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ABSTRACT                                                                                                                                                
Malaria diagnosis with the rapid diagnostic tests (RDTs) is recommended for malaria endemic countries. However, some brands 

of the malaria RDTs currently in circulation may not satisfy the minimum requirement for diagnosis and clinical management of 

falciparum malaria. This study compared the performance of a histidine-rich protein 2 CareStartTM (Pf) malaria RDT, with light 

microscopy in the diagnosis of Plasmodium falciparum in a hospital setting in Katsina-Ala, Nigeria. A total of 723 hospital 

patients; 411 symptomatic and 312 asymptomatic were screened with CareStartTM (Pf) malaria RDT and light microscopy for 

the diagnosis of P. falciparum malaria. Using light microscopy as the reference test, the results indicated that the prevalence of 

P. falciparum was 25.9% by CareStart RDT and 23.2% by light microscopy. The level of the two tests concordance was 

outstanding in symptomatic malaria: kappa (k) = 0.92 (95% CI = 0.87 – 0.96) p < 0.001, and substantial in asymptomatic malaria: 

k = 0.70 (95% CI = 0.60 – 0.79) p < 0.001. Sensitivity = 86.8%; 95.7%, while specificity = 91.5%; 97.0% in asymptomatic and 

symptomatic malaria respectively. Similarly, positive predictive value = 67.6%; 92.4%, while negative predictive value = 97.1% 

and 98.3% in the same group of patients. These results suggest that CareStartTM (Pf) malaria RDT is suitable for the diagnosis of 

P. falciparum malaria.  However, it has a tendency to overestimate malaria prevalence, albeit having a reduced probability of 

detecting truly positive P. falciparum infections in a hospital setting.  
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INTRODUCTION 

 

Malaria is a vector borne parasitic protozoan infection that is 

caused by five known Plasmodium species in human 

populations (Antinori et al., 2012). The disease is currently 

estimated to cause 214 million cases; range (149 – 303) million, 

while the number of deaths due to malaria is estimated at 438 

000; range (236 000 – 635 000). This is in spite of concerted 

efforts to fight malaria, in the last 15 years period that has 

drastically reduced its human burden (WHO 2015a). Some of 

the evolving new strategies to combat and perhaps eliminate 

malaria in regions where it is possible have led to the 

introduction of artemisinin combination therapies (ACTs) for 

the treatment of the disease (WHO 2010), and the rapid 

diagnostic tests (RDTs) for rapid detection of the malaria 

parasites before treatment is effected (WHO 2015b). 

 Prior to the introduction of RDTs, malaria diagnosis at the 

health centres in malaria endemic areas relied mainly on 

microscopic examination and detection of the parasites 

(Wongsrichanalai et al., 2007). To date, the microscopy 

procedure is still the ‘gold standard’ for malaria diagnosis 

(WHO 2009). However, microscopy diagnosis requires the 

acquisition of some technical skills by well trained, and 

competent microscopists whose competence needs to be 

frequently re-evaluated for quality assurance to effectively 

diagnose malaria (Wongsrichanalai et al., 2007, WHO 2009). 

The practical reality that is glaring is the fact that the required 

technical knowhow for microscopy diagnosis is not readily 

available in times of need, particularly in malaria endemic rural 

areas where the greatest burden of malaria is frequently felt. 

Equally lacking is a constant source of electricity required to 

power the light microscopes (LM) during slides examination 

for malaria parasites.   
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 The introduction of malaria RDTs was intended to 

overcome these aforementioned challenges associated with 

malaria diagnoses in disease endemic areas (Aidoo 2013). 

