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Evaluation of Malaria Parasite Screening Procedures 
Among Sudanese Blood Donors

MOHAMED SIDDIG M ALI, ABDUL GADER MOHAMED YOUSIF, 
MUSTAFA SALIH MUSTAFA, MALIK HASSAN IBRAHIM

OBJECTIVE: To compare the standard microscopic exami-
nation, the polymerase chain reaction (PCR), and the immu-
nochromatography test (ICT) to determine the best method 
for screening blood donors for malaria parasites in Sudan.

METHODS: A total of 100 blood donors were screened for 
malaria parasites by standard microscopic technique, ICT, and 
PCR. Blood films were examined microscopically using standard 
Giemsa staining techniques. Qurum (Canadian Company) 
malaria kits were used to perform the ICT. For performing 
PCR, DNA was extracted using Chelex method and amplified 
by the moderately repetitive DNA sequence pBRK-l.

RESULTS: Using PCR, a total of 21 blood samples were 
positive; 8 (38%) of them showed negative blood films and 7 
(33%) were negative on ICT. Four blood samples that tested 
positive by ICT despite a negative PCR and microscopic ex-
amination were proved to be false positives. The false negativ-
ity of both the microscopic examination and ICT was found 
to be significant. The sensitivity of microscopy was 61.9% 
and of ICT was 66.7%, while the specificity of microscopy 
was 100% and of ICT was 94.9%. When direct microscopy 
was considered as the standard technique the sensitivity of 
ICT was 100% and the specificity was 94.3%.

CONCLUSION: Although PCR is more sensitive and more 
specific, it is unaffordable. Microscopy for malaria when com-
pared to ICT showed similar sensitivity at low cost. However, 
all human plasmodium species can be detected using the mi-
croscopy while only two species (P. falciparum and P. vivax) 
can be detected by ICT. The detected false positivity of ICT is 
not inconsequential since this implies the rejection of a greater 
proportion of blood donations. Therefore, microscopy is con-

sidered more suitable for screening Sudanese blood donors for 
malaria parasites prior to donation at the present time.

RECOMMENDATIONS: To establish a reference malaria 
diagnosis unit in each blood bank in Sudan as well as to train 
blood bankers to perform microscopic examinations.

ABBREVIATIONS: ICT = immunochromatography test; 
PCR = polymerase chain reaction.

INDEX TERMS: donor testing; malaria testing.
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The medical use of blood and blood derivatives is increasing all 
over the world, despite the hazards related to transmission of 
protozoal, spirochaetal, bacterial, and viral diseases. Transmis-
sion of malaria by blood transfusion is a significant problem in 
regions of the world where this disease is endemic; P. falciparum 
in transfused blood may lead to fatality.1 Moreover, transfusion-
induced P. falciparum has increased in recent years, probably 
because it has become increasingly resistant to drugs.2

The peer-reviewed Clinical Practice Section seeks to publish case stud-
ies, reports, and articles that are immediately useful, are of a practical 
nature, or contain information that could lead to improvement in the 
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other materials of interest to readers. Direct all inquiries to Bernadette 
Rodak MS CLS(NCA), Clin Lab Sci Clinical Practice Editor, Clinical 
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South Avenue, Indianapolis IN 46202-5113. brodak@iupui.edu.
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Prevention of transfusion-induced malaria depends on the 
screening of potentially infected blood donors, especially 
those who provide whole blood or fresh concentrates of 
erythrocytes, leukocytes, or platelets.3 However, success-
ful screening for malaria parasites requires experience in 
the differential characteristics of the various species of the 
parasite and should constitute a part of primary health care.2 
Microscopic examination of a blood film can be used for the 
detection of malaria infection in a donor in whom malaria 
is suspected based on circumstantial evidence. Examina-
tion of stained thin blood films can identify the species and 
give an estimate of the percentage of infected red cells.4-6 
Examination of the buffy coat and red cells below can help 
in detecting parasites when they are few in number (5 to 10 
parasites/µL), particularly in the late stages, e.g., trophozoites 
and gametocytes.5 However, in traditional microscopy, failure 
to adhere to correct techniques seriously compromises the 
specificity and sensitivity.

