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Abstract:  In the prevention and control of malaria, Prompt and accurate diagnosis is the key to effective 
disease management. Giemsa microscopy and rapid diagnostic tests (RDTs) are the diagnostic tests each with 
characteristic strengths and limitations is the best way for accurate diagnosis has a key role for malaria control 
successfully. Reduction in morbidity and drug resistance intensity of malaria require a parasite based 
diagnostic methods. A parallel commitment is needed in production of antimalarial drug or malaria vaccine 
along with improvement in diagnostic tests and their availability to people in endemic areas. [Jain S  NJIRM 
2014; 5(4) :82-87] 
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Introduction: Malaria is caused by a parasite called 
Plasmodium, which is transmitted through the 
bites of infected mosquitoes. In the human body, 
the parasites multiply in the liver, from where they 
spread to infect red blood cells. Five Plasmodium 
species have shown to infect humans: Plasmodium 
falciparum, Plasmodium vivax, Plasmodium ovale, 
Plasmodium malariae and Plasmodium knowlesi.  
 
According to the malaria report 2010 of the World 
Health Organization (WHO), malaria is currently 
endemic in over 100 countries with 3 billion people 
at risk of infection and around 225 million cases in 
2009, leading to approximately 781,000 deaths.2    

P. falciparum was among the leading causes of 
death worldwide from a single infectious agent. P. 
falciparum is mostly confined to tropical climates; 
P. vivax also occurs in subtropical areas but is rare 
in Central-Africa, where P. ovale is prevalent. P. 
malariae is rare and P. knowlesi, the most recently 
described “zoonotic” species, is restricted to 
South-East Asia. 
 
Plasmodium has a sexual cycle inside the mosquito 
and an asexual cycle inside men. During the bite of 
an infected mosquito, Plasmodium sporozoites are 
injected in the blood and will move to liver cells 
where they will develop into liver schizonts. After 
the rupture of the schizonts, thousands of 
merozoites are released into the bloodstream and 
each of them will invade a red blood cell (RBC). 
There they will develop into trophozoites which 

will mature into schizonts that on their turn will 
divide into new merozoites which will invade new 
RBCs. After one or two weeks, gametocytes will be 
produced. These will continue the sexual cycle 
when taken up by a mosquito during a next blood 
meal. As to the asexual cycle, liver schizonts of P. 
vivax and P. ovale may persist for months in the 
liver before releasing merozoites into the blood. 
The persistent (“dormant”) forms are called 
hypnozoites; the delayed symptoms are called 
relapses. 
 
Small children and pregnant women are 
particularly vulnerable to malaria. Likewise, also 
non-exposed travelers are vulnerable and each 
year, 10,000 malaria cases are reported among 
returned international travelers, although their 
real number is estimated at 30,000.3 
 
Symptoms of malaria may vary and include fever, 
headache, aches and pains elsewhere in the body 
and occasionally abdominal pain, diarrhea and 
vomiting. If not treated, malaria can quickly 
become life-threatening. This is especially the case 
for P. falciparum which unlike P. vivax/P. ovale and 
P. malariae is not restricted to young or old RBCs 
and can cause elevated parasite densities. In 
addition, infected RBCs stick to the vascular 
endothelium, leading to obstructed blood flow in 
the organ capillaries and lethal complications such 
as cerebral malaria, pulmonary oedema and 
impairment of liver and renal functions. Prompt 
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diagnosis is essential for the treatment and 
outcome of P. falciparum. P. vivax accounts for 
almost half of the malaria infections worldwide 
and is no longer considered as a mild infection: 
complicated infections have been demonstrated in 
both endemic countries and in returned travelers4, 

5 and the species is more difficult to eradicate than 
P. falciparum.6 Any attempt to estimate the 
number of malaria cases globally is likely to 
become subject to argument. 7, 8 

 
Clinical diagnosis is imprecise but remains the basis 
of therapeutic care for the majority of febrile 
patients in malaria endemic areas, where 
laboratory support is often out of reach. Malaria 
diagnosis is the most neglected area of malaria 
research accounting for less than 0.25% ($70000) 
of the US $323 million investment in research and 
development in 2004.9 
 
Rationale therapy of malaria is necessary to delay 
the development of resistance, to avoid non target 
effects and cost effective alternative drugs. There 
for an accurate diagnosis is the only way of 
rationale therapy. Recently, confirmatory diagnosis 
regained attention before start of treatment 
because of more drug resistance and more costly 
drugs unaffordable to resource poor countries.10 
Prompt treatment of malaria requires accurate and 
prompt diagnosis. Diagnosis based on clinical 
symptoms is notoriously non-specific and WHO 
now recommends parasite- based diagnosis for all 
patients.11This review addresses on microscopy 
and rapid diagnostic tests (RDTs), the two 
malariadiagnostics having the largest control.  
 
Microscopy:  In 1904,Gustav Giemsa introduced a 
mixture of methylene blue and eosin stains.12 

Microscopic examination of Giemsa – stained 
blood amear has subsequently become the gold 
standard of malaria diagnosis. Giemsa microscopy 
is regarded as the most suitable diagnosis 
instrument for malaria control because it is in 
expensive to perform, able to differentiate malaria 
species and quantify parasites. In the age of high 
quality light emitting diode (LED) illumination and 
solar battery chargers, microscopy has become 
more feasible in remote areas. However, 

microscopy requires well trained, competent 
microscopists, rigorous maintenance of functional 
infrastructures plus effective quality control (QC) 
and quality assurance (QA). Because of emergence 
of drug resistance, Artemisinin – based 
combination therapy (ACT) is already or will soon 
be the first line medication for P. falciparun 
treatment in most affected countries. Therefore it 
is essential to make an accurate diagnosis before 
writing ACT, which is more costly and less 
tolerated. The detection threshold in Giemsa – 
stained thick blood film has been estimated to be 
4-20 parasite / mCL.13, 14, 15Under field conditions a 
threshold of about 50-100 parasite / mCL blood is 
more realistic.16, 17The variability along with the risk 
of untreated malaria in the light of safe, expensive 
therapy in the past led clinicians to treat febrile 
patients without regard to the laboratory results. 
18,19,20Even in developed countries, expert malaria 
microscopists are scarce and impaired microscopy- 
based diagnosis in hospital laboratories is 
common.21,22,23,24 

