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Malaria rapid diagnostic test evaluation at private retail pharmacies 
in Kumasi, Ghana
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Kwame Ohene Buabeng1

INTRODUCTION

Malaria remains an important public health 
challenge worldwide, particularly in Sub‑Saharan 
Africa.[1] It presents a huge economic burden on 
society, especially in developing countries where 

accessibility to effective malaria diagnosis is limited. 
Among the numerous presentations of malaria, 
fever is the most common. Although innovative 
methods have been used to increase access to the 
most effective antimalarial drugs in the recent past, 
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these efforts will be incomplete and unsustainable 
without similar efforts to incorporate accurate and 
prompt diagnosis of malaria into private retail 
pharmacies (PRPs) which remain the first point of call 
for patients seeking malaria treatment.[2] Often times, 
diagnosis of malaria has been centered on presenting 
symptoms only (presumptive diagnosis [PD]), 
without parasitological confirmation. In recent times, 
however, the WHO policy guideline on malaria has 
been mandatory parasitological testing,[3] with the 
introduction of accessible, easy to use, and affordable 
malaria rapid diagnostic test (MRDT) kits.

MRDT provides a good alternative to microscopy, 
particularly in resource-constrained settings and has 
the added advantage of providing prompt and accurate 
results.[4] The test which has a sensitivity of 82–97%[5] 
and an accuracy of 98–100% is used to diagnose 
Plasmodium falciparum and other forms of plasmodial 
infections. MRDT strips detect histidine‑rich protein 
2 (HRP-2), Plasmodium aldolase, or parasitic specific 
lactate dehydrogenase by immunochromatographic 
assay, with monoclonal antibodies directed against 
the target parasite antigen impregnated on a test 
strip.[6] MRDT is cost-effective, simple to perform, easy 
to interpret, and easy to transport and is recommended 
for situations exceeding microscopic capability such as 
an outbreak.[7]

The health care practitioner’s perspective on the 
introduction of MRDT at registered retail pharmacies 
in Ghana indicated willingness to implement the 
policy as PD was the practice.[8] Another study 
purported to examine the diagnostic procedure of 
uncomplicated malaria and patients’ understanding 
and satisfaction of treatment at community health care 
facilities in Ghana, indicated that not a single PRP 
used MRDT for diagnosis 3 years after the deployment 
of MRDT, with the unscientifically proven excuse 
that results were mainly false negatives (FNs).[8] 
Nontesting before treatment often results in extensive 
overuse of antimalarial drugs,[9] which has economic 
implications and may even border on safety as far as 
the individual is concerned. The questions therefore 
were as follows: Is the MRDT effective in diagnosing 
malaria? What are the strengths and weaknesses 
of the MRDT? This study therefore was conducted 
to evaluate MRDTs at PRPs in Kumasi and some 
districts in the Ashanti Region of Ghana.

METHODS

The study was a prospective, longitudinal, and 
cross‑over validation survey conducted in Kumasi, 
Ejisu, and Asokore Mampong Districts of the Ashanti 
Region of Ghana from April to September 2014. These 

areas were selected to have fair representations of 
the pharmaceutical practice in the district, municipal, 
and metropolitan administrative segments. By this 
segmentation, it would be easier to advise policy 
makers as regards to the management of malaria 
in the retail pharmacies within those jurisdictions. 
A purposive, convenient, and random sampling 
method was applied with the help of the Ashanti 
Regional Pharmacy Council Secretariat (ARPCS), to 
select six PRPs within the study area.

The factors considered in the selection processes were 
geographical range and logistic feasibility in reaching 
a standard laboratory facility, adequate facility 
utilization rates (to achieve the desired sample size), 
and representation of areas of ARPCS supervision. 
In addition to the aforementioned factors, the PRP 
should have: been operating for at least 5 years, 
a superintendent pharmacist, and dispensing 
technologist with a minimum of 5 years working 
experience, already been using MRDT or health care 
providers were willing to incorporate it into their 
activities, a minimum of 8 working hours, especially 
between 7.00 a.m. to 10.00 p.m. every day of the 
week, and an adequate stock level of diagnostic kits.