Immunochromatography tests (ICT) employ monoclonal 
antibodies against histidine rich protein (HRP-2), which is 
produced by the parasite and released into the circulation. 
Compared to microscopy, it is simple to perform, does not 
require the use of special equipment, and is faster with low 
variation between users. Moreover, it can detect asexual 
parasites and young gametocytes with reasonable sensitivity 
and specificity (>90%).

Serological methods cannot replace the demonstration of 
parasites in the blood as far as diagnosis of symptomatic 
patients is concerned.6 In countries where the disease oc-
curs, antibody tests are unable to distinguish between active 
and past infection and they have only a limited value in the 
clinical diagnosis of malaria.5

During the past few years, the polymerase chain reaction 
(PCR) has become a major diagnostic and research tech-
nique. It is reliable for the detection of parasites present 
at low concentration in blood or serum samples. Further, 
the use of PCR could be 100 times more sensitive than the 
microscopic examination of thick blood films.7

The present study is intended to determine the selection of 
the best laboratory procedure that can be applied for screen-
ing blood donors for malaria parasites in Sudan since such 
studies have not been conducted previously.

MATERIALS AND METHODS
The design of the study is descriptive, cross-sectional, and 
facility based. It was conducted in the Ahmed Gasim Hospi-
tal (Khartoum North, Sudan) among a total number of 100 
blood donors screened for malaria parasites by ICT, PCR, 
and standard microscopic technique. Blood samples were col-
lected (1 mL from each), processed with EDTA anticoagulant 
(1.5 mg), and then immediately used to prepare blood films 
and perform ICT. Three spots of each tested blood sample 
(50 µL each) to be used for the PCR were stored dry (on #3 
filter paper) at -20 °C.8

From the blood collected from each donor, duplicate thick 
and thin blood films were prepared, stained by Giemsa stain, 
and examined microscopically as the standard methods.5

The absolute number of parasites (number/µL), was estimat-
ed in positive thick blood films by counting the recognized 
malaria parasites against 200 white blood cells according to 
the following formula:

# of parasites counted x total WBC
# of leukocytes counted (200)

Qurum (Canadian Company) ICT malaria kit was used. 
This kit has been designed for the detection of P. falciparum 
in whole blood. It employs monoclonal antibodies against 
HRP-2 that is secreted by the parasite. Captured monoclonal 
antibodies are immobilized on a nitrocellulose membrane 
strip. When P. falciparum antigen is present in lysed whole 
blood, it binds antibodies as the blood migrates along the test 
strip. Colloidal gold particles are coated with these antibodies 
to form a sandwich resulting in visible red line.  Performance 
of the test and interpretation of results were conducted as 
directed by manufacturer instructions.

For performing PCR, DNA was extracted from the filter 
paper using Chelex method.8 One of the three blood spots 
was cut using a sterile blade and put in a 1.5 mL Eppendorf 
tube containing 1 mL of 0.5% saponine in freshly prepared 
1 x phosphate buffer saline (PBS) and then incubated over-
night at 4 °C (hemoglobin is released into the wash leaving 
the DNA of the parasite on the paper).

The tubes were spun for one minute at 13 x 103 rpm and the su-
pernatant fluid was removed. One mL of 1x PBS was added and 
spun again for one minute; the supernatant was also removed. 
Fifty µL of PCR quality water and 50 µL of 20% Chelex mixture 
were added to each tube and then boiled for ten minutes.
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The tubes were centrifuged for one minute to pellet Chelex 
and debris. The DNA supernatant was taken off and trans-
ferred into a new sterile 0.5 mL Eppendorf tube.

DNA amplification was performed using the moderately 
repetitive DNA sequence pBRKl- 14 forward, 5-CGC 
TACATATGCTAG TTGCCA GA C-2ʹ and reverse 5ʹ-
CGTGTA CCATA CATCCTACCAAC-3ʹ that amplifies 
a 206 base pair sequence.7 The PCR product was run in a gel 
electrophoresis tank (1.5% agarose gel) with the addition of 
ethidium bromide solution (0.5 mg/mL) and DNA molecu-
lar weight marker (fraction VI) in a parallel well.

Data were analyzed by the computer using the Statistical Package 
for Social Sciences (SPSS). Chi-square and Fisher exact tests were 
used for comparison and correlation between proportions.

