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ABSTRACT

Microscopy after Geimsa staining remains the gold standard technique for detection of malaria parasites while
Acridine is a common fluorescent stain that enhances the visibility of parasites. Combination of both stains
could further enhance the performance of microscopy technique. The aim of this study was to investigate the
efficacy of staining with mixture of Acridine and Giemsa and modified Quantitative Buffy Coat technique in
detection of plasmodium parasites. Five hundred and seventy (570) volunteered students attending the Kwara
State University Health Center Malete with history malaria fever and tested positive for malaria parasite were
re-examined with the two methods being investigated. Two millilitres of the blood sample from each subject
was collected into EDTA container and mixed properly. Thick smears were made in duplicate from each
sample and properly labeled, stained by Giemsa and Acridine-Giemsa techniques and examined under x100
objective of the microscope while the remaining blood samples were also tested by Modified QBC. The study
assessed the Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of both
techniques with respect to Giemsa microscopy as a gold standard. Findings from the investigation showed that
modified QBC and Acredine-Giemsa techniques recorded sensitivity of 100% and 99.7% respectively.
Concentrated Acridine-Giemsa stain recorded higher specificity (90.7%) than modified QBC with 82.5% using
Geimsa staining as a gold standard. The Positive Predictive Value (PPV) for Modified QBC and Acredine-
Giemsa techniques were 96.8% and 96.5% respectively whereas the Negative Predictive Value (NPV) for both
methods were 100% and 98.7% respectively. In conclusion, the finding depicts a keen competition between
Acridine-Giemsa staining method and Modified QBC technique for detection of malaria parasites and there
was no significant difference in the efficacy of both methods with respect to detection of malaria parasite.
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INTRODUCTION

Malaria is a life-threatening infection
caused by Plasmodium protozoa transmitted
by a female Anopheles mosquito (Caraballo,
2014). Plasmodium falciparum infection can
cause a high mortality if untreated, but it has
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an excellent prognosis if diagnosed early and
treated appropriately (Tilley et al., 2011Gera
and Chauhan, 2015). The disease is the most
important mosquito borne parasitic infection
of man caused by parasites of the genus
Plasmodium and they are leading cause of
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morbidity and mortality worldwide (Abeku,
2007; Mlambo and Kumar, 2008; Meade and
Emch, 2010; Collins, 2012). Four species of
malaria parasite infect human beings; they are
Plasmodium falciparum Plasmodium vivax,
Plasmodium ovale and Plasmodium malariae
(Baird, 2009; Barry and Reeder, 2012; Arnott
and Baird, 2013; Chakrabortya et al., 2015).

Malaria is prevalent in tropical and
subtropical regions because of significant
amount of rainfall, warm temperature, high
humidity and stagnant water in which the
larvae mature providing mosquitoes ideal
environment needed for continuous breeding
(Gera and Chauhan, 2015). In Africa, official
report indicated that annual deaths emanating
from malaria is about 3 million cases
especially among children under five years of
age (Ngbolua et al., 2011; Sagare et al., 2012).
Considering the emerging resistance of
Plasmodium falciparium strains against most
antimalarial drugs including the most recent
Athemisinine-based Combination Therapies
(Mfopa et al., 2017), early diagnosis of the
infection is essential for effective treatment
and control (Gething, et al., 2010).
Microscopy remains gold standard in malaria
diagnosis even though rapid diagnostic tests
are increasingly used (Khan and Anwar, 2004;
Bhandari et al., 2008). Microscopy is
advantageous  because it provides a
quantitative assessment of peripheral blood
parasitemia and stages of the parasite as well
as information on other heamo-parasites
(Ameri, 2014; Sathpathi et al., 2014; Manguin
etal., 2017).

Diagnosis of malaria based on
microscopy has central importance for species
differentiation, parasitic quantification and
management of severe disease (Owusu-Ofori,
Parry and Bates, 2010; Chakrabortya et al.,
2015).  Microscopy  requires  technical
expertise of the microscopists and it is time
consuming (Bartoloni and Zammarchi, 2012).
To overcome the limitations of conventional
microscopy many alternative rapid diagnostic
methods devoid of dependence on microscope
such as rapid immunochromatographic assays
and the sensitive molecular techniques like
DNA hybridization and polymerase chain
reaction have been introduced (Shapiro and
Mandy, 2007; Gera and Chauhan, 2015).
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These methods also have their own limitations
and should be used as complementary
methods to conventional microscopy (WHO,
2016). Management of malaria requires rapid
and accurate detection of presence of parasite
in human blood (Mehlhorn, 2008; Olupot-
Olupot and Maitland, 2013; Abba et al.,
2014).