Among many other objectives, the use of RDTs in malaria 

diagnosis is intended to promote evidenced based treatment, 

which was previously based on presumptive diagnosis 

(Chandramohan et al., 2002, Talisuna 2007). Presently the 

production of malaria RDT brands has soared to a level that 

there are over 200 malaria RDTs now available for malaria 

diagnoses (WHO 2015b). However, because of the 

heterogeneous performance response of the different brands of 

RDTs available for malaria diagnosis, the WHO (2016) has 

reviewed the minimum performance criteria recommended for 

the selection and use of malaria RDTs. These requirements 

include a panel detection score of at least 75% against P. 

falciparum at 200 parasites/µL of blood in all samples, for the 

detection of P. falciparum in all transmission settings. The 

same requirement applies for P. vivax detection in all 

transmission settings. In addition, less than 10% false positive 

rate, and less than 5% invalid rate for the specific RDT 

performance is recommended (WHO 2015b, 2016).  

 The CareStartTM Pf malaria RDT is a histidine - rich 

protein 2 (HRP2) based RDT brand that specifically detects P. 

falciparum malaria using the presence of HRP2; a water soluble 

antigen that is produced by all developmental stages of P. 

falciparum parasites in the blood (Rock et al., 1987). In the 

round 6 product testing of malaria RDTs, the CareStartTM Pf 

malaria RDT brand also met the WHO minimum requirements 

for malaria diagnosis (WHO 2015b, 2016). The test kit is 

currently being used for malaria diagnosis in Nigeria, but with 

varying levels of sensitivities reported in different parts of the 

country (Sheyin and Bigwan 2013, Brown and Azike 2014, 

Abdulkadir et al., 2015).  The wide performance variation of 

this brand of malaria RDT, reported in Nigeria for malaria 

diagnoses in recent times, prompted us to evaluate its 

performance in a hospital setting. Thus we compared the P. 

falciparum malaria diagnostic performance of CareStartTM Pf 

malaria RDT, with LM as a reference test, in a hospital setting 

at Katsina-Ala Benue State, an endemic area of P. falciparum 

malaria in Nigeria.  

 

MATERIALS AND METHODS 

 

Study area: the study was conducted at Katsina-Ala. located at 

Latitude 7⁰ 10’ 0” N and Longitude 9⁰ 17’ 0” E, in Benue State, 

north central Nigeria. Samples were collected from the General 

Hospital Katsina-Ala from February to October 2015. 

 

Ethical consideration 

The study was conducted in line with international ethical 

guidelines for biomedical research involving human subjects 

(CIOMS 2002). Ethical approval was granted by the local 

ethics committee of the General Hospital Katsina-Ala. Subjects 

were recruited if they gave written informed consent when 

requested. In the case of minors, consent was sought and 

obtained from their parents or guardian. 

Study subjects: subjects with a fever, or other clinical 

symptoms of malaria, with axillary temperature ≥ 37.5 ⁰C, who 

attended the General Hospital Katsina-Ala, and gave written 

informed consent were enrolled to participate in the study, n = 

411. In addition, asymptomatic subjects with normal body 

temperature, without evidence of fever, who attended the 

hospital were also enrolled, n = 312. There were no exclusion 

criteria. A total of n = 723 subjects that gave informed consent 

to participate in the study, during the period of sampling were 

enrolled. 

 

Blood sample collection and malaria diagnosis: rapid 

diagnostic test. From each of the enrolled subject, about 5 µl 

of the finger prick blood was collected using a rubber pipette. 

The blood was dropped into the sample area of CareStartTM Pf 

HRP2 malaria rapid diagnostic test cassette (Access Bio Inc. 

Somerset NJ USA). This was followed by the addition of two 

drops of a buffer, supplied with the kit in the wicking area of 

the RDT test pad. The RDT cassette was placed on a flat surface 

for 20 minutes before it was examined for the result of the test. 

A positive test indicated a band in ‘T’ (test line) and another 

one in ‘C’ (control line) labels on the cassette. A negative test 

showed only one band in ‘C’. While a band in ‘T’ without one 

in ‘C’ or no band appearing in both ‘T’ and ‘C’ indicated an 

invalid test (WHO 2015b). 

