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Abstract
The microscopic examination of Thick Blood Smears (TBS) remains the method of choice for the diagnosis of
human malaria. Recently, alternative diagnostic methods, such as Nested PCR, have been used for the detection
and identification of malaria parasites. The aim of this study was to compare the sensitivity and specificity of Nested
PCR accomplished using DNA extracted from whole blood against fixed stained slides. 125 blood samples including
76(60.8%) male and 49(40.2%) female accomplished examinations. The percentage of the parasitaemia on positive
samples was calculated from a total count of 200 leukocytes counted in a Giemsa stained thin blood films. The
nested PCR assay carried out on DNA Extracted samples by specific primers to amplify 18ssr RNA Plasmodium
gene. Of all 125 blood samples 50(40%) were positive (41(32.8%) P. vivax, 9(7.2%) P. falciparum) and 75(60%)
were negative for malaria parasites using microscopy examination. Nested-PCR on whole blood specimens
detected 66(52.8%) plasmodium species: 47(37.6%) P. vivax, 13(10.4%) P. falciparum, 6(4.8%) mixed infections P.
vivax and P. falciparum. Nested-PCR on peripheral blood slides detected 49 (39.2%) plasmodium species:
34(27.2%) P. vivax, 10(8%) P. falciparum, 5(4%) mixed infections P. vivax and P. falciparum. The study showed that
the sensitivity and specificity of nested PCR were 96% and 76%, respectively, when target DNA was extracted from
blood and 78% and 86% when DNA was obtained from smears. These studies demonstrated that Plasmodium DNA
might be successfully isolated from TBS indicating that this method of DNA preservation could be considered
adequate and convenient for epidemiological studies.
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Introduction
Malaria is a major human health-threatening disease, resulting in
approximately 300-500 million clinical cases and 1-3 million deaths
each year worldwide mainly of young children [1]. 109 countries were
endemic for malaria in 2007 [2]. Iran is situated in the Eastern
Mediterranean region, where about 45% of the population live with
the risk of both falciparum and vivax malaria. Countries of this region
are situated in either Afro tropical (such as Somalia, Sudan), Oriental
(such as Pakistan, south-eastern Iran, part of Afghanistan) or Pale
arctic (such as Turkmenistan, Uzbekistan, Tajikistan) ecoepidemiological zones regarding malaria [3].
Microscopic examination of Giemsa-stained thick and thin blood
smears has been identified as the most common technique to diagnose
malaria since last 100 years. Microscopy continues to be the gold
standard for identification of Plasmodium spp. in the laboratory
setting [4,5]. Although easy to apply and cost-effective, this technique
assumes that laboratories have certain infrastructure in place with
highly skilled professionals and lowest detecting level is 10 to 50
parasites/μl so the sensitivity may fluctuate depending upon the skill of
technician [6,7].
Polymerase Chain Reaction (PCR) based assays have been used
mainly for the assessment of the sensitivity and specificity of
microscopy. The PCR method successfully detects parasites in mixed
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and low level infections, being more sensitive when compared to
microscopic examination [8]. PCR-based methods have been shown to
be powerful tool for malaria diagnosis [9]. It has been estimated that
PCR can detect malaria infections with parasitemia as low as 5
parasites/μl (0.0001% parasitemia) [10]. The success of the PCR
technique depends on a variety of factors such as: high quality DNA
obtained from blood samples, good reagents and adequate conditions
of amplification. Whole blood has been shown to be a reliable source
of high-quality DNA while Giemsa-stained or unstained thick blood
smear and, particularly, blood conserved on filter-papers could be
used as a source of DNA in molecular and epidemiological studies
[11,12].
Considering the influence of the quality of biological specimens in
malaria molecular diagnosis, the efficacy of PCR in detecting malaria
infection using DNA from blood conserved as Giemsa-stained TBS
was evaluated. This study is planned to evaluate microscopy and
nested PCR methods on whole blood and fixed stained films for
detection of malaria parasites.

Materials and Methods
This study was carried out on a total of 125 blood samples. Seventysix individuals (60.8%) were male and 49 individuals (40.2%) were
female. Fifty blood samples (40%) diagnosed to be positive, and 75
blood samples (60%) were negative for malaria infection using
microscopic methods.
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Whole blood samples were mixed whit EDTA and sent to Tropical
and Infectious Diseases laboratory in Zahedan. Peripheral blood
smears (thick and thin) were prepared from the finger prick samples
collected aseptically. Thin smears were fixed with methanol at the field
condition.
While thick blood smears were air dried. Blood smears were stained
with Giemsa staining technique and examined for presence of malarial
parasites following standard methodology [13]. Blood smears were
interpreted as negative only after examination with an oil immersion
lens for at least 100 oil immersion fields by an expert microscopic
analyst. The percentage of the parasitaemia on positive samples was
calculated from a total count of 200 leukocytes counted in a Giemsa
stained thin blood films [14]. Parasites were counted as Parasite count/
μl=(Total Leukocytes Count × Number of infected RBCs)÷200.
Twenty micro litter of positive and negative blood samples treated
with 500 μL of phosphate mono sodium 5 mM (NaHPO4) (PH=8) and
DNA extracted by boiling method as described by Foley et al., and
according to method described by author, Ebrahimzadeh et al., in 2006
[15,16]. A hundred μl of DNA extracted solution was stored at -20°C
until further analysis. Extracted DNA was further amplified for Genus
specific amplification. Briefly, it was carried out in a 20 μl reaction
mixture consisting 10×buffer, 25 mM MgCl2, 10 mM dNTPs, 2.5 μM
each primers (rPLU6 and rPLU5 to amplify 1050 bp of 18ssu-rRNA),
0.4U of Taq DNA Polymerase, 1.5 μl sample (DNA template). The
second round (secondary reaction) of nested PCR for species specific
amplification was carried out in two separate tubes each containing a
single primer pair (rFAL1, rFAL2 primers to amplify 205bp region of
18ssr RNA Plasmodium falciparum and rVIV1, rVIV2 primers
amplify 120bp region of 18ssr RNA Plasmodium vivax) [17,18] (Figure
1). The PCR amplified DNA product was further analyzed running the
products in 2% Agarose gel electrophoresis. The amplified product
was visualized using ethidium bromide staining and gel
documentation under the UV light [7,16].