The aim of this study was to
investigate the efficacy of staining with
mixture of Acridine and Giemsa stains and
modified Quantitative Buffy Coat technique in
identification of malarial parasites using
conventional — microscopy with  Giemsa
staining method as a gold standard.

MATERIALS AND METHODS
Sample collection

Five hundred and seventy (570)
volunteered students attending Health Center
of Kwara State University Malete, Nigeria
with history of malaria fever and tested
positive for malaria parasite were re-examined
with Acridine-Giemsa staining and modified
QBC methods. Two milliliters of the blood
sample from each subject was collected into
EDTA container and mixed properly.

Prior to commencement of the study,
ethical approval was sought and obtained
from Ethical Review Committee of School of
Basic Medical Sciences of the university
(Reference number KWA/SBMS/EACC/134).
Also, approval was obtained from the Director
of Kwara State University Health Center to
enroll the subjects attending the center for the
study. Processing and analysis of the
specimens  were conducted in  the
Multipurpose Laboratory of Department of
Medical Laboratory Science of the University.

Laboratory processing of blood samples
Thick smears were made in duplicates
from each sample and properly labeled. The
first smear was air dried and stained with
Giemsa according to the procedure described
by WHO (2010) while the second was stained
by Acridine-Giemsa staining technique and
examined under x100 objective of the
microscope. The Acridine-Giemsa orange
stain was prepared in ratio 2:3 (40 % to 60 %)
in which 40 ml of concentrated Acridine
Orange was mixed with 60 ml of concentrated
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Giemsa. The mixture of both stains was
flooded on each slide and left for 10 minutes
on the bench at room temperature before
rinsing with buffered distilled water with PH
6.8. At least 200 fields of the microscope were
examined under x100 objective lens before
reporting a sample to be malaria parasite
negative. Thick smear was used for the
identification of the parasite while thin smear
was used for the speciation of the parasite.

Modified
Technique

In modified QBC technique, ordinary
thin glass capillary tube was employed instead
of the conventional Becton Dickson thick
capillary tube. The alternative tube was coated
with EDTA and heparin at the fill end and
with Acridine Orange and potassium oxalate
at the other end. About 60 ul of blood
sample, was put in the tube by capillary
action. The tubes were rotated for 10 seconds
in order to dissolve the contained residues in
the blood. The tubes were then centrifuged at
10,000 rpm for 5 minutes. The area
surrounding the float just beneath the buffy
coat was examined under X 100 objective of
the microscope. Malaria parasites stained
green and orange under the blue-violet light.
The entire circumference of each tube was
examined systematically while moving away
from the buffy coat until parasites were
detected or otherwise

Quantitative  Buffy  Coat

Statistical Analyses

Data obtained from the study were
input and analyzed with Statistical Package
for Social Sciences software of computer
(Version 17 SPSS Inc, USA). Student’s T-
test was used to assess the efficacy of
modified QBC and combined Acridine-
Giemsa staining techniques for detection of
malaria parasites in blood samples using
Giemsa method as a gold standard. The test
for significance level was based on a P value
less than 0.05. Different indices of efficacy
were calculated from the data obtained from
both techniques being investigated with
respect to Giemsa staining as reference
standard ~ while  appropriate  formulae
documented by Anagu et al. (2015) were
applied:
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Percentage positivity = TP/Total x 100 %
Percentage negativity = TN/Total x 100 %
Sensitivity = TP/ (TP + FN) x 100 %
Specificity = TN/ (TN + FP) x 100 %

Positive Predictive Value = TP/ (TP + FP) x
100 %

RESULTS

Positivity rate of Modified QBC and
concentrated Acridine-Giemsa staining for
malaria parasite detection in human samples
using Giemsa microscopy as gold standard is
as shown in Figure 1. Out of the 570 samples
tested, 466(81.7%) were positive by Giemsa
staining, 492(86.3%) by Modified QBC and
494(86.7%) by Acridine-Giemsa staining. Of
the positive samples, Giemsa staining failed to
detect 26(4.6%) positive samples which were
hitherto positive with Modified QBC and
24(4.2%) samples detected by Acridine-
Giemsa staining method.

