areas where malaria is a common cause of fever.
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Rapid and accurate diagnosis is fundamental to effective

management and rational malaria therapy which is
essential to reduce mortality, prevent drug resistance and
to save cost on alternative drugs. Confirmatory test
before treatment is regaining the much needed attention
partly influenced by the spread of drug resistance and
requirement of more expensive drugs unaffordable to
poor countries (Barnish et al., 2004). In this review we
attempt to focus on different approaches that have
developed over time for the diagnosis of malaria, in view
to approach present characteristics such as cost, ease of
performance and accuracy.

Malaria Diagnostic Technique

Clinical diagnosis

Clinical diagnosis which is the most commonly used, is
the bases for self diagnosis and treatment. It is
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inexpensive and requires no special equipment and
supplies. It is based on patient's symptoms, physical
findings at examination and a high suspicion index
(Mwangi et al., 2005). Clinical diagnosis has only been
feasible in rural areas at the periphery of the health care
system where laboratory support to clinical diagnosis
does not exist. However, the overlapping of malaria
symptoms with other febrile illness and the subjective
nature of fever impairs its specificity and therefore
encourages the indiscriminate use of antimalarial drugs
for managing febrile conditions in endemic areas.
Although highly debatable, disease management based
on clinical ground alone may be justified in some settings
(Biritwum et al., 2005), (Ruebush et al., 1995).

The specificity of clinical diagnosis is 20-60% compared
with microscopy (Olivar et al., 1991), (Van der et al.,
1998). Accuracy varies with the level of endemicity,
malaria season and age group. Studies of fever cases on
population with different malaria attributable properties
from Philipines, Sri lanka, Thailand, Tanzania, Chad Mali
and Kenya have shown a wide range of percentages (40-
80%) of malaria over-diagnosis (Mwangi et al., 2005).
Attempts at improving the accuracy have lead to
development of algorithms; no single clinical algorithm is
a universal predictor (Chandramohan et al., 2001).

Microscopic Diagnosis

Gustav Giemsa in 1904 developed a mixture of
methylene blue and eosin stain which has subsequently
became the gold standard. Giemsa microscopy is
regarded as the most suitable diagnostic instrument for
malaria control because it is relatively inexpensive cost
estimate for endemic countries range from about US$
0.12 - 0.40 per slide (Palmer et al., 1998). This method is
able to differentiate malaria species and quantify
parasites. The blood film technique has undergone very
little improvement since its development in the early
1900s, both thick and thin films have been described.
Giemsa stained thick blood film can detect an estimate of
4-20 parasite/mcl blood (Payne, 1988), (Bruce-Chwatt ,
1984).

Microscopy has limitations; it requires well-trained
competent microscopist, it is labor intensive, time
consuming and requires rigorous maintainers of
functional infrastructures also effective quality control and
quality assurance. This variability plus the risk of
untreated malaria has led clinicians to treat febrile
conditions in patients without regard to the laboratory
result (Othnigue et al., 2006), (McCutchan et al., 2008).
Recently there has been a push in improving the current
practice of microscopy, an on-line self test for
competency in malaria microscopy is now available (Icke
et al., 2005), also World Health Organization (WHO)
training materials are widely available and frequently
used even though an update is necessary.

Fluorescence microscopy

An attempt to enhance the detection of malaria parasites
in blood films lead to development of fluorescence
microscopy. Certain fluorescent dyes have an affinity for
the nucleic acid in the parasite nucleus and will attach to
the nuclei. When excited by UV light at an appropriate
wavelength, the nucleus will fluoresce strongly. Two
fluorochromes have frequently been used for this
purpose, acridine orange (AO) and
benzothiocarboxypurine (BCP), Rhodamine-123 has also
been tried (Bruce-Chwatt , 1984). With experience,
workers using methods involving  fluorochrome
compounds are able to detect parasites rapidly and
accurately, however this will still pose a problem in
certain areas of the world where fluorescence
microscopes or adequate training in their use is not
available.