 

The cornerstone of malaria diagnosis in the 
laboratory is microscopy. Plasmodium parasites 
are diagnosed by microscopic examination of a 
thick blood film, which consists of a superposition 
of several layers of blood cells. The red blood cells 
are lysed during the staining process. Thin blood 
films represent a monolayer of blood, allowing 
observation and assessment of the red blood cells’ 
shape and inclusions and clear distinction of the 
different parasites, allowing species identification. 
Characteristics of RBC (dimensions, shape, 
inclusions and numbers infected) and Plasmodium 
parasites (size, stages, and dimensions) allow 
distinction between the different Plasmodium 
parasites. The differential diagnosis between P. 
ovale and P. vivax is notoriously difficult.25The 
parasite density of Plasmodium represents the 
count of the asexual parasites and is expressed as 
a number per μL blood or as a percentage of red 
blood cells infected. According to standard practice 
at the clinical laboratory (CLKB) from the Institute 
of Tropical Medicine (ITM), both thick and thin 
blood films are prepared, stained with Giemsa (pH 
8.0) and examined by light microscopy using a × 
500 magnification. An examination of 15 minutes 
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for a thick film with a minimum of 200 fields read 
is performed before a thick blood film is reported 
negative. Parasite densities are estimated by 
counting asexual parasites against 200 white blood 
cells (WBC) in thick blood films and converting this 
number to parasites/μl using the actual WBC count 
or, when this is not available, the standard 8,000 
WBC/μl value 26,27.  
 
Apart from not missing the diagnosis of malaria, 
differentiation of P. falciparum from the non-
falciparum species is important, in particular not 
missing the diagnosis of P. falciparum because of 
the life-threatening potential of this species. 
Accurate identification of parasite density appears 
to be difficult in non-endemic settings28, but high 
parasite densities exceeding 2% of red blood cells 
infected should berecognized, as this criterion 
constitutes an alert sign11. Expert microscopy 
should also recognize P. falciparum stages and 
hemozoin pigment in WBC: schizonts of P. 

falciparum in the peripheral circulation as well as 
hemozoin in the WBC in case of P. falciparum 
infection are indicators of a serious infection, 
whereas the exclusive presence of P. falciparum 
gametocytes after treatment is a normal finding 
11,29.  
 
Rapid Diagnostic Test (RDT): Rapid diagnostic test 
is a device that detects malaria antigen in a small 
amount of blood, usually 5-15 µL, by 
immunochromatographic assay with monoclonal 
antibodies directed against the target parasite 
antigen and impregnated on a test strip. The 
result, usually a colored testline, is obtained in 5-
20 minutes. RDTsrequire no capital investment or 
electricity, are simple to perform and are easy to 
interpret. Most commonly RDTs only detect P. 
falciparum; however, RDT’S that distinguish P. 
falciparum from the three non-falciparum species 
are available. 

  

 
 

Figure 1: Schematic drawing of the malaria RDT lateral-flow strip. 
 
To be a useful diagnostic, RDTs must achieve 
greater than 95% sensitivity (30)    Most RDTs today 
have achieved this goal for P. falciparum, but not  
for non P. falciparum. In spite of more than 100 
published RDT trialreports, comparative 
assessment is difficult because (1) trials do not 
share common guide lines (2) Clinical and 
epidemiologic characteristics of the study 
population vary (especially parasetaemia level) (3) 
reference standards are different (4) products of 

different lots may differ in quality or be damaged 
by extreme temperature or humidity during 
transportation and storages. Recent studies 
suggest that the tests were less sensitive for non- 
P. falciparum than for P. falciparum.31, 32, 33Overall 
RDT specificity is commonly above 85%, 
approaching 100% when used in some groups of 
returning non-immune travelers.34, 35, 36, 37, 38, 39In 
developed countries, RDTs can be useful in 
screening febrile returnees from endemic  
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areas34Self use by travelers produce variable out 
comes42, 43 In developing countries RDTs make 
obsolete the sole dependence on clinical diagnosis 
for malaria in remote areas, where good 
microscopy has failed or never reached , RDTs are 
also recommended in situation exceeding 
microscopy capability, such as in an outbreak or in 
occupationally exposed groups.44As RDTs improve, 
including in sensitivity for P. Vivax and in ability to 
measure parasetaemia levels, the scope of RDTs 
will expand. Current RDTs are not intended to 
replace microscopy.  
 
In light of rising cost of effective antimalarial 
therapy, over diagnosis can quickly impair 
medicine budgets. Prompt and accurate diagnosis 
will not only improve malaria treatment but will 
reduce mortality due to other febrile illnesses. 
Therefore, RDTs should be considered as tools for 
the complete management of febrile illnesses. 
RDTs become more cost effective as the price of 
antimalarials go up.  
 
Conclusion: RDT tests have shown good sensitivity 
and specificity and the results are comparable with 
microscopy. Thus, RDT is useful for malaria 
diagnosis in both, endemic and non-endemic 
areas. RDT is an important tool in malaria diagnosis 
particularly in resource limited settings where 
microscopic diagnosis is not feasible. RDT also 
minimizes exclusively clinical diagnosis of malaria 
and in combination with microscopy, RDT can be 
used to improve malaria diagnosis. 
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