Short Research Article

Diagnostic performance of blood film microscopy and PfHRP2-based RDT in a routine

clinical setting of a secondary health facility in Ghana

Abstract

Background

Malaria remains a major public health threat claiming many lives particularly in Sub-Saharan
Africa. Light microscopy and RDTs are the mainstay tests in the clinical settings for malaria
diagnosis. Many studies report varying levels of validity of these tests compared to molecular
methods like PCR. Documentation on such comparative study involving the use of molecular
techniques as reference test is scanty in Ghana. This study therefore assesses the diagnostic
performance of these tests compared to PCR.

Methods

Blood film microscopy (thin and thick), RDT and Nested PCR were run on blood samples from a
total of 188 malaria suspected patients. The accuracy indices of the microscopy and RDT were
calculated using the results of the PCR as the reference test.

Results

A total of 188 patients were recruited with females constituting the majority 128 (68%). The
paediatric age group 1-10 years carried the largest burden of malaria by means of all the 3 tests.A

sensitivity of 47.37% (95% CI, 37.03 — 57.88%) was shown by both the Microscopy and RDT



with specificity of 93.55% (95% ClI, 86.48 — 97.60) and 100% (95% CI, 96.11 — 100.00%) and
kappa co — efficient of 0.41 and 0.47 respectively.

Conclusion

Both Microscopy and RDT exhibited high level of specificity but low sensitivity. Significant
number of malaria parasitaemic patients as revealed by the PCR was missed by both the RDT
and blood film microscopy and thus went undiagnosed.
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Background

A substantial reduction in the burden of malaria has been achieved across the globe for several
decades. However, Malaria remains a major public health concern claiming many lives
particularly in Sub-Saharan Africa. In 2016 alone, 445,000 deaths due to malaria occurred
worldwide of which 91% were recorded in the WHO Africa Region [1]

Malaria continues to drain the economy of developing countries with impact also on the
economy of developed countries as they commit resources to malaria control programmes and
research.

Clinical malaria is caused mainly by 5 species and Plasmodium falciparum is by far the
deadliest. Malaria is mainly transmitted through the bite of infected female Anopheles mosquito.
Blood film light microscopy remains the standard technique for malaria diagnosis in most
clinical settings. Microscopy allows for detection and identification to the species level, it makes
room for parasite quantification and it can be used for monitoring parasite clearance following
therapy. Notwithstanding, the method requires trained personnel and this could be a hindrance to

rapid malaria diagnosis and treatment especially in human resource constrained settings.



Carrying out blood film microscopy in settings without electricity or with unstable power supply
as the case is in many rural areas and even some urban settings in Sub-Saharan Africa could be
very challenging. These challenges and possibly other factors like poor confidence in laboratory
systems might have led to presumptive treatment of suspected malaria cases without laboratory
evidence of malaria parasitaemia. In a study carried out at a regional hospital in Bamenda,
Cameroon, out of 469 patients who were presumptively treated for malaria, only 30 actually had
malaria parasitaemia[2]. Similarly, a study conducted in Ghana reported that of 605 feverish
children who sought medical care at a hospital in Accra, only 11% were found positive for
malaria by microscopy after 80% had been diagnosed presumptively with malaria and treated
with anti-malarial medication [3].

In the mid 1990s, antigen — based rapid detection test kits (RDT) were introduced to address
some of the challenges associated with blood film microscopy. RDTs are simple to use with fast
turnaround time and they do not require skilled personnel to perform. Accordingly, the
proportion of suspected malaria cases receiving parasitological testing before treatment in the
formal sector has risen from 36% in 2010 to 87% in 2016 in Africa. The rise is mainly due to the
increased use of RDTs which accounted for 63% of the test in 2016 [1]. The increase use of
RDTs has led to significant reduction in the over — diagnosis of malaria and over prescription of
anti - malaria drugs with attendant increased clinicians’ attention on non-malaria acute febrile
conditions. RDTs for malaria have the potential to be highly cost-effective compared with
presumptive treatment across most of Africa [4]. For instance, in a study conducted in Senegal
from 2007 — 2009, an increased in parasiste — based diagnosis nationally from 3.9% of reported

malaria — like febrile illness to 86% over the 3 year period led to a drop in prescription of anti —



malaria drug (ACT) from 72.9% of malaria — like febrile illness to 31.5% averting a whooping
516576 courses of ACT that would have been inappropriately prescribed [5].

