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ABSTRACT 

Rapid diagnostic tests for malaria (RDTs) carry the hope that malaria treatment can be 

prompt, accurate and cost-effective. However, malaria rapid tests can achieve this goal 

only if they give accurate results comparable to those recommended by World Health 

Organization, and if health workers apply treatment according to test results. The study 

evaluated the diagnostic accuracy of malaria rapid tests in routine field settings and the 

implications for the test-based management of malaria. Out patients presenting for a 

malaria test requested by their doctor were serially enrolled into the study. Their 

folder/OPD numbers were noted. A finger prick blood sample for thick and thin film slides 

was collected in a micro-EDTA tube soon after a blood sample for a malaria rapid test had 

been collected by the heath staff performing the test from the same finger prick site. Malaria 

rapid test results, as read and interpreted by the person who did the test, were recorded and 

later compared to expert microscopy which was taken as the gold standard. A structured 

case record form was used to collect primary data on factors with the potential to affect the 

diagnostic performance of RDTs in those settings. Patients’ folders were later retrieved 

from the dispensary or records department. Diagnosis, prescription and medicines 

dispensed were extracted from the folders. Prevalence of parasitaemia was 5%, with P. 

falciparum as the only species transmitting and infecting people at the beginning of the 

high transmission season. Sensitivity, specificity, positive predictive value, negative 

predictive value, false positive rate and false negative rate were 69.6%, 92.4%,   32.7%,   

98.3%, 7.6%, 30.4%, respectively.   Parasitaemia of ≤100/µL was the single lone predictor 

of low sensitivity.   Body temperature of ≥37.5˚C was found to have a rather bizarre 

association with low specificity which has no plausible biological explanation. Prescriber 
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adherence to both positive and negative RDT results was 100%. RDTs have substantially 

improve the targeting of ACTs to malaria patients. However, their diagnostic performance 

is insufficient to be a standalone method upon which to wholly base clinical decision. They 

must be complemented with other better performing diagnostic technologies and other 

setting-specific malaria management guidelines to sustainably support the Test and Treat 

strategy.
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CHAPTER ONE 

INTRODUCTION 

1.1    Background 

Malaria, though a preventable and curable disease, remains a major global public health 

problem, particularly in Sub-Saharan Africa where 90% of global cases occur with highest 

morbidity and mortality being in pregnant women and children under the age of five 

(WHO,2014). In Ghana malaria is the number one cause of morbidity accounting for about 

32% of all outpatient consultations and 48.8% of under-five admissions in the country 

(NMCP annual report, 2009). Prompt and accurate diagnosis of malaria is key to effective 

case management, preventing morbidity and mortality (WHO, 2010).   

Malaria rapid diagnostic tests (RDTs) have the potential to improve prompt and accurate 

diagnosis of malaria, particularly at peripheral level of the health system with no access to 

parasite-based laboratory test. Improving diagnosis and treatment for malaria will in turn 

improve treatment outcomes, rationalize health care costs by reducing drug consumption, 

minimize drug pressure that can lead to resistance, and assist in monitoring disease trends 

(Dondorp et al., 2010; Naidoo et al., 2010).  

In 2010 World Health Organization (WHO) recommended that every antimalarial 

dispensed should be preceded by a parasite-based confirmation test (WHO, 2010). By 

2012, 41 out of 44 endemic countries in the WHO Afro Region, including Ghana had 

adopted the policy of providing malaria diagnostic testing for all age groups before 

treatment (WHO, 2013), but with little or no quality assurance protocols (McMorrow et 
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al., 2008). Today, mainly because of their relative inexpensiveness and ease of use with 

minimal training, RDTs have become the staple  test method for malaria diagnosis, 

particularly at lower levels of the health system which before then had no access to parasite-

based malaria diagnostic test (Mayxay et al., 2004). 

However, full potential of RDTs as regards to cost-effectiveness, case management and 

disease surveillance can be realized only if they give accurate results and prescribers apply 

treatment according to test results (Abeku et al., 2008). Like any other test, the accuracy 

(sensitivity and specificity) of RDTs however, depends on product factors and end user 

factors (Abeku et al., 2008). WHO undertakes evaluation exercises of most of the 

commercially available RDTs and approves only those with the highest sensitivities and 

specificities (≥95%) for clinical use (WHO, 2014). However assessment of sensitivity and 

specificity of RDTs in field settings where routine testing takes place has unsatisfactorily 

been done, hence underscoring the impact of setting-specific factors on test performance   

By ignoring setting-specific factors we could be dangerously working with the assumption 

that the performance of RDTs in routine field settings have similar performance to that 

observed by WHO in their test validation and verification exercises. 

1.2    Problem statement 

The introduction of rapid diagnostic tests (RDTs) for malaria has revolutionized the way 

malaria is diagnosed and treated in malaria-endemic sub-Saharan Africa including lower 

levels of the health system where initially diagnosis was empirical based solely on clinical 

symptomatology. To reduce over diagnosis and treatment of malaria World Health 

Organization (WHO) in 2010 recommended that all suspected malaria cases should be 
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confirmed with a parasite-based diagnostic assay as opposed to diagnosis based on clinical 

symptoms before treatment with antimalarial drugs in order to reduce cost on the relatively 

expensive current Artemisinin-based Combination Therapies (ACTs) used to treat malaria, 

and to prevent or delay the emergency of resistance to these drugs (WHO, 2010). Currently 

78 (91%) of the 86 countries where Plasmodium falciparum is endemic have adopted 

policies to confirm malaria with a laboratory test prior to treatment in all age groups and 

have deployed RDTs in all health facilities including those at the lowest level in rural areas 

(WHO Malaria Report, 2010). 

The expectation is that in routine field settings malaria rapid diagnostic tests will continue 

to perform to the same levels of sensitivity and specificity as observed in test panel 

validation protocols. However, this may not be true especially now that sub-Saharan Africa 

is experiencing a significant decline in malaria burden leading to frequent occurrence of 

light infections with parasite densities below the detection threshold of ≥200 parasites per 

microliter by RDTs (Bharti et al., 2008; WHO Malaria Report, 2010), but which are still 

deadly to children under the age of five and pregnant women. Sensitivity of RDTs depend 

to some varying degrees on the Plasmodium species endemic to a particular region, 

prevalence of genetic polymorphisms and gene deletion, and  levels of parasitaemia 

expressed by different species in infected individuals (Fransisca, 2015). During high 

transmission seasons RDT specificity is also affected by the histidine rich-protein-type 2 

(HRP-2) antigens which may persist in previously infected and treated individuals’ 

circulation for more than 30 days leading to high rates of false positive  (Iqbal et al., 2004; 

Kyabayinze et al., 2008; Abeku et al., 2008). Accuracy of RDTs is further influenced by 

the expertise of the person performing and reading the test (Chinkhumba et al., 2010). 
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Being a serological test RDTs are more susceptible to extreme environmental conditions 

such as high temperatures and humidity (Wongsrichanalai et al., 2007; Chiodini et al., 

2007a). Hence, stringent quality assurance activities to monitor the viability of RDTs over 

time need to be in place if we are to have sustainable quality RDT results, but this is rarely 

the case in lower level heath facilities. 

Unfortunately it is the lower level health facilities which are usually vulnerable to factors 

which compromise the accuracy of a malaria rapid diagnostic test, including lack of 

confirmatory test, less skilled health workers, lack of control over environmental 

conditions under which RDTs are kept, absence of quality control procedures. Further, it 

is the same facilities which have demonstrated good adherence to positive RDT results 

when prescribing ACTs (Manyando et al., 2014) .  

Assuming that RDTs in peripheral facilities have sensitivities and specificities comparable 

to those obtained in clinical trials or those claimed by manufacturers could be wrong 

because the diagnostic accuracy of RDTs is also influence by factors specific to a particular 

setting. Inappropriately identifying patients as having or not having malaria underscores 

the overall goal of introducing malaria rapid tests which is to improve rapid case detection 

and treatment, cost-effectiveness in malaria case management, minimize drug pressure and 

delay resistance, and to improve malaria case surveillance. Further, unreliable results 

undermines user confidence and trust in the test method and make them more unlikely to 

comply with test results when prescribing antimalarials.  
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1.3    Objectives 

1.3.1    General objective 

To evaluate the diagnostic accuracy of malaria rapid tests in routine field settings 

in Kassena-Nankana District of Northern Ghana, and the implications for the test-

based management of malaria 

 

1.3.2    Specific objectives 

1. To determine Plasmodium species prevalent in Kassena Nankana District of 

Northern Ghana at the beginning of the high transmission season. 

2. To determine the sensitivity and specificity of malaria rapid diagnostic tests  in 

routine field settings  

3. To explore factors that affect sensitivity and specificity of malaria rapid tests in 

routine field settings. 

4. To assess prescriber adherence to rapid diagnostic test results when prescribing 

antimalarial drugs in those settings 

 

  1.4    Research questions 

1. What are the Plasmodium species in transmission in Kassena Nankana District 

of Northern Ghana at the beginning of the transmission season?  

2. What is the sensitivity and specificity of malaria rapid diagnostic test kits in 

routine field settings? 
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3. What are the factors affecting the sensitivity and specificity of malaria rapid 

tests in routine field settings? 

4. Are prescribers adhering to rapid diagnostic test results when prescribing 

antimalarial drugs in these settings? 

 

1.5    Rationale for the study 

Prompt and reliable diagnosis is critical for malaria case management, and prevents 

overdiagnosis and underdiagnosis of malaria. Overdiagnosis due to poor specificity of the 

test leads to overprescription of the relatively expensive Artemisinin-based Combination 

Therapies (ACTs) which is not only costly but also accelerates the emergency of resistance 

due to drug pressure. On the other hand underdiagnosis (missed or delayed) due to poor 

sensitivity of the test delays the much needed treatment and has poor prognosis. Infected 

and untreated individuals become the reservoir of infection which supports the 

transmission cycle of malaria. Both overdiagnosis and underdiagnosis have huge 

implications for disease surveillance. 

Lower level health facilities are the most affected by inaccurate RDT results because of the 

lack alternative or confirmatory test method, less skilled personnel, extreme storage 

conditions of test kits, lack of quality control procedures. Inaccuracies and inconsistencies 

in test results undermines both provider and patient confidence in the test method which in 

turn leads to poor adherence to test results when prescribing antimalarials. 

Investigating and demonstrating the diagnostic accuracy of RDTs will help users 

(prescribers and patients) accept and build trust in test results, and apply treatment 
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according to test results. The level of accuracy observed will also prompt health managers, 

policy makers and stakeholders to reevaluate the presumed cost-effectiveness of RDTs. 

The study also intends to explore support structures which can help RDTs realize their full 

potential. 
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Figure 1. Conceptual framework 
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Narrative 

Factors that affect diagnostic accuracy in real world settings can be grouped into three 

categories: health facility/worker factors, patient factors and parasite factors. Facility 

factors include storage conditions of test kits (temperature) which affect stability of the test 

devices over time. Health worker factors refer to whether the test operator is trained and 

competent, and that he is able to correctly perform the test, read and interpret test results 

according to manufacturer’s directions. Quality assurance system monitors the 

performance of test devices over time and identifies performance deviations in time. 

Supportive supervision identifies deficiencies in the test operator and institutes timely 

training/retraining. 

Patient factors include age and prior treatment with antimalarials. Infants have under-

developed immunity, take longer (up to 30 days) to clear antigens from previous infections 

and will continue to test positive for a relatively longer period even if the infection was 

successfully treated. Similarly, prior use of antimalarials: RDT results remain positive for 

at least two weeks despite successful treatment. 

Parasite characteristics affect sensitivity of RDTs in the sense that not all RDTs detect all 

plasmodium species. Even those kits that detect a specific specie (P. falciparum) may at 

some point in time (or in some regions) not be able to sufficiently detect it due 

polymorphisms and gene deletion. Detection rate of RDTs also begin to stagger when 

parasitaemia falls below 200 per microlitre of blood. 

