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Abstract 

One of the most pronounced problems in controlling the morbidity and mortality caused by malaria is limited access 

to effective diagnosis. Microscopy remains the gold standard for malaria diagnosis, but it is labor intensive, requires 

significant skills and time. Thus, this study was

microscopy, when it is not available. A total of 540 patients in the three states of north

prospectively enrolled to compare the performance of the Pf

RDTs, and nested polymerase chain reaction (nPCR) with gold standard expert microscopy 

tables, using standard formulae. For 

RDTs was 82% and 95%, while the Sn and Sp of Pf/PAN

nPCR were excellent with 98% and 100% respectively. The sensitivities of RDTs in this study were not optimal for 

falciparum diagnosis. Although, nPC

urgency of obtaining results with suspected malaria limits its use in routine clinical practice. Thus, microscopy 

should remain the diagnostic test of choice for malaria in this
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1. Introduction 

Malaria is a severe and often rapidly fatal disease, with a high potential cost for health if diagnosis fails and an 

infection is missed (Bell et al. 2006)

responsible for 30% childhood and 11% maternal mortality (FMOH 2005). It accounts for 300,000 deaths each year 

and about 60% of outpatient visits (FY 2011).

for over 40% of the estimated total of malaria deaths globally (WHO 2012).

Proper management of malaria cases within the first 24 hours of onset is considered to be the best way to 

reduce its morbidity and mortality. This would be

laboratory facilities (Kamugisha et al.

in time by health workers (Uzochukwu 

In 2010, WHO recommended a

symptom-based diagnosis to parasite

vigorous debate (Graz et al. 2011). This shift requires the availabilit

Although, the percentage of reported suspected cases receiving a parasitological

globally in 2005 to 73% in 2009 

parasitological diagnosis (WHO 2011)

 Microscopy is considered to be the gold standard for malaria diagnosis 

many health facilities in sub-Saharan Africa there is a lack of properly functioning microscopes, quality 

systems and well-trained laboratory technicians 
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roblems in controlling the morbidity and mortality caused by malaria is limited access 

to effective diagnosis. Microscopy remains the gold standard for malaria diagnosis, but it is labor intensive, requires 

significant skills and time. Thus, this study was conducted in search of any prompt, reliable, and good alternative of 

microscopy, when it is not available. A total of 540 patients in the three states of north

prospectively enrolled to compare the performance of the Pf-HRP2 rapid diagnostic tests (RDTs), Pf/PAN

RDTs, and nested polymerase chain reaction (nPCR) with gold standard expert microscopy 

For P. falciparum diagnosis, the sensitivity (Sn) and specificity (Sp) 

DTs was 82% and 95%, while the Sn and Sp of Pf/PAN-pLDH RDTs (line 1) was 75% and 99%. Both Sn and Sp of 

nPCR were excellent with 98% and 100% respectively. The sensitivities of RDTs in this study were not optimal for 

diagnosis. Although, nPCR can be a good alternative of microscopy but the cost, qualitative nature and 

urgency of obtaining results with suspected malaria limits its use in routine clinical practice. Thus, microscopy 

should remain the diagnostic test of choice for malaria in this region. 

falciparum malaria, microscopy, RDTs, nPCR, Nigeria 

Malaria is a severe and often rapidly fatal disease, with a high potential cost for health if diagnosis fails and an 

. 2006). Malaria has remained a major public health problem in Nigeria, and

childhood and 11% maternal mortality (FMOH 2005). It accounts for 300,000 deaths each year 

(FY 2011). Together Nigeria and the Democratic Repu

for over 40% of the estimated total of malaria deaths globally (WHO 2012). 

Proper management of malaria cases within the first 24 hours of onset is considered to be the best way to 

reduce its morbidity and mortality. This would be adequately achieved if most of the patients had access to 

et al., 2008). Most victims of malaria still die, because the disease is not diagnosed 

(Uzochukwu et al. 2009). 

In 2010, WHO recommended a universal “test and treat” strategy for malaria that 

based diagnosis to parasite-based testing of all fever cases (WHO 2010), but this has been preceded by a 

. This shift requires the availability of reliable diagnostic tests 

percentage of reported suspected cases receiving a parasitological test has increased, from 67% 

in 2009 (WHO 2011), but many cases still are treated presumptively withou

(WHO 2011).  

Microscopy is considered to be the gold standard for malaria diagnosis (WHO 2004), but 

Saharan Africa there is a lack of properly functioning microscopes, quality 

trained laboratory technicians (Allen et al. 2011). Only a small proportion of all malaria diagnoses 
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roblems in controlling the morbidity and mortality caused by malaria is limited access 

to effective diagnosis. Microscopy remains the gold standard for malaria diagnosis, but it is labor intensive, requires 

conducted in search of any prompt, reliable, and good alternative of 

microscopy, when it is not available. A total of 540 patients in the three states of north-western Nigeria were 

gnostic tests (RDTs), Pf/PAN-pLDH 

RDTs, and nested polymerase chain reaction (nPCR) with gold standard expert microscopy by 2x2 contingency 

specificity (Sp) of Pf-HRP2 

pLDH RDTs (line 1) was 75% and 99%. Both Sn and Sp of 

nPCR were excellent with 98% and 100% respectively. The sensitivities of RDTs in this study were not optimal for P. 

R can be a good alternative of microscopy but the cost, qualitative nature and 

urgency of obtaining results with suspected malaria limits its use in routine clinical practice. Thus, microscopy 

Malaria is a severe and often rapidly fatal disease, with a high potential cost for health if diagnosis fails and an 

remained a major public health problem in Nigeria, and is 

childhood and 11% maternal mortality (FMOH 2005). It accounts for 300,000 deaths each year 

Together Nigeria and the Democratic Republic of the Congo account 

Proper management of malaria cases within the first 24 hours of onset is considered to be the best way to 

adequately achieved if most of the patients had access to 

. Most victims of malaria still die, because the disease is not diagnosed 

universal “test and treat” strategy for malaria that has switched from 

based testing of all fever cases (WHO 2010), but this has been preceded by a 

y of reliable diagnostic tests (Rosenthal 2012). 

test has increased, from 67% 

, but many cases still are treated presumptively without a 

(WHO 2004), but  unfortunately, in 

Saharan Africa there is a lack of properly functioning microscopes, quality control 

. Only a small proportion of all malaria diagnoses 
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in Nigeria are based on microscopy and the quality of those diagnoses is unknown (FY 2011).

 Alternative methods have been

(DiSanti et al. 2004). PCR based on de

diagnosis since the late 1980s (Rougemont 

(Paris et al. 2007), but is laborious, costly, time consuming, and requires high technical experience (Tangpukdee 

2009). The introduction of malaria RDTs in the early 1990s ushered in a new era of parasite

expected to challenge the limitations of other diagnostic tests. The three antigens utilized in RDTs are 

Histidine rich protein 2 (Pf-HRP2), Plasmodium

 Many variables can influence the performance of diagnostic tests in different settings. Therefore, wherever 

possible, test evaluations should be performed under the range of conditions, in which they are likely to be used in 

practice (Evaluating diagnostics 2006)

 

2. Materials and methods 

2.1 Study area and study population

A prospective field study was conducted from July

north-western Nigeria. A total of 540 patients, 180 at each health center were

Centre, Kware, Sokoto; General Hospital, Aliero, Kebbi; and General Hospital, Talata Mafara, Zamfara state. 