 

Microscopy diagnosis: from each subject tested for the rapid 

diagnostic test, a single drop of the finger prick blood was 

dropped on a grease free microscopy slide to prepare a thick 

blood film. The thick film was stained with 10% Giemsa stain 

for 10 minutes, and examined on a microscope using X100 oil 

immersion objective (WHO 2009). Two independent 

microscopists, each blinded to the slide readings of one another 

scored the thick films as either positive or negative slides. All 

the slides with disagreement were resolved by a third 

independent microscopist. Also asexual parasite density/µl of 

blood, of the malaria positive slides were computed by 

counting the number of asexual parasites per 200 white blood 

cell (WBCs) multiplied by 40 (WHO 2009). 

 

Statistical analysis: the test result of each malaria diagnosis by 

the RDT was compared with the corresponding diagnosis by 

LM which was the reference test. Values of kappa (k) and their 

95% confidence interval (CI) were each determined for the 

three categories of patients, namely all subjects, symptomatic, 

and asymptomatic subjects. The resulting k values were 

interpreted according to Landis and Koch (1977). In order to 

determine the sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV) of the RDT, the 

individual’s test results were classified as true positive (TP), 

true negative (TN), false positive (FP) and false negative (FN) 

using reference microscopy. The sensitivity of RDT; that is the 

probability that a truly P. falciparum infected individual will 

test positive by RDT was estimated as = (TP/TP+FN). 

Specificity or the probability that a truly uninfected individual 

will test negative by the RDT = (TN/TN + FP). In addition, we 

determined the PPV or the probability that those testing 

positive by RDT were truly infected = (TP/TP + FP), and the 

NPV or the probability that those testing negative by RDT were 

truly uninfected = (TN/TN + FN). In each case, the 95% 

confidence interval (95% CI) of the respective probabilities 

was also calculated in each of the different subject categories 

(Banoo et al., 2010).                                                                                                                                               
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RESULTS 
 

The mean age of all the patients diagnosed was 23.7 ± 9.5 years, 

range, 1 – 60 years. The prevalence of P. falciparum malaria 

among all the diagnosed hospital patients was 23.2% by light 

microscopy (n = 723). The corresponding prevalence by 

CareStartTM Pf malaria RDT was 25.9%. In symptomatic 

subjects alone, LM prevalence slightly increased to 28.0%, 

while the RDT prevalence also increased to 29.0% (n = 411). 

However, among the asymptomatic subjects, there was a 

decrease in LM prevalence to 17.0%, while RDT prevalence 

equally reduced in the same category to 21.8% (n = 312). There 

was a significant agreement between LM and the RDT (k = 

0.84, (95% CI = 0.79 – 0.88), p < 0.001), for all the subjects 

diagnosed. A similar significant agreement was obtained in 

both the symptomatic and asymptomatic subjects (p < 0.001, 

Table 1). By comparing the RDT to the reference test LM, it 

was observed that the percentage of false negatives  

were 1.7%, 2.2% and 2.9% in symptomatic subjects, all 

subjects, and asymptomatic subjects (Table 1). In contrast, false 

positives were 7.6%, 16.6% and 32.4% respectively in the 

corresponding subjects categories.  The total cases of invalid 

tests were small, and constituted a mere 1.24% (9/723). The 

sensitivity of the CareStartTM Pf malaria RDT in the 

symptomatic hospital subjects was = 95.7% and higher than 

asymptomatic patients which was = 86.8%. Similarly, the 

specificity of the RDT kit was higher in the symptomatic 

subjects = 97.0%, and lower in the asymptomatic subjects = 

91.5%. A similar trend was also observed in the estimated PPV 

of the RDT kit = 92.4% and 67.6%; and the NPV = 98.3% and 

97.1% of symptomatic and asymptomatic hospital subjects 

respectively (Table 2).  The mean parasite density among 

asymptomatic subjects was 758 ± 174 asexual parasites/µl of 

blood (Figure 1). In this group, 17% (53/312) of the sampled 

patients in the hospital environment had detectable peripheral 

parasitaemia by LM, although they had no apparent symptoms 

of malaria. 
 