 

 

University of Ghana http://ugspace.ug.edu.gh



10 
 

CHAPTER TWO  

LITERATURE REVIEW 

2.1    Global and region burden of malaria 

Malaria remains one of the most common diagnoses in sub-Saharan Africa, and fever the 

commonest outpatient presentation. Although malaria is a preventable and curable disease, 

there were an estimated198 million cases of malaria globally in 2013, and the disease led 

to 584 000 deaths. Up to 90% of the deaths occurred in sub-Saharan Africa, and most of 

them (78%) in children under 5 years of age (WHO, 2014). According to WHO, one child 

dies from malaria every minute in Africa. Globally, an estimated 3.3 billion people are at 

risk of being infected with malaria and developing disease out of which 1.2 billion are at 

high risk (>1 in 1000 chance of getting malaria in a year) (WHO, 2014). 

2.2    Global and regional efforts to combat malaria 

Global efforts to control malaria are also scaling up. International and domestic funding 

for malaria control and elimination totaled US$ 2.7 billion in 2013 representing a threefold 

increase from 2005 (WHO, 2014). WHO African Region accounted for 72% of the total 

global funding for malaria. Between 2005 and 2013, international disbursements for 

malaria for this region increased at an annual rate of 22%, and during the same period, the 

average annual rate of increase for domestic funding in the region was 4% (WHO, 2014). 

 

The global war against malaria is being fought from three fronts: vector control, 

chemoprevention and case detection and management. Integrated vector management 
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methods include the use of insecticide treated mosquito bed nets, indoor residual spraying 

and larviciding. Sub-Saharan Africa has for the past ten years seen a substantial increase 

in coverage with vector control interventions. By 2013, almost half of the population at 

risk had access to an insecticide-treated mosquito net (ITN) in their household, and the 

proportion of the population protected by at least one vector control method reached 48% 

(WHO, 2014). 

  

Intermittent Seasonal Chemoprevention is being advocated for pregnant women and 

children below the age of five years. Chemopreventive therapy has been adopted by 35 

countries of the WHO region. The proportion of women who receive intermittent 

preventive treatment in pregnancy (IPTp) for malaria in those countries has been increasing 

over time and reached 57% in 2013 (WHO, 2014). 

 

Malaria case diagnosis and treatment is the most crucial and delicate battle front in as far 

as the war against malaria is concerned. This is because heath providers have to balance 

between patient optimal outcomes and rational use of the relatively expensive Artemisinin-

based Combination Therapies (ACTs) so as to minimize treatment costs and offset drug 

pressure which ultimately leads to drug resistance. In 2010 WHO recommended that 

malaria case diagnosis and treatment should be guided by a parasitological test (WHO, 

2010).  To date, many malaria endemic countries in sub-Saharan Africa have adopted and 

introduced RDTs at every level of their health system to guide diagnosis and treatment, 

and to strengthen surveillance. However, access to diagnosis remains poor in half of 
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endemic African countries, and over 80% of malaria treatments are applied without 

diagnostic testing (WHO, 2013). 

 

In April 2012, the World Health Organization’s (WHO) Global Malaria Programme 

embarked on a highly ambitious new initiative called T3: Test. Treat. Track (WHO, 2013). 

T3 aims to address the widespread problem of poor access to diagnostic testing and 

antimalarial treatment, and to enhance case-reporting. The initiative had set a target of 

universal access to diagnostic testing prior to treatment in the public and private health care 

sector by 2015 (Who, 2013). Achieving this goal entirely hinges on the use of malaria rapid 

diagnostic tests (RDTs).  

  

The cost-benefit and accurate case identification and reporting provided by RDTs will 

however, depend on whether they are able to accurately distinguish between patients with 

malaria and those without, and whether prescribers apply treatment according to test 

results. Often, the irrational use of tests and drugs is based on perceived shortcomings of 

the tests. A common concern amongst health staff is that negative tests do not always 

exclude malaria (WHO, 2014). 

2.3    Technology of rapid diagnostic tests for malaria 

Malaria RDTs are lateral flow devices that use antibodies to capture and detect parasite 

proteins by immunochromatography. RDTs for malaria are based on the detection of either 

histidine-rich protein 2 (HRP-2), produced only by Plasmodium falciparum, parasite 

specific lactate dehydrogenase (pLDH) produced by all four species or plasmodium 

aldolase from the parasite glycolytic pathway, also found in all species. One hundred and 
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ten of the 127 RDTs brands that are capable of diagnosing Plasmodium falciparum, target 

HRP-2 (WHO, 2014). Tests based on detection of pLDH or aldolase allow parasite 

speciation 

2.4    Accuracy of RDTs 

Currently, over 200 brands of RDTs are commercially available for detecting different 

Plasmodium species. WHO and other organizations (Centers for Disease Control and 

Prevention (CDC), Foundation for Innovative New Diagnostics (FIND), Special 

Programme for Research and Training in Tropical Diseases (TDR), undertake yearly 

product-quality testing. Over the past five years 128 unique RDT products have been 

tested. Only those products which have demonstrated sensitivities and specificities of at 

least 95% are approved for clinical use (WHO, 2014). In real field settings, however, RDTs 

have demonstrated substantial variability in their sensitivities and specificities (Abeku et 

al., 2008; Azikiwe et al., 2012; Baiden, 2012; Chinkhumba et al., 2010; Mills et al., 2010; 

Tarimo, 2015). Setting-specific factors may be responsible for the observed variability. 

In two comparative studies conducted by Ishengoma (2011) in Tanzania, one longitudinal 

and another cross-sectional, sensitivities and specificities of RDTs varied widely. In a 

longitude study sensitivity and specificity when compared to microscopy as the gold 

standard were 88.6% and 88.2%, respectively. In the cross-sectional study, the sensitivity 

was significantly lower (63.4%; p < 0.001), while the specificity was significantly higher 

(94.3%; p < 0.001) when compared to the longitudinal study. These studies identified 

parasite density of <200 asexual forms per microlitre and presence or absence of fever 
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(axillary temperature of ≥37.5˚C) on consultation, and seasonality as determinants of 

sensitivity and specificity respectively. 

Accuracy of RDTs has been shown to be influenced by endemicity or level of transmission 

and age of patient besides parasite density and presence or absence of fever during 

consultation (Abeku et al., 2008). This study evaluated the performance of RDTs at two 

sites: a hypoendemic site and a mesoendemic site, with microscopy as the reference test 

method. The observed sensitivity, specificity, positive predictive value and negative 

predictive value of RDTs in a hypoendemic site were 90.0%, 99.9%, 90.0% and 99.9%, 

respectively. Corresponding measures at a mesoendemic site were 91.0%, 65.0%, 71.6% 

and 88.1%. It can be observed that although sensitivities at the two sites were somewhat 

comparable levels of specificity varied considerably between the sites. In this study 

variation was also observed according to month of test, age of patient, and presence or 

absence of fever during consultation. Specificity was relatively high in older age groups 

and increased towards the end of the transmission season. 

 

In preparation to scale-up RDTs in health facilities in Malawi, an evaluation of  RDTs to 

help guide national-level decision-making was conducted (Chinkhumba et al., 2010). Four 

brands of RDTs, Bioline SD, First response malaria, Paracheck and ICT diagnostics were 

evaluated against microscopy as the gold standard. All of the brands tested demonstrated 

relatively high sensitivity for detecting parasitaemia of ≥ 200 asexual forms per microlitre 

of blood: Bioline SD (97%), First response malaria (92%), Paracheck (91%), ICT 

diagnostics (90%).  Their specificities were however, substantially low and worrisome: 

Bioline SD (39%), First response malaria (42%), Paracheck (68%), ICT diagnostics (54%). 
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This study identified two more factors that contributed to poor specificity of RDTs: 

previous treatment with an antimalarial and cadre of health staff performing the test. 

Specificity was significantly lower in patients who self-treated with an anti-malarial in the 

previous two weeks (OR 0.5; p-value < 0.001), and when the RDT was performed by a 

community health worker versus a laboratory technician (OR 0.4; p-value < 0.001). 

 

Failure to express the antigen by the parasite due to gene deletion or frame shift mutation 

or alteration in protein has been shown to contribute to variable performance of  RDTs. 

(Bendezu et al., 2010; Koita et al., 2012; Kumar et al., 2013; Lee et al., 2006a; Maltha et 

al., 2012). These are generally spontaneous mutations which result in deletion of the 

Histidine-Rich Repeat Region of the hrp2 Gene that codes for histidine rich protein-2 

(HRP-2), a target marker (antigen) for most RDTs. The situation is further compounded by 

genetic polymorphisms in diagnostic antigens (HRP-2) resulting from frame shift 

mutations (Baker et al., 2005, 2011; Lee et al., 2006a; Mariette, Barnadas, Bouchier, Tichit, 

& Ménard, 2008). Such altered proteins (antigens) are not detected by monoclonal 

antibodies in the available RDTs which target an epitope in either HRP-2 or HRP-3 leading 

to false negativity.   

 

Environmental conditions such as high temperature and humidity are said to affect the 

stability of RDTs (Chiodini et al., 2007; Murray et al., 2008). High temperatures of more 

than 35˚C have demonstrated to accelerate degradation of RDTs. RDTs targeting the 

histidine-rich protein of Plasmodium falciparum are particularly vulnerable (Chiodini et 

al., 2007; Murray et al., 2008). Chiodini (2007) recommends that thermal stability of RDTs 
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must be an integral component in the selection of the product if it is to be used in the tropics 

like sub-Saharan Africa. 

2.5    Adherence to test results when prescribing antimalarial by health workers 

The cost-benefit of RDTs can only be seen when prescribers dispense ACTs according to 

test results. However, adherence to test results appears to be a big challenge with most 

health staff. One study in Malawi observed that health workers in settings where both 

microscopy and RDTs were available adhered to microscopy and RDT positive results and 

prescribed antimalarials for over 98% of patients who had positive test results 

(Chinkhumba et al., 2010). Further, health workers prescribed antimalarials for almost all 

patients with discordant results (microscopy positive and RDT negative). Conversely, in 

both settings, health staff rarely withheld treatment in instances where RDT results were 

negative. Up to 58% of patients with a negative RDT results were still treated with an 

antimalarial in settings where only RDTs were available, but only 7% of patients who were 

both microscopy-negative and RDT-negative were prescribed an antimalarial in settings 

with both microscopy and RDTs (Chinkhumba et al., 2010), implying that health workers 

have more trust in Microscopy as compared to RDTs. 

 

Another study in Zambia explored the role of RDTs in malaria diagnosis and the health 

workers’ adherence to test results. The study found that out of 2, 264 children who had 

RDT results two in three (68.6%) were treated with an antimalarial despite negative results 

(Manyando et al., 2014). Still in Zambia, a study by Hamer  (2009) found that an 

antimalarial was dispensed to 96.6% of patients who had a positive RDT result. However, 

35% of patients with a negative RDT result were also prescribed an antimalarial despite 
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the negative result. In Burkina Faso a study was undertaken to determine the impact of the 

introduction of RDTs on clinical decisions. Between 79.8% and 85.0% of patients with a 

negative RDT result were nevertheless diagnosed and treated for malaria (Bisoffi et al., 

2009). 
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CHAPTER THREE 

METHODS 

3.1   Study design 

A descriptive cross-sectional study was carried out in three health facilities in the Kassena-

Nankana West and East districts. Patients who had been requested by a clinician to take a 

malaria rapid test were consecutively enrolled into the study. A finger prick blood sample 

for thick and thin film slides was collected into a micro EDTA tube soon after a blood 

sample for a malaria rapid test had been collected by the health staff performing the test 

from the same finger prick site. Malaria rapid diagnostic test results, as read and interpreted 

by the health worker who did the test, were recorded. Patients’ Folder/OPD numbers were 

noted. These folders were retrieved from the dispensary or Records Department the 

following day. Information on diagnosis made and medicines prescribed and dispensed 

was extracted from the folders. The micro EDTA blood samples were couriered to a Central 

Microscopy Laboratory at War Memorial hospital for film preparation and examination.  

Facility and human factors which have the potential to affect the performance of rapid tests 

were explored. Minimum and maximum temperatures were measured each day for the 

entire study period. Availability of support systems such as external quality assurance 

activities and supervision was sought. The test operator was observed performing the test, 

assessed and scored against manufacturer’s test procedures. Cadre, training and years of 

experience with RDTs of the test operator was noted. 
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3.2   Study area 

3.2.1   Geographic profile 

The study was undertaken in Kassena Nankana East and Kassena-Nankana West Districts 

of Northern Ghana. The two districts were formerly one. It was in 2008 that the district 

was split into Kassena-Nankana East and Kassena-Nankana West for administrative 

reasons. In this study, unless otherwise specified, Kassena-Nankana district refers to both 

of them (before the split). 