The sensitivity of the test is the proportion of positives, cor-
responding to the positive result obtained by the standard 
test. However, specificity of the test is the proportion of 
negatives corresponding to the negative result obtained by 
the standard technique. Sensitivity, specificity, false negative 
rate, and false positive rate can be calculated using the fol-
lowing formulas and Table 1:
 Sensitivity = (e)/(e + f)
 Specificity = (h)/(g + h)
 False negative rate = 1 – sensitivity
 False positive rate = 1 – specificity

RESULTS
Out of the 100 randomly selected blood donors, 13 samples 
(13%) were positive by microscopy as well as by ICT and 
PCR, with 75 samples (75%) being negative throughout. 
Twelve blood samples (12%) showed variable results.

Comparison between the results of PCR and ICT of the exam-
ined blood samples applying PCR as the standard technique 
is shown in Table 2. Using PCR, a total of 21 blood samples 
were positive; of them only 14 blood samples tested positive 
using ICT. Four blood samples tested positive by ICT despite 
a negative PCR and microscopic examination; therefore, these 
proved to be false positives. The false positive of the ICT was 
found to be statistically insignificant (p >0.05).

Seven (33%) positive PCR blood samples were negative by 
ICT. These false negative ICT results were found to be highly 
significant (p <0.001).

Applying PCR as a standard technique, the sensitivity of 
ICT was 66.7% while the specificity was 94.9%. The false 
negative rate was 33.3% and the false positive rate was 5.1%. 
Comparison between the result of PCR and microscopic 
examination of the donors’ blood samples applying PCR as 
the standard technique is shown in Table 3.

Using PCR as the standard technique, a total of 21 blood 
samples were positive; 8 (38%) of them showed negative 
blood films. This false negativity of the microscopic examina-
tion was found to be highly significant (p <0.001).

CLINICAL PRACTICE

Table 1. Sensitivity and specificity table

Tested Standard technique
technique 
 Positive Negative Total
 (D+) (D-)

Positive (T+) (e) (g) (e + g)
Negative (T-) (f ) (h) (f + h)
Total (e + f ) (g + h)

Table 2. Comparison between the results of PCR 
and ICT
 PCR    Total
 Positive Negative 
ICT positive 14 4 18
ICT negative 7 75 82
Total 21 79 100
p >0.01

Table 3. Comparison of PCR vs. microscopic 
examination

                PCR  Total
 Positive Negative
Microscopic examination
Positive 13 0 13
Negative  8 79 87
Total 21 79 100
p >0.01
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Applying PCR as a standard technique, the sensitivity of micro-
scopic examination was 61.9% while the specificity was 100%. 
The false negative rate was 38.1% and the false positive rate was 
zero. Comparison between the result of microscopic examina-
tion and ICT of the same blood samples applying microscopy 
as the standard technique is shown in Table 4.

Using microscopic examination, a total of 13 blood samples 
were positive; 5 (38.5%) of them were ICT negative. Only 
one donor’s blood sample (7.7%) was found positive by ICT 
and PCR despite a negative blood film.

The false positive ICT (the other four positives; 22.2%) 
which were negative by blood films, representing the dif-
ference between microscopy and ICT, were found to be 
insignificant (p >0.05).

Applying microscopic examination as standard technique, 
the sensitivity of ICT was 100% and the specificity was 
94.3%. The false positive and false negative rate was 5.7% 
and zero respectively.

DISCUSSION
Transfusion-induced malaria continues its resurgence 
throughout much of the tropics and subtropics. Success-
ful control or eradication measures must include strategies 
directed to prevent transmitting malaria parasite infected 
blood to patients. Therefore, it is mandatory to establish an 
effective technique for screening blood donors for the malaria 
parasite. Different techniques were compared to determine 
the best method of screening donors that can be easily and 
rapidly applied in Sudan.

Since PCR is highly specific and highly sensitive for posi-
tive and negative results respectively (100 times greater than 
staining technique), it can be used as a standard technique to 

avoid false negatives and positives.7 In this study, PCR was 
adopted as the standard technique. It is worthwhile to men-
tion that during this investigation, the difference between 
PCR and both ICT and direct microscopy was still signifi-
cant, although PCR has the drawbacks of being costly and 
requiring strict laboratory conditions to avoid contamination 
that can lead to false positive results.