Patients of all age groups, presented with signs and symptoms of uncomplicated malaria with fever or the histo

fever during the preceding 48 hours, had been included in the study. Patients presenting with severe malaria or any 

other severe illness and pregnant women were excluded. Demographic information, clinical details, and basic 

information regarding malaria prevention measures were recorded on a standardized questionnaire (Table 1). Venous 

blood samples were collected in EDTA bottles after 

guardians in the case of minors. 

2.2 Ethical approval 

The study was approved by the ethical committee of Usmanu Danfodiyo University Teaching Hospital (UDUTH), 

Sokoto and permission was granted by the management of the health centers.

2.3 Malaria parasite test by microscopy

Microscopic examination of thick 

UDUTH, Sokoto and used as gold standard. 

by experienced microscopist, who was blinded to the RDTs results

were seen in 100 oil-immersion fields on a thick blood film. Parasites were counted against 200 white blood cells 

(WBC)/µl.  

2.4 Pf-HRP2 RDTs 

For detecting P. falciparum malaria, using Paracheck Pf® dipsticks 

fresh blood samples was transferred from EDTA bottles, directly to the sample pad and was placed into a clean test 

tube containing four drops of clearing buffer. Results were read as recommended by the manufacturers

minutes (min), blinded to other diagnostic results.

2.5 Pf/PAN-pLDH RDTs 

In each CareStart™ 3-line Pf/PAN-pLDH RDTs (Access Bio Inc, New Jersey, USA) 5 µl of blood was delivered to 

the sample reception well. Two drops of buffer were then used to allo

and the control lines. Results were read after 20 min

manufacturer’s instructions.   

2.6 Malaria parasite DNA extraction

Nested PCR was performed at Nation

from the same RDT strips (Veron & Crame, 2006 and Cnops 

QIAamp
®
 DNA mini kit (QIAGEN, Hilden)

2.7 Nested polymerase chain reaction

Amplification of 18S rRNA genes was done by nested PCR, using genus

2) primers (Eurofins Genomics India Pvt. Ltd, Bangalore, India)

modifications according to Johnston 

Nest 1 PCR was carried out in a 20 

1µl of primer rPLU6 (forward),1µl of primer rPLU5 (reverse), 
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in Nigeria are based on microscopy and the quality of those diagnoses is unknown (FY 2011).

Alternative methods have been studied in order to replace or complement the diagnosis through microscopy

. PCR based on de-oxyribo nucleic acid (DNA) amplification have been applied to malaria 

(Rougemont et al. 2004). It is able to detect parasitaemias as low as 1

, but is laborious, costly, time consuming, and requires high technical experience (Tangpukdee 

. The introduction of malaria RDTs in the early 1990s ushered in a new era of parasite

expected to challenge the limitations of other diagnostic tests. The three antigens utilized in RDTs are 

Plasmodium lactate dehydrogenase (pLDH) and aldolase 

ny variables can influence the performance of diagnostic tests in different settings. Therefore, wherever 

possible, test evaluations should be performed under the range of conditions, in which they are likely to be used in 

2006).  

2.1 Study area and study population 

field study was conducted from July to December 2011 in Sokoto, Kebbi, and Zamfara states, of 

western Nigeria. A total of 540 patients, 180 at each health center were enrolled at the Comprehensive Health 

Centre, Kware, Sokoto; General Hospital, Aliero, Kebbi; and General Hospital, Talata Mafara, Zamfara state. 

Patients of all age groups, presented with signs and symptoms of uncomplicated malaria with fever or the histo

fever during the preceding 48 hours, had been included in the study. Patients presenting with severe malaria or any 

other severe illness and pregnant women were excluded. Demographic information, clinical details, and basic 

ria prevention measures were recorded on a standardized questionnaire (Table 1). Venous 

blood samples were collected in EDTA bottles after obtaining informed consent from the adult participants and from 

The study was approved by the ethical committee of Usmanu Danfodiyo University Teaching Hospital (UDUTH), 

Sokoto and permission was granted by the management of the health centers.  

2.3 Malaria parasite test by microscopy 

Microscopic examination of thick blood smears was performed at the School of Medical Laboratory Science, 

UDUTH, Sokoto and used as gold standard. After staining with 3% Giemsa stain for 30 minutes, smears were read 

by experienced microscopist, who was blinded to the RDTs results. Smears were considered negative if no parasites 

immersion fields on a thick blood film. Parasites were counted against 200 white blood cells 

malaria, using Paracheck Pf® dipsticks (Orchid Biomedical System, Goa, India) 5 µl

fresh blood samples was transferred from EDTA bottles, directly to the sample pad and was placed into a clean test 

tube containing four drops of clearing buffer. Results were read as recommended by the manufacturers

minutes (min), blinded to other diagnostic results. 

pLDH RDTs (Access Bio Inc, New Jersey, USA) 5 µl of blood was delivered to 

Two drops of buffer were then used to allow the blood to migrate towards the diagnostic 

Results were read after 20 min, blinded to other diagnostic results, 

2.6 Malaria parasite DNA extraction 

Nested PCR was performed at National Institute of Malaria Research, New Delhi, India. Parasite DNA was extracted 

(Veron & Crame, 2006 and Cnops et al. 2011), used for malaria diagnosis, using the 

DNA mini kit (QIAGEN, Hilden) according to manufacturer’s protocol.  

2.7 Nested polymerase chain reaction 

was done by nested PCR, using genus-specific (nest 1) and species

Eurofins Genomics India Pvt. Ltd, Bangalore, India) as described by Snounou & Singh (2

Johnston et al. (2006). 

Nest 1 PCR was carried out in a 20 µl reaction consisting of 2µl of 10X buffer, 2

l of primer rPLU5 (reverse), 0.2µl of Taq polymerase enzyme

                                  www.iiste.org 

in Nigeria are based on microscopy and the quality of those diagnoses is unknown (FY 2011). 

in order to replace or complement the diagnosis through microscopy 

oxyribo nucleic acid (DNA) amplification have been applied to malaria 

rasitaemias as low as 1–5 parasites/µl 

, but is laborious, costly, time consuming, and requires high technical experience (Tangpukdee et al. 

. The introduction of malaria RDTs in the early 1990s ushered in a new era of parasite-based diagnosis that was 

expected to challenge the limitations of other diagnostic tests. The three antigens utilized in RDTs are P. falciparum 

lactate dehydrogenase (pLDH) and aldolase (Murray et al. 2003).   

ny variables can influence the performance of diagnostic tests in different settings. Therefore, wherever 

possible, test evaluations should be performed under the range of conditions, in which they are likely to be used in 

to December 2011 in Sokoto, Kebbi, and Zamfara states, of 

enrolled at the Comprehensive Health 

Centre, Kware, Sokoto; General Hospital, Aliero, Kebbi; and General Hospital, Talata Mafara, Zamfara state. 

