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Abstract: Malaria is one of the leading causes of death in tropical and subtropical countries, killing more
than 1 million people worldwide each year; 90% of deaths occur in African children. Although there are
effective ways to control malaria, the number of malaria cases continues to rise for many reasons. Timely
and effective diagnosis is essential for the control and management of malaria in this emergency. Routine
methods of diagnosing malaria are still problematic, therefore, new technologies are being developed and
introduced to overcome these limitations. This review summarizes current malaria diagnostic procedures.
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I. INTRODUCTION

Sometimes called the "king of diseases,”" malaria is caused by single celled parasites of the Plasmodium genus. The
most severe and sometimes fatal form of malaria is caused by Plasmodium falciparum. Other human malaria species, P.
vivax, P. ovale, P. Malaria and sometimes Plasmodium knowlesi can cause severe, severe illness with a low mortality
rate. Malaria is the most important infectious disease in the tropics and subtropics and continues to be a global health
problem with more than 40% of the world's population at risk, unlike in nearly 100 countries. It is estimated that
malaria infects more than 500 million people each year and kills approximately 1-2 million people, 90% of whom are
children, in sub Saharan Africa [1]. The number of malaria cases is likely to increase worldwide due to declining
malaria control's risk of regional transmission, increased use of antiretroviral drugs among parasites, and in some cases
increased international travel and migration [2].

As effective diagnosis reduces malaria complications and mortality, there is a growing need worldwide for effective
and efficient malaria diagnosis [3]. It can be difficult to separate the diagnosis from other tropical diseases based on the
patient's signs and symptoms or physician findings. Therefore, it is necessary to be careful about diagnosis using the
test method. This review discusses malaria diagnoses currently available in a variety of settings and examines their
effectiveness in potentially rich and resource-poor environments.

I1. DIAGNOSIS OF MALERIA

Timely and accurate diagnosis is essential for malaria control. The global impact of malaria has fueled interest in the
development of effective diagnostic strategies, not only in resource-limited areas where malaria places a heavy burden
on humans, but also in developing countries where malaria diagnostic information is often lacking [4,5]. Diagnosis of
malaria involves identification of Plasmodium parasites or antigens/substances in the patient's blood. While this may
seem simple, many factors influence the diagnosis. 5 different types of malaria; different stages of mitosis, spread of
different species, level of infection, population movement, parasitemia, immunity, and interaction of signs and
symptoms; Vaccination, recurrent malaria, persistent or non-persistent parasitemia, sequestration of parasites

IT11. LABORATORY ANALYSIS OF MAERIA
Fast and effective malaria diagnosis not only alleviates suffering, but also decreases community transmission. The
nonspecific nature of the clinical signs and symptoms of malaria may result in over-treatment of malaria or non-
treatment of other diseases in malaria-endemic areas, and misdiagnosis in non-endemic areas [15]. In the laboratory,
malaria is diagnosed using different techniques, e.g. conventional microscopic diagnosis by staining thin and thick
peripheral blood smears [16], other concentration techniques, e.g. quantitative buffy coat (QBC) method [15], rapid
diagnostic tests e.g., OptiMAL [17,18], ICT [19], Para-HIT-f [10], ParaScreen [20], SD Bioline [21], Paracheck [22],
and molecular diagnostic methods, such as polymerase chain reaction (PCR) [23,24]. Some advantages and
shortcomings of these methods have also been described, related to sensitivity, specificity, accuracy, precision, time
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consumed, cost-effectiveness, labor intensiveness, the need for skilled microscopists, and the problem of inexperienced
technicians.