There have been several reports of varying sensitivity and specificity of both blood film
microscopy and RDTs compared to molecular techniques like PCR. Compared to PCR, the
sensitivity of blood film microscopy ranges from 16.5% - 46% whilst that of RDT ranges from
17% - 91% (6, 7, 8). Comparative studies in which molecular techniques such as PCR are
employed as the reference test are scanty in Ghana. This study therefore compares the accuracy
indices of routine blood film microscopy in the clinical settings and an HRP2 — based RDT (SD
BIOLINE Malaria Ag Pf which is commonly used in health facilities in Ghana) with Polymerase

Chain Reaction.

Methods

Study design, site and study population

Design: Accuracy of blood film microscopy and HRP2 — based RDT on a cross-section of
patients presenting with suspected malaria was determined using Nested PCR as the Gold
Standard. Recruitment and sample taking span over a period of 2 weeks in October, 2018.

Study site and Population: The study site was Kumasi South Hospital which is the second
largest hospital in the Ashanti region of Ghana located at the south of the regional capital
Kumasi. The hospital serves as primary hospital and also referral centre for close to one million
people in the Kumasi Metropolis and its adjoining towns. The study population included all
patients seeking medical care at the study site; Kumasi South Hospital (Ashanti Regional

Hospital) over the 10 day period and those patients sent to the laboratory for blood investigations



constituted the sample frame from which those undergoing blood investigation for suspected
malaria were sampled.

A total of 200 patients with suspected malaria sent for routine blood film microscopy for malaria
parasites by clinicians were approached. However, 12 did not consent to the study giving a

sample size of 188.

Sample Collection

About 2mls of venous blood sample was obtained from each participant. Four (4) aliquots each
of about 0.5ml in volume were made from the initially drawn blood sample and labeled as
aliquots A, B, C and D for each participant. All aliquots A were stored at -20°C for PCR
detection of Plasmodium DNA. Rapid Diagnostic Test was run on all aliquots labeled B. Thin
and thick films were prepared from all aliquots labeled C and D respectively for malaria parasite

microscopy.

Rapid Diagnostic Test

SD BIOLINE Malaria Ag Pf which is routinely used in the health facilities in the country was
employed. This Rapid Diagnostic Test (RDT) kit contains monoclonal anti-bodies designed to
capture PfHRP2 antigen that may be present in patients’ blood. The kit detects infections caused
by Plasmodium falciparum species only. Blood samples from aliquots labeled B from each
participant were used to run the Rapid Diagnostic Test. About 5uL of whole blood from aliquots
labeled B from each participant was used to run the RDT following the manufacturer’s

instruction.



Blood Film Microscopy

Blood aliquots from all participants labeled D and C were used to prepare thin and thick Giemsa
stained slides for microscopic examination for malaria parasites respectively. With the thick film,
a drop of blood was placed on a clean grease-free specimen slide. Using the corner of a clean
spreader slide, the drop of blood was spread in a circle of about 2cm in diameter. The film was
left to air-dry for 30 minutes and then staining was done with Giemsa solution (7.5%, pH 7.2) for
30 minutes, after which the excess stain was washed off with buffered distilled water and then
air-dried. Examination under the microscope with X 100 was done by an expert WHO certified
microscopist for the presence or otherwise of Plasmodium parasite. A blood film was considered
negative when no malaria parasites or trophozoites were observed after 100 high power fields
(hpf) had been examined on the thick film. Where parasites were seen, they were counted against
200 white blood cells (WBCs). The parasite count per microliter (ul) of blood was obtained
using the formula: (Parasite count/200WBC) x Absolute WBC count.