Patients of all age groups, presented with signs and symptoms of uncomplicated malaria with fever or the history of 

fever during the preceding 48 hours, had been included in the study. Patients presenting with severe malaria or any 

other severe illness and pregnant women were excluded. Demographic information, clinical details, and basic 

ria prevention measures were recorded on a standardized questionnaire (Table 1). Venous 

from the adult participants and from 

The study was approved by the ethical committee of Usmanu Danfodiyo University Teaching Hospital (UDUTH), 

was performed at the School of Medical Laboratory Science, 

After staining with 3% Giemsa stain for 30 minutes, smears were read 

ere considered negative if no parasites 

immersion fields on a thick blood film. Parasites were counted against 200 white blood cells 

Biomedical System, Goa, India) 5 µl 

fresh blood samples was transferred from EDTA bottles, directly to the sample pad and was placed into a clean test 

tube containing four drops of clearing buffer. Results were read as recommended by the manufacturers after 15 

pLDH RDTs (Access Bio Inc, New Jersey, USA) 5 µl of blood was delivered to 

w the blood to migrate towards the diagnostic 

, blinded to other diagnostic results, according to the 

Parasite DNA was extracted 

used for malaria diagnosis, using the 

specific (nest 1) and species-specific (nest 

Snounou & Singh (2002) with some 

l of 10X buffer, 2µl of MgCl2, 2µl of dNTPs, 

Taq polymerase enzyme, 2µl of sample DNA 
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and 9.8 µl of ddH2O. Amplification was performed under the following con

94
0
C for 1 min; Step 3: 60

0
C for 2 min; 

cycles; Step 6: 72
0
C for 5 min. 

For nest 2 PCR, 2 µl of 10X buffer, 2 

rFAL2 (reverse) primer specific for 

and 9.8 µl of ddH2O was used with a final reaction volume of 20 

following conditions: Step 1: 94
0
C for 10 min; 

Step 5: steps 2–4 was repeated for a total of 30 cycles; 

Nested PCR amplification product was detected via ethidium br

electrophoresis. A positive reaction is noted when primers for 

205-bp. 

2.8 Data analysis 

Data was entered and analyzed using Epi

microscopy, the gold standard, by using 2x2 contingency tables. From these, Sn, Sp, positive predictive value (PPV), 

and negative predictive value (NPV) were

 

3. Results 

3.1 Baseline characteristic of study population 

Out of 540 patients enrolled in the study, there were 269 (49.8%) females and 271 (50.2%) male. Patients mean age 

was 20 years (SD ± 15.8, range 7 months to 80 years). Those under 5 years of age were 113 (20.9%) while 110

(20.4%) were aged between 5 and 14 years, with the remaining 317 (58.7%) were aged ≥15 years.

characteristics of the study participants

The most frequent symptom was fever or history of fever in 510 (94.4%) patients, 

(67.7%), myalgia in 361 (66.9%), headache in 117 (21.6%), and vomiting in 210 (38.9%) patients

3.2 Expert microscopy results for P. falciparum diagnosis

The 31 samples diagnosed as non-

falciparum malaria diagnosis. Three hundred and fifty nine (70.5%) patients out of 509 samples were diagnosed as 

malaria infected by P. falciparum by expert microscopy and one hundred and fifty (29.5%) samples were malaria 

parasite negative. Out of 359 malaria diagnosis, made by expert microscopy, 115 malaria diagnoses was made in 

Kware (Sokoto), 129 in Aliero (Kebbi), and 115 malaria diagnosis in Talata Mafara (Zamfara).  Out of 150 

negatives by expert microscopy, 53 negatives wer

Mafara. 

3.3 Pf-HRP2 based RDTs versus gold standard expert microscopy

Pf-HRP2 RDTs results were positive in 301 (59.1%) cases and negative in 208 (40.9%) out of 509 patients. Among 

the 359 positive cases diagnosed by expert microscopy, Pf

microscopy and Pf-HRP2 RDTs) in 293 (81.6%) cases. Pf

positive by microscopy, yielding 66 false nega

microscopy, 8(5.3%) cases were Pf

cases were both Pf-HRP2 RDTs and expert microscopy negative (true negative). 

Pf-HRP2 RDTs were 82%, 95%, 97%, and 68% respectively (Table 2). 

3.4 Pf/PAN-pLDH based RDTs versus expert microscopy

For P. falciparum analysis of Pf/PAN

negative results. The results of Pf/PAN

268 (74.7%) cases and disagreement (false positive) in 91(25.3%) cases out of 359 positive diagnoses by expert 

microscopy. Out of 150 expert m

Pf/PAN-pLDH RDTs and expert microscopy) and 1 (0.7%) case was positive by Pf/PAN

by expert microscopy, thus making it false positive. 

99%, 100%, and 62% respectively (Table 2).

3.5 Nested PCR versus expert microscopy

Nested PCR was true positive in 61 (98.4%) out 62 microscopically 

(1.6%) discrepant sample was nPCR negative (false negative) for 

All 12 microscopically negative samples were also negative by nPCR. 
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O. Amplification was performed under the following conditions: Step 1: 

C for 2 min; Step 4: 72
0
C for 2 min; Step 5: steps 2–4 was repeated 

l of 10X buffer, 2 µl of MgCl2, 2 µl of dNTPs, 1 µl of rFAL1 (forward) and 1µl of 

rFAL2 (reverse) primer specific for P. falciparum species, 0.2 µl of Taq polymerase enzyme,

O was used with a final reaction volume of 20 µl. Amplification was performed under the 

C for 10 min; Step 2: 94
0
C for 1 min; Step 3: 55

0
C for 2 min; 

for a total of 30 cycles; Step 6: 72
0
C for 5 min. 

Nested PCR amplification product was detected via ethidium bromide, the stain used in 1.5% agarose gel 

electrophoresis. A positive reaction is noted when primers for P. falciparum produce amplification products of 

entered and analyzed using Epi-Info
®
 (version 3.5.3). Both RDTs and PCR results

microscopy, the gold standard, by using 2x2 contingency tables. From these, Sn, Sp, positive predictive value (PPV), 

predictive value (NPV) were calculated, using standard formulae. 

haracteristic of study population  

540 patients enrolled in the study, there were 269 (49.8%) females and 271 (50.2%) male. Patients mean age 

was 20 years (SD ± 15.8, range 7 months to 80 years). Those under 5 years of age were 113 (20.9%) while 110

(20.4%) were aged between 5 and 14 years, with the remaining 317 (58.7%) were aged ≥15 years.

characteristics of the study participants are shown in Table 1. 