Table 1: Comparative diagnosis of malaria with CareStart RDT and reference Microscopy  

Category               CareStart  

                                RDT (%) 

Reference microscopy (%)  Total  Kappa (k)         p - value 

  (95% CI) positive negative 

 

All subjects 

 

positive 

 

156 (83.4) 

 

31 (16.6) 

 

  187  

 

      0.84 

 

< 0.001 

(n = 723) Negative 12 (2.2) 524 (97.8)   536  (0.79 -0.88)  

       

Symptomatic positive 110 (92.4) 9 (7.6)  119         0.92 < 0.001 

(n = 411) negative   5 (1.7) 287 (98.3)  292  (0.87 – 0.96)  

       

Asymptomatic positive 46 (67.6) 22 (32.4)    68         0.70 < 0.001 

(n = 312) negative 7 (2.9)  237 (97.1)  244  

 

(0.60 – 0.79)  

Table 2:: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value NPV) of CareStart RDT  

Category % Sensitivity (95% CI) % Specificity (95% CI) % PPV (95% CI) % NPV (95% CI) 

All subjects 

(n = 723) 

92.9 

(89.0 – 96.8) 

94.4 

(92.5 – 96.3) 

83.4 

(78.1 – 88.7) 

97.8 

(96.6 – 99.0) 

Symptomatic 

(n = 411) 

95.7 

(92.0 – 99.4) 

97.0 

(95.1 – 98.9) 

92.4 

(87.6 – 97.2) 

98.3 

(96.8 – 99.8) 

Asymptomatic 

(n = 312) 

86.8 

(77.7 – 95.9) 

91.5 

(88.1 – 94.9) 

67.6 

(56.5 – 78.7) 

97.1 

(95.0 – 99.2) 

Figure 1

Mean parasite density of subjects ± standard error   
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DISCUSSION 

 

The comparative diagnosis of P. falciparum malaria by 

CareStartTM Pf malaria RDT and LM showed a significant 

agreement (p < 0.001) between the two methods. The level of 

agreement between the two tests was outstanding (Landis and 

Koch 1977) in all the subjects (k = 0.84) as well as symptomatic 

subjects (k = 0.92). It was equally substantial in asymptomatic 

malaria patients (k = 0.70). This demonstrates that the 

CareStartTM Pf malaria RDT can be a very useful tool for 

malaria diagnosis in a hospital setting. It may be even more 

useful, particularly in rural health facilities in malaria endemic 

areas. Specifically, our findings suggest that the CareStartTM Pf 

RDT had slightly higher estimates of the prevalence of P. 

falciparum malaria among each category of the hospital 

patients in the present study. This over estimation was probably 

the product of the varying number of false positives, which 

arose among the different subjects groups. For instance, the 

32.4% of false positives within the asymptomatic malaria 

category could be due to many probable factors (Maltha et al., 

2013). Among them, the persistence of the HRP2 antigen in the 

blood, despite the absence of detectable parasitaemia appears 

to be a reasonable explanation.  

The scenario may arise if treatment with antimalarial drugs, just 

prior to sampling had successfully reduced blood parasitaemia 

to a level that it was impossible to detect by microscopy. 

However, the remnants of circulating HRP2 antigen were 

enough to cause a sensitive RDT kit to test positive. Those 

remnants of HRP2 would be those that were produced in the 

presence of parasitaemia, but had not completely decayed from 

the blood stream, following parasites removal by the 

antimalarial drugs (Maltha et al., 2014).  One implication of a 

high number of false positives in any test is that, it will lead to 

patients not suffering from malaria being treated with 

antimalarial drugs. This negates the very essence for the use of 

malaria RDTs in evidence based treatment of malaria (Bisoffi 

et al., 2012). It will also raise the cost of malaria treatment, by 

wasting antimalarial drugs on patients that were not infected 

with malaria parasites. 

