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SUMMARY

 

The potential of screening blood donations of apparently healthy donors
for the presence of malaria parasites with quantitative nucleic acid
sequence-based amplification (QT-NASBA) technology was assessed.
One hundred samples were randomly collected from blood donations at
the blood bank of Wad Medani Teaching Hospital (Central Sudan) and
analyzed for 

 

Plasmodium falciparum

 

 contamination by standard micros-
copy, rapid diagnostic tests (RDTs) and QT-NASBA (lower detection limit
for quantification is 0.1 parasite/

 

µ

 

L of blood; absolute lower detection
limit 

 

<

 

 0.001 parasite/

 

µ

 

L). Presence of 

 

P. falciparum 

 

could not be
demonstrated in all samples analyzed by microscopy and RDTs. Eighty
out of 100 samples were analyzed by QT-NASBA. Three samples were
lost because of transportation difficulties and 17 gave an insufficient
amount of RNA after extraction. Fifty-five donations were found to be
negative for 

 

P. falciparum

 

, i.e. 

 

< 

 

0.01 parasite/

 

µ

 

L of blood, four samples
gave a result at the cutoff of the test, i.e. parasite count between 

 

>

 

 0.001
and 0.1 parasite/

 

µ

 

L. However, 21 of the 80 samples (26.3%) were found
to be QT-NASBA-positive, i.e. parasites count 

 

>

 

 0.1/

 

µ

 

L of blood. Mean
parasite count of the positive samples was 1.73 parasites/

 

µ

 

L (ranging
between 0.13 and 18.6 parasites/

 

µ

 

L). The present study showed the
sensitivity of QT-NASBA to detect low numbers of 

 

P. falciparum 

 

in
apparently healthy donors.
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INTRODUCT ION

 

The safety of the blood supply is critical to many sectors
of modern medicine and it is essential that transfusion

services globally ensure the safety of the blood supply.
Although most attention has been paid to viral infec-
tions as a complication of transfusion, a number of
parasitic diseases, including malaria, are known or are
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suspected to be transmitted by blood transfusion.

 

1

 

 The
risk of transfusion-transmitted malaria (TTM) is not
only present in highly endemic countries, but is also
occurring in malaria-free countries.

 

2–7

 

 Mortality due to
TTM has been reported.

 

2,7

 

Current measures to exclude potentially infected
donors mainly rely on donor interviews, but the effec-
tiveness of this is being debated.

 

6,8–10

 

 Furthermore,
immigration from and increased international travel to
malaria-endemic countries by semi-immune people who
still participate in blood donation may contribute to an
increased risk of TTM.

 

2,10,11

 

 On the other hand, many
blood donations are discarded as a preventive measure,
resulting in a significant loss of potentially noninfec-
tious blood products, because the incidence of malaria
in nonendemic counties is still low.

 

7,12

 

The availability of a sensitive laboratory test to detect
the presence of malaria parasites in potentially sus-
pected blood donations would decrease the risk of TTM
and increase the number of available donors. The
screening of blood for the presence of 

 

Plasmodium

 

species can be carried out with microscopy, antigen or
antibody detection tests or molecular tests. Microscopy,
the gold standard for the diagnosis of malaria, has been
applied worldwide. However, even if expert micro-
scopists perform the blood slide examination, the sen-
sitivity of this technique is low (approximately 10–20
parasites/

 

µ

 

L of blood) and time-consuming (20–30
minutes per slide at a low parasitemia),

 

13

 

 rendering this
methodology unsuitable for large-scale blood screening.
Antigen detection tests, in the format of rapid diagnos-
tic tests (RDTs), have become widely available. RDTs are
based on the recognition of 

 

Plasmodium 

 

antigens in
blood samples, in particular 

 

Plasmodium

 

 histidine-rich
protein II (HRP-II) or lactate dehydrogenase (LDH), but
at low parasitemia (

 

<

 

 100 parasites/

 

µ

 

L) the sensitivity
of these tests decreases significantly,

 

13

 

 making currently
available RDTs unsuitable for screening blood bank
samples. Another drawback of RDTs may be the persis-
tence of 

 

Plasmodium 

 

antigens, in particular HRP-II, in
the blood circulation of the patient after parasite clear-
ance, resulting in a false positive test.

 

13

 

 Several antibody
detection systems have been developed for screening
purposes.

 

7,12

 

 However, antibodies against 

 

Plasmodium

 

may persist for a significant time after the patient has
been cured, which would lead to some donors being
excluded despite being parasite-negative. In contrast, it
takes several days after infection before antibodies are

produced against the parasite and thus a negative anti-
body test does not guarantee that the donor is free of
malaria.

 

7,12,13

 

Molecular tests have been proposed as cost-effective
and highly sensitive tools for the detection of 

 

Plasmo-
dium 

 

in blood donations.