The most frequent symptom was fever or history of fever in 510 (94.4%) patients, 

(67.7%), myalgia in 361 (66.9%), headache in 117 (21.6%), and vomiting in 210 (38.9%) patients

3.2 Expert microscopy results for P. falciparum diagnosis 

-P.falciparum by Pf/PAN-pLDH based RDTs were ex

Three hundred and fifty nine (70.5%) patients out of 509 samples were diagnosed as 

by expert microscopy and one hundred and fifty (29.5%) samples were malaria 

e negative. Out of 359 malaria diagnosis, made by expert microscopy, 115 malaria diagnoses was made in 

Kware (Sokoto), 129 in Aliero (Kebbi), and 115 malaria diagnosis in Talata Mafara (Zamfara).  Out of 150 

negatives by expert microscopy, 53 negatives were in Kware, 41 negatives in Aliero, and 56 negatives were in Talata 

HRP2 based RDTs versus gold standard expert microscopy 

results were positive in 301 (59.1%) cases and negative in 208 (40.9%) out of 509 patients. Among 

positive cases diagnosed by expert microscopy, Pf-HRP2 RDTs result was true positive (by both expert 

HRP2 RDTs) in 293 (81.6%) cases. Pf-HRP2 RDTs result failed to detected 66 (18.4%) cases, 

positive by microscopy, yielding 66 false negative results. Also, among the 150 negative cases detected by expert 

microscopy, 8(5.3%) cases were Pf-HRP2 positive RDTs result, yielding 8 false positive results and 142 (94.7%) 

HRP2 RDTs and expert microscopy negative (true negative). The Sn, Sp, PPV, and NPV of 

were 82%, 95%, 97%, and 68% respectively (Table 2).  

versus expert microscopy 

analysis of Pf/PAN-pLDH based RDTs, there were 269 (52.8%) positive results and 240 (47.2%) 

Pf/PAN-pLDH RDTs for P. falciparum (Line 1) were in agreement (true positive) in 

268 (74.7%) cases and disagreement (false positive) in 91(25.3%) cases out of 359 positive diagnoses by expert 

icroscopy negative cases 149 (99.3%) were true negative (negative for both 

pLDH RDTs and expert microscopy) and 1 (0.7%) case was positive by Pf/PAN

by expert microscopy, thus making it false positive. The Sn, Sp, PPV, and NPV of Pf/PAN

99%, 100%, and 62% respectively (Table 2). 

3.5 Nested PCR versus expert microscopy
 

Nested PCR was true positive in 61 (98.4%) out 62 microscopically P. falciparum positive samples. 

PCR negative (false negative) for P. falciparum but positive by expert microscopy. 

All 12 microscopically negative samples were also negative by nPCR. The Sn, Sp, PPV, and NPV of nPCR 

                                  www.iiste.org 

Step 1: 94
0
C for 10 min; Step 2: 

4 was repeated for a total of 30 

l of rFAL1 (forward) and 1µl of 

0.2 µl of Taq polymerase enzyme, 2 µl of template DNA 

l. Amplification was performed under the 

C for 2 min; Step 4: 72
0
C for 2 min; 

omide, the stain used in 1.5% agarose gel 

produce amplification products of 

PCR results was compared to expert 

microscopy, the gold standard, by using 2x2 contingency tables. From these, Sn, Sp, positive predictive value (PPV), 

540 patients enrolled in the study, there were 269 (49.8%) females and 271 (50.2%) male. Patients mean age 

was 20 years (SD ± 15.8, range 7 months to 80 years). Those under 5 years of age were 113 (20.9%) while 110 

(20.4%) were aged between 5 and 14 years, with the remaining 317 (58.7%) were aged ≥15 years. The baseline 

The most frequent symptom was fever or history of fever in 510 (94.4%) patients, followed by chills in 298 

(67.7%), myalgia in 361 (66.9%), headache in 117 (21.6%), and vomiting in 210 (38.9%) patients.  

were excluded for analysis of P. 

Three hundred and fifty nine (70.5%) patients out of 509 samples were diagnosed as 

by expert microscopy and one hundred and fifty (29.5%) samples were malaria 

e negative. Out of 359 malaria diagnosis, made by expert microscopy, 115 malaria diagnoses was made in 

Kware (Sokoto), 129 in Aliero (Kebbi), and 115 malaria diagnosis in Talata Mafara (Zamfara).  Out of 150 

e in Kware, 41 negatives in Aliero, and 56 negatives were in Talata 

results were positive in 301 (59.1%) cases and negative in 208 (40.9%) out of 509 patients. Among 

result was true positive (by both expert 

result failed to detected 66 (18.4%) cases, 

tive results. Also, among the 150 negative cases detected by expert 

HRP2 positive RDTs result, yielding 8 false positive results and 142 (94.7%) 

The Sn, Sp, PPV, and NPV of 

there were 269 (52.8%) positive results and 240 (47.2%) 

(Line 1) were in agreement (true positive) in 

268 (74.7%) cases and disagreement (false positive) in 91(25.3%) cases out of 359 positive diagnoses by expert 

icroscopy negative cases 149 (99.3%) were true negative (negative for both 

pLDH RDTs and expert microscopy) and 1 (0.7%) case was positive by Pf/PAN-pLDH RDTs, but negative 

Pf/PAN-pLDH RDTs were 75%, 

positive samples. The only one 

but positive by expert microscopy. 

The Sn, Sp, PPV, and NPV of nPCR were 
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98%, 100%, 100%, and 92% respectively (Table 2).  

 

4. Discussion 

The findings of this study showed that Pf

while Pf/PAN-pLDH RDTs had low Sn at only low PD. Both RDTs had shown high Sp. The low Sn of Pf

RDTs observed in the current studies was 

Nigeria (Happi et al. 2004; VanderJagt 

low Sn of Pf-HRP2 RDTs (Kamugisha 

and Pf/PAN-pLDH RDTs (Huong et al

There are some possible explanations why Pf

defects in the device membrane (Bell 

gene Pfhrp2 (Gamboa et al. 2010; Koita 

2011; Luchavez et al. 2011); anti-Pf

level of pfhrp2 gene and expression of Pf

2011); a variant Pf-HRP2 antigen, not captu

the parasite antigen Pf-HRP2 (Baker

vacuole in some strains rather than released into the bloodstream

by storage conditions (WHO 2003). However, in this study storage, procedures and transport were accordingly to 

manufactures instructions. 

Several factors could have explained the low Sn of the Pf/PAN

antimalarial therapy may have resulted in remnant non

parasites may be seen on blood smears 

target antigens or interfere with their binding to detecting antibodies 

generally thought to be less heterogeneous than HRP2 (Baker 

been detected by Mariette et al. (2008)

High Sp observed in this study is in concordance with Paris 

replacement of IgG with IgM can be the possible causes of high specificity of Pf

give higher rates of false positivity than IgM antibody, coated onto the strips 

pre-absorbed against rheumatoid factor (RF) that neutralize the cross

(Swarthout et al. 2007). The use of artemisinin

as recommended by National Antimalarial Treatment Policy of Nigeria can be the other possible cause because 

& Shukla (2002) found a shorter time of clearance of Pf

treatments. The excellent specificity of the Pf/PAN

the pLDH clearance after anti-malarial treatment (

Nested PCR results were equivalent to those obtain

but negative by nPCR, concordant with 

this failure can be absence of the target sequence homologous to the oligonucleotide prime

deletion/mutation of sequence, or maybe it is present but inaccessible due to inhibition of nPCR by sample 

components or degradation of DNA during sample preparation and storage. Also, target DNA may not be accessible 

because of inadequate cellular lysis, or the target sequence copy number may be too low for amplicons to be detected 

under conditions used. 

 There are drawbacks of nPCR that limits its use as routine diagnostic method. It is cumbersome, expensive, 

time consuming, and unavailable in developing countries because of limited resources such as finance, electricity and 

inadequate laboratory infrastructure. Positive nPCR results cannot be directly correlated with a severity of infection 

because it cannot give a measure of parasite de

microscopy for the confirmation of the clinical suspicion of malaria. Because nPCR is not affected by the 

subjectivity of the observer it can be introduce in reference laboratories for testing of s

diagnostic laboratories to provide an excellent quality control and accurate epidemiological data.