The thin film of each participant was prepared in parallel, a similar drop of blood from aliquot C
of same participant was placed on clean grease-free specimen slide and a clean spreader slide
was held at 45-degree angle toward the drop of blood on the specimen slide such that the blood
spread along the entire width of the spreader slide. The spreader slide was then pushed forward
rapidly and smoothly still at the 45-degree angle. The blood smear was left to air dry for about
30 minutes and then fixed with 100% methanol. After complete drying, Giemsa staining was
done as previously described and then subsequently observed under the microscope with X 100
magnification by an expert microscopist for Plasmodium species and stage of parasite

identification.



For samples with high parasitaemia, > 100 parasites per high power field, parasite density was
more accurately determined on the thin film. In the thin film, parasitized RBCs were counted
against 1000 RBCs. The parasite count per microliter (ul) was obtained using the formula:

(parasitizedRBCs/1000 RBCs) x Absolute RBC count.

Polymerase Chain Reaction

A nested PCR adapted from a similar study [9] was used targeting small subunit ribosomal RNA
(18S rRNA ) gene. DNA was extracted from the whole blood stored in EDTA tubes (aliquots
labeled C) using QlAamp DNA Blood Mini Kit and protocol (QIAGEN, Germany). The first
PCR (Nest 1) involved the use of three primers (HUF, REV and PLF) which amplified a human
gene and the Plasmodium genus. The human gene complex formed was UNR-HUF with a band
size of 231basepairs (bp) which was expected in all samples irrespective of the presence or
otherwise of Plasmodium infection. That of the Plasmodium was UNR-PLF with band sizes
between 783-821 bp depending on the species. In this PCR, a 20uL reaction of 1X OneTaq
HotStart Standard Buffer, 0.075 uM each of PLF and HUF, and 0.0125 uM of HUF and 5pL of
the extracted DNA and nuclease free water were used. The PCR was carried out at 94°C for 3
minutes, followed by 35 cycles of 94°C for 30 seconds, 58°C for 1 minute, 68°C for 1 minute
and then 68°C for 5 minutes.

The second PCR (Nest 2) detected Plasmodium specific species and incorporated the Nest 1 PCR
products and primers for the various species (Table 1). In this PCR, a 25uL reaction of 1X
OneTaq HotStart Standard Buffer (from New England Biolabs), 0.15 uM each of NewPLFshort
and falshort (for P. falciparum), 0.25uM Malshort, 0. 1uM Vivshort, 0.36uM OvaNew and

0.1uM NewPKTrev for P. malariae, P. vivax, P. ovale and P. Knowlesi respectively and 0.5uL of



a 1in 10 dilutions of Nest 1 PCR products. The PCR was then carried out at an initial 94°C for 3
mins, followed by 35 cycles of 94°C for 30seconds, 53°C for 1 minute, 68°C for 1 minute and
then 68°C for 5 minutes. The PCR was done using a 2720 Thermal Cycler from Applied
Biosystems. The PCR products were then run on a 2% agarose gel. After gel electrophoresis, the
samples were visualized using a Toyobo Ultra-Violet (UV) transilluminator (from Japan). The
PCR was considered positive in cases in which Plasmodium DNA was amplified by NEST 2

which was 1 in 10 dilutions of NEST 1 PCR products.

Controls

For NEST 1, the positive control employed DNA from cultured 3D7 strain (Plasmodium
falciparum). Again, the human gene complex (UNR-HUF) present in each sample further served
as positive control. For NEST 2, P. falciparum DNA sample obtained from human participants
from another study and two samples of mixed P. falciparum and P. malariae also from another
study provided by the Department of Immunology, Noguchi Memorial Institute for Medical
Research, Ghana together with P. vivax DNA sample obtained from a laboratory in France were
used as positive controls. The negative controls for both NEST 1 and NEST2 consisted of only

the regents without DNA sample.

Data analysis
Data were entered into Microsoft Excel (2013), processed and analyzed using Statistical Package

for Social Sciences (IBM SPSS Statistics, 2015). To assess sensitivity and specificity, results of



the microscopy and RDT were compared with the Nested PCR results. The sensitivity was
derived as the percentage of positive test results obtained among samples scored as containing
malaria parasites by the Nested PCR; the specificity was calculated as the percentage of negative
test results obtained among samples whose PCR results were negative. Positive and negative
predictive values were also calculated as the proportion of true-positive or true negative results
among all samples scored as positive or negative by PCR, respectively. Kappa (x) values,

expressing the agreement beyond chance were calculated.