 It must also be appreciated that matured asexual stages of 

P. falciparum parasites, which are sequestered produce HRP2 

(Dondorp et al., 2005, Mouatcho and Goldring 2013). Since 

sequestered parasites do not circulate in the peripheral blood, 

they will not be detected by microscopy examination. Their 

reluctance to circulate albeit producing the HRP2 in the blood 

stream will ensure that microscopy test will be negative, if 

asexual forms of the parasite were removed by drugs. Whereas, 

RDT will be positive assuming the matured sequestered forms 

of the parasites remained intact. In this case, true positive cases 

will be misclassified as false positives, thus increasing their 

number in a sample. A situation like this couldn’t be ruled out 

in a hospital setting. It has been shown that serum rheumatoid 

factor, cross reaction and other parasitic diseases may also raise 

the number of false positive during tests with HRP2 malaria 

RDTs (Maltha et al., 2013). 

 The overall cases of false negative tests due to 

CareStartTM Pf malaria RDT in this study were 2.2%. Some 

recent studies in south America and India have observed that 

the presence of false negatives in HRP2 based RDTs were due 

to polymorphism in the HRP2 gene, leading to deficient 

production of the HRP2 antigen (Gamboa et al., 2010; Kumar 

et al., 2013, Akinyi et al., 2013, Baldeviano et al. 2015). 

Although sequence variation in the PfHRP2 gene among global 

parasites, including many variants in Nigeria did not affect 

HRP2 based RDTs performance (Baker et al., 2010), the 

deletion of the HRP2 gene from parasites populations affected 

the performance of RDTs (Gamboa et al., 2010; Kumar et al., 

2013, Akinyi et al., 2013, Baldeviano et al. 2015). This gene 

deletion has not been investigated in Nigeria. There will be a 

need to ascertain if such gene deletion is common in Nigeria, 

and correlates with false negative RDTs in the country. Low 

parasite densities may lead to false positives (Maltha et al., 

2013) but in our finding this factor may not apply. This is 

because the least mean parasite load of 758 ± 174 asexual 

parasites/µl of blood, found in asymptomatic malaria category 

was 3 times more than the recommended minimum of 200 

asexual parasites/µl of blood needed for RDT’s detection of 

malaria parasites (WHO 2015b).  

 One certain implication of a false negative diagnosis is 

that, it poses a serious danger to the life of the patient being 

tested, as the patient may be denied appropriate treatment with 

antimalarial drugs despite being infected with P. falciparum 

parasites. One potential reason for the observed false negatives 

could be due to the prozone effect (Gillet et al., 2009). This 

phenomenon has been demonstrated in the laboratory 

(Luchavez et al., 2011) and documented in the field (Gillet et 

al., 2011). Also a recent demonstration that circulating anti-

HRP2 antibodies interfere with antigen detection by malaria 

RDTs (Ho et al., 2014) could be yet another plausible reason 

for the false negative RDTs, seen in the present study. Thus a 

more comprehensive study that investigates all three possible 

causes of false positive RDTs is needed to elucidate the 

relationship that exist among HRP2 gene deletion, the prozone 

effect, circulating levels of anti-HRP2 antibodies, and false 

negative RDTs. 

 The sensitivity of 95.7% in symptomatic subjects was 

up to the recommended minimum requirement for selection and 

use of malaria RDT (WHO 2015b). In asymptomatic malaria 

subjects however, the sensitivity reduced to 86.8%, but was 

higher than the 78.4% sensitivity reported by Sheyin and 

Bigwan (2013) in Zaria Nigeria, when a similar brand of the 

RDT was used. The general performance indicators of the 

CareStartTM Pf malaria RDT kit reported in Nigeria when LM 

was used as the reference test have shown divergent and 

perhaps not very encouraging results. For instance, in Zaria 

Northern Nigeria, the sensitivity was 78.4% with specificity of 

97.6% in hospital patients (Sheyin and Bigwan 2013). 