A cross‑over validation period of 2 weeks was designed 
to evaluate PD and MRDT. Practitioners in the selected 
PRPs were trained on the technique and usage of the 
MRDT kit (which uses the HRP‑2 detection system 
for P. falciparum), approved by the National Malaria 
Control Programme, in accordance with the WHO 
quality control standards. The trained staff was 
assigned the role of daily consultations with the eligible 
patients. A total of 1200 patients, who presented 
with fever (axillary temperature ≥37.5°C) or a history 
of fever in the preceding 48 h, were selected. This 
sample size was calculated based on expectation that 
approximately 34% of patients with clinical diagnosis 
of malaria would be parasitemic and MRDT‑positive.[10] 
This sample size was also sufficient to evaluate other 
health facility survey variables. The patients were 
categorized into those on which the MRDT was to be 
performed and those for PD. Effectively 200 patients 
per PRP were sampled; 100 each for MRDT and PD. 
Fingerstick blood samples were collected to prepare 
thick and thin blood films for malaria microscopy 
(Gold standard) for both MRDT and PD categorized 
patients. Patients for MRDT then went through the 
test processes while those for PD also went ahead for 
their medical attention. Data obtained was recorded 
on a standardized case reporting form (CRF). The 
CRFs were studied daily by the principal researcher. 
Pregnant women, persons presenting with extremely 
elevated body temperature, chills, and rigor, and those 
refusing or unable to provide informed consent were 
excluded from the study.
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For uniformity, the malaria P. falciparum/Plasmodium 
vivax rapid test device, “Blue Aid Malaria Test 
Kit” (Core Technology Co., Ltd., Beijing, China) was 
used. The kit which was within the recommended 
shelve life was stored at 19–30°C (within the 
recommended temperature). MRDT was performed 
and the results interpreted as per the manufacturer 
instruction. Results were recorded and classified 
as true positive (TP), true negative (TN), false 
positive (FP), or FN. A TP or TN is the event where 
the MRDT makes a positive or negative prediction, 
and the subject also obtains a positive or negative 
result under the gold standard, while a FP or FN is the 
event where the MRDT makes a positive or negative 
prediction, and the subject has the opposite result 
under the gold standard. The test’s selectivity (Se), 
specificity (Sp), positive predictive value (PPV) 
along with false discovery rate (FDR), and negative 
predictive value (NPV) along with the false omission 
rate (FOR) were then calculated. The diagnostic odds 
ratio (DOR) was computed and employed to measure 
the effectiveness of the diagnostic test. Standard 
malaria disease prevalence (MDP) of the study area 
was determined based on TP and FN in relation to 
the total study population. For each value, a 95% 
confidence interval (95% CI) was used.

Formulae for the calculation of the parameters 
mentioned above are as follows:
•	 MDP = Tdx/Tsp × 100: where Tdx = number of 

individuals with disease; Tsp = total study 
population

•	 Se = TP/(TP + FN) × 100
•	 Sp = TN/(TN + FP) × 100
•	 PPV = TP/(TP + FP) = TP/number of positive calls
•	 FDR = (1 − PPV) or FP/(TP + FP)
•	 NPV = TN/(TN + FN) = TP/number of negative 

calls
•	 FOR = (1 − NPV) or FN/(TN + FN)
•	 DOR = Se × Sp/([1 − Se] × [1 − Sp]).

Microscopy examination was used as the “gold 
standard” for confirmation of diagnoses obtained 
from MRDT and PD. This was done, according to 
the WHO standard protocol, in an agreed accredited 
medical laboratory organized by research assistants. 
The blood films were stained (within 3 days of 
collection) for 30 min with 3% Giemsa. The films 
were examined independently by two experienced 
laboratory technicians. For the thick film examination, 
parasites were counted against 200–500 white blood 
cells by microscopists who were blinded to the MRDT 
results and the readings of the other microscopists. 
Reading of the smear was done using a Leica DM750 
light microscope (Leica Microsystems CM5 GmbH, 
Wetzlar, Germany) under oil immersion (×1000 

magnification). Smears were considered negative if 
the examination did not reveal any parasites. The 
discordant results were checked and confirmed by a 
senior technician.

RESULTS

Of the 600 patients subjected to MRDT, 258 (43%) 
tested positive while 342 tested negative. All the 
258 (43%) participants who tested positive to the 
MRDT were given artemisinin‑based combination 
therapy consisting of artemether‑lumefantrine. A total 
of 212 (62.0%) of the 342 (57.0%) MRDT negative 
patients were also given this antimalarial [Table 1]. 
However, the remaining 130 (38.0%) of MRDT negative 
patients were not prescribed with antimalarial therapy. 
Of the 600 patients who were diagnosed using PD, 
98.2% were also given artemether‑lumefantrine. 
However, microscopy examination confirmed 
that only 70.3% were positive while 29.7% were 
negative [Table 2]. The test’s Se and Sp for the MRDT 
were 90.68 ± 11.18% and 98.68 ± 1.19%, respectively. 
For instance, all the MRDT positives recorded in 
patients ≤5-year-old maintained their status as 
positive on comparison of their malaria status using 
the microscopy method; TP is therefore 100%. A total 
of 16 (94.1%) MRDT negatives within the same age 
limit remained negative after microscopy (TN). 