Results

Majority of the participants were females 128 (68%). The largest number of participants 50
(26.60%) fell within the age group 21 — 30. The paediatric age group 1 — 10 years carried the
greatest malaria burden by means of all the 3 test methods

Majority of the participants 136 (72.35%) were afebrile (fever defined as axillary temperature of
37.5°C or more) at the time of sampling whilst the remaining 52 recorded axillary temperature of
37.5°C or more (Table 1). Of the 188 participants, Microscopy detected 51 (27.13%) to have
malaria parasitaemia and all those positive cases were Plasmodium falciparum; no other species
were identified. The RDT tested positive for malaria in 45 (23.94%) of the participants whilst 95
(50.53%) were found to be positive for Plasmodium DNA by means of the PCR. All those PCR
positive cases fell on Plasmodium falciparum band; like the microscopy, no other species was
detected (Figures 1 and 2). Many of the febrile participants 37(71.15%) were positive for

Plasmodium DNA by means of the PCR whilst 27(51.92%) and 25 (48.08%) of the febrile



participants tested positive for malaria by means of blood film microscopy and RDT respectively

(Table 1).

Comparison of Microscopy and PCR results

Both the thick and thin film microscopy detected malaria parasites in the trophozoite stages in 51
out of the 188 participants. The thin film detected all 51 cases as P. falciparum. The PCR
detected 45 of the microscopy positive cases as positive for P. falciparum and the remaining 6
were false positive. With the PCR results as the reference test, the sensitivity and specificity of
the microscopy test were 47.37% (95% CI, 37.03% - 57.88%) and 93.55% (95% CI, 86.48% -
97.60%) respectively. The negative predictive and positive predictive values of the Microscopy
test were obtained as 65.03% (95% CI, 58.80% - 67.96%) and 88.24% (95% CI, 77.07% -

94.36%) respectively (Table 2).

Comparison of RDT and PCR results

The RDT detected 45 (47.37%) out of the 95 PCR positive cases as positive for malaria. None of
the PCR negative samples was detected to be positive by RDT. With PCR as the gold standard,
the sensitivity, specificity, negative predictive and positive predictive values of the RDT were
47.37% (95% ClI, 37.03% - 57.88%), 100% (95% CI, 96.11-100.00%), 65.03% (95% CI, 60.58-

69.24%), 100% (96.11-100.00%) respectively (Table 2).

Discussion
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The present study brings to attention some important observations. Firstly, the importance of
parasite based testing before treatment is highlighted as more than half of patients presenting
with malaria-like symptoms and signs including fever were malaria free. This observation is
consistent with several studies in malaria endermic regions [2, 3, 5].Thus presumptive diagnosis
and treatment of malaria without prior parasite-based testing is likely to lead to over — diagnosis
of malaria and subsequent less attention to other conditions that present with signs and symptoms
that are akin to malaria. WHO recommends that only in settings where parasite-based diagnostic
testing is impossible should malaria treatment be started based only on clinical suspicion [1].
Secondly, both the blood film microscopy and RDT recorded a significant number of false
negative rates (low sensitivity) and thus appreciable number of malaria positive cases as revealed
by the Nested PCR went undiagnosed. Similar levels of low sensitivity but high specificity with
blood film microscopy have been reported in studies in India [10], Kenya [11], Malawi [12] and
in a study conducted concurrently in Uganda and Burkina Faso [13].