Microscopic diagnosis using stained thin and thick peripheral blood smears (PBS):

Malaria is conventionally diagnosed by microscopic examination of stained blood films using Giemsa, Wright's, or
Field's stains [25]. This method has changed very little since Laverran's original discovery of the malaria parasite, and
improvements in staining techniques by Romanowsky in the late 1,800s. More than a century later, microscopic
detection and identification of Plasmodium species in Giemsa-stained thick blood films (for screening the presenting
malaria parasite), and thin blood films (for species' confirmation) remains the gold standard for laboratory diagnosis
[26]. Malaria is diagnosed microscopically by staining thick and thin blood films on a glass slide, to visualize malaria
parasites. Briefly, the patient's finger is cleaned with 70% ethyl alcohol, allowed to dry and then the side of fingertip is
picked with a sharp sterile lancet and two drops of blood are placed on a glass slide. To prepare a thick blood film, a
blood spot is stirred in a circular motion with the corner of the slide, taking care not make the preparation too thick, and
allowed to dry without fixative. After drying, the spot is stained with diluted Giemsa (1 : 20, vol/vol) for 20 min, and
washed by placing the film in buffered water for 3 min. The slide is allowed to air-dry in a vertical position and
examination using a light microscope. As they are unfixed, the red cells lyse when a water-based stain is applied. A thin
blood film is prepared by immediately placing the smooth edge of a spreader slide in a drop of blood, adjusting the
angle between slide and spreader to 45° and then smearing the blood with a swift and steady sweep along the surface.
The film is then allowed to air-dry and is fixed with absolute methanol. After drying, the sample is stained with diluted
Giemsa (1 : 20, vol/vol) for 20 min and washed by briefly dipping the slide in and out of a jar of buffered water
(excessive washing will decolorize the film). The slide is then allowed to air-dry in a vertical position and examined
under a light microscope [27]. The wide acceptance of this technique by laboratories all around the world can be
attributed to its simplicity, low cost, its ability to identify the presence of parasites, the infecting species, and assess
parasite density-all parameters useful for the management of malaria. Recently, a study showed that conventional
malaria microscopic diagnosis at primary healthcare facilities in Tanzania could reduce the prescription of antimalarial
drugs, and also appeared to improve the appropriate management of non-malarial fevers [16]. However, the staining
and interpretation processes are labor intensive, time consuming, and require considerable expertise and trained
healthcare workers, particularly for identifying species accurately at low parasitemia or in mixed malarial infections.
The most important shortcoming of microscopic examination is its relatively low sensitivity, particularly at low parasite
levels. Although the expert microscopist can detect up to 5 parasites/ul, the average microscopist detects only 50-100
parasites/ul [28]. This has probably resulted in underestimating malaria infection rates, especially cases with low
parasitemia and asymptomatic malaria. The ability to maintain required levels of in malaria diagnostics expertise is
problematic, especially in remote medical centers in countries where the disease is rarely seen [29]. Microscopy is
laborious and ill-suited for high-throughput use, and species determination at low parasite density is still challenging.
Therefore, in remote rural settings, e.g. peripheral medical clinics with no electricity and no health-facility resources,
microscopy is often unavailable [30].

IV. MOLECULAR DIAGNOSIS METHODS
oted above, traditional malaria diagnostic methods are problematic. Many laboratories need new diagnostic methods
with high requirements and high features, no difference. Recent advances in molecular biology techniques such as PCR,
loop-mediated isothermal amplification (LAMP), microarray, mass spectrometry (MS), and flow cytometry (FCM)
analysis have enabled the spread of malaria parasites, and new techniques have been developed for malaria diagnosis. .