Rapid Diagnostic Tests (RDTs)

The introduction of malaria rapid diagnostic devices in the
early 1990s (Shiff et al., 1993) ushered in a new era of
diagnosis that was expected to challenge the limitations
of other diagnostic tests. RDTs are based on malaria
antigen detection in a small amount of lysed blood,
usually 5-15 pl by immunochromatographic assay with
monoclonal antibodies directed against the target
parasite antigen and impregnated on a test strip.
Commercial test are manufactured with different
combination of target antigens to suit local malaria
epidemiology. Current target antigens include (i)
Histidine- rich protein Il (HRP-II) (Howard et al., 1986), it
is a water soluble protein produced by trophozoites and
gametocytes of P. falciparum (i) Parasite lactate
dehydrogenase (pLDH) (Makler et al., 1993), produced
by asexual and sexual stages of malaria parasites. (iii)
Plasmodium aldolase is an enzyme of the parasite
glycolytic pathway expressed by the blood stages of P.
falciparum as well as the non-falciparum malaria
parasites. Monoclonal antibodies against Plasmodium
aldolase are pan-specific in their reaction. It has been
used in a combined P. falciparum /| P. vivax
immunochromatographic test that target the pan-malarial
antigen along with HRP-II (Makler et al., 1993). Most
RDTs products are suitable for P. falciparum malaria
diagnosis, some claim that they can effectively and
rapidly diagnose P. vivax malaria (Lee et al., 2008). A
new method has been recently been developed for
detecting P. knowlesi (McCutchan e al., 2008).

Test procedures varies between kits, generally it involves
collection of a finger-prick blood specimen using
microcapillary tubes, mixing blood specimen with a buffer
solution that contains hemolyzing compounds as well as
a specific antibody that is labeled with a visually
detectable marker. The labeled antigen-antibody complex



migrates up the test strip by capillary action toward test
specific reagent that has been pre-deposited during
manufacture. Finally washing buffer is then added to
remove heamoglobin and permit visualization of colored
line on the strip. The result is obtained in less than 15
minutes, usually indicated as a colored line on a strip
(World Health Organization, 2010). These tests require
little training and are subjected to less investigator related
variation than microscopy. They are easy to interpret, do
not require capital investment, installations or electricity
(Zurovac et al., 2006).

Sensitivity: The sensitivity of RDTs for the diagnosis of
P. falciparum malaria is >90% at densities above 100
parasites per pl blood and the sensitivity decreases
markedly below that level of parasite density (Ilvo et al.,
2007) (Praveen et al.,, 2008). Some studies have
achieved >95% sensitivity at parasitemia of
approximately 500 parasites/pl, but this high parasitemia
is seen in only a minority of patients (Bustos et al., 1999),
(Piper et al., 1999).

Limitations: Current limitations of test sensitivity are
compounded by the fact commercially available RDTs
targeting HRP-II can detect only P. falciparum and do not
differentiate non-P. falciparum species from each other.
These kits can only detect portion of cases in areas
where other Plasmodium species are co-endemic (Mason
et al., 2002).

RDTs that target HRP-II of P. falciparum can give positive
results for up to two weeks after malaria therapy and
parasite clearance as confirmed by microscopy. This
might vyield confusing results in relation to the
assessment of treatment failure or drug resistance
(Playford et al., 2002). Gametocytes are not pathogenic
and can persist after malaria therapy; therefore RDTs
that detect antigens produced by gametocytes (such as
pLDH) can give positive results in infections where only
gametocytes are present. Such false positive RDT
results can thus lead to erroneous interpretations and
unnecessary exposing people to anti-malaria side
effects (Laferi et al., 1997).

Cross-reactivity with rheumatoid factor causing false
positive in earlier versions of RDTs tests has been known
(Bartoloni et al., 1998). The use of IgM capture
antibody instead of IgG, thus rendering more difficult
binding by rheumatoid factor, was thought to be
associated with lower percentages of false positivity in a
certain brand of RDTs (Mishra et al., 1999). Although,
WHO (Zurovac et al., 2006) report on malaria diagnosis
claims that this problem has been corrected, some
experts still believed that any malaria rapid
immunochromatographic assay may cross-react with
rheumatoid factor (Grobusch et al., 1999). A recent
assessment of nine different product types using
rheumatoid factor positive specimens

training materials are widely available and frequently
suggested that some tend to give false positive results
(approximately 30%) more frequently than the others (5—
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10%) leading to a conclusion of an unexplained
phenomenon (Craig et al., 2002).

Overall, RDTs is an important, rapid malaria-diagnostic
tool for healthcare workers, the simplicity and reliability of
RDTs have been improved for use in rural endemic areas
(Erdman et al., 2008), however they are not quantitative
or semi quantitative at best. The WHO is developing
guidelines to ensure quality control (World Health
Organization, 2010). It should be used in conjunction with
other methods to confirm the results and monitor
treatment.