Table 1: Diagnosis using malaria rapid diagnostic 
test and artemisinin‑based combination therapy 
treatment given for 600 patients of all ages
Age 
(years)

Number 
of patients

MRDT 
positive

MRDT 
negative

ACT treatment 
of MRDT 

negative (%)
≤5 20 3 (15.0) 17 (85.0) 17 (100)
6‑10 100 30 (30.0) 70 (70.0) 50 (71.4)
11‑15 180 95 (52.8) 85 (47.2) 70 (82.4)
≥16 300 130 (43.3) 170 (56.7) 75 (44.1)
Total 600 258 (43.0) 342 (57.0) 212 (62.0)

Data presented as frequency (%) of patients. MRDT=Malaria rapid diagnostic 
test, ACT=Artemisinin‑based combination therapy

Table 2: Presumptive diagnosis, microscopic 
diagnosis, and antimalarial treatment
Age 
(years)

Diagnosis ACT 
treatmentPresumptive Microscopic 

(+)
Microscopic 

(−)
≤5 50 34 (68.0) 16 (32.0) 50 (100)
6‑10 150 112 (74.7) 38 (25.0) 148 (98.7)
11‑15 180 120 (80) 60 (33.3) 171 (95)
≥16 220 156 (70.9) 64 (29.1) 220 (100)
Total 600 422 (70.3) 178 (29.7) 589 (98.2)

Data presented as frequency (%) of patients. ACT=Artemisinin‑based 
combination therapy
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Thus, Se and Sp were 75% and 100%, respectively. 
Similarly, in patients between 11 and 15 years, 94 of 
the 95 MRDT positive results were TP (i.e., 98.9%) 
after microscopy while 84 of the 85 MRDT negatives 
were TN (i.e., 98.8%) [Table 3]. Malaria prevalence 
in the study area was estimated to be 43.3%, 
i.e., Tdx = TP + FN = 260, and Tsp = 600. Therefore, 
prevalence of disease = 260/600 × 100 = 43.3%. Based 
on the Se and Sp of the MRDT kit and the disease 
prevalence, the performance characteristics of the 
kit were ascertained. Predictive values and DOR 
which are the basis for assessing the performance of 
MRDT were estimated (as shown below) with results 
confirmed by microscopy.

•	 Se = TP/(TP + FN) × 100 = 253/(253 + 7) × 100 = 97.3%
•	 Sp = TN/(TN + FP) × 100 = 335/(335 + 5) × 100 = 98.5%
•	 PPV = TP/(TP + FP) =253/(253 + 5) = 0.98. Therefore, 

at 95% CI, PPV = 0.98 × 100 = 98.0%
•	 FDR = 1 − PPV = 1 − 0.98 = 0.02; or 

FDR = FP/(TP + FP) = FP/number of positive 
calls = 5/258 = 0.019 = 0.02. Therefore at 95% CI, 
FDR = 2.0%

•	 NPV = TN/(TN + FN) = TN/number of negative 
calls = 335/(335 + 7) = 0.98. Therefore, at 95% CI, 
NPV = 0.98 × 100 = 98.0%

•	 FOR = 1 − NPV = 1 − 0.98 = 0.02; or FOR = FN/
(TN + FN) = 7/(340 + 7) = 0.02. Therefore at 95% CI: 
FOR = 0.02 × 100 = 2.0%

•	 DOR = Se × Sp/([1 − Se] × [1 − Sp]) = 0.973 × 0.985/
([1 − 0.973] × [1 − 985]) = 0.958405/0.000405 = 2366.43.

DISCUSSION

This study is the first one to be conducted in PRPs 
in Ghana. It was designed to evaluate the diagnostic 
performance of MRDT, a few years after its 
introduction, as a rapid diagnostic tool for malaria. 
It was undertaken as a follow‑up to a study by the 
same authors, which established a link between 
the poor usage of MRDT and practitioners’ poor 
perception of the Sp and sensitivity of the kit. In this 
study, therefore, Se, Sp, PPV along with FDR, and 
NPV along with the FOR, and DOR of MRDT were 
evaluated.