From a clinical perspective, failure to diagnose malaria parasite at high PD is a serious cause of concern, as 

infection with P. falciparum is potentially fatal in the absence of appropriate treatment. Having a relatively low Sp is 

less serious than having a low Sn because this can only leads to an over

non-malaria cases.  
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98%, 100%, 100%, and 92% respectively (Table 2).   

he findings of this study showed that Pf-HRP2 RDTs had low sensitivity at both high and low parasite density (PD) 

pLDH RDTs had low Sn at only low PD. Both RDTs had shown high Sp. The low Sn of Pf

RDTs observed in the current studies was similar to what has been reported in other field studies conducted in 

. 2004; VanderJagt et al. 2005; Tagbo & Henrietta 2007). There have been concordant reports of 

Kamugisha et al. 2009; Sayang et al. 2009; Bendezu et al. 2010; Ishengoma 

et al. 2002; Mason et al. 2002; Albadr et al. 2011) from different settings. 

There are some possible explanations why Pf-HRP2 tests were negative despite significant parasitemia: 

(Bell et al. 2006); failure of the parasite to express the antigen, due to deletion of the 

Koita et al. 2012); a prozone-like effect at high PD (Gillet 

Pf-HRP2 antibodies in humans (Biswas et al. 2005); differences in the transcription 

gene and expression of Pf-HRP2 antigen levels between different P. falciparum 

HRP2 antigen, not captured by the monoclonal antibodies (Lee et al. 2006); genetic diversity of 

HRP2 (Baker et al. 2005). Pf-HRP2 antigen may have been internalized into the digestive 

vacuole in some strains rather than released into the bloodstream (Howard et al. 1986). 

by storage conditions (WHO 2003). However, in this study storage, procedures and transport were accordingly to 

Several factors could have explained the low Sn of the Pf/PAN-pLDH RDTs: decreased pLDH activity with 

may have resulted in remnant non-viable and non pLDH producing (

parasites may be seen on blood smears (Mason et al. 2002); host metabolic and/or immune factors that could reduce 

et antigens or interfere with their binding to detecting antibodies (Moody  et al. 2000)

generally thought to be less heterogeneous than HRP2 (Baker et al. 2005) but a small amount of genetic variation has 

(2008). 

High Sp observed in this study is in concordance with Paris et al. (2007); Ishengoma 

replacement of IgG with IgM can be the possible causes of high specificity of Pf-HRP2 RDTs. IgG antibody used to 

itivity than IgM antibody, coated onto the strips (Mishra et al

absorbed against rheumatoid factor (RF) that neutralize the cross-reactivity of RF present in the blood 

The use of artemisinin-compound artemether as first line treatment by doctors, in this setting, 

as recommended by National Antimalarial Treatment Policy of Nigeria can be the other possible cause because 

found a shorter time of clearance of Pf-HRP2 antigen after treatme

treatments. The excellent specificity of the Pf/PAN-pLDH RDTs in this study could be as a result of the advantage of 

malarial treatment (Moody 2002). 

Nested PCR results were equivalent to those obtained by microscopy except one microscopically positive, 

but negative by nPCR, concordant with Coleman et al. 2006. According to Batwala et al

this failure can be absence of the target sequence homologous to the oligonucleotide prime

deletion/mutation of sequence, or maybe it is present but inaccessible due to inhibition of nPCR by sample 

components or degradation of DNA during sample preparation and storage. Also, target DNA may not be accessible 

e cellular lysis, or the target sequence copy number may be too low for amplicons to be detected 

There are drawbacks of nPCR that limits its use as routine diagnostic method. It is cumbersome, expensive, 

ble in developing countries because of limited resources such as finance, electricity and 

inadequate laboratory infrastructure. Positive nPCR results cannot be directly correlated with a severity of infection 

because it cannot give a measure of parasite density. Therefore, nPCR would be preferred as an adjunct to 

microscopy for the confirmation of the clinical suspicion of malaria. Because nPCR is not affected by the 

can be introduce in reference laboratories for testing of s

diagnostic laboratories to provide an excellent quality control and accurate epidemiological data.

From a clinical perspective, failure to diagnose malaria parasite at high PD is a serious cause of concern, as 

is potentially fatal in the absence of appropriate treatment. Having a relatively low Sp is 

less serious than having a low Sn because this can only leads to an over-diagnosis and to an over

                                  www.iiste.org 
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ed by microscopy except one microscopically positive, 

et al. (2010) possible cause of 

this failure can be absence of the target sequence homologous to the oligonucleotide primers, may be due to 

deletion/mutation of sequence, or maybe it is present but inaccessible due to inhibition of nPCR by sample 

components or degradation of DNA during sample preparation and storage. Also, target DNA may not be accessible 

e cellular lysis, or the target sequence copy number may be too low for amplicons to be detected 

There are drawbacks of nPCR that limits its use as routine diagnostic method. It is cumbersome, expensive, 

ble in developing countries because of limited resources such as finance, electricity and 

inadequate laboratory infrastructure. Positive nPCR results cannot be directly correlated with a severity of infection 

nsity. Therefore, nPCR would be preferred as an adjunct to 

microscopy for the confirmation of the clinical suspicion of malaria. Because nPCR is not affected by the 

can be introduce in reference laboratories for testing of samples from routine 

diagnostic laboratories to provide an excellent quality control and accurate epidemiological data. 

From a clinical perspective, failure to diagnose malaria parasite at high PD is a serious cause of concern, as 

is potentially fatal in the absence of appropriate treatment. Having a relatively low Sp is 

diagnosis and to an over-treatment of 
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5. Conclusion 

According to the WHO recommendations, RDTs should demonstrate a minimum Sn of 95% (100% when parasite 

density is above 100/µl), and a minimum Sp of 90% (WHO 2006). The low Sn of RDTs in this study indicates that 

both RDTs did not perform well enough to be recommended as a

even though it was rapid, portable, easy to learn and use. Thus, our study emphasize that microscopy should remain 

the diagnostic test of choice for malaria diagnosis. The accuracy and utility of RDTs 

possible cause of low Sn of RDTs before the large scale implementation of malaria RDTs in this setting. Nested PCR 

can be a good alternative of microscopy but the cost, and urgency of obtaining results quickly for patients 

suspected malaria limits the usefulness of nPCR in routine clinical practice. 

Although, the RDTs Sn limitations remain hindrances to these assays, it can be used in certain 

circumstances, such as when microscopy services are not operational (e.g., po

public holidays) or as a primary diagnostic tool for rural/ remote areas without microscopy services, but should not 

be regarded as a first-line diagnostic test. 

 

Acknowledgment  

I wish to thank all the patients for th

and all the laboratory staffs of the health centers.

Financial Support: Self funded 

Conflict of Interest: None 

 

Reference 

Albadr, A., Almatary, A.M., Eldeek, H.E., Alsakaf, A

Antigen test for the detection of malaria in Hadramout Governorate”, 

772-778. 