PCR technology

PCR-based technology is a new development in the molecular diagnosis of malaria and has been shown to be one of
the most specific and effective methods for diagnosis, particularly in malaria patients with hypoparacythemia or a
combination [55]. PCR technology continues to be widely used to confirm malaria, monitor response to treatment, and
identify vaccine [27]. It has been shown to be more sensitive than QBC and some RDTs [56,57]. As the gold standard
for malaria diagnosis, PCR has been shown to be more sensitive and specific than stained scopy of peripheral
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blood smears and now appears to be the best way to diagnose malaria [55]. PCR can detect as few as 1-5 bacteria/pl of
blood (< 0.0001% infected erythrocytes compared to approximately 50-100 parasites/pul blood detected by microscopy
or RDT). In addition, PCR will be useful in the detection of parasites, infectious diseases and can use large samples of
these samples in their work [58,59]. Some modified PCR methods such as nested PCR, real-time PCR, reverse PCR
have been proven to be reliable and have emerged as the second method of 96 Korean J Parasitol. roll 47, no. 2: 93-102,
June 2009 The usual diagnostic criteria for patients with signs and symptoms of malaria are not included; it also allows
the identification of correct species [58,60-62]. Recently, PCR methods for the identification of P. knowlesi [63-65]
have gained widespread acceptance. Although PCR seems to have overcome the two main problems (sensitivity and
specificity) in diagnosing malaria, the use of PCR is limited by its complex process, high cost and need for skilled
specialists. Therefore, PCR is not routinely used in developing countries due to the complexity of the tests and the lack
of resources to perform these tests adequately and routinely [66]. Quality control and maintenance of equipment is also
important for PCR technology, so it may not be suitable for diagnosing malaria in remote areas or even in modern
laboratories [67].

LAMP technology

LAMP technology has been described as a simple and inexpensive molecular malaria diagnostic test for the conserved
18S ribosomal RNA gene of Plasmodium falciparum [68]. Other studies have shown good sensitivity and specificity
not only for P. falciparum but also for P. vivax, P. ovale and P. malariae [69,70]. The principle of microarray
technology is similar to Southern hybridization. Targets separated from the nucleic acid in the test sample are
hybridized to the probes in the array, allowing multiple genetic targets to be analyzed in a single test. Best of all, this
technique can be miniaturized and used for point-of-care diagnosis [23]. A panmicrobial oligonucleotide microarray
was developed for the diagnosis of infectious diseases and confirmed the presence of Plasmodium falciparum in
clinical specimens [74]. However, these diagnostic methods are still in the early stages of development [30].

FCM detection

Flow cytometry has been reported for the diagnosis of malaria [75—77]. Briefly, the principle of the process is based on
the discovery of plasmodium, which occurs when the malaria parasite in red blood cells digests hemoglobin and
crystallizes the toxic hemi released by plasmodium in the acidic vacuole, and forms plasmodium. Plasmodium in
phagocytic cells can be detected by depolarization of laser light as the cells pass through the flow cytometer channel.
This method can provide 49-98% sensitivity and 82-97% specificity in the diagnosis of malaria [78,79] and can be used
in the diagnosis of unscreened malaria. The disadvantages are labor intensive, highly trained professionals required,
expensive diagnostic equipment, and the possibility of being negative for other diseases or conditions. Therefore, this
method should be considered as a malaria screening tool.

Automatic blood cell counter (ACC)

The ACC is a useful diagnostic tool for malaria [80] and 3 methods have been reported. The initial detection of malaria
pigment (plasmozoin) in monocytes using the Cell-Dyn® 3500 test showed 95% sensitivity and 88% specificity
compared to standard heat spread [81]. The second method also used Cell-Dyn® 3500 and examined the depolarized
light laser (DLL) to detect malaria with an overall sensitivity of 72% and a specificity of 96% [82]. A third method
used the Beckman Coulter ACC to measure monocytes by volume, conductivity, and scattering (VCS) with 98%
sensitivity and 94% specificity [83]. Although promising, none of these 3 techniques are routinely available in clinical
settings; More research is needed to develop and validate the device and its software. The promising accuracy of this
technique in diagnosing malaria means that the ACC can be an important diagnostic tool for routine malaria diagnosis.

Mass spectrometry
A new method for the detection of malaria in vitro with a sensitivity of 10 parasites/pl blood has been recently reported.
It includes a procedure for cleaning whole blood samples followed by direct UV laser desorption mass spectrometry
(LDMS). SSSFor the diagnosis of malaria, the principle of LDMS is to identify specific biomarkers in clinical samples.
In malaria, heme from plasmodium is a biomarker specific to the parasite of interest. LDMS highly efficient and
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automated. Compared to the microscopic technique, which requires skilled technicians and up to 30-60 minutes to
analyze each peripheral blood smear, LDMS can identify the sample in &lt;1 minute [84]. However, rural areas
without electricity are not suitable for the existing large-scale electricity supply. Future developments in equipment and
technology should make this approach even more effective.