In malaria-endemic areas, the use of ICT is known to be 
rather deceptive when used for investigating symptomatic 
patients for the presence of malaria parasite in their blood. 
False positive results can be obtained even 14 days after 
clearance of the parasites by treatment or by the immune 
system.5,6, 9-11

This study showed that sensitivity of the ICT versus direct 
microscopy was 100%, which corresponds to the results 
obtained by Singh in India, Cavallo in France, and Gaye in 
Senegal.11-13 However, all of them confirmed the false posi-
tivity of ICT within variable periods after infections. These 
reports are in close agreement with the findings of this study; 
four false positive tests were detected. The false positive results 
are important since this implies that a greater proportion of 
blood donations will be rejected to ensure the prevention of 
malaria transmission by blood transfusion. Therefore, ICT 
seems to be not reliable for screening Sudanese blood donors 
for malaria parasite since whether the parasite is present or 
not, persistence of HRP-2 will result in false positivity. Fur-
ther, only ICT designed for the detection of only two species 
(P. falciparum and P. vivax) is available, whereas transfusion 
induced malaria due to the other human plasmodium species 
(P. malariae and P. ovale) is not uncommon, particularly P. 
malariae because of its chronicity. The ICT test will be falsely 
negative when the latter species are present.

The standard microscopic examination technique for malaria 
parasites enables the detection of all four human plasmodium 
species. It also allows distinction between species and stages 
of infestation and the capability of determining parasitaemia 
which may produce some new epidemiological and parasi-
tological aspects providing some suggestions for eradication; 
moreover, it is cheap, relatively rapid, readily available, and 
easy to perform.

When compared with ICT, microscopic examination shows 
similar sensitivity (no statistical difference; p >0.05). Hence, 
microscopy of malaria is more suitable for screening blood 
donors in Sudan. This is in agreement with Wilairat’s findings 
that microscopic diagnosis of malaria is still more than adequate 
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Table 4. Comparison between the result of micro-
scopic examination and ICT of the same blood 
samples applying microscopy as standard technique

 Microscopic examination
 Positive Negative Total
ICT positive 13 5 18
ICT negative 0 82 82
Total 13 87 100
p =1.20
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in the routine investigation of individual cases, in spite of the 
fact that many authors have not favored the use of this method 
because of the amount of time and expertise required.14

There is still no international consensus for the exact defini-
tions of what constitutes high, intermediate, or low parasi-
taemia; undoubtedly, most of the parasite densities that were 
encountered in our study were relatively low. However, the 
minimum number of parasites transmitting malaria via blood 
transfusion may vary among individual recipients; a single 
parasite can transmit the disease in mice.13 Even if a single 
parasite can be detected in a thick blood film, which is equiva-
lent to 4 μL of blood, more than hundreds of thousands of 
parasites might escape in a full unit of blood (450 mL).

This signifies the importance of the reliable testing of blood 
donors for malaria parasite to minimize, though never com-
pletely eliminate, the risk of malaria transmission by blood 
transfusion. Moreover, the hazards of transfusion malaria are 
serious, and justify prior testing of blood donors for malaria 
even by advanced expensive techniques. These techniques will 
surely reduce the false negative results and hence minimize 
the risk of transfusing infected blood.

The standard microscopic identification technique of malaria 
parasites is ideal to be applied at the present time until the 
development of more feasible application of PCR. The estab-
lishment of a reference malaria diagnosis unit in each blood 
bank as well as trained blood bankers is necessary.

CONCLUSION
The hazards of transmitting malaria through blood transfu-
sion are serious thus justifying the use of expensive techniques 
for testing blood donors. Transfusion of blood from malaria 
parasite infected donors to patients will result in transfusion-
malaria; screening donors for malaria prior to donation will 
undoubtedly reduce this risk. Microscopy is much cheaper 
than both ICT and PCR; in addition, it enables the detec-
tion of all human plasmodium species. Therefore, it is the 
best technique to be adopted for the control of transfusion-
induced malaria in the different regions of Sudan until the 
feasibility of using PCR technology is improved.
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