Allen, L. K., Hatfield, J. M., DeVetten, G., Ho, J.C., Manyama, M. (2011), “ Reducing mala

importance ofcorrectly interpreting ParaCheck Pf® “faint testbands” in a low transmission area of Tanzania” , 

Bio Med Central Infectious Diseases 

Baker, J., McCarth, J., Gatton, M., Kyle, D. E.,  Belizario,V., Luchavez, J., B

Diversity of Plasmodium falciparum

PfHRP2-Based Rapid Diagnostic Tests”,  

Baker,  J., Gatton, M. L., Peters, J., Ho, M.F., McCarthy, J.S., Cheng, Q. (2011), “Transcription and Expression of 

Plasmodium falciparum Histidine

Diagnostic Tests”,  Public Library of Science One  

Batwala, V., Magnussen, P., Nuwaha, F. (2010), “Are rapid diagnostic tests more accurate in diagnosis of 

Plasmodium falciparum malaria compared to microscopy at rural health centres?”,  

Bell, D., Wongsrichanalai, C., Barnwell,

be achieved?”,  Evaluating Diagnostics. 

Sep, S7-20. 

Bendezu, J., Rosas, A, Grande, T., Rodriguez, H., Llanos

evaluation of a rapid diagnostic test (ParascreenTM) for malaria diagnosis in the Peruvian Amazon”, 

Journal  9, 154. 

Biswas, S., Tomar, D., Rao, D. N. (2005), “Investigation of the kinetics of histidine

antibody responses to this antigen, in a group of malaria patients from India”,  

Parasitology  99, 553–562. 

Cnops, L ., Boderie, M ., Gillet, P., Esbroe, M.V., Jacobs, J. (2011), “Rapid diagnostic tests

Plasmodium species-specific real

Coleman, R.E., Sattabongkot, J., Promstaporm, S., Maneechai, N., Tippayachai, B., Kengluecha, A., Rachapaew, N., 

Zollner, G., Miller, R.S., Vaughan, J.A., Thimasar

microscopy for the detection of asymptomatic malaria in a 

Thailand”,  Malaria Journal  

Journal of Biology, Agriculture and Healthcare                                        

208 (Paper)  ISSN 2225-093X (Online) 

35 

WHO recommendations, RDTs should demonstrate a minimum Sn of 95% (100% when parasite 

density is above 100/µl), and a minimum Sp of 90% (WHO 2006). The low Sn of RDTs in this study indicates that 

both RDTs did not perform well enough to be recommended as a diagnostic test for malaria diagnosis in this region, 

even though it was rapid, portable, easy to learn and use. Thus, our study emphasize that microscopy should remain 

the diagnostic test of choice for malaria diagnosis. The accuracy and utility of RDTs require further investigation of 

possible cause of low Sn of RDTs before the large scale implementation of malaria RDTs in this setting. Nested PCR 

can be a good alternative of microscopy but the cost, and urgency of obtaining results quickly for patients 

suspected malaria limits the usefulness of nPCR in routine clinical practice.  

Although, the RDTs Sn limitations remain hindrances to these assays, it can be used in certain 

circumstances, such as when microscopy services are not operational (e.g., power failure, evenings, weekends, and 

public holidays) or as a primary diagnostic tool for rural/ remote areas without microscopy services, but should not 

line diagnostic test.  

I wish to thank all the patients for their participation, the staff of National Institute of Malaria Research, New Delhi 

and all the laboratory staffs of the health centers. 

Albadr, A., Almatary, A.M., Eldeek, H.E., Alsakaf, A. (2011), “ Comparison of PCR and SD Bioline malaria 

Antigen test for the detection of malaria in Hadramout Governorate”, Journal of American  Science 

Allen, L. K., Hatfield, J. M., DeVetten, G., Ho, J.C., Manyama, M. (2011), “ Reducing mala

importance ofcorrectly interpreting ParaCheck Pf® “faint testbands” in a low transmission area of Tanzania” , 

Bio Med Central Infectious Diseases 11, 308. 

Baker, J., McCarth, J., Gatton, M., Kyle, D. E.,  Belizario,V., Luchavez, J., Bell, D., Cheng, Q. (2005), “Genetic 

Plasmodium falciparum Histidine-Rich Protein 2 (PfHRP2) and Its Effect on the Performance of 

Based Rapid Diagnostic Tests”,  The Journal of Infectious Diseases 192(1 sep)

M. L., Peters, J., Ho, M.F., McCarthy, J.S., Cheng, Q. (2011), “Transcription and Expression of 

Histidine-Rich Proteins in Different Stages and Strains:Implications for Rapid 

Public Library of Science One  6(7), e22593 

Batwala, V., Magnussen, P., Nuwaha, F. (2010), “Are rapid diagnostic tests more accurate in diagnosis of 

malaria compared to microscopy at rural health centres?”,  

Bell, D., Wongsrichanalai, C., Barnwell, J.W. (2006), “ Ensuring quality and access for malaria diagnosis: how can it 

be achieved?”,  Evaluating Diagnostics. WHO, on behalf of TDR (WHO/TDR), Nature Reviews Microbiology 

Bendezu, J., Rosas, A, Grande, T., Rodriguez, H., Llanos-Cuentas, A., Escobedo, J., Gamboa, D. (2010), “Field 

evaluation of a rapid diagnostic test (ParascreenTM) for malaria diagnosis in the Peruvian Amazon”, 

Biswas, S., Tomar, D., Rao, D. N. (2005), “Investigation of the kinetics of histidine-rich protein 2 and of the 

antibody responses to this antigen, in a group of malaria patients from India”,  Annals of Tropical Medical 

 

Cnops, L ., Boderie, M ., Gillet, P., Esbroe, M.V., Jacobs, J. (2011), “Rapid diagnostic tests

specific real-time PCR”,  Malaria Journal 10, 67. 

Coleman, R.E., Sattabongkot, J., Promstaporm, S., Maneechai, N., Tippayachai, B., Kengluecha, A., Rachapaew, N., 

Zollner, G., Miller, R.S., Vaughan, J.A., Thimasarn, K., Khuntirat, B. (2006), “Comparison of PCR and 

microscopy for the detection of asymptomatic malaria in a Plasmodium falciparum/vivax

Malaria Journal  5, 121. 

                                  www.iiste.org 

WHO recommendations, RDTs should demonstrate a minimum Sn of 95% (100% when parasite 

density is above 100/µl), and a minimum Sp of 90% (WHO 2006). The low Sn of RDTs in this study indicates that 

diagnostic test for malaria diagnosis in this region, 

even though it was rapid, portable, easy to learn and use. Thus, our study emphasize that microscopy should remain 

require further investigation of 

possible cause of low Sn of RDTs before the large scale implementation of malaria RDTs in this setting. Nested PCR 

can be a good alternative of microscopy but the cost, and urgency of obtaining results quickly for patients with 

Although, the RDTs Sn limitations remain hindrances to these assays, it can be used in certain 

wer failure, evenings, weekends, and 

public holidays) or as a primary diagnostic tool for rural/ remote areas without microscopy services, but should not 

eir participation, the staff of National Institute of Malaria Research, New Delhi 

. (2011), “ Comparison of PCR and SD Bioline malaria 

Journal of American  Science 7(9), 

Allen, L. K., Hatfield, J. M., DeVetten, G., Ho, J.C., Manyama, M. (2011), “ Reducing malaria misdiagnosis: the 

importance ofcorrectly interpreting ParaCheck Pf® “faint testbands” in a low transmission area of Tanzania” , 

ell, D., Cheng, Q. (2005), “Genetic 

Rich Protein 2 (PfHRP2) and Its Effect on the Performance of 

(1 sep), 870-877. 