Table 1 shows the accuracy of
Acridine-Giemsa staining and modified QBC
techniques in identification of Plasmodium
parasite using Giemsa staining method as a
gold standard. Out of 570 samples examined
with Acridine-Giemsa staining method; 492,
78, 18 and 1 samples were recorded as total
positive, total negative, false positive and
false negative respectively while 494, 76, 16
and O were respectively recorded when
modified quantitative buffy coat technique
was employed

Efficacy of Modified QBC and
Acridine-Giemsa staining on detection of
malarial parasites in human sample using
Giemsa staining technique as Gold Standard is
as depicted in Table 2. The sensitivity,
specificity, Positive Predictive Value (PPV)
and Negative Predictive Value (NPV) for
Modified QBC were 100%, 82.5%, 96.82%
and 100% respectively with respect to Giemsa
staining. Assessing the efficacy of Acridine-
Giemsa staining method, 99.7% was recorded
for sensitivity whereas specificity, Positive
Predictive Value and Negative Predictive
Value respectively recorded 90.7%, 96.5%
and 98.7%. Statistically, efficacy indices of
Acridine-Giemsa staining and Modified QBC
techniques depicted insignificant difference (P
value = 0.9623; P > 0.05) when analyzed
with Student’s T-test at 95% confidence level.
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Figure 1: Positivity rate of combined Acridine-Giemsa staining and modified QBC techniques
for malaria parasite detection using Giemsa staining as a gold standard.

Table 1: Accuracy of Plasmodium parasite identification by Acridine-Giemsa staining and modified
QBC techniques using Giemsa staining method as a gold standard.

Number examined (n) = 570

Method Number Total Total False False
Examined Positive (TP) Negative (TN)  Positive (FP)  Negative (FN)

Giemsa (Standard) 570 466 104 - -
Acridine-Giemsa 570 492 78 18 1
Modified QBC 570 494 76 16 0
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Table 2:

Efficacy of Modified QBC and Concentrated A-G in detection of malarial parasites in

human sample using Giemsa staining technique as Gold Standard.

Efficacy Index Modified QBC Acridine -Giemsa

Sensitivity (%) 100 99.7

Specificity (%) 82.50 90.7

PPV (%) 96.8. 96.5

NPV (%) 100 98.7

Positivity 86.7 86.3

Negativity 13.3 13.7

PPV (Positive Predictive Value), NPV (Negative Predictive Value).

DISCUSSION Although the modified QBC technique

recorded maximum sensitivity (100%) in the

This study was carried out to present study, staining with mixture of

investigate efficacy of modified Quantitative
Buffy Coat and mixture of Acridine and
Giemsa stains for detection of malaria parasite
using Giemsa stained peripheral blood smear
as a gold standard. For an effective diagnostic
method, the higher the percentage positivity of
known cases the more reliable the method.
Reverse is usually the case for percentage
negativity which is expected to be tending
towards zero for good diagnostic techniques.
Our findings revealed an insignificant
variation in ability of both techniques to detect
positive or negative malaria parasite from
human blood samples. In the study, the
positivity rate for modified QBC was 86.7%
while  Acridine-Giemsa staining method
recorded it as 86.3% whereas the negativity
rates were 13.3% and 13.7% respectively for
both methods. The Positive Predictive Value
(PPV) also shows insignificant difference with
modified QBC and Acridine-Giemsa staining
recording 96.8% and 96.5% respectively
whereas 100% Negative Predictive Value was
documented for Modified QBC method
against 98.7 by Acredine-Giemsa staining
method in this study.
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Acredine and Giemsa depicted a higher
specificity (90.7%)) than modified QBC
(82.5%). The reason for this scenario could be
due to mixture of two dyes used in the former
which  probably provided a contrast
background for the parasite to be clearly
identified than when only Acredine stain was
used.

Similarly, contrary to the findings from
previous studies, 90% was recorded by
Gurung et al. (2010), and 96.22% by Bhadari
et al. (2008), our study recorded 100%
sensitivity with modified technique. The
reason for the discrepancy could be due to the
difference in the type of capillary tube used.
While a thin capillary was used in the present
study, the previous one employed a thicker
capillary tube.

On the overall, the present findings
show a favorable competition between
Acridine-Giemsa  staining method and
Modified QBC technique for detection of
malaria parasites. Statistically, there was no
significant difference in the efficacy of both
techniques when Student T-test was used to
analyze the data obtained at 95% confidence
level (p=0.7631; P>0.05).
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Conclusion

In conclusion, the study reveals that
modified QBC technique recorded maximum
sensitivity of 100% while concentrated
Acredine-Giemsa staining method recorded
99.7% whereas the later depicted a higher
specificity( 90.7%)) than former with 82.5%.
Statistical analysis by Students” T-test shows
no significant difference in the efficacy of
both techniques at 95% confidence level.
Also, both methods gave promising future as
good replacements for routine Giemsa
staining method in detection of malaria
parasites considering their high sensitivity and
specificity rates.
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