 Kassena Nankana District lies between latitude 10˚30′ and 11˚00′N, longitude 1˚00′ and 

1˚30′W and covers about 1 674 sq km of Sahelian savannah with a population of 

approximately 150 000 (Akalifa, et al., 2011; Appawu et al., 2004). Most people live in 

multi-family compounds of dispersed settlements separated from one another by expanse 

fields of farm land. The region receives approximately 850 mm of precipitation per year 

with monthly temperatures ranging between 18°C and 45°C (Kasasa et al., 2013). Most of 

the rains occur between the wet months of July and September. The rainy season, however, 

extends from May to October, and the rest of the months constitute the dry season. 

The area has an open irrigation system which is used to flood the fields during the dry 

season. The irrigation system is supported by a large water reservoir in the middle of the 

district spanning an area of over 1860 hectors and serving 32km of main canals. There also 

exist numerous small water impoundments dotted throughout the district which harvest 

water during the rainy season for later use in the dry season. It goes without saying that the 

main means of livelihood in this area is subsistence farming. The irrigation system provides 

wet conditions excellent for mosquito breeding even during the dry season. 
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As can be expected malaria transmission in Kassena Nankana is perennial, but 

characterized by marked seasonal variation (Binka, 1994). The current entomological 

inoculation rate is not known, but data published more than 10 years ago reported up to 

418 infective bites per person per year (Appawu, 2004). Rates of infection in children <5 

years of age range from 33% during the season characterized by low transmission to 65% 

during the high transmission season (May – September) (Koram et al., 2000).  

Kassena-Nankana is served by Navrongo Research Center located in Navrongo, Kassena-

Nankana East District which runs the Navrongo Health and Demographic Surveillance 

System (NHDSS).  

 

 

Figure 2. Map of the Kassena-Nankana district showing the district boundaries, the five  

zones of the NHDSS and other physical landmarks within the district (Oduro et 

al., 2012). 
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3.2.2   The Health Facilities 

The study was conducted in three health facilities: War Memorial Hospital, Navrongo 

Central Health Center and Paga Health Center in to June, 2016, at the start of the wet 

season. War Memorial Hospital (the district hospital) and Navrongo Central Health Center 

are located in Navrongo, the district capital of Kassena-Nankana East district. War 

Memorial Hospital and Navrongo Central Health Center are about 2-3 kilometers apart. 

Paga Health Center is situated in Paga, the district capital of Kassena-Nankana West 

district, at a distance of about 10 kilometers from Navrongo.  

War Memorial Hospital has a bed capacity of 164 and serves a population of 180,611 of 

the two Kassena-Nankana districts (Ghana Statistical Service, 2010). Navrongo Health 

Center has an average OPD attendance of 85 patients per day. Paga was recently accorded 

the status of a district hospital but is yet to be upgraded to that status. Currently all its 

operations are at health center level. War Memorial Hospital serves as its immediate 

referral facility. The OPD attendance at Paga averages 70 patients per day. 

All three health facilities have functioning microscopy and other laboratory services. 

Microscopy is the main stay or routine method for parasitological diagnosis of malaria in 

all three. Cadres of staff performing microscopy ranges from laboratory assistant to 

biomedical scientist. Malaria Rapid Diagnostic Tests (RDTs) are a back-up method used 

only when microscopy services are not available. However, at the time the study begun 

Paga had had no functioning microscopy services for the past 6 months. This situation 

prevailed throughout the study period. During this time RDTs performed in the laboratory 
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were used to look for parasitological evidence of malaria infection, and the results informed 

doctors decision whether to treat for malaria or not.  

Navrongo Central Health Center had functioning microscopy services during the entire 

study period except for the last three days towards the end of the study. During these last 

three days RDTs were used to confirm or exclude malaria, the results of which informed 

doctor’s decision whether to treat for malaria or not. The proportion of patients seen during 

these last three days has been included in the analysis of prescriber adherence to RDT 

results. 

War Memorial Hospital had functioning microscopy services during the entire study 

period. Patients from this facility have not been included in the analysis for prescriber 

adherence to RDTs results because doctor’s decision to treat for malaria or not was based 

on microscopy results. In the interest of this study however, an RDT test was also 

performed on every one of these patients. 

3.4    Variables 

The main variable of interest, also referred to as the dependent or outcome variable were 

RDT positive test results among microscopically confirmed positive results (sensitivity), 

RDT negative test results among microscopically confirmed negative results (specificity), 

and the proportion of patients appropriately treated based on microscopy results.  

 Predictor variables were Plasmodium species and parasite density. Other co-variables 

included: cadre of health staff performing the test, self or prior treatment with antimalarials 

within the past 4 weeks prior to this visit, age of patient, history (reported) of fever, 

documented or measured fever of ≥37.5˚C on consultation, storage conditions of test kits 
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(temperature), product name or brand of RDTs, and whether the RDT brand is approved 

by WHO. Operational definitions of outcome variables are as shown in the table below. 

Table 1. Outcome variables, operational definitions and how they were measured 

Variable Operational definition Computation 

Sensitivity Percentage of RDT +ve results among samples 

confirmed to be malaria positive by microscopy 

examinations 

From a 2 by 2 table 

Specificity  Percentage of RDT -ve results among samples 

whose thick blood films are -ve by microscopy 

From a 2 by 2 table 

Positive Predictive 

value 

Proportion of true +ve  results among all positive 

samples 

From a 2 by 2 table 

Negative predictive 

value 

Proportion of true -ve results among all negative 

samples 

From a 2 by 2 table 

Adherence to +ve  

RDT results 

The proportion of +ve results for which 

antimalarials are prescribed 

 

Adherence to 

negative  RDT results 

The proportion of RDT negative results for which 

no antimalarials are prescribed 

 

Overall compliance The overall proportion that was managed for 

malaria according to RDT results. 

 

 

3.5    Sampling 

Out-patients presenting to health facilities whom upon consultation with a clinician he 

orders a parasitological test (RDT) to confirm or refute his clinical diagnosis for malaria as 

per WHO and Ghana Health  Service Policy were serially enrolled into the study until the 

predetermined sample size was reached.  
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3.5.1    Sample size estimation 

The outcome variable for estimating the sample size was the sensitivity (or specificity) of 

RDTs to detect malaria parasitaemia. WHO recommends that RDTs should have sensitivity 

and specificity of at least 95% in each local setting before they can be considered useful 

enough. To estimate a sensitivity (or specificity) of 95% to within 10% (±10%) margin of 

error and with 95% confidence, 18 true positive cases of malaria were required.  

                                

                                               n  ≥  Z
α/2

2 

Ρ (1-P)/d
2

    

Where: 

n = sample size 

Z
α/2   

= confidence level of 95% (standard value of 1.96) 

p = pre-determined/desired value of sensitivity (95%) 

d = desired precision (±10%)  

 

Assuming a slide positivity rate of 5% (Ghana DHS, 2014) in patients presenting for a 

malaria test a minimum of 365 patients were to be recruited. Consideration a 10% attrition 

rate due to slide breakages and film wash-offs the sample size was pegged at 402. 
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3.5.2     Inclusion criteria 

All outpatients attending the health facility during the study period, whom upon 

consultation with the clinician he requested a malaria rapid diagnostic test in order to 

parasitologically confirm malaria as is required by WHO and Ghana Ministry of Health 

were eligible for inclusion in the study.  Such patients were those from whom informed 

consent had been sought and they were willing to participate in the study.  

3.5.3    Exclusion criteria 

Because of the difficulty of collecting sufficient blood samples from a single finger prick 

in infants only patients aged one year or more were recruited. Patients who did not give 

consent were also excluded from the study.   

3.6    Data collection   

3.6.1    Ethical considerations 

Ethical clearance: The proposal was submitted to Ethical Review Committee of the Ghana 

Health Service for review and approval before commencement of the study.  

Permission from study area: Permission to undertake the study was sought from the 

Regional Director of Health Services, Upper East Region, District/Municipal Directors of 

Health Services (Kassena-Nankana East and Kassena-Nankana West) and the respective 

Medical Superintendents of War Memorial Hospital, Navrongo Central Health Center and 

Paga Health Center.  
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Risks to participants: The study did not introduce any additional invasive or 

discomforting procedures to patients. Instead it took advantage of the routine procedures a 

patient normally undergoes when taking a malaria rapid test. Only one or two additional 

drops of blood were collected for malaria slide preparation  

Voluntary consent: All study procedures were clearly explained to participants while 

obtaining informed consent. Hospital staff and study participants were assured of the 

confidentiality, data safety and appropriate data usage.  

Benefits to participants (patients and facilities): RDT negative, microscopy positive 

results were communicated to the facilities as soon as they were available for their further 

action. The study also served as a quality assurance programme that monitored and 

evaluated the performance RDTs during the study period in the facilities where the study 

was undertaken. 

3.6.2    Data collection tools and methods 

A structured form was used to collect data on factors which have the potential to affect the 

diagnostic accuracy of RDTs in routine settings. The first section of the form collected 

patient’s basic demographics and clinical history (documented fever of measured body 

temperature ≥37.5˚C on consultation or history of fever in the previous 48 hours and history 

of prior treatment with an antimalarial). 

The second section of the questionnaire gathered data on facility storage conditions of RDT 

test kits including temperature. This section of the form also gathered data on the person 

performing the test: cadre, years of experience with RDTs, and whether trained to do the 

test. A health worker was observed doing the test and was scored against manufacturer’s 
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specified procedures. Information on both internal and external quality control procedures 

was sought 

The third section of the form collected data  on the malaria rapid test kit used at a facility, 

under which brand name, manufacturer, target antigens/antibodies and plasmodium 

species, claimed sensitivities and specificities, manufacturer’s specified storage conditions, 

date manufactured, expiry date, and WHO approval. 

The fourth section of the from documented patient’s RDT test result, medicines prescribed 

and microscopy results at  the microscopy testing laboratory, under which presence or 

absence of parasites, parasite counts and plasmodium species  detected were recorded. 
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Figure 3. Flow of patients in the diagnostic accuracy of RDTs in routine settings study 

Assess for eligibility 

All non-critically sick patients ≥1year old sent to the 

laboratory by the doctor to take a malaria test 

Obtain informed consent 

Informed consent sought from the patient 

Complete recruitment form 

Patient interviewed, Folder/OPD number noted 

Health worker performs rapid test 

Reads and interprets test result, result noted 

Prescriber 

RDT results available to inform decision about antimalarial 

prescription 

Pharmacy/dispensary 

Antimalarials dispensed/not dispensed, folders retrieved, 

medicines dispensed noted 
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Microscopy analyses 

Examination of thick and thin blood films was done centrally at a District Hospital 

Laboratory. Thick and thin blood films were prepared from the micro EDTA blood. Both 

thick and thin films were prepared on the same frosted-end slide and air-dried. When 

sufficiently dry thin films were fixed with absolute methanol (99-100%). Dry and fixed 

blood films were stained with 3% Giemsa stain for 30 minutes following a standard 

operating procedure and examined with 100× oil objective of a light microscope. 

Slides were examined by two independent expert microscopists, both blinded to the rapid 

diagnostic test (RDT) results and to results of each other. Thick films were used to detect 

parasitaemia, while thin films were used to quantify parasitaemia and identify Plasmodium 

species. Malaria parasite count per microlitre of blood from the thick film was estimated 

by counting parasites (asexual forms) against 200 white blood cells (WBC) and multiplying 

the count per 200 white blood cells (WBC) by 40, assuming that a microliter of blood 

contains 8000 WBC (Mirdha, Samantaray, & Mishra, 1997; Moody, 2002). Smears for 

which no parasites were detected after counting 200 WBC were scanned further until 

another 300 WBC were counted before being considered negative (Mirdha et al., 1997; 

Moody, 2002). 