 

9

 

 Recently, our research group
applied quantitative nucleic acid sequence-based ampli-
fication (QT-NASBA) technology for the detection and
quantification of 

 

Plasmodium 

 

parasites in clinical sam-
ples.

 

14,15

 

 This technology has several advantages over
standard polymerase chain reaction (PCR); the NASBA
amplification reaction is isothermal (at 41

 

°

 

C) not requir-
ing a thermocycler, rapid (approximately 90 minutes for
48 samples), detects RNA in a background of DNA and
is quantifiable. QT-NASBA is approximately 1000 times
more sensitive than standard microscopy.

 

14

 

In the present study, the utility of QT-NASBA to detect
malaria parasites in blood bank donations was assessed.
The study was performed in a malaria-endemic country,
Sudan, to ensure that 

 

Plasmodium-

 

contaminated sam-
ples would be available. In Sudanese blood banks, no
active laboratory procedures are used to exclude poten-
tially malaria individuals from donation. Only question-
naires including personal data and physical examination
are being used to exclude blood donors who are at risk
of malaria. However, these procedures do not exclude
contamination of blood donations with 

 

Plasmodium.

 

16,17

 

The performance of the QT-NASBA was compared with
routine microscopy (‘gold standard’) and with RDTs.

 

MATER IALS  AND METHODS

 

Study site

 

The study was conducted during the peak transmission
season of malaria (September to October) in Wad
Medani (Gezira State), the principal town of an irriga-
tion area in Central Sudan, where malaria is mesoen-
demic with an unstable transmission pattern. This town
lies on the western bank of the Blue Nile River, at a
junction of highways. The blood bank of Wad Medani
Teaching Hospital (University of Gezira) serves around
1000 beds and supplies about 1000 donations per month
for all hospitals in town.

 

Sample collection

 

One hundred blood donations were obtained from Wad
Medani Teaching Hospital blood bank after being
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screened for hepatitis B and C and HIV. Viral screening
was performed before the actual donation was made.
From each donation, a sample (50 

 

µ

 

L) was put in 950 

 

µ

 

L
guanidinium isothiocyanate (GuSCN) L6 lysis buffer and
subsequently stored at –70

 

°

 

C until further processing
for QT-NASBA analysis. An additional sample from
each donation was analyzed in the laboratory with
RDTs (see below). Finally, from each donation a Giemsa-
stained slide was prepared for microscopy (see below).

In addition, 20 blood samples were collected from
healthy volunteers from the Netherlands. Appropriate
malaria-positive control blood samples were obtained
from the Royal Tropical Institute, Department of Bio-
medical Research, Amsterdam, the Netherlands.

 

Microscopic examination

 

Conventional thin and thick blood smears were made
and stained with 10% Giemsa (at pH 7.2). The slides
were subsequently examined for the presence of malaria
parasites under oil immersion (

 

×

 

100 magnification).
Two expert microscopists at the Malaria Diagnosis and
Treatment Center in the Wad Medani Teaching Hospital
independently read the blood smears.

 

RDTs

 

Paracheck test (Lot No. CB041A, Manuf. 05.2002, Exp.
04.2004, Orchid Biomedical Systems, India) to detect
HRP-II and optiMAL test (Lot No. 13100.25.11, Exp.
2002.10, Diamed OptiMAL, Switzerland) to detect the
parasite LDH were performed in Sudan on all blood
donation samples strictly according to the manufac-
turer’s instructions.

 

QT-NASBA

 

QT-NASBA analysis of the blood samples for the detec-
tion and quantification of 

 

Plasmodium falciparum 

 

was
performed as described previously.

 

14

 

 Immediately before
RNA extraction, 1 

 

×

 

 10

 

7

 

 molecules of 

 

in vitro

 

 Q-RNA,
which serves as an internal standard, were added to the
blood sample/L6 lysis buffer mixture as competitor
RNA. Next, nucleic acids were isolated from the blood
samples with the GuSCN-silica procedure as described.

 

18

 

The blood/lysis buffer mixture was mixed with activated
silica. The nucleic acids bound to the silica were washed
twice with wash buffer (10 M GuSCN, 100 mM TRIS-

HCL, pH 6.4), twice with 70% ethanol and once with
100% acetone. Next, the nucleic acids were eluted from
the silica with 100 

 

µ

 

L of water. Finally, 2 

 

µ

 

L of the
nucleic acid isolate was used in the QT-NASBA analysis.

The NASBA reaction was performed and parasite
counts were assessed as previously described.