The performance of any diagnostic procedure in 
health care delivery is reflected in its sensitivity and 
Sp. This is very important for MRDT because patients 
who test negative, including FNs, PRPs may not 
always go to a health facility for additional care.[11] In 
this study, sensitivity of the MRDT was 90.68 ± 11.18% 
which is within that of the manufacturer (91.3%) 
range and the 95% recommendation by WHO. Sp (the 
fraction of those without disease who will have 
negative test results) was 98.5% which was almost 
concordant with that by the manufacturer (98.6%) 
and that quoted in other studies.[12] The inability of 
the MRDT to sometimes detect high parasitemia 
had been observed previously.[13] This, however, is 
a very rare event and most likely to be due to the 
presence of a mutation or deletion within the HRP‑2 
and Plasmodium lactate dehydrogenase genes.[14] This 
may explain a lower Sp when individuals received 
previous antimalarial treatment, or when individuals 
have a higher immunity against malaria.[15] Other 
studies have also been cited for high Sp.[16] Varying 
levels of Sp which could be a potential threat to the 
success of treatment have however been reported as it 
could lead to misdiagnoses of other febrile illnesses.[17] 
It is a fact that comparative assessment is difficult 
because trials do not share common guidelines. 
Clinical and epidemiologic characteristics of the study 
populations (especially the parasitemia level) vary; 
reference standards are different and products of 
different batches may differ in quality, or may have 
been compromised probably due to inappropriate 
storage condition, for example, extreme temperatures. 
The errors in measuring the Se and Sp of a test will 
arise if the “gold standard” test itself does not have 
100% Se and Sp, which is frequently the case.

In this study, PPV and NPV were 98.0% each while 
FDR and FOR were 2.0% each. These are indication of 
good performance of the MRDT. The PPV and NPV 
are the proportions of positive and negative results 
in statistics and diagnostic tests that are TP and TN 
results.[18] Moreover, they describe the performance 
of the diagnostic test; therefore, high results indicate 
the accuracy of the research findings. The PPV and 
NPV are not intrinsic to the test – it depends also 

Table 3: Comparing the results for 258 malaria rapid diagnostic test positive patients with their microscopy 
results to determine “selectivity” and “specificity”
Age (years) MRDT (+) TP FP MRDT (−) FN TN Se (%) Sp (%)
≤5 3 3 (100) 0 17 1 (5.9) 16 (94.1) 75 100
6‑0 30 28 (93.3) 2 (6.7) 70 3 (4.3) 67 (95.7) 90.3 97.1
11‑15 95 94 (98.9) 1 (1.1) 85 1 (1.2) 84 (98.8) 98.9 98.8
≥16 130 128 (98.5) 2 (1.5) 170 2 (1.2) 168 (98.8) 98.5 98.8
Total 258 253 (98.1) 5 (1.9) 342 7 (2.0) 335 (97.9)

Data presented as frequency (%) of patients. MRDT=Malaria rapid diagnostic test, Se=Test’s Selectivity, Sp=Test’s specificity, TP=True positive, FP=False positive, 
FN=False negative, TN=True negative
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on the disease prevalence which in this study was 
determined as 43.3%. FDR and FOR procedures were 
designed to complement PPV and NPV, respectively; 
hence, the lower the FDR and FOR values, the 
better the performance of the diagnostic test. DOR, 
a measure of the effectiveness of a diagnostic 
test,[19] was established as 2366.43. The rationale for 
establishing the DOR is that it is a single indicator of 
test performance, but is independent of prevalence 
and is presented as odds ratio. It ranges from zero 
to infinity; higher DORs are indicative of better test 
performance.

All patients who were MRDT‑positive together with a 
vast majority of MRDT negative patients were given 
artemether‑lumefantrine, contrary to the guidelines. 
Studies have demonstrated more variable adherence 
level because health care providers often rely on 
clinical judgment instead of MRDT results,[20] and the 
fear of FN results may tempt them to treat negative 
patients, especially in the case of subjects with no or 
little malaria immunity. Often, the irrational use of tests 
and drugs is based on perceived shortcomings of the 
tests. A common concern among health staff (which is 
likely to apply to workers in PRPs) is that negative 
tests do not definitively rule out malaria, but trials 
that withheld antimalarials in febrile children with 
negative test results have shown no additional malaria 
risk to patients in moderate‑to‑high transmission 
settings.[20] Support for adhering to guidelines for 
negative results will therefore be required. All the PD 
patients were also given antimalarial treatment, but 
microscopic examination confirmed that 29.7% were 
not Plasmodium‑infected patients. This is an indication 
that treatment decisions based on clinical signs and 
symptoms are neither sensitive nor specific. Both 
situations result in extensive overuse of antimalarial 
drugs[9] which could lead to developing resistant 
plasmodia strains. There is wastage of antimalarials 
and unnecessary expenditure to budgetary allocation 
of the NHIS.

Despite limitations of the currently available evidence, 
the results of the survey highlighted good performance 
of the MRDTs at the PRP and could inform decision 
toward its implementation. Recommendations can be 
made to healthcare practitioners toward adherence 
to test results; in line with WHO directives aimed at 
proper case management of malaria.
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