Discrepant results on presence or absence of parasitaemia, and a difference of parasite 

count of >200 asexual forms (trophozoites) per microlitre of blood between the two expert 

microscopists were resolved by referring to a third expert microscopist, he too blinded to 

the results of RDT and to those of the previous microscopists. Only asexual forms of the 

parasite (trophozoites) were used in the computation of parasite density. Sexual forms of 

the parasite (gametocytes) however, indicated malaria infection. A blood slide was 

University of Ghana http://ugspace.ug.edu.gh



30 
 

therefore, considered negative only if no trophozoites or gametocytes were seen after 

counting 500 WBC. 

Expert microscopy was the Gold standard and was used to validate RDT results. 

Microscopic examinations determined Plasmodium species and parasitaemia. RDT results 

were compared to microscopy results. Sensitivity (proportion of RDT positive results 

among samples confirmed malaria positive by microscopy), specificity (proportion of RDT 

negative results among samples confirmed negative by microscopy), positive predictive 

value (proportion of true positives among all positive samples) and negative predictive 

value (proportion of true-negatives among all negative samples) were calculated as 

illustrated in the table below.  

 

Table 2. Illustration of computation of parameters of a diagnostic test  

                      Microscopy 

Positive (T+) Negative (T-) 

     RDT Positive (T+) TP FP (TP + FP) 

Negative (T-) FN TN (TN + FN) 

P = (TP+FN) N = (FP+TN) Population 

 

Sensitivity or True Positive Rate (TPR)              TPR = TP/P =TP/(TP+FN) 

Specificity (SPC) or True Negative Rate             SPC = TN/N = TN/(FP+TN) 

Precision or positive predictive value (PPV)        PPV = TP/(TP+FP) 

Negative predictive value (NVP)                         NVP = TN/(TN+FN)  

False Positive Rate (FPR)                                     FPR = FP/N = FP/(FP+TN) = (1-SPC) 

False negative rate (FNR)                                      FNR = FN/(TP+FN) = (1-SENST) 

University of Ghana http://ugspace.ug.edu.gh



31 
 

3.7   Data processing and analysis 

Data were entered into Microsoft excel 2013, validated and cleaned before importing to 

stata version 13.0 for quantitative analysis. Chi Square test (or Fisher’s exact) was used to 

compare if there was a significant difference between the observed values and the expected 

values. Logistic regression was used to determine how much each variable of interest 

explained the outcome (sensitivity and specificity). First a crude (univariate) analysis was 

performed to isolate variables explaining the outcome. Then two multivariate logistic 

regression models were fit to two separate sets of explanatory variables to measure the 

independent effect of each of those variables on the outcome (sensitivity). Only one 

multivariate model was run for specificity. 

Microscopy, the reference method against which RDTs were compared, detected 

parasitaemia, identified Plasmodium species, determined parasite density and allowed the 

computation of sensitivity and specificity. Prescriber adherence was assessed as the 

proportion of patients prescribed or not prescribed antimalarials based on RDT results. 

All descriptive characteristics or attributes of health facilities which have the potential to 

affect the diagnostic performance of RDTs (Sensitivity and Specificity), including RDTs 

used and cadre of staff performing RDT testing in those facilities have organized and 

presented in a table in the results section 
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CHAPTER FOUR 

RESULTS 

A total of 457 patients from three different health facilities were recruited into the study. 

All of them (100%) had complete RDT and microscopy results and were included in the 

analysis. Only patients from Paga Health Center and a small proportion (23%) of patients 

from Navrongo Health Central Health Center have been included in the analysis of 

prescriber adherence to RDT results. 

4.1 Health facility, RDT and test operator characteristics 

Health facility, RDT and test operator characteristics of the three health facilities are shown 

in Table 3. No characteristic with the potential to affect the performance RDTs was 

observed in these facilities during the time of the study. 
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Table 3. Health facility characteristics in the Diagnostic Accuracy of RDTs study in   

Kassena-Nankana districts, Ghana 

Facility type District Hospital                    Health Centre 

Facility name War memorial Navrongo Central        Paga 

Health facility 

characteristics 

   

Location Urban Urban Semi-urban 

Average maxim temp 

(range) 

33.2 o C (30-36) 32.7 o C (26-36) 30.1 o C (27-35) 

Average minim temp 

(range) 

31.9 o C (25-33) 31.2 o C (20-33) 29.4 o C (23-34) 

RDT used SD Bioline Mal Ag 

Pf 

SD Bioline Mal Ag 

Pf 

SD Bioline Mal Ag 

Pf 

Target Plasmodium species P falciparum only P falciparum only P falciparum only 

Target antigens PfHRP2 PfHRP2 PfHRP2 

Manufacturer sensitivity 99.7% 99.7% 99.7% 

Manufacturer specificity 99.5% 99.5% 99.5% 

Specified storage 

conditions (temperature) 

1-40 o C 1-40 o C 1-40 o C 

Cadre of person 

performing RDT 

Biomedical Scientist Biomedical Scientist Lab Assistant 

Training Trained Trained Trained 

Trainer Trained colleagues Trained colleagues NMCP 

Experience using RDTs 3 years 3 years 4 years 

RDT test procedure available available Available 

Quality assurance   NA NA Available 

Supervision *NA NA Available 

Test operator performance 

score 

100% 100% 100% 

        *Not applicable 
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4.2 Patient characteristics, RDT and Microscopy test results at the three health 

facilities 

Patient characteristics varied significantly among the three health facilities, except for sex 

and history of fever. Overall malaria prevalence by RDTs was 10.7% (95% CI: 7.8, 13.7). 

Prevalence of malaria by RDTs however, varied significantly at the three health facilities 

(p = 0.021). The overall true malaria prevalence determined with microscopy was 5.0% 

(95% CI: 2.9, 7.1), significantly lower compared to that determined by RDTs (p < 0.001). 

Prevalence of malaria by microscopy also varied significantly among the health facilities 

(p = 0.001). The prevalence of microscopically confirmed malaria increased from District 

Hospital (urban) (13.0%) to urban Health Center (17.4%) to semi-urban Health Center 

(69.6%). Plasmodium falciparum was the only (100%) plasmodium species detected. 

Levels of parasitaemia did not vary significantly across the three health facilities (Table 4). 
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Table 4.  Patient characteristics, RDT and Microscopy test results at three health facilities 

in the Diagnostic Accuracy of RDTs study in Kassena-Nankana districts, Ghana 

Facility type District Hospital               Health Centre  

Facility name War memorial Navrongo 

Central 

Paga Total P value٭ 

 (N = 213) (N = 81) (N = 163) (N = 457)  

Patient characteristics      

Sex      

            Female 146 (44.5) 66 (20.1) 116 (35.4) 328 (71.8) 0.087 

            Male 67 (51.9) 15 (11.6) 47 (36.4) 129 (28.2)  

Age      

             1-14yrs 69 (48.6) 13 (9.2) 60 (42.3) 142 (31.1) 0.004 

             ≥15 yrs 144 (45.7) 68 (21.8) 103 (32.7) 315 (68.9)  

History of fever      

             Present 101 (53.2) 14 (7.4) 75 (39.5) 190 (41.6) <0.001 

             Absent 112 (42.0) 67 (25.1) 88 (33.0) 267 (58.4)  

Confirmed fever       

             ≥37.5 C 17 (32.10 2 (3.8) 34 (64.2) 53 (11.6) 0.364 

             <37.5 45 (42.1) 6 (5.6) 56 (52.3) 107  

Treated for malaria in 

the past 4 weeks 

     

              Treated 21 (35.0) 8 (13.3) 31 (51.7) 60 0.010 

              Not treated 187 (49.6) 71 (18.8) 119 (31.6) 377  

      

RDT & Microscopy test 

results 

     

             RDT Pos 14 (28.6) 10 (20.4) 25 (51.0) 49 (10.7) 0.021 

             RDT Neg 199 (48.8) 71 (17.4) 138 (33.8) 408 (89.3)  

             Microscopy Pos 3 (13.0) 4 (17.4) 16 (69.6) 23 (5.0) 0.001 

             Microscopy Neg 210 (48.4) 77 (17.7) 147 (33.9) 434 (95.0)  

Plasmodium species      

              P falciparum 3 (13.0) 4 (17.4) 16 (69.6) 23  

              Non-falciparum 0 (0.0) 0 (0.0) 0 (0.0) 0  

Parasitaemia      

              ≤100/µL 1 (14.3) 1 (14.3) 5 (71.4) 7 1.000 

              >100/µL 2 (12.5) 3 (18.8) 11 (68.8) 16  

 Statistical testing using chi2 test (or Fisher’s exact)٭

†Number in parentheses are row percentages 
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 4.3 Association between patient characteristics and RDT and Microscopy test 

outcomes 

Except for confirmed fever (body temperature ≥37.5) (p = 0.022) all other patient 

characteristics were not significantly associated with a positive RDT result. On the other 

hand age of <15 (p = 0.025), history of fever (p = 0.005) and confirmed fever or measured 

body temperature of ≥37.5 o C on consultation (p = 0.001) were associated with a positive 

microscopy result (Table 5).  
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Table 5. Patient characteristics and RDT and Microscopy test outcomes 

            RDT   Microscopy 

Patient characteristics Pos (%) Neg (%) Total P value٭ Pos (%) Neg (%) Total P value٭ 

Sex         

            Female 36 (11.0) 292(89.0) 328 0.780 18 (5.5) 310 (94.5) 328 0.478 

            Male 13 (10.1) 116 (90.0) 129  5 (3.9) 124 (96.1) 129  

Age         

             1-14yrs 18 (12.7) 124 (87.3) 142 0.365 12 (8.4) 130 (91,6) 142 0.025 

             ≥15 yrs 31 (9.8) 284 (90.2) 315  11 (3,5) 304 (96.5) 315  

History of fever         

             Present 24 (12.6) 166 (87.4) 267 0.266 16 (8.4) 174 (91.6) 190 0.005 

             Absent 25 (9.4) 242 (90.6) 190  7 (2.6) 260 (97.4) 267  

Confirmed fever          

             ≥37.5 C 12 (22.6) 41 (77.4) 53 0.022  10 (18.9) 43 (81.1) 53 0.001 

             <37.5 10 (9.4) 97 (90.7) 107  4 (3.7) 103 (96.3) 107  

Treated for malaria in 

the past 4 weeks 

        

              Yes 5 (8.3) 55 (91.7) 60 0.447 2 (3,3) 58 (96,7) 60 0.471 

               No  44 (11.7) 333 (88.3) 377  21 (5.6) 356 (94.4) 377  

 Statistical testing using Ch2 (or Fisher’s exact)٭
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4.4 Diagnostic accuracy of malaria rapid tests (RDTs) in routine field settings 

SD Bioline Malaria Ag Pf was the only RDT used and evaluated in this study. The overall 

sensitivity was 69.6% (CI: 67.8 - 71.4) and the overall specificity was 92.4% (CI: 89.9 - 

94.9) (Figure 4). The corresponding false negative rate and false positive rate were 30.4% 

and 7.6% respectively. Both sensitivity and specificity varied across sites with highest 

sensitivity of 75% at Paga Health Center and lowest (50%) at Navrongo Central Health 

Center (Table 6). At all facilities however, the sensitivity was far lower than the required 

95%. Specificity ranged from 89.6% at Navrongo Central Health Center to 94.3% at War 

Memorial District Hospital. Navrongo Central Health Center performed the poorest in both 

sensitivity and specificity. Because of the poor overall and facility-specific sensitivities and 

good overall and facility specific specificities the positive predictive value and negative 

predictive value were low (32.7%) and high (98.3%) respectively (Figure 4). 
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Figure 4. Diagnostic performance of malaria rapid diagnostic tests (RDTs) in routine 

field settings 
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Table 6. Sensitivity and Specificity of RDTs at three health facilities where the study was 

undertaken 

Facility Microscopy                RDT Total P value* Sensitivity Specificity 

  Positive Negative     

War Memorial Positive 2 1 3 0.012 66.7%  

 Negative 12 198 210   94.3% 

        

Navrongo H/C Positive 2 2 4 0.072 50.0%  

 negative 8 69 77   89.6% 

        

Paga H/C Positive 12 4 16 <0.001 75.0%  

 Negative 13 134 147   91.2% 

 *Statistical testing using Fisher’s exact 
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4.5 Predictors of diagnostic accuracy of malaria rapid diagnostic tests (RDTs) 