Molecular Diagnosis

Parasite nucleic acids are detected using polymerase
chain reaction (PCR). This technique is more accurate
than microscopy. It is been considered a possible
alternative to microscopy since low parasitemia and or
unsual clinical symptoms can impair malaria diagnosis
which are often caused by a prophylaxis not properly
followed, or a partially efficient drug. Polymerase chain
reaction (PCR) based methods have been a recent
development in the molecular diagnosis of malaria
(Snounou et al., 1993). Since 1990, several experimental
assays have been reported that use various primers, and
extraction and detection techniques (Barker et al., 1989),
(Jaureguiberry et al., 1990), (Kain et al., 1991).

Several PCR assays have been developed for the
diagnosis of malaria. The 18S rRNA gene has been used
as a DNA target for the differentiation of plasmodial
species by nested PCR (Snounou et al., 1993), (Tahar et
al., 1997) and reverse transcription-PCR'. Other DNA
targets such as the circumsporozoite protein gene
(Sethabutr et al., 1992), (Tahar et al., 1997) have also
been investigated for species-specific regions.

Several reports have shown that the PCR had a higher
sensitivity than examination of thin blood smears,
especially in cases with low parasitemia or mixed
infections (Sethabutr et al., 1992), (Tahar et al., 1997).
Conventional PCR assays, while demonstrating
increased sensitivity and specificity, remain labor-
intensive, slow and prone to potential amplicon
contamination problems. It requires specialized and
costly equipment and reagents, as well as laboratory
conditions that are often not available in the field.
However, the time lag between sample collection,
transportation, processing and dissemination of results
back to the physician, limits the usefulness of PCR in
routine clinical practice. Furthermore, in most areas
with malaria transmission, factors such as limited
financial resources, persistent subclinical parasitaemia
and inadequate laboratory infrastructures in remote rural
areas preclude PCR as a diagnostic method. Even in
affluent, non-endemic countries, PCR is not a suitable
method for routine use.
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Antibody Detection by Serology

Anti-malarial antibodies can be detected by two major
methods; (i) Antibody Detection-Indirect Fluorescent
Antibody and Enzyme immunoassays (ii) Antigen
Detection-lImmunochromatographic. Immuno-
Fluorescence Antibody Test (IFAT) is still regarded as the
gold standard for malarial serology and until recently was
the only validated method for detecting Plasmodium-
specific antibodies in blood banks'®. Following infection
with any of the four species of Plasmodium, specific
antibodies are produced, in virtually all individuals, one or
two weeks after initial infection and persist for three to six
months after parasite clearance. These antibodies may
persist for months or years in semi-immune patients in
endemic countries where reinfection is frequent.
However, in a non-immune patient, treated for a single
infection, antibody levels fall more rapidly and may be
undetectable by three to six months. Reinfection or
relapse leads to a secondary response with a high and
rapid rise in antibody titers (Garraud et al., 2003), (Seed
et al., 2005).

Serological methods have three main uses (i) Screening
blood donors involved in cases of transfusion-induced
malaria when the donor's parasitemia may be below the
detectable level of blood film examination (ii) Testing a
patient with a febrile illness who is suspected of having
malaria and from whom repeated blood smears are
negative and (iii) Testing a patient who has been recently
treated for malaria but in whom the diagnosis is
questioned (Garraud et al., 2003).

IFAT has sensitivity and specificity of 98% and 99.5%
respectively (Sulzer et al., 1971). Serologic testing is not
practical for routine diagnosis of acute malaria because
of the time required for development of antibody and also
the persistence of antibodies. It is time-consuming and
difficult to automate. It requires fluorescence microscopy
and trained technicians, making it operator-dependent
and subjective, particularly for serum samples with low
antibody titers (Candolfi et al., 2005). Additionally, the
lack of standardization of |IFAT reagents and
manipulations makes it impossible to harmonize inter-
laboratory results. Moreover, the antigen is obtained by in
vitro culture of P. falciparum and gives very good
sensitivity for this species, but shows limited cross
reactivity with other human pathogenic species.

Automated Malaria
Detection

Diagnosis Using Pigment

Over a decade ago malaria pigment (hemozoin) was
found to be birefringent and it was predicted that this
property could be used to automate malaria diagnosis.