M. L., Peters, J., Ho, M.F., McCarthy, J.S., Cheng, Q. (2011), “Transcription and Expression of 

Rich Proteins in Different Stages and Strains:Implications for Rapid 

Batwala, V., Magnussen, P., Nuwaha, F. (2010), “Are rapid diagnostic tests more accurate in diagnosis of 

malaria compared to microscopy at rural health centres?”,  Malaria Journal 9, 349. 

J.W. (2006), “ Ensuring quality and access for malaria diagnosis: how can it 

Nature Reviews Microbiology  

, A., Escobedo, J., Gamboa, D. (2010), “Field 

evaluation of a rapid diagnostic test (ParascreenTM) for malaria diagnosis in the Peruvian Amazon”, Malaria 

rich protein 2 and of the 

Annals of Tropical Medical 

Cnops, L ., Boderie, M ., Gillet, P., Esbroe, M.V., Jacobs, J. (2011), “Rapid diagnostic tests as a source of DNA for 

Coleman, R.E., Sattabongkot, J., Promstaporm, S., Maneechai, N., Tippayachai, B., Kengluecha, A., Rachapaew, N., 

n, K., Khuntirat, B. (2006), “Comparison of PCR and 

Plasmodium falciparum/vivax endemic area in 



Journal of Biology, Agriculture and Healthcare

ISSN 2224-3208 (Paper)  ISSN 2225

Vol.3, No.5, 2013 
 

DiSanti, S.M., Kirchgatter, K., Brunialti, K.C.S.A., Oliveira, A.

Based Diagnosis To Evaluate The Performance of Malaria Reference Centers”, 

Tropical de Sao Paulo  46(4), 183

Evaluating, Diagnostics. (2006), “The Evaluation of diagnostic 

Diagnostics Evaluation Expert Panel.  

FMOH. (2005), “National Antimalarial Treatment Policy”,

Control Division Abuja,Nigeria,

FY. (2011), “ Nigeria, Malaria Operational Plan”,

Gamboa, D., Ho, M.F., Bendezu, J., Torres, K., Chiodini, P.L., Barnwell, J.W., Incardona, S

McCarthy, J., Cheng, Q. (2010),  “A Large Proportion of 

Lack pfhrp2 and pfhrp3: Implications for Malaria Rapid Diagnostic Tests”,  

5(1), e8091 

Gillet, P., Mori, M., Esbroeck, M.V., Ende, J.V.D., Jacobs, J. (2009), “Assessment of the prozone effect in malaria 

rapid diagnostic tests”, Malaria Journal  

Gillet, P., Scheirlinck, A., Stokx, J., Weggheleire, A.D., Chaúque, H.S., Canhanga, O.D.J.V., 

C.D.D., Tiago,A., Mabunda, S., Bruggeman, C., Bottieau, E., Jacobs, J. (2011), “Prozone in malaria rapid 

diagnostics tests:how many cases are missed? ”,  

Graz, B., Willcox, M., Szeless, T., Rougemont, A. (2011)

high transmission situations? A reflection on the latest WHO guidelines”,  

Happi, C.T., Gbotosho, G.O., Sowunmi, A., Falade, C.O., Akinboye, D.O., Oladepo, O., Oduola, A.M

“Malaria diagnosis: false negative parasight

of Medicine and Medical Science  

Howard, R.J., Uni, S., Aikawa, M., Aley, S.B., Leech, J.H., Lew, A.M., Wellems, T.E., R

(1986). Secretion of a malarial Histidine

erythrocytes. The Journal of Cell Biology. 

Huong, N.M., Davis, T.M., Hewitt, S., Huong, N.V., Uyen, T.T., Nhan, D.H.

detection methods for diagnosis and therapeutic monitoring of malaria: a field study from southern Vietnam”,  

Tropical Medicine and International Health 

Iqbal, J., Muneer, A., Khalid, N., Ahmed, M.A. (20

among suspected malaria patients at the rural health centers”, 

Hygiene  68(5), 624–628. 

Ishengoma, D.S., Francis, F., Mmbando, B. P., Lusingu, J.P.A., Mag

Bygbjerg, I.B.C., 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

Malaria Journal  10: 176. 

Johnston, S.P., Pieniazek, N. J., Xayavong, M.V., Slemenda, S.B., Wilkins, P.P., Silva, A.J.D. (2006), “PCR as a 

Confirmatory Technique for Laboratory Diagnosis of Malaria”,  

- 1089. 

Kamugisha, M. L., Msangeni, H., Beale, E., Malecela, E. K., Akida, J., Ishengoma, D.,

“Paracheck Pf® compared with microscopy for diagnosis of 

City, north-eastern Tanzania”, 

Kamugisha, E., Mazigo, H., Manyama, M., Rambau, P., Mirambo, M., Kataraihya, J.B., Mshana, S. (2009),  “Low 

sensitivity but high specificity of ParaHIT

department in Butimba District Hospital, Mwanza, Tanzania”, 

97-99. 

Koita, O.A., Doumbo, O.K., Ouattara, A., Tall, L.K., Konare, A., Diallo, M.D.M., Sagara, I., Masinde, G.L., Doumbo, 

S.N., Dolo, A., Tounkara, A., Traor

Malaria and Deletion of the Histidine

Medicine and Hygiene  86(2), 194

Lee, N., Baker, J., Andrews, K.T., Gatt

Variation in Plasmodium falciparum 

Implications for Rapid Diagnostic Tests for Malaria”, 

Journal of Biology, Agriculture and Healthcare                                        

208 (Paper)  ISSN 2225-093X (Online) 

36 

DiSanti, S.M., Kirchgatter, K., Brunialti, K.C.S.A., Oliveira, A.M., Ferreira, S.R.S., Boulos, M. (2004),  “Pcr 

Based Diagnosis To Evaluate The Performance of Malaria Reference Centers”, Revista do Instituto Medicina 

, 183-187. 

Evaluating, Diagnostics. (2006), “The Evaluation of diagnostic tests for infectious diseases: general principles”, TDR 

Diagnostics Evaluation Expert Panel.  Nature Reviews, Microbiology  Sep, S21-33.

National Antimalarial Treatment Policy”, Federal Ministry of Health National Malaria and Vector 

Division Abuja,Nigeria, Abuja: Federal Republic of Nigeria, 1-8. 

Nigeria, Malaria Operational Plan”,  Ammerica: USAD, President's Malaria Initiative.

Gamboa, D., Ho, M.F., Bendezu, J., Torres, K., Chiodini, P.L., Barnwell, J.W., Incardona, S

McCarthy, J., Cheng, Q. (2010),  “A Large Proportion of P. falciparum Isolates in the Amazon Region of Peru 

: Implications for Malaria Rapid Diagnostic Tests”,  Public Library of Science One  

et, P., Mori, M., Esbroeck, M.V., Ende, J.V.D., Jacobs, J. (2009), “Assessment of the prozone effect in malaria 

Malaria Journal  8, 271. 