Given the low overall and facility-specific sensitivity, but coupled with high overall and 

facility-specific specificity of the RDT tested, potential factors for this phenomenon were 

explored. Using a logistic regression patients age (1-14yrs Vs. ≥15 yrs), history of fever, 

confirmed fever (body temp ≥37.5 oC Vs. <37.5 oC), Parasitaemia (≤100/µ Vs. >100/µ), 

cadre of test operator (Biomedic Vs. Lab assistant) (0.003) and facility type (District 

Hospital Vs, Health Center), were  significantly associated with sensitivity in a univariate 

model (Table 7). Sensitivity was significantly higher in 1-14yrs age group (p =0.003), when 

patients complained of fever (p = 0.003), when fever was confirmed (p = 0.002), at the 

health center (p = 0.015) but significantly lower when parasitaemia was less than 100 

parasites per microlitre of blood (p = 0.003), and when testing was carried out by a 

Biomedic (p = 0.003). In a multivariate analysis, however, confirmed fever (body temp 

≥37.5 o C) significantly predicted high RDT sensitivity (p = 0.027) in model 1 whilst 

parasitaemia of ≤100 parasites per microliter of blood significantly (p = 0.009) predicted 

low sensitivity in mode 2.  
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Table 7. Predictors of malaria rapid diagnostic test (RDT) Sensitivity (RDT positive, 

expert microscopy positive) 

 

Sensitivity 

n/N (%) 

*Unadjusted    

OR 

(P value) 

*Adjusted OR 

Model 1 

(P value) 

 Adjusted OR٭

Model 2 

(P value)   

Age     

          1-14 yrs 11/12 (91.8) 5.2 (0.003) 3.7 (0.125) 4.7 (0.353) 

          ≥15 yrs 5/11 (45.5) Reference Reference  

History of fever     

            Present 13/16 (81.3) 6.4 (0.003) 1.0 (0.995)  

            Absent 3/7 (42.9) Reference Reference  

Confirmed fever     

             ≥37.5 10/10 (100.0) 8.1(0.002) 6.1 (0.027)  

             <37.5 3/4 (75.0) Reference Reference  

Treated for malaria in 

the past 4 weeks    

 

               Yes 1/2 (50.0%) 0.4 (0.391)   

                No 15/21 (71.4) Reference   

Parasitaemia     

              ≤100/µL 1/7 (14.3)) 0.01 (0.003)  0.02(0.009) 

              >100/L 15/16 (93.8)) Referent   

Cadre     

          Biomedic 4/7 (57.1) 0.17 (0.003) 1.1 (0.930)  

          Lab assistant 12/16 (75.0) Reference Reference  

Facility type     

     Health center 14/20 (70.0) 6.4 (0.015) 5.5 (0.222) 3.6 (0.907) 

     District hospital   2/3 (66.7) Reference Reference  

*Logistic regression model 
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Specificity was found to be significantly affected by confirmed fever (body temp ≥37.5 oC 

Vs. <37.5 oC), cadre of test operator (Biomedic Vs. Lab assistant) and facility type (District 

Hospital Vs, Health Center) (Table 8). Specificity was significantly lower at the health 

center (p = 0.002) and in patients with confirmed fever (body temp ≥37.5 oC (p = 0.040), 

but significantly high (p = 0.008) when RDT testing was done by a biomedical scientist in 

a univariate model. In a multivariate model however, only confirmed fever (body temp 

≥37.5 oC) was found to be a significant predictor of specificity. Specificity was 

significantly lower (p = 0.035) in patients with confirmed fever (body temp ≥37.5 oC) 
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Table 8. Predictors of malaria rapid diagnostic test (RDT) Specificity (RDT negative, 

expert microscopy negative) 

 

Specificity 

n/N (%) 

Unadjusted odds ratio 

 (P value)٭

Adjusted odds ratio    

 P value)٭

Age    

          1-14yrs 123/130 (94.6) 0.9 (0.622) 1.0 (0.961) 

           ≥15yrs 278/304 (91.5) Reference Reference 

History of fever    

            Present 163/179 (93.1) 0.7 (0.186) 1.8 (0.398) 

            Absent 238/259 (91.9) Reference Reference 

Confirmed fever    

             ≥37.5 41/43 (95.4) 0.4 (0.040) 0.3 (0.035) 

             <37.5 96/103 (93.2) Reference Reference 

Treated for malaria in the 

past 4 weeks    

               Treated 54/58 (93.1) 1.4 (0.484) 7.3 (0.067) 

               Not treated 327/356 (91.9) Reference Reference 

Cadre    

               Biomedic 267/287 (93.0) 2.1 (0.008) 0.8 (0.815) 

               Lab assistant 134/147 (91.2) Reference Reference 

Facility type    

               Health center 203/224 (90.6) 0.4 (0.002) 0.3 (0.196) 

               District hospital 198/210 (94.3) Reference Reference 

 Statistical testing using logistic regression٭    
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4.6 Prescriber adherence to RDT results 

One hundred percent (100%) prescriber adherence to both positive and negative RDT 

results was observed at Paga and Navrongo Central Health Centers (Table 9). However, 

for those patients who were treated for malaria based on RDT results less than half (43%, 

12/28) were appropriately treated. For patients who were not given antimalarials 3% 

(4/154) had malaria. Overall 89% (162/182) were appropriately managed for malaria whilst 

11% (20/182) were inappropriately managed. Since we are certain that for all these patients 

a malaria test was ordered by their physician because they had met some clinical criteria 

for suspecting malaria then in this study RDTs achieved an overall level of 89% as regards 

to appropriate management of suspected malaria. 

 

Table 9. Prescriber adherence to malaria rapid diagnostic test (RDT) results 

                Microscopy           Treatment for malaria 

RDT test results True +ve  True -ve Treated  Not treated  

RDT positive 12 16 28  0 

RDT negative 4 150 0 154 

Total 16 166 28  154 
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CHAPTER FIVE 

DISCUSSIONS 

5.1 Prevalence of parasitaemia and transmitting plasmodium species 

This study was undertaken in Kassena-Nankana districts of the Upper East region, 

Northern Ghana. The objective of the study was to evaluate the diagnostic performance of 

Malaria Rapid Tests (RDTs) in routine field settings. Data was collected at three health 

facilities: War Memorial Hospital and Navrongo Central Health Center in Kassena-

Nankana East and Paga Health Center in Kassena-Nankana West. Outpatients presenting 

to the health facility for whom their doctor had requested a malaria test were serially 

enrolled into the study. A capillary blood sample was collected in a micro-EDTA tube for 

routine RDT testing and blood film for microscopy. Expert microscopy was the reference 

method against which RDTs were compared. 

The prevalence of parasitaemia by the reference method was 5%. The prevalence was 

lower compared to what previous studies have documented in the area. (Koram et al., 2003) 

reported a prevalence of 22% during the dry-low transmission season and 61% during the 

wet-high transmission season in the same district. Another study undertaken in another 

district in Northern Ghana reported parasitaemia of 53% in children aged 6 months to 9 

years (Danquah et al., 2010).The result however, agrees with most recent studies which 

have reported that the incidence of malaria in sub-Saharan Africa has substantially declined 

(Cibulskis et al., 2016; WHO, 2015). Ghana for instance, has recently been transformed 

from a malaria hyper-endemic country to a meso-endemic country. During the low 

transmission season (December – June) malaria incidence goes further down to an extent 
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that War Memorial Hospital, for example, could go for a day without prescribing an 

antimalarial.   

Plasmodium falciparum was the only plasmodium species that was transmitting and 

infecting people at the beginning of the high transmission season. This finding agrees with 

other studies which have extensively documented Plasmodium falciparum as the most 

prevalent (up to 100%) species in Ghana (Asante et al., 2011; Manyando et al., 2014; 

WHO, 2015). However, one previous study, also conducted in Northern Ghana during the 

low transmission season (January – April) reported the existence of other plasmodium 

species including P. malaria, P. ovale, and a lesser prevalence of P. falciparum. Danquah 

et al., (2010) reported a microscopically visible parasitaemia of 61% for P falciparum, 8.5% 

for P. malariae and 4.4% for P. ovale. Dinko et al., (2013) and Oguike et al., (2014) also 

reported some marginal prevalence of P. ovale and P. malarie in other regions of Ghana, 

including middle belt. The explanation to the discrepancy in the findings could be that due 

to recent gains in malaria control malaria transmission has declined significantly such that 

it is mainly P falciparum which persists the low transmission season to cause clinical 

malaria at the beginning of the high transmission season. 

5.2 Predictors of diagnostic accuracy malaria rapid tests (RDTs) in routine settings 

SD Bioline Malaria Ag Pf is the only RDT that was evaluated in this study because it was 

the only one that was in use in all the health facilities where the study was undertaken at 

the time the study was being undertaken. SD Bioline Malaria Ag P detects the histidine-

rich protein-2 (PfHRP-2) of P. falciparum only. RDTs which detect HRP-2 are usually 

associated with good sensitivities, even at low levels of parasitaemia (Maltha et al., 2014; 
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WHO, 2014). In this study, however, the sensitivity SD Bioline Malaria Ag Pf was 69.6%, 

far lower than what other published studies have reported. Few studies have reported 

sensitivities as low as this (Endeshaw et al., 2010; McMorrow, 2010; Muhindo et al., 2012). 

One study evaluating the diagnostic utility of RDTs in an area with declining malaria 

burden in north-eastern Tanzania found a much lower (63.4%) sensitivity with RDTs 

(Ishengoma et al., 2011) while another study in Nigeria found a shockingly lower (44.3%) 

sensitivity with RDTs in infants (Oyeyemi, 2016). Most studies have recorded good 

sensitivities with RDTs, some as high as 100% (Abeku et al., 2008; Azikiwe et al., 2012; 

Baiden, 2012; Chinkhumba et al., 2010; Mills et al., 2010; Tarimo, 2015). All these studies 

were undertaken in the high transmission season and most of them reported poor 

specificities during this time, some as low as 39% with SD Bioline Malaria Ag Pf. In 

contrast to those studies this study found good specificity (92.4%) with RDTs. This 

contradiction suggest that sensitivity and specificity of RDTs are influenced by intensity 

of transmission. During the high transmission season sensitivity peaks while specificity 

crashes. During the low transmission season specificity improves significantly while 

sensitivity wobbles.   

Because of the worryingly low sensitivity but encouraging specificity factors associated 

with the phenomena were explored. Both biological and operational factors that could have 

resulted in low sensitivity and good specificity in this study were investigated. Parasitaemia 

of ≤100 parasites per microliter of blood and if the test was performed by a biomedical 

scientist were significantly associated with low sensitivity. After adjusting for other 

variables cadre of the test operator too became insignificant.  
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It was not possible to assess all predictors of sensitivity in a single unified multivariate 

model because of the limited number of observations in the two categories of parasitaemia. 

A few high sensitivity and low sensitivity predictors observed in the crude analysis were 

thus selected and reassessed in a second model. Only parasitaemia of ≤100 parasites per 

microliter of blood retained its status as significant lone predictor of low sensitivity. 

Numerous studies undertaken in different settings have unanimously reported low 

parasitaemia as the most important and independent biological predictor of low sensitivity 

(Abeku et al., 2008; Endeshaw et al., 2010; Fogg et al., 2008; Kilian et al., 2000; 

McMorrow et al., 2010; Muhindo et al., 2012; Oyeyemi et al., 2016; Tahar et al., 2013). 

This study corroborates these findings.  Other factors such as intrinsic properties of the 

RDTs such the inter-lot variability, failure to maintain a cold chain (i.e. exposure to 

extreme temperatures > 40˚C for more than 7 days, often during transportation) (WHO, 

2014), genetic variability in the PfHRP-2 gene (Lee et al., 2006a, 2006b; Maltha et al., 

2014) and deletion of the PfHRP-2 gene (Gamboa et al., 2010; Wurtz et al., 2013) have 

been implicated in the low sensitivity of RDTs. However, none of these factors appear to 

have played a role in the worryingly low sensitivity observed in this study since sensitivity 

was very good (93.8%) in parasitaemia >100/µ but dropped sharply to 14.3% when 

parasitaemia was ≤100/µ, suggesting that parasitaemia alone is to blame.   