Severe and fatal malaria is associated with the increased
presence of malaria hemozoin in peripheral phagocytes
(Amodu el al., 1998). Malaria pigment is produced by the

malaria parasites during intraerythrocytic development as
the end product of hemoglobin digestion. When the
malaria infected red cells rupture, the parasites and
hemozoin aggregates are released into the plasma,
which is then ingested by circulating phagocytes.

A South African study was first to document the
automated detection of leukocyte hemozoin (Scott et al.,
2002). Experimental detection of malaria parasite based
on abnormal cell clusters and small particles with DNA
fluorescence and probably free malarial parasites using
flow cytometry and mass spectrometry is currently under
investigation. Future improvements in the equipment and
technique can make this method deployable and useful.

Gold Standard

The advent of several new diagnostic methods for
malaria diagnosis and proliferating field studies that
evaluate their utility have made definition of a "gold
standard" for malaria diagnosis is an issue that needs to
be addressed. Traditionally microscopic examination of
thin and thick blood films has long been used for
assessing the outcomes of drug and vaccine trials and for
serving as a reference standard in the evaluation of new
tools for malaria diagnosis. However, microscopy even
when performed by an expert has its limitations. There is
no international agreement on the precise number of
microscope fields to be scanned and gold standard
studies may be confusing and misleading when readers
try to compare these results with other studies, since
methodologies and references standard vary significantly.
RDTs is fast and easy to use, its reliability has been
improved for use in rural endemic areas. Recent
improvements in molecular diagnostic techniques pose
the question of whether the polymerase chain reaction
(PCR) should now become the reference standard for the
detection of malaria parasites.

CONCLUSION AND RECOMMENDATION

Malaria is a leading cause of mortality worldwide and
accurate diagnostic testing for malaria can potentially
save lives. High quality, accurate, rapid and affordable
diagnostic tools are urgently needed now that new
antimalarial regimens, characterized by higher cost and
increased toxicity, have been introduced more widely in
response to emerging multi-drug resistance. Most malaria
treatment is based on clinical diagnosis alone. Accuracy
of a clinical diagnosis varies with the level of endemicity,
malaria season, and age group and no single clinical
algorithm has been shown to be a universal predictor
(Mwangi et al., 2005). Only in children in high-
transmission areas can clinical diagnosis determine the
treatment  decision  (Zurovac et al, 2006),
(Chandramohan et al., 2001). In this situation, a majority



of the population is chronically parasitemic and malaria
may be concomitant but not the responsible agent of the
febrile illness. In most situations the clinical diagnosis
would benefit from laboratory confirmation by microscopy
or RDTs. Such situations include suspected cases of
severe malaria, suspected treatment failures, disease
management by private-sector health providers in urban
areas and multi-drug resistance.

However, the microscope is a key tool in the integrated
management of disease in resource poor settings. The
optimal role and conditions for the use of RDTs in relation
to microscopy remain to be determined. The WHO is
currently developing quality control guidelines that will
enhance the public confidence on RDTs, their cost has
come closer to what most national malaria programmes
can afford. PCR appears to be the more efficient than
optical methods in the detection of longstanding
infections but its cost has hampered progress. Assays
based on the PCR can be used for unambiguous species
identification and may complement or even replace light
microscopy in developed countries. Experimental
diagnostics using flow cytometry and mass spectrometry
are currently under investigation.

The need for accurate diagnostic modalities is alarming;
however existing technologies have not yet met the
needs of the developing world. The health sectors in
African countries have few means at their disposal,
hoping to work round these difficulties WHO; the main
funding agencies are now strongly encouraging the
setting up of programmes to combat malaria with
insecticide-impregnated bed nets. While this exercise is
laudable, we believe that the way to combat malaria in
especially in sub Saharan Africa with current available
means are; (i) improvements in health services, and
health education (i) Rapid and accurate diagnosis in
other to effect rational malaria therapy. The cost of
improved malaria diagnosis will inevitably increase.
However, such investment offers a more promising
strategy to deal with increasing costs of therapy driven by
drug resistance.

Finally the reduction of malaria morbidity and drug
resistance intensity with its associated economic losses
require urgent upgrade up of the quality of parasite-based
diagnostic methods. Also an investment in anti-malarial
drug development or malaria vaccine development
should be accompanied by a parallel commitment to
improve diagnostic tools and their availability to people
living in resource-poor malaria endemic areas. Such
investment offers a more promising strategy to deal with
increasing costs of therapy driven by drug resistance.
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