 

14,15

 

Primers and probes for the NASBA reaction were
selected on the basis of the published sequences of the
18S rRNA genes of 

 

P. falciparum 

 

primers Plas-1F (5

 

′

 

-
TCAGATACCGTCGTAATCTTA-3

 

′

 

) and Plas-2R T7 (5

 

′

 

-AA
TTCTAATACGACTCACTATAGGGAGAGAACTTTCTCGCT
TGCGCGAA-3

 

′

 

). The NASBA reaction was performed at
41

 

°

 

C (isothermal amplification reaction using a final
concentration of 70 mM KCl in the reaction mixture).

The NASBA amplification products were next diluted
25 times in water and were subsequently hybridized to
a capture probe (5

 

′

 

-ACCATAAACTATGCCGACTAGG-3

 

′

 

)
which was bound to streptavidin-coated magnetic
beads.  The  samples  were  then  separately  hybridized
to ruthenium-labeled WT (5

 

′

 

-CCTTATGAGAAATCA
AAGTC-3

 

′

 

) and Q (5

 

′

 

-AATAACTGCACCAGTGTATA-3

 

′

 

)
detection probes, followed by electrochemiluminescence
(ECL) detection in a NucliSens ECL reader (Organon
Teknika, Boxtel, the Netherlands). The light emitted is
detected by a photoelectric cell, thus offering a precise
measurement for quantification.

In order to quantify the number of parasites in the
blood samples by QT-NASBA, the extracted 

 

P. falci-
parum

 

 RNA (WT-RNA) was coamplified with the inter-
nal standard RNA (Q-RNA) as a competitor by using the
same amplification primers in a single-tube NASBA
reaction. After hybridization of the NASBA product to
the WT and Q detection probes, the ECL provided for
each sample signals for WT RNA and Q-RNA. Because
of the competition for the amplification primers, a low
parasite concentration in the sample generates a low
signal for WT RNA and a high signal for Q-RNA,
whereas a high parasite concentration shows a high
signal for WT RNA and a low signal for Q-RNA. The
signals for WT RNA and Q-RNA are directly correlated
to the number of parasites present in the samples.

In each experiment, a standard curve was made by
using blood samples containing known numbers of par-
asites; i.e. 10

 

8

 

, 10

 

6

 

, 10

 

4

 

, 10

 

3

 

 and 0 

 

P. falciparum parasites
per mL of blood. Final ECL results were calculated as
log [(WT RNA signal/Q-RNA signal) × 1000] and were
plotted on a standard curve in which the x-axis repre-
sents the log parasite concentration and the y-axis
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Table 1. Results of analysis of blood bank samples for the 
presence of Plasmodium parasites by microscopy, 
Paracheck test, optiMAL test and QT-NASBA

Test Samples Negative Positive

Microscopy 100* 100 0
HRP-II 100* 100 0
OptiMAL (pLDH) 100* 100 0
QT-NASBA 80* 55 25‡

QT-NASBA 20† 20 0

*Samples from Sudan.
†Samples from the Netherlands.
‡Four samples were in the cutoff area of the QT-NASBA test,
suggesting that parasite RNA was present in the sample, and
were therefore included as being positive in the table.
QT-NASBA, quantitative nucleic acid sequence-based amplifi-
cation; HRP-II, histidine-rich protein II; pLDH, parasite lactate
dehydrogenase.

represents the final ECL result. Best-fit regression anal-
ysis was performed with the Excel software package.

A sample with a QT-NASBA count of > 0.001 parasite/
µL was considered positive, and quantification of the
number of parasites in a sample was achieved at a
parasite density > 0.1/µL of blood.

Ethical considerations

The Ethical Committee of the Blue Nile Research and
Training Institute/University of Gezira approved the
study and permission was obtained from Gezira State
Health Authorities.

RESULTS

Blood samples obtained from 100 blood donations were
tested for the presence of malaria parasites by various
techniques. As indicated in Table 1, no Plasmodium
parasites  were  found  by  microscopy  and  all  RDTs
were  negative  within  the  advised  reading  time  (10–
15 minutes) described by the manufacturers.

The blood samples were further analyzed by QT-
NASBA (lower detection limit for quantification 0.1
parasite/µL of blood) in the Netherlands. Three samples
were lost because of transport conditions and 17 gave
insufficient amounts of RNA after extraction. In these

cases, the RNA may have been degraded during trans-
portation or not been properly mixed with the L6 buffer
immediately after collection of the blood sample, which
may also result in insufficient preservation of RNA. The
remaining 80 samples were analyzed by QT-NASBA and
55 were found negative for P. falciparum, i.e. < 0.001
parasite/µL of blood. Four samples gave a QT-NASBA
result that was in the cutoff area of the test, i.e. parasite
count between 0.001 and 0.1 parasite/µL of blood. Inter-
estingly, 21 of the 80 samples (26.3%) were found QT-
NASBA-positive, i.e. parasite count > 0.1/µL of blood.
The mean parasite count of the positive samples was
1.73 parasites/µL of blood, ranging between 0.13 and
18.6 parasites/µL of blood. There were four samples that
had a QT-NASBA count near the lower detection limit
of expert microscopy (10–100 parasites/µL blood); these
samples had counts of 1.9, 2.2, 2.7 or 18.6 parasites/µL
of blood, respectively. It is unlikely that these parasite
loads would be picked up by routine microscopy as
employed in the present study. All other QT-NASBA
positive samples had counts below 1 parasite/µL of
blood.