In an evaluation for specificity cadre of test operator (biomedical scientist) showed a 

significant crude association with high specificity whereas health facility (health center) 

and confirmed fever (measured body temperature of ≥37.5˚C) demonstrated significant 

negative prediction for specificity on a crude scale. After adjusting for other variables only 

confirmed fever (measured body temperature of ≥37.5˚C) was significantly associated with 
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low specificity, with the association becoming more profound than in the crude analysis. 

No plausible biological explanation was found for this rather bizarre association which if 

truly exists then it is yet to be documented.  

Previous studies have reported an association between previous treatment with 

antimalarials and low specificity (Chinkhumba et al., 2010). Surprisingly this study did not 

find any association between the two. This may be because the investigators used a cut-off 

period of two weeks for previous treatment. This study therefore, contradicts those which 

have reported that PfHRP-2 persists at detectable levels until five weeks (37 days) after 

successful treatment and clearance of parasitaemia (Kyabayinze, 2008; McMorrow et al., 

2010; Tahar et al., 2013), but corroborates those studies which have reported two weeks as 

the maximum duration until which PfHRP-2 can be detected following successful treatment 

and clearance of parasitaemia (Swarthout, 2007).  

However, it is worth noting that studies which have reported 37days were conducted in the 

high transmission seasons during which malaria attacks are usually accompanied by high 

loads of parasitaemia and corresponding high antigen titers of PfHRP-2 which takes a 

relatively longer time to clear after successful treatment and clearance of parasitaemia. 

Kyabayinze et al., (2008) found that the duration taken to clear persisting PfHRP-2 varied 

significantly depending on pre-treatment levels of the antigen. In patients with parasitaemia 

of >50,000/μL, the mean duration of persistent antigenicity was 37 days compared to 26 

days for parasitaemia less than 1,000/µl. 

Another study in East Africa reported an association between age of patient and specificity 

(Abeku et al., 2008). Specificity was significantly higher in the older age group (≥15 years) 

compared to the younger age group (<15 years) and that it improved towards the end of the 
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high transmission season. This study did not find any significant association between high 

specificity and being 15 years of age or older. The discrepancy may be due to the fact that 

the East African study was undertaken during the high transmission season during which 

frequent malaria attacks are common. During this time adult individuals with mature and 

robust immunity are able to quickly clear PfHRP-2 antigens with their anti-PfHRP-2 

antibodies following successful treatment and clearing of parasites compared to younger 

individuals whose immune systems are still developing. During the low transmission 

however, frequent malaria attacks are rare such that regardless of age every individual has 

ample time to clear PfHRP-2 antigens following effective treatment and clearance of 

parasitaemia before the next episode of malaria. 

5.3 Prescriber adherence to RDT results 

The phenomenon of prescriber non-adherence to RDT results and prescribing antimalarials 

to patients without parasitological evidence of malaria is well documented (Ansah et al., 

2010; Chinkhumba et al., 2010; Reyburn et al., 2007; Skarbinski et al., 2009; Zurovac et 

al., 2008). In most of these instances non-adherence was to negative RDT results leading 

to over-diagnosis and unnecessary treatment for malaria. On the contrary to most published 

data this study found a one-hundred-percent (100%) adherence to both negative and 

positive RDT results. This is good news for Ghana. This change may be attributed to 

current malaria interventions  by the Ghana Health Service through the Nation Malaria 

Control Programme which has been championing the latest universal  “Test and Treat” 

strategy for management of malaria since its inception from WHO in 2010. The National 

Health Insurance Scheme may also have contributed to this positive behavior change since 
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it has declined to pay for any patient treated for malarial without parasitological evidence 

of malaria. 

One hundred percent prescriber adherence observed in this study did not however, lead to 

100% appropriate management of patients with suspected malaria. Only 43% of all patients 

treated for malaria in this study actually had malaria. A further 2.6% true malaria cases 

were missed. This implies that more than 50% of the ACTs dispensed in this study were 

wasted. The 2.6% missed cases may appear insignificant and one may argue that these 

patients may have sought care the following days after malaria symptoms got worse. But 

it must be remembered that during this time lag these patients may have served as a 

reservoir of the plasmodium species and source of transmission, crippling malaria control 

efforts which aim at breaking the transmission cycle.  
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CHAPTER SIX 

 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

This study has revealed that clinical malaria at the beginning of the high transmission 

season is characterized by low levels of parasitaemia with Plasmodium falciparum as the 

only species causing clinical malaria. It is thus imperative to procure and deploy RDTs 

which will detect P. falciparum at substantially lower levels of parasitaemia observed in 

this study. But as at now there is no available RDT on the market that can detect lower 

parasitaemia better than those targeting PfHRP2 such as the SD Bioline malaria Ag Pf 

evaluated in this study. 

The diagnostic accuracy of RDTs evaluated in this study was unsatisfactory. The sensitivity 

was far lower than the manufacturer’s claim, and does not meet optimum levels of 

sensitivity for field settings stipulated by WHO. Although specificity was optimal it fell 

short of the manufacturer’s specification and what WHO considers optimal for each 

specific setting. The poor sensitivity observed is wholly attributable to low levels of 

parasitaemia, but which are clinically significant. Parasitaemia is influenced by 

transmission intensity, implying that RDTs would give varying levels of sensitivities and 

specificities during the low and high transmission seasons. Much of this problem could be 

addressed by the manufacturer, but malaria endemic countries and sub regions/districts 

have a role to play to ensure that RDTs deployed in their specific settings perform 

satisfactorily.  
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Previous studies have reported a significant association between the cadre of the test 

operator and sensitivity and specificity of RDTs. Diagnostic performance of RDTs varied 

between test operators and between facilities, with lower cadres of health workers at lower 

level facilities of the health system performing the least (Chinkhumba et al., 2010). In this 

study RDT testing was carried out by qualified trained and experienced laboratory 

technicians, and in facilities with capacity to perform routine microscopy, and yet the 

sensitivity of RDTs was worryingly low. The diagnostic performance of RDTs may be 

even lower in lower level health facilities of the health system where RDT testing is 

performed by lowest cadres of health workers. The phenomenon may also exist in higher 

facilities where RDT testing is done by lower cadres of health staff who are not 

appropriately trained and supervised. There is need to investigate the performance of RDTs 

in those settings. 

Prescriber adherence to RDT results was excellent. But this level of adherence cannot be 

generalized for other facilities because War Memorial Hospital and the surrounding health 

centers (Navrongo Central, Paga) is one of satellite sites for the National Malaria Control 

Programme where new malaria interventions are first introduced and championed. Usually 

such facilities are prioritized and receive sufficient training and supportive supervision 

which may have contributed to behavior change giving the observed levels of adherence. 

However, the result does demonstrate that the universal ‘Test and Treat’ strategy which 

hinges on prescriber adherence to RDT results is attainable. 

Successful implementation of the ‘Test and Treat’ strategy alone will however, not lead to 

appropriate management of malaria. Eleven percent (11%) of patients in this study, which 

consists of 20% missed cases of malaria and 80% treated for malaria but did not have 
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malaria were inappropriately managed. The latter had other equally life threatening 

conditions which may have been missed.  All attributable to challenges with the diagnostic 

method (RDTs) used, annulling the well-founded claim that RDTs are not achieving their 

full potential because prescribers do not apply treatment according to test results. 

RDTs have on the overall significantly improved the targeting of antimalarials. However, 

with the sustained decline in the incidence of malaria resulting in low but clinically 

significant parasitaemia RDTs are fast losing their diagnostic utility. Consequently the Test 

and Treat strategy is fast becoming obsolete. Further control/reductions beyond current 

incident levels of malaria call for improvements in diagnostic and management guidelines 

 

6.2 Recommendations 

This study has shown that RDTs are no longer sufficient to be a stand-alone method upon 

which to wholly base clinical decision. There is need to complement RDTs with better 

performing diagnostic technologies, while at the same time calling for more studies to 

replicate the findings of this study. Microscopy is readily available. There is just need for 

some small investment in human resource capacity and infrastructural development so that 

every heath facility should have at least a close-by facility where microcopy services are 

available to which they can always refer. 

 

There is Need for setting-specific malaria management guidelines which take into account 

transmission dynamics, to be used simultaneously with the “Test and Treat” strategy, rather 

than total dependence on RDTs as is the case at the moment. For instance clinicians could 

University of Ghana http://ugspace.ug.edu.gh



56 
 

be retrained to interpret RDT results cautiously based on the clinical presentation of the 

patient and the transmission intensity of malaria (low or high) and encouraged to refer 

when an advanced diagnostic technology is needed to confirm or refute a suspicious RDT 

result.  

There is need to develop a robust surveillance system to monitor the performance of RDTs 

over time as malaria incidence continues to decline in many malaria endemic countries and 

sub regions due to effective interventions taking shape in those countries. The information 

garnered would inform selection of RDT products which meet the current epidemiology of 

malaria in those settings. The data from the surveillance system would also inform new 

malaria management guidelines that could be used concomitantly with the Test and Treat 

strategy. Such information could also be fed back to manufacturers of RDTs to improve 

upon their products so that they meet field settings. 

This study was undertaken in just one setting of the many different malaria transmission 

settings which exist in Ghana. There is need for a larger study to ascertain the diagnostic 

performance of RDTs in routine field settings across Ghana during both the high and low 

transmission seasons. 

 

 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



57 
 

REFERENCES 

Abeku, T. A., Kristan, M., Jones, C., Beard, J., Mueller, D. H., Okia, M., Cox, J. (2008). 

Determinants of the accuracy of rapid diagnostic tests in malaria case management: 

evidence from low and moderate transmission settings in the East African highlands. 

Malaria Journal, 7, 202. http://doi.org/10.1186/1475-2875-7-202 

Ansah, E. K., Narh-Bana, S., Epokor, M., Akanpigbiam, S., Quartey, A. A., Gyapong, J., 

& Whitty, C. J. M. (2010). Rapid testing for malaria in settings where microscopy is 

available and peripheral clinics where only presumptive treatment is available: a 

randomised controlled trial in Ghana. BMJ (Clinical Research Ed.), 340, c930. 

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/20207689 

Asante, K. P., Zandoh, C., Dery, D. B., Brown, C., Adjei, G., Antwi-Dadzie, Y., Owusu-

Agyei, S. (2011). Malaria epidemiology in the Ahafo area of Ghana. Malaria 

Journal, 10, 211. http://doi.org/10.1186/1475-2875-10-211 

Azikiwe, C., Ifezulike, C., Siminialayi, I., Amazu, L., Enye, J., & Nwakwunite, O. 

(2012). A comparative laboratory diagnosis of malaria: microscopy versus rapid 

diagnostic test kits. Asian Pacific Journal of Tropical Biomedicine, 2(4), 307–310. 

http://doi.org/10.1016/S2221-1691(12)60029-X 

Baiden, F., Webster, J., Tivura, M., & Delimini, R. (2012). Accuracy of Rapid Tests for 

Malaria and Treatment Outcomes for Malaria and Non-Malaria Cases among Under-

Five Children in Rural Ghana. Open Access. 

Baker, J., Gatton, M. L., Peters, J., Ho, M.F., McCarthy, J. S., & Cheng, Q. (2011). 

Transcription and expression of Plasmodium falciparum histidine-rich proteins in 

different stages and strains: implications for rapid diagnostic tests. PloS One, 6(7), 

e22593. http://doi.org/10.1371/journal.pone.0022593 

Baker, J., McCarthy, J., Gatton, M., Kyle, D. E., Belizario, V., Luchavez, J., Cheng, Q. 

(2005). Genetic diversity of Plasmodium falciparum histidine-rich protein 2 

(PfHRP2) and its effect on the performance of PfHRP2-based rapid diagnostic tests. 

The Journal of Infectious Diseases, 192(5), 870–7. http://doi.org/10.1086/432010 

Bendezu, J., Rosas, A., Grande, T., Rodriguez, H., Llanos-Cuentas, A., Escobedo, J., & 

Gamboa, D. (2010). Field evaluation of a rapid diagnostic test (Parascreen) for 

malaria diagnosis in the Peruvian Amazon. Malaria Journal, 9, 154. 

http://doi.org/10.1186/1475-2875-9-154 

Bharti, P. K., Silawat, N., Singh, P. P., Singh, M. P., Shukla, M., Chand, G., Singh, N. 