The low sensitivity of blood film microscopy may be due to inherent inability of the technique to
detect parasitaemia below 10 — 50 parasites/microlitre of blood for the thick film and even higher
thresholds (~500 parasites/microlitre) for the thin film [14]. However, there is the need for
continuous in — service training for laboratory personnel to improve the efficiency of detection as
sensitivities as high as 90.44% for blood film microscopy have been reported in some centres

[15]

This RDT employed in this study was SD BIOLINE Malaria Ag Pf which contains monoclonal
anti-bodies against Plasmodium falciparum Histidine-Rich Protein 2 which is specific only for

falciparum species. The accuracy indices obtained in this study were lower than those obtained
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in a similar study in Indonesia where the sensitivity and specificity of PfHRP-2 based RDT were
compared with PCR [16].

In Ghana, a study conducted at KATH [17] and Techiman [18] obtained sensitivities of 97% and
100% and specificities of 91% and 73% respectively when RDT was compared with
Microscopy. However, both studies did not utilize a molecular technique like PCR as the
reference test.

The levels of sensitivity and specificity obtained in this study for the PfFHRP2 — based RDT are
comparable to those reported in similar studies in India [14], Ethiopia [6], Eastern Sudan [19],
Malawi [12], Burkina Faso [13].

In a low prevalence setting in Zambia however, the sensitivity of a PfHRP2-based RDT was
reported as 17% which is much lower than the 47.37% obtained in this study [7]. The specificity
obtained in the Zambian study was however comparable to that obtained in this study.

The stability of the impregnated anti-bodies, product design and quality, transport, storage and
handling conditions as well as the evolving HRP2 gene deletions as being continually reported
[20, 21] could explain the apparent difference in the performance of the HRP2-based RDTSs.
Many studies have also reported inherent inability of the RDTs to detect malaria positive cases at

low parasite densities [1, 22].

Conclusion

Both the RDT and blood film microscopy showed similar levels of sensitivity and specificity
with both exhibiting moderate agreement with the PCR results. Significant number of malaria
parasitaemic patients as revealed by the PCR was missed by both the RDT and blood film

microscopy and thus went undiagnosed.
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Recommendation
It is recommended that further multi-centred study with greater sample size to ascertain the true
performance of RDTs and Microscopy across the country. The quality assurance systems in the

laboratories should be strengthened.
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Figure 1- Gel electrogram of NEST | PCR products.

UNR-HUF at 231 bp is seen for all mmples cbtained from humans except 307 as this was cbtained from oultwred P.
foloparum_ A second baind seen for ssmples that are positive for Plosmodiom spedes (st 783 -B21 bp depending on the
spedfic speces). M = molecular marker. 307 is DNA obtsimed from cultured P. falciparom smnd - 8 no template
comtrol or negetive control.
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Figure 2: Gel electrogram of NEST 2 PCR products

‘Where, M = 100 base pair (bp) marker, 1 to 6 and 10 are samples; 7 is P. falciparum DNA control obtained from
bhuman participants from another study; 8 and 9 are mixed P. falciparum and P. malarige controls ako from another
study provided by the Department of Immunology, NMIMR; 11 is a negative controk; 12 is P. yivax control obtained
from a laboratory in France and 13 is DNA obtained from a culfure 3D7 P. falcparum strain.
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Table 1: Prevalence rate by different test methods

TEST POSITIVE REATE

Febrile participants Afebrile participants Total

(n=52) (@ =136) {n=188)
Microscopy  27(51.92%) 24(17.65%) 51
EDT 25(48.08%) 20(14.71%) 45
PCR 37(71.15%) SB(42 65%) 95
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Table I Accuracy indices of the microscopy and EDT compared to the nested PCR

Test Semsitivity  Specificity PPV NPV Kappa(s)

Methods 9505 €T 95% CI 95%4CT 9504CT

Microscopy  47.37% 93 55% £8.04% 63.50% 041
(37.03-57.88) (36.489760) (77.07-9436) (58.80-67.9§)

EDT 47.37% 100% 100% 65.03% 047

(37.03-57.88) (96.11-100.00) (96.11-100.00) (60.58-69.24)

PPV = positive puﬂ-ict'lre vahe, N'P_’Y=negat'm! predictive value, pLDH=Plazmodium Lactate
Dehydrogenaze, PfHRPX=Plasmodmm falciparum Histidine-Rich Protein, EDT = Rapid

Dagnostic Test, CI= Confidence Interval.
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