Figure 1: Schematic representation of nested PCR products from
clinical specimens by species specific gene of P. vivax, P. falciparum
on 2% agarose gel electrophoresis by ladder marker 100bp.

Results
From 50 negative blood samples 30(58%) males and 20(42%) female
age between 1 to 36 years old. 41(82%) P. vivax and 9(18%) P.
falciparum was reported by microscopy examination. The thin films
showed that parasitaemia ranged from 0.008% to 1.8% that indicate
parasite is hypo-endemic in this region.
48 (96%) of blood samples was positive for detection of
Plasmodium species by PCR assay: 36(72%) P. vivax, 8(16%) P.
falciparum, 4(8%) mixed infections of P. vivax and P. falciparum,
J Trop Dis
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2(4%) was negative that related to parasitaemia less than 0.009% and
PCR sensitivity was 96%.
39(78%) blood positive films have same result for detection of
Plasmodium species: 29(58%) P. vivax, 7(14%) P. falciparum, 3(6%)
mixed infections of P. vivax and P. falciparum, 11(22%) was negative
that related to parasitaemia less than 0.03%. and PCR sensitivity was
78%.
From 75 negative blood samples 46(61.3%) males and 29(38.7%)
female age between 2 to 50 years old.
PCR on negative blood samples revealed 18(24%) Plasmodium
species; 11(14.7%) P. vivax, 5(6.7%) P. falciparum, 2(2.7%) mixed
infections of P. vivax and P. falciparum, 57(76%) negative and PCR
specificity was 76%.
PCR on negative blood samples films revealed 10(13.3%)
Plasmodium species; 5(6.7%) P. vivax, 3(4%) P. falciparum, 2(2.7%)
mixed infections of P. vivax and P. falciparum, 65(86.7%) negative and
PCR specificity was 86.6%.
From 125 blood samples 50(40%) positive (41(32.8%) P. vivax,
9(7.2%) P. falciparum), 75(60%) negative for malaria parasite by
microscopy examination. PCR on blood specimens detect 66(52.8%)
Plasmodium species; 47(37.6%) P. vivax, 13(10.4%) P. falciparum,
6(4.8%) mixed infections of P. vivax and P. falciparum.
PCR on films detected 49 (39.2%) Plasmodium species; 34(27.2%)
P. vivax, 10(8%) P. falciparum, 5(4%) mixed infections of P. vivax and
P. falciparum.

Discussion
Microscopic examination of Giemsa-stained thick and thin blood
smears has been the diagnostic method of choice for species
identification in epidemiologic studies and medical diagnosis [19]. The
method is simple, does not require highly equipped facilities, and in
most cases enables differentiation among the four species causing
malaria in humans when performed by an experienced technician.
However, This method can sometimes be misleading in identifying
parasite species, especially in the case of low level of parasitemia and a
mixed parasite infection or modification by drug treatment [20]. In
recent years considerable attention has been given to molecular
methods, including the PCR techniques. PCR, in particular nested
PCR, is considered to have a promising future in malaria research,
especially due to the identification of parasites in areas where four
Plasmodium species occur simultaneously [21]. Nevertheless, it has
been recognized that the success of the technique depends on the
quality of DNA. It has been observed that intrinsic (as DNA amount
or a high content of human DNA or hemoglobin) and extrinsic (use of
heparin or inadequate conditions of blood collecting, storage and
amplification of samples) are factors affecting the quality of PCR assay
[18]. This study has evaluated the sensitivity and specificity of PCR to
detect malaria parasites according to the blood conservation devices
used in DNA extraction. Considering two alternatives for DNA
preparation, the best results (52.8% of prevalence) were obtained for
nested PCR analysis of the 18ssurRNA genes when target DNA was
isolated from whole blood prepared with EDTA anticoagulant. The
study showed that the sensitivity and specificity of nested PCR were
96% and 76%, respectively, when target DNA was extracted from
whole blood and 78% and 86% when DNA was obtained from blood
smears. This is probably due to the conservation of the biological
material used as a source of DNA, which directly affects the quality of
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DNA and, consequently, the sensitivity and specificity of the PCR
assay. The sensitivity rates below 80% could be explained by the low
level of circulating parasites in the blood of the individuals who were
part of our study [22,23].
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