(2008). The usefulness of a new rapid diagnostic test, the First Response Malaria 

Combo (pLDH/HRP2) card test, for malaria diagnosis in the forested belt of central 

India. Malaria Journal, 7, 126. http://doi.org/10.1186/1475-2875-7-126 

Bisoffi, Z., Sirima, B. S., Angheben, A., Lodesani, C., Gobbi, F., Tinto, H., & Van Den 

Ende, J. (2009). Rapid malaria diagnostic tests vs. clinical management of malaria in 

rural Burkina Faso: Safety and effect on clinical decisions. A randomized trial. 

Tropical Medicine and International Health, 14(5), 491–498. 

http://doi.org/10.1111/j.1365-3156.2009.02246.x 

University of Ghana http://ugspace.ug.edu.gh



58 
 

Chinkhumba, J., Skarbinski, J., Chilima, B., Campbell, C., Ewing, V., San Joaquin, M., 

Mathanga, D. (2010). Comparative field performance and adherence to test results 

of four malaria rapid diagnostic tests among febrile patients more than five years of 

age in Blantyre, Malawi. Malaria Journal, 9, 209. http://doi.org/10.1186/1475-

2875-9-209 

Chiodini, P. L., Bowers, K., Jorgensen, P., Barnwell, J. W., Grady, K. K., Luchavez, J., 

Bell, D. (2007). The heat stability of Plasmodium lactate dehydrogenase-based and 

histidine-rich protein 2-based malaria rapid diagnostic tests. Transactions of the 

Royal Society of Tropical Medicine and Hygiene, 101(4), 331–7. 

http://doi.org/10.1016/j.trstmh.2006.09.007 

Cibulskis, R. E., Alonso, P., Aponte, J., Aregawi, M., Barrette, A., Bergeron, L., 

Williams, R. (2016). Malaria: Global progress 2000 - 2015 and future challenges. 

Infectious Diseases of Poverty, 5(1), 61. http://doi.org/10.1186/s40249-016-0151-8 

Danquah, I., Ziniel, P., Eggelte, T. A., Ehrhardt Stephen, & Mockenhaupt Frank P. 

(2010). Influence of haemoglobins S and C on predominantly asymptomatic 

Plasmodium infections in northern Ghana. Elsevier, 10(713-719), 4. 

Dinko, B., Oquike, M., Larbi, J., & Sutherland, C. (2013). Persistent detection of 

Plasmodium falciparum, P. malariae, P. ovale curtisi and P. ovale wallikeri after 

ACT treatment of asymptomatic Ghanaian school-children. Croeemark, 3, 45–50. 

Dondorp, A. M., Yeung, S., White, L., Nguon, C., Day, N. P. J., Socheat, D., & von 

Seidlein, L. (2010). Artemisinin resistance: current status and scenarios for 

containment. Nature Reviews. Microbiology, 8(4), 272–280. 

http://doi.org/10.1038/nrmicro2385 

Endeshaw, T., Graves, P. M., Shargie, E. B., Gebre, T., Ayele, B., Yohannes, G., 

Emerson, P. M. (2010). Comparison of Parascreen Pan/Pf, Paracheck Pf and light 

microscopy for detection of malaria among febrile patients, Northwest Ethiopia. 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 104(7), 467–

474. http://doi.org/10.1016/j.trstmh.2010.03.003 

Fogg, C., Twesigye, R., Batwala, V., Piola, P., Nabasumba, C., Kiguli, J., Guthmann, J.-

P. (2008). Assessment of three new parasite lactate dehydrogenase (pan-pLDH) tests 

for diagnosis of uncomplicated malaria. Transactions of the Royal Society of 

Tropical Medicine and Hygiene, 102(1), 25–31. 

http://doi.org/10.1016/j.trstmh.2007.09.014 

Gamboa, D., Ho, M.-F., Bendezu, J., Torres, K., Chiodini, P. L., Barnwell, J. W., Cheng, 

Q. (2010). A large proportion of P. falciparum isolates in the Amazon region of Peru 

lack pfhrp2 and pfhrp3: implications for malaria rapid diagnostic tests. PloS One, 

5(1), e8091. http://doi.org/10.1371/journal.pone.0008091 

Ghana Demographic and Health Survey, 2014. (n.d.). 

Ghana Statistical Service. (n.d.). 2010 Population and Housing Census. 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



59 
 

Hamer, D. H., Ndhlovu, M., Zurovac, D., Fox, M., Yeboah-, K., Chanda, P., Robert, W. 

(2009). Europe PMC Funders Group Improved diagnostic testing and malaria 

treatment practices in Zambia, 297(20), 2227–

2231.http://doi.org/10.1001/jama.297.20.2227. 

Iqbal, J., Siddique, A., Jameel, M., & Hira, P. R. (2004). Persistent histidine-rich protein 

2, parasite lactate dehydrogenase, and panmalarial antigen reactivity after clearance 

of Plasmodium falciparum monoinfection. Journal of Clinical Microbiology, 42(9), 

4237–4241. http://doi.org/10.1128/JCM.42.9.4237-4241.2004 

Ishengoma, D. S., Francis, F., Mmbando, B. P., Lusingu, J. P. A., Magistrado, P., 

Alifrangis, M., Lemnge, M. M. (2011). Accuracy of malaria rapid diagnostic tests in 

community studies and their impact on treatment of malaria in an area with 

declining malaria burden in north-eastern Tanzania. Malaria Journal, 10, 176. 

http://doi.org/10.1186/1475-2875-10-176 

Kilian, A. H., Metzger, W. G., Mutschelknauss, E. J., Kabagambe, G., Langi, P., Korte, 

R., & von Sonnenburg, F. (2000). Reliability of malaria microscopy in 

epidemiological studies: results of quality control. Tropical Medicine & 

International Health : TM & IH, 5(1), 3–8. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/10672199 

Koita, O. a, Doumbo, O. K., Ouattara, A., Tall, L. K., Konaré, A., Diakité, M., Krogstad, 

D. J. (2012). False-negative rapid diagnostic tests for malaria and deletion of the 

histidine-rich repeat region of the hrp2 gene. The American Journal of Tropical 

Medicine and Hygiene, 86(2), 194–8. http://doi.org/10.4269/ajtmh.2012.10-0665 

Koram, K. a, Owusu-Agyei, S., Utz, G., Binka, F. N., Baird, J. K., Hoffman, S. L., & 

Nkrumah, F. K. (2000). Severe anemia in young children after high and low malaria 

transmission seasons in the Kassena-Nankana district of northern Ghana. The 

American Journal of Tropical Medicine and Hygiene, 62(6), 670–674. 

Koram, K. A., Owusu-Agyei, S., Fryauff, D. J., Anto, F., Atuguba, F., Hodgson, A., 

Nkrumah, F. K. (2003). Seasonal profiles of malaria infection, anaemia, and bednet 

use among age groups and communities in northern Ghana. Tropical Medicine & 

International Health : TM & IH, 8(9), 793–802. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/12950665 

Kumar, N., Pande, V., Bhatt, R. M., Shah, N. K., Mishra, N., Srivastava, B., Anvikar, A. 

R. (2013). Genetic deletion of HRP2 and HRP3 in Indian Plasmodium falciparum 

population and false negative malaria rapid diagnostic test. Acta Tropica, 125(1), 

119–121. http://doi.org/10.1016/j.actatropica.2012.09.015 

Kyabayinze, D. J., Tibenderana, J. K., Odong, G. W., Rwakimari, J. B., & Counihan, H. 

(2008). Operational accuracy and comparative persistent antigenicity of HRP2 rapid 

diagnostic tests for Plasmodium falciparum malaria in a hyperendemic region of 

Uganda. Malaria Journal, 7, 221. http://doi.org/10.1186/1475-2875-7-221 

Lee, N., Baker, J., Andrews, K. T., Gatton, M. L., Bell, D., Cheng, Q., & McCarthy, J. 

(2006a). Effect of sequence variation in Plasmodium falciparum histidine- rich 

protein 2 on binding of specific monoclonal antibodies: Implications for rapid 

diagnostic tests for malaria. Journal of Clinical Microbiology, 44(8), 2773–2778. 

University of Ghana http://ugspace.ug.edu.gh



60 
 

http://doi.org/10.1128/JCM.02557-05 

Lee, N., Baker, J., Andrews, K. T., Gatton, M. L., Bell, D., Cheng, Q., & McCarthy, J. 

(2006b). Effect of sequence variation in Plasmodium falciparum histidine- rich 

protein 2 on binding of specific monoclonal antibodies: Implications for rapid 

diagnostic tests for malaria. Journal of Clinical Microbiology, 44(8), 2773–8. 

http://doi.org/10.1128/JCM.02557-05 

Maltha, J., Gamboa, D., Bendezu, J., Sanchez, L., Cnops, L., Gillet, P., & Jacobs, J. 

(2012). Rapid diagnostic tests for malaria diagnosis in the Peruvian Amazon: impact 

of pfhrp2 gene deletions and cross-reactions. PloS One, 7(8), e43094. 

http://doi.org/10.1371/journal.pone.0043094 

Maltha, J., Guiraud, I., Lompo, P., Kaboré, B., Gillet, P., Van Geet, C., Jacobs, J. (2014). 

Accuracy of PfHRP2 versus Pf-pLDH antigen detection by malaria rapid diagnostic 

tests in hospitalized children in a seasonal hyperendemic malaria transmission area 

in Burkina Faso. Malaria Journal, 13, 20. http://doi.org/10.1186/1475-2875-13-20 

Manyando, C., Njunju, E. M., Chileshe, J., Siziya, S., & Shiff, C. (2014). Rapid 

diagnostic tests for malaria and health workers’ adherence to test results at health 

facilities in Zambia. Malaria Journal, 13, 166. http://doi.org/10.1186/1475-2875-13-

166 

Mariette, N., Barnadas, C., Bouchier, C., Tichit, M., & Ménard, D. (2008). Country-wide 

assessment of the genetic polymorphism in Plasmodium falciparum and 

Plasmodium vivax antigens detected with rapid diagnostic tests for malaria. Malaria 

Journal, 7(1), 219. http://doi.org/10.1186/1475-2875-7-219 

Mayxay, M., Newton, P. N., Yeung, S., Pongvongsa, T., Phompida, S., Phetsouvanh, R., 

& White, N. J. (2004). Short communication: An assessment of the use of malaria 

rapid tests by village health volunteers in rural Laos. Tropical Medicine and 

International Health, 9(3), 325–329. http://doi.org/10.1111/j.1365-

3156.2004.01199.x 

McMorrow, M. L., Masanja, M. I., Abdulla, S. M. K., Kahigwa, E., & Kachur, S. P. 

(2008). Challenges in routine implementation and quality control of rapid diagnostic 

tests for malaria--Rufiji District, Tanzania. The American Journal of Tropical 

Medicine and Hygiene, 79(3), 385–390. http://doi.org/79/3/385 [pii] 

McMorrow, M. L., Masanja, M. I., Kahigwa, E., Abdulla, S. M. K., & Kachur, S. P. 

(2010). Quality assurance of rapid diagnostic tests for malaria in routine patient care 

in rural Tanzania. The American Journal of Tropical Medicine and Hygiene, 82(1), 

151–5. http://doi.org/10.4269/ajtmh.2010.09-0440 

Mills, L. A., Kagaayi, J., Shott, J. P., Newell, K., Bwanika, J. B., Ssempijja, V., Gray, R. 

H. (2010). Performance of a prototype malaria rapid diagnostic test versus thick 

film microscopy among HIV-positive subjects in rural Rakai, Uganda. Transactions 

of the Royal Society of Tropical Medicine and Hygiene (Vol. 104). 

Mirdha, B. R., Samantaray, J. C., & Mishra, B. (1997). Laboratory diagnosis of malaria. 