The 20 samples obtained from the apparently healthy
volunteers from the Netherlands were all found negative
with QT-NASBA. Microscopy and RDT testing were not
performed on these samples.

DISCUSS ION

The presence of malaria parasites in blood donations
from apparently healthy donors, who did not manifest
clinical signs of malaria (no fever or recent history of
fever and/or malaria), collected in a malaria-endemic
region was assessed in the present study by microscopy,
RDTs and a molecular test, i.e. QT-NASBA. In contrast
to microscopy and RDT testing, QT-NASBA was able to
detect P. falciparum in 26.3% of examined blood sam-
ples. This rather high incidence of malaria in the study
population is most likely due to the fact that the samples
were collected during the high transmission season for
malaria in the study region. Furthermore, the study
population comprised adult volunteers who during their
life have acquired some degree of immunity against
malaria. At low parasitemia, these individuals do not
feel sick, nor have clinical signs of malaria. In Sudanese
blood banks, no active laboratory procedures are in
place to exclude potential malaria-infected individuals
from donation; only a questionnaire including personal
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data and a physical examination are used to exclude
blood donors who are at risk of malaria. Malaria carriers
with no clinical signs and a parasitemia below the
detection level of routine microscopy can therefore
easily be accepted as donors.16,17

Although in some cases (n = 4) QT-NASBA parasite
counts were near the accepted detection limit of micros-
copy, most cases (n = 21) were below the detection limits
of the applied technologies, i.e. RDTs (< 100 parasites/
µL blood) or microscopy (in specialized centers, between
10 and 100 parasites/µL blood).13 However, the mean
number of parasites found in the blood samples is still
high enough for the transmission of malaria via a blood
donation.7 This observation emphasizes the strong need
for sensitive methods to exclude the presence of Plas-
modium species in blood donations.

The present study confirmed that currently available
malaria parasite detection methods, i.e. microscopy and
RDTs, are not sensitive enough to detect low parasitemia
that may be present in apparently healthy donors.
Improved screening of blood banks for malaria parasites
to reduce the risk of TTM is therefore necessary. Screen-
ing blood donations with molecular techniques can
improve the quality of the blood banks, as demonstrated
in the present study and by others.9 The present study
demonstrated that QT-NASBA is a very sensitive tool
for analyzing blood samples for the presence of Plas-
modium parasites, even at submicroscopic levels. It has
also been established that this technology has superior
properties in terms of sensitivity and efficiency above
other amplification methods.19 Furthermore, micro-
scopic reading of blood slides at low parasitemia is
extremely laborious – it can take 30 minutes to read
one slide – and may be erroneous. In contrast, 48
samples can be analyzed with QT-NASBA in 90 min-
utes.14,15,19 Moreover, the availability of fully automated
RNA extraction methods allows the development of a
high throughput system, enabling the number of sam-
ples that can be analyzed on a working day to be
increased.15,20,21 Furthermore, the recent development of

a real-time QT-NASBA system with a closed-tube for-
mat of the assay will greatly reduce the risk of contam-
ination and thus false positive results.19

The relatively high costs of applying QT-NASBA
(approximately €5/sample for consumables, excluding
labor costs) compared with microscopy (< €1/sample for
consumables) may limit the implementation of this
technology in routine screening of blood bank dona-
tions. However, Shehata et al. performed a cost-
effectiveness study of four donor screening strategies
for malaria, including testing blood donors with risk
factors for malaria with PCR, and concluded that such
a strategy is economically attractive in countries where
malaria is not endemic.9

In resource-poor disease-endemic countries, however,
the implementation of such a strategy is possibly unfea-
sible and investments should be made toward improved
microscopic screening of risk donors, which will ulti-
mately lead also to improved quality of the blood banks
in malaria-endemic countries.16

Finally, we would like to note that it will be possible
to develop NASBA technology for the detection and
quantification of other protozoan diseases that may
contaminate blood donations and thus bear the inherent
risk of transfusion-transmitted diseases. Notably,
Chagas disease and leishmaniasis are diseases that
jeopardize the safety of blood products in Europe and
America.22,23 Carriers can be chronically infected with
parasites causing these diseases for a very long period
and still qualify according to European guidelines as
donors.24
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