V. CONCLUSION

Routine microscopic examination of peripheral thick and thin blood smears remains the gold standard for diagnosing
malaria. Although this method requires microscope training and differs in sensitivity and specificity compared to the
latest technologies, it is inexpensive and reliable. Quick and easy RDT is currently used in many remote areas, but is
expensive and requires advanced quality control. Serological tests are useful for detecting infectious diseases, but not
for diagnosing acute malaria. Molecular biology methods are related to laboratory science; They can be used to detect
antibody development, can be used for species identification, and can be used to assess disease severity in
hypoparacytemia.

REFERENCES

[1]. Curing malaria together. MMV website. [Accessed October 16, 2008]. Available at: http://www.mmv.org.

[2]. Pasvol G. Management of severe malaria: interventions and controversies. Infect Dis Clin North Am.
2005;19:211-240. [PubMed] [Google Scholar]

[3]. World Health Organization. Guidelines for the treatment of malaria. 1st ed. Geneva, Switzerland: WHO;
2006. pp. 133—143. [Google Scholar]

[4]. Bell DR, Jorgensen P, Christophel EM, Palmer KL. Malaria risk: estimation of the malaria burden. Nature.
2005;437:E3-E4. [PubMed] [Google Scholar]

[5]. Reyburn H, Mbakilwa H, Mwangi R, Mwerinde O, Olomi R, Drakeley C, Whitty CJ. Rapid diagnostic tests
compared with malaria microscopy for guiding outpatient treatment of febrile illness in Tanzania:
randomised trial. BMJ. 2007;334:403. [PMC free article] [PubMed] [Google Scholar]

[6]. Malaria Facts. CDC website. [Accessed October 10, 2008]. Available
at: http://www.cdc.gov/malaria/facts.htm.

[7]1. Looareesuwan S. Malaria. In: Looareesuwan S, Wilairatana P, editors. Clinical Tropical Medicine. 1st ed.
Bangkok, Thailand: Medical Media; 1999. pp. 5-10. [Google Scholar]

[8]. Mwangi TW, Mohammed M, Dayo H, Snow RW, Marsh K. Clinical algorithms for malaria diagnosis lack
utility among people of different age groups. Trop Med Int Health. 2005;10:530-536. [PMC free article]
[PubMed] [Google Scholar]

[9]. Reyburn H, Mbatia R, Drakeley C, Carneiro I, Mwakasungula E, Mwerinde O, Saganda K, Shao J, Kitua A,
Olomi R, Greenwood BM, Whitty CJ. Overdiagnosis of malaria in patients with severe febrile illness in
Tanzania: a prospective study. BMJ. 2004;329:1212. [PMC free article] [PubMed] [Google Scholar]

[10]. McMorrow ML, Masanja MI, Abdulla SM, Kahigwa E, Kachur SP. Challenges in routine implementation
and quality control of rapid diagnostic tests for malaria-Rufiji District, Tanzania. Am J Trop Med Hyg.
2008;79:385-390. [PMC free article] [PubMed] [Google Scholar]

[11]. Perkins BA, Zucker JR, Otieno J, Jafari HS, Paxton L, Redd SC, Nahlen BL, Schwartz B, Oloo AJ, Olargo
C, Gove S, Campbell CC. Evaluation of an algorithm for integrated management of childhood illness in an
area of Kenya with high malaria transmission. Bull World Health Organ. 1997;75:33-42. [PMC free article]
[PubMed] [Google Scholar]