Journal of Clinical Pathology, 50(4), 356. http://doi.org/10.1136/jcp.50.4.356-a 

Moody, A. (2002). Rapid diagnostic tests for malaria parasites. Clinical Microbiology 

University of Ghana http://ugspace.ug.edu.gh



61 
 

Reviews, 15(1), 66–78. http://doi.org/10.1128/CMR.15.1.66-78.2002 

Muhindo, H. M., Ilombe, G., Meya, R., Mitashi, P. M., Kutekemeni, A., Gasigwa, D., 

Van Geertruyden, J.-P. (2012). Accuracy of malaria rapid diagnosis test Optimal-

IT(®) in Kinshasa, the Democratic Republic of Congo. Malaria Journal, 11, 224. 

http://doi.org/10.1186/1475-2875-11-224 

Murray, C. K., Gasser, R. A., Magill, A. J., & Miller, R. S. (2008). Update on rapid 

diagnostic testing for malaria. Clinical Microbiology Reviews, 21(1), 97–110. 

http://doi.org/10.1128/CMR.00035-07 

Naidoo, I., & Roper, C. (2010). Following the path of most resistance: Dhps K540E 

dispersal in African Plasmodium falciparum. Trends in Parasitology, 26(9), 447–

456. http://doi.org/10.1016/j.pt.2010.05.001 

Oduro, A. R., Wak, G., Azongo, D., Debpuur, C., Wontuo, P., Kondayire, F., Binka, F. 

(2012). Profile of the Navrongo Health and Demographic Surveillance System. 

International Journal of Epidemiology, 41(4), 968–976. 

http://doi.org/10.1093/ije/dys111 

Oguike, M. C., & Sutherland, C. J. (2014). Dimorphism in genes encoding sexual-stage 

proteins of Plasmodium ovale curtisi and Plasmodium ovale wallikeri. Crossmark, 

4(5), 499–454. 

Oyeyemi, O. T., Sode, O. J., Adebayo, O. D., & Mensah-Agyei, G. O. (2016). Reliability 

of rapid diagnostic tests in diagnosing pregnancy and infant-associated malaria in 

Nigeria. Journal of Infection and Public Health, 9(4), 471–477. 

http://doi.org/10.1016/j.jiph.2015.11.012 

Reyburn, H., Mbakilwa, H., Mwangi, R., Mwerinde, O., Olomi, R., Drakeley, C., & 

Whitty, C. J. M. (2007). Rapid diagnostic tests compared with malaria microscopy 

for guiding outpatient treatment of febrile illness in Tanzania: randomised trial. BMJ 

(Clinical Research Ed.), 334(7590), 403. 

http://doi.org/10.1136/bmj.39073.496829.AE 

Skarbinski, J., Ouma, P. O., Causer, L. M., Kariuki, S. K., Barnwell, J. W., Alaii, J. A., 

Hamel, M. J. (2009). Effect of malaria rapid diagnostic tests on the management of 

uncomplicated malaria with artemether-lumefantrine in Kenya: a cluster randomized 

trial. The American Journal of Tropical Medicine and Hygiene, 80(6), 919–26. 

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/19478249 

Swarthout, T. D., Counihan, H., Senga, R. K. K., & van den Broek, I. (2007). Paracheck-

Pf accuracy and recently treated Plasmodium falciparum infections: is there a risk of 

over-diagnosis? Malaria Journal, 6, 58. http://doi.org/10.1186/1475-2875-6-58 

Tahar, R., Sayang, C., Ngane Foumane, V., Soula, G., Moyou-Somo, R., Delmont, J., & 

Basco, L. K. (2013). Field evaluation of rapid diagnostic tests for malaria in 

Yaounde, Cameroon. Acta Tropica, 125(2), 214–219. 

http://doi.org/10.1016/j.actatropica.2012.10.002 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



62 
 

Tarimo, D. S., Jani, B., & Killewo, J. Z. (2015). Management of fever among under-fives 

and utility of malaria rapid diagnostic test under reduced malaria burden in Rufiji 

District, Southeastern Tanzania. Asian Pacific Journal of Tropical Disease, 5(11), 

862–868. http://doi.org/10.1016/S2222-1808(15)60946-X 

WHO (2013). Scaling up diagnostic testing , treatment and surveillance for malaria. 

WHO (2014). Malaria rapid diagnostics test performance: results of WHO product testing 

of malaria RDTs: Round 5 (2013). World Health Organization, 1, 1–110. 

WHO (2015). World Malaria Report 2015. Www.who.org. 

WHO | World Malaria Report 2015. (2016). WHO. 

WHO, & World Health Organization. (2010). Guidelines for the treatment of malaria, 

2nd edition. Who, 197p. http://doi.org/WHO Library Cataloguing-in-Publication 

Data 

Wongsrichanalai, C., & Barcus, M. (2007). A review of malaria diagnostic tools: 

microscopy and rapid diagnostic test (RDT). The American Journal of   

World Health Organization. (2010). World Malaria Report 2010. World Health 

Organisation, 1–137. 

Wurtz, N., Fall, B., Bui, K., Pascual, A., Fall, M., Camara, C., Pradines, B. (2013). 

Pfhrp2 and pfhrp3 polymorphisms in Plasmodium falciparum isolates from Dakar, 

Senegal: impact on rapid malaria diagnostic tests. Malaria Journal, 12, 34. 

http://doi.org/10.1186/1475-2875-12-34 

Zurovac, D., Larson, B. A., Skarbinski, J., Slutsker, L., Snow, R. W., & Hamel, M. J. 

(2008). Modeling the financial and clinical implications of malaria rapid diagnostic 

tests in the case-management of older children and adults in Kenya. The American 

Journal of Tropical Medicine and Hygiene, 78(6), 884–91. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/18541764 

 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



63 
 

APPENDICES 

 CASE RECORD FORM FOR DATA COLLECTION 

Study title: Diagnostic accuracy of malaria rapid tests in routine settings in 

Kassena-Nankana District of Northern Ghana: Implications for the test and treat 

policy 

     1. Patient ID.………………………               2.  Date (dd/mm/yyyy) …………............. 

    3. Facility name: ………………………………………………………………………… 

    4. Type of facility: District hospital      Health center         CHIPS Compound   

 

Section A: Patient characteristics 

     1. Sex: Male           Female                              2. Age (in completed years): ……...... 

     3. History of fever:  Present       Absent  Temperature …………………… 

     4. Prior treatment with antimalarial in the past 4 weeks: Yes               No    

 

 Section B: Health facility characteristics 

      1. Room temperature:  Min………………………             , Max……………………… 

      2. Test operator:  ID No……………………………  Cadre …………………………... 

      3. Trained: Yes            No                                 Trained by …………………………                                                                                                                

      4. Years of experience with RDTs……………………………………………………... 

      5. Availability of RDT test procedure/interpretation of results ……………/………….  

      6. Test performance score (correctly performs all steps in test procedure) ……………   

FOLDER/OPD No.:  
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      7. Availability of external/internal quality assurance: Available  

(describe)……………………………………………………             Not available  

      8. Any form of supervision: Yes   (describe) …………..  No     How often ………. 

Section C: Malaria rapid test kit 

1. Product/Brand name ………………………………………………………………..          

2. Manufacturer ………………….. ………………………………………………….. 

3. Plasmodium species targeted ……………………………………………………… 

4. Target antigens:  pfHRP-2/3                 pLDH              P. aldolase  

5. Specified storage conditions (temperature) ……………………………………….. 

6. Indicated sensitivity …………………..    7. Specificity ………………………….. 

8. Meets WHO procurement criteria:    Yes         No    

9. Date manufactured ……………………………. Expiry date …………………….. 

Section D: RDT test outcome and patient management 

1. RDT test result:   Positive           Negative  

2. Diagnosis/treatment: antimalarial dispensed       Not dispensed  

 

Section E: Microscopy  

1. Microscopy results: Positive (asexual/sexual forms)           Negative  

2. Plasmodium species:  P. falciparum     P. vivax      P. malariae      P. ovale   

3. Parasite count/µL …………………………. 
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INFORMED CONSENT FORM FOR STUDY PARTICIPANTS 

Study title: Diagnostic accuracy of malaria rapid tests in routine settings in 

Kassena-Nankana District of Northern Ghana: Implication for the test and treat 

policy 

Introduction 

My name is Alfred B. Kayira. I am a graduate student with the University of Ghana 

pursuing a Master of Public Health. We are conducting a study on diagnostic accuracy of 

malaria rapid tests in our setting. I would like to invite you to participate in the study 

because following consultation with your doctor you have been asked take a malaria rapid 

test and you are here just about to take the test. 

Malaria remains a major public health problem claiming close to a million lives per year 

around the world. Ninety percent of these deaths occur in sub-Saharan Africa, including 

Ghana. Children, pregnant women and the elderly are particularly vulnerable. The key step 

in improving treatment outcomes in patients with malaria is prompt and accurate diagnosis 

so that a patient gets a timely and appropriate treatment. This study seeks to find out 

whether rapid tests used in our facility are working very well and so we want to compare 

the RDT results and those obtained from microscopy which is the reference test method. It 

goes further to explore factors that could be associated with the test results, if there are any. 

The findings and recommendations from the study will be useful to various authorities 

including the Ghana Health Service to improve the diagnostic performance of RDTs in our 

setting. 
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Study procedure 

You (or your child, ward) are cordially invited to take part in this study. We will ask you 

questions about your age, what you have been feeling (signs and symptoms) in the past two 

days, whether you sought treatment elsewhere before coming to this facility, and the type 

of medication you were given. Then one or two drops of blood will be collected from the 

same finger prick site you had for your RDT test. These drops of blood will be used to 

make a blood film on a glass slide. The film will be examined by microscopy at reference 

laboratory and your true malaria status will be determined. 

Voluntariness 

Taking part in this study is absolutely voluntary. You have every right to refuse to 

participate or let your child/ward participate. If you (or your child/ward) chose to refuse 

you it will not in any way affect the quality of care you will receive for your illness.  

Withdraw 

If you choose to participate (or let your child/ward) participate in this study, you have the 

right to withdraw from it at any point in time. That too will not in any way affect the quality 

of care you would receive. 

Risks and benefits of the study 

There are no direct and immediate benefits to you (or your child/ward) for your 

participation in this study. We also do not anticipate any direct harm to you (or your 

child/ward) except that an additional one or two drops of blood will be taken for the 

preparation of the blood smear. However, we are hopeful that by your (or his/her) 

participation in this study, you (or he/she) will be helping us provide national, regional and 
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international health decision makers with evidence on the diagnostic performance of  

malaria rapid tests. In the event that your RDT result was negative and did not get 

antimalarials but microscopy results turns out to be positive the results shall be 

communicated to the health facility as soon as possible so that they can follow up on you 

if the doctor thinks it is necessary. 

Compensation 

 You (or your child/ward) will not be paid anything in the form of material or money for 

your participation in the study. However, you participation will be highly appreciated. 

Confidentiality 

All the information collected will be treated with the utmost confidentiality and will be 

used for the intended purpose only. You (or your child/ward) will not be identified by name 

in any dissemination or publication resulting from this study. 

Questions 

If you have any questions concerning this study you can contact Alfred B Kayira, a 

graduate student of the University of Ghana on 0503268436 or 0554650799. Ethical 

clearance to do this study was obtained from the Ethical Review Committee of the Ghana 

Health Service. The chairman can be contacted on 0507041225 or 0243235225 or 

0244712919 for any information concerning this study. 

Consent form 

I have been adequately informed of (or I have read and understood) the purpose, 

procedures, potential risks and benefits of this study. I have had the opportunity to ask 
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questions about it. Any questions that I have asked have been answered to my satisfaction. 

I know that I can refuse to participate (or have my child/ward participate) in this study 

without any loss of benefit to which I (or my child/ward) would have otherwise been 

entitled. I understand that any information collected will be treated confidentially.  I freely 

agree to participate (or have my child/ward participate) in the study. After signing below I 

will receive a copy of the information sheet and this consent form. 

Name of participant …………………………………………………………………… 

Signature (participant/parent/ guardian): ……………………………………………… 

Date: ……../………/………. (dd/mm/yyyy) 

Name of parent of parent/ guardian (if applicable)…………………………………….. 

Date: ……/………../………… (dd/mm/yyyy) 

 

I have adequately informed the participant of the purpose, procedures, potential risks and 

benefits of this study. I have answered all questions to the best of my ability. 

Name of study personnel: ……………………………………………………………….. 

Signature: ………………………………………………………………………………... 

Date: ………………………………………………………. (dd/mm/yyyy) 
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