However, in Zamfara, also in northern Nigeria, a very low 

sensitivity of 40.3% and a specificity of 89.6% were reported 

in children < 5 years (AbdulKadir et al., 2015). Furthermore, 

another poor sensitivity of 37.7% and 89.0% Specificity was 

reported in Port-Harcourt southern Nigeria (Brown and Azike 

2014). The last two studies in Zamfara and Port-Harcourt 

suggests that CareStartTM Pf malaria RDT alone may not be a 

useful tool for malaria diagnosis in these areas. Our findings do 

not agree with these studies. It must be noted that extreme 

environmental factors such as temperature and humidity affect 

RDTs performance (Chiodini et al., 2007, Murray et al., 2008) 

and the environmental conditions in Zamfara and Port-Harcourt 

represent these two extremes. Also end users errors may lead 
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to poor conduct, and poor interpretation of the results such as 

ignoring specific volumes of blood and buffer applied to the 

test, not recognizing faint test lines and invalid tests, all of 

which may lead to a poor sensitivity of an RDT (Maltha et al., 

2013) that cannot be attributed to the test kit.  

 Although, in a large country like Nigeria, just as there 

are extreme environmental conditions in different regions, so 

also different geographical locations may produce varied 

responses to a HRP2 based RDTs. Perhaps, unknown to us, the 

heterogeneous sensitivities of HRP2 RDTs in Nigeria could be 

due to the distinct genetic composition of circulating P. 

falciparum parasites prevalent in a particular region. Which is 

known to affect the performance of HRP2 based RDTs 

elsewhere due to deficiency in HRP2 production as a result of 

gene deletion (Gamboa et al., 2010; Kumar et al., 2013, Akinyi 

et al., 2013, Baldeviano et al. 2015). 

 The positive predictive value of the test kit among 

asymptomatic malaria subjects was as low as 67.8%. This could 

be attributed to the high number of false positive in the 

asymptomatic malaria group which were almost half of the true 

positive individuals diagnosed by the test kit. It could be that in 

the hospital setting in which the study was conducted, majority 

of the false positive individuals were probably treated with 

antimalarial drugs. The drugs could have cleared peripheral 

parasitaemia, but left measurable quantities of HRP2 in the 

blood stream that lingered on to yield false positive test 

observed in this study. Moreover, the mean asexual parasite 

density of 758 ± 174 parasites/µl of blood observed in the 

asymptomatic subjects, that tested positive to the CareStartTM 

Pf malaria RDT tends to support the suggestion that the 

asymptomatic malaria subject were probably relieved of 

malaria symptoms by antimalarial drugs, just before they 

participated in the study. 

 The negative predictive value of CareStartTM Pf RDT 

was comparably higher (> 97%) in all subject categories than 

the other three parameters that were determined in this study.  

This shows the test kit as having the required ability to exclude 

truly uninfected P. falciparum malaria subjects that could be 

treated with ACTs, due to the presence of febrile illness. This 

is common in a P. falciparum endemic area like Nigeria 

(Isiguzo et al., 2014).  Such ability to discriminate between 

febrile illnesses due to P. falciparum malaria and those not due 

to P. falciparum malaria may allow quick devotion of time and 

laboratory resources towards identifying other pathogens that 

may be responsible for the febrile illness in the absence of 

malaria.  

 One major limitation of this study was the inability of 

the study to unequivocally establish whether subjects that were 

apparently asymptomatic of malaria were or had been on active 

antimalarial drugs just prior to being tested by the RDT kit. Was 

this done, a better picture of performance ability of the 

CareStartTM Pf malaria RDT kit would have been obtained in 

the hospital environment. Thus in future evaluation of HRP2 

based malaria RDTs, or similar malaria test kits in any setting, 

it may be reasonable to independently verify if participating 

subjects had recently been treated with antimalarial drugs. This 

is because, such treatment can alter the performance response 

of HRP2 based RDTs (Maltha et al., 2014) which normally 

diagnose P. falciparum, the most virulent species of human 

malaria.  
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