[12]. Weber MW, Mulholland EK, Jaffar S, Troedsson H, Gove S, Greenwood BM. Evaluation of an algorithm for
the integrated management of childhood illness in an area with seasonal malaria in the Gambia. Bull World
Health Organ. 1997;75:25-32. [PMC free article] [PubMed] [Google Scholar]

[13]. Tarimo DS, Minjas JN, Bygbjerg IC. Malaria diagnosis and treatment under the strategy of the integrated
management of children illness (IMCI): relevance of laboratory support from the rapid
immunochromatographic tests of ICT malaria P.f/P.v and OptiMAL. Ann Trop Med Parasitol. 2001;95:437—

444. [PubMed] [Google Scholar]
Copyright to IJARSCT DOI: 10.48175/568

www.ijarsct.co.in | 2581-9429 |
¢\ IJARSCT /&

158

ISSN




K/\ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJA RSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Impact Factor: 7.301 Volume 3, Issue 7, May 2023

[14]. Kyabayinze DJ, Tibenderana JK, Odong GW, Rwakimari JB, Counihan H. Operational accuracy and
comparative persistent antigenicity of HRP2 rapid diagnostic tests for Plasmodium falciparum malaria in a
hyperendemic region of Uganda. Malar J. 2008;7:221. [PMC free article] [PubMed] [Google Scholar]

[15]. Bhandari PL, Raghuveer CV, Rajeev A, Bhandari PD. Comparative study of peripheral blood smear,
quantitative buffy coat and modified centrifuged blood smear in malaria diagnosis. Indian J Pathol
Microbiol. 2008;51:108—112. [PubMed] [Google Scholar]

[16]. Ngasala B, Mubi M, Warsame M, Petzold MG, Massele AY, Gustafsson LL, Tomson G, Premji Z,
Bjorkman A. Impact of training in clinical and microscopy diagnosis of childhood malaria on anti-malarial
drug prescription and health outcome at primary health care level in Tanzania: a randomized controlled trial.
Malar J. 2008;7:199. [PMC free article] [PubMed] [Google Scholar]

[17]. Tagbor H, Bruce J, Browne E, Greenwood B, Chandramohan D. Performance of the OptiMAL dipstick in
the diagnosis of malaria infection in pregnancy. Ther Clin Risk Manag. 2008;4:631-636. [PMC free article]
[PubMed] [Google Scholar]

[18]. Zerpa N, Pabon R, Wide A, Gavidia M, Medina M, Caceres JL, Capaldo J, Baker M, Noya O. Evaluation of
the OptiMAL test for diagnosis of malaria in Venezuela. Invest Clin. 2008;49:93—101. [PubMed] [Google
Scholar]

[19]. Ratsimbasoa A, Fanazava L, Radrianjafy R, Ramilijaona J, Rafanomezantsoa H, Ménard D. Evaluation of
two new immunochromatographic assays for diagnosis of malaria. Am J Trop Med Hyg. 2008;79:670—-672.
[PubMed] [Google Scholar]

[20]. Endeshaw T, Gebre T, Ngondi J, Graves PM, Shargie EB, Ejigsemahu Y, Ayele B, Yohannes G, Teferi T,
Messele A, Zerihun M, Genet A, Mosher AW, Emerson PM, Richards FO. 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. [PMC free article] [PubMed] [Google Scholar]

[21]. Lee SW, Jeon K, Jeon BR, Park I. Rapid diagnosis of vivax malaria by the SD Bioline Malaria Antigen test
when thrombocytopenia is present. J Clin Microbiol. 2008;46:939-942. [PMC free article] [PubMed]
[Google Scholar]

[22]. Harvey SA, Jennings L, Chinyama M, Masaninga F, Mulholland K, Bell DR. Improving community health
worker use of malaria rapid diagnostic tests in Zambia: package instructions, job aid and job aid-plus-
training. Malar J. 2008;7:160.

Copyright to IJARSCT DOI: 10.48175/568 159

www.ijarsct.co.in | 2581-9429 |
’a)L IJARSCT /2

ISSN