Gillet, P., Scheirlinck, A., Stokx, J., Weggheleire, A.D., Chaúque, H.S., Canhanga, O.D.J.V., 

C.D.D., Tiago,A., Mabunda, S., Bruggeman, C., Bottieau, E., Jacobs, J. (2011), “Prozone in malaria rapid 

diagnostics tests:how many cases are missed? ”,  Malaria Journal  10, 166. 

Graz, B., Willcox, M., Szeless, T., Rougemont, A. (2011), “Test and treat  or presumptive treatment for malaria in 

high transmission situations? A reflection on the latest WHO guidelines”,  Malaria Journal  

Happi, C.T., Gbotosho, G.O., Sowunmi, A., Falade, C.O., Akinboye, D.O., Oladepo, O., Oduola, A.M

“Malaria diagnosis: false negative parasight-F tests in falciparum malaria patients in Nigeria”, 

of Medicine and Medical Science  33(1), 8-15. 

Howard, R.J., Uni, S., Aikawa, M., Aley, S.B., Leech, J.H., Lew, A.M., Wellems, T.E., Rener, J., Taylor, D.W. 

(1986). Secretion of a malarial Histidine-rich Protein (PfHRPII) from Plasmodium falciparum 

The Journal of Cell Biology. 103: 1269–1277. 

Huong, N.M., Davis, T.M., Hewitt, S., Huong, N.V., Uyen, T.T., Nhan, D.H. (2002), “Comparison of three antigen 

detection methods for diagnosis and therapeutic monitoring of malaria: a field study from southern Vietnam”,  

Tropical Medicine and International Health 7(4), 304–308. 

Iqbal, J., Muneer, A., Khalid, N., Ahmed, M.A. (2003), “Performance of the optimal test for malaria diagnosis 

among suspected malaria patients at the rural health centers”, American Journal of Tropical Medicine and 

Ishengoma, D.S., Francis, F., Mmbando, B. P., Lusingu, J.P.A., Magistrado, P., Alifrangis, M., Theander, T.G., 

Bygbjerg, I.B.C., 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

Johnston, S.P., Pieniazek, N. J., Xayavong, M.V., Slemenda, S.B., Wilkins, P.P., Silva, A.J.D. (2006), “PCR as a 

Confirmatory Technique for Laboratory Diagnosis of Malaria”,  Journal of Clinical Microbiology.

Kamugisha, M. L., Msangeni, H., Beale, E., Malecela, E. K., Akida, J., Ishengoma, D., Lemnge,

“Paracheck Pf® compared with microscopy for diagnosis of P. falciparum malaria among children in Tanga 

eastern Tanzania”, Tanzania Journal of Health Research 10(1), 14-18. 

Kamugisha, E., Mazigo, H., Manyama, M., Rambau, P., Mirambo, M., Kataraihya, J.B., Mshana, S. (2009),  “Low 

sensitivity but high specificity of ParaHIT-f in diagnosing malaria among children attending outpatient 

tment in Butimba District Hospital, Mwanza, Tanzania”, Tanzania Journal of Health Research 

Koita, O.A., Doumbo, O.K., Ouattara, A., Tall, L.K., Konare, A., Diallo, M.D.M., Sagara, I., Masinde, G.L., Doumbo, 

S.N., Dolo, A., Tounkara, A., Traore, I., Krogstad, D.J. (2012), “False-Negative Rapid Diagnostic Tests for 

Malaria and Deletion of the Histidine-Rich Repeat Region of the hrp2 Gene”,  American Journal of Tropical 

, 194–198. 

Lee, N., Baker, J., Andrews, K.T., Gatton, M.L., Bell, D., Cheng, Q., McCarthy, J. (2006), “Effect of Sequence 

Plasmodium falciparum Histidine- Rich Protein 2 on Binding of Specific Monoclonal Antibodies: 

Implications for Rapid Diagnostic Tests for Malaria”, Journal of Clinical Microbiology

                                  www.iiste.org 

M., Ferreira, S.R.S., Boulos, M. (2004),  “Pcr - 

Revista do Instituto Medicina 

tests for infectious diseases: general principles”, TDR 

33. 

Federal Ministry of Health National Malaria and Vector 

Ammerica: USAD, President's Malaria Initiative.  

Gamboa, D., Ho, M.F., Bendezu, J., Torres, K., Chiodini, P.L., Barnwell, J.W., Incardona, S., Perkins, M., Bell, D., 

Isolates in the Amazon Region of Peru 

Public Library of Science One  

et, P., Mori, M., Esbroeck, M.V., Ende, J.V.D., Jacobs, J. (2009), “Assessment of the prozone effect in malaria 

Gillet, P., Scheirlinck, A., Stokx, J., Weggheleire, A.D., Chaúque, H.S., Canhanga, O.D.J.V., Tadeu, B.T., Mosse, 

C.D.D., Tiago,A., Mabunda, S., Bruggeman, C., Bottieau, E., Jacobs, J. (2011), “Prozone in malaria rapid 

, “Test and treat  or presumptive treatment for malaria in 

Malaria Journal  10, 136. 

Happi, C.T., Gbotosho, G.O., Sowunmi, A., Falade, C.O., Akinboye, D.O., Oladepo, O., Oduola, A.M. (2004), 

malaria patients in Nigeria”, African Journal 

ener, J., Taylor, D.W. 

Plasmodium falciparum infected 

(2002), “Comparison of three antigen 

detection methods for diagnosis and therapeutic monitoring of malaria: a field study from southern Vietnam”,  

03), “Performance of the optimal test for malaria diagnosis 

American Journal of Tropical Medicine and 

istrado, P., Alifrangis, M., Theander, T.G., 

Bygbjerg, I.B.C., 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”, 

Johnston, S.P., Pieniazek, N. J., Xayavong, M.V., Slemenda, S.B., Wilkins, P.P., Silva, A.J.D. (2006), “PCR as a 

Journal of Clinical Microbiology. 44(3), 1087 

Lemnge, M. M. (2008), 

malaria among children in Tanga 

Kamugisha, E., Mazigo, H., Manyama, M., Rambau, P., Mirambo, M., Kataraihya, J.B., Mshana, S. (2009),  “Low 

f in diagnosing malaria among children attending outpatient 

Tanzania Journal of Health Research 11(2), 

Koita, O.A., Doumbo, O.K., Ouattara, A., Tall, L.K., Konare, A., Diallo, M.D.M., Sagara, I., Masinde, G.L., Doumbo, 

Negative Rapid Diagnostic Tests for 

American Journal of Tropical 

on, M.L., Bell, D., Cheng, Q., McCarthy, J. (2006), “Effect of Sequence 

Rich Protein 2 on Binding of Specific Monoclonal Antibodies: 

robiology 44(8), 2773–2778.  



Journal of Biology, Agriculture and Healthcare

ISSN 2224-3208 (Paper)  ISSN 2225

Vol.3, No.5, 2013 
 

Luchavez, J., Baker, J., Alcantara, S., Jr, V.B., Cheng, Q., McCarthy, J.S., Bell, D. (2011), “Laboratory 

demonstration of a prozone-like effect in HRP2

clinical management”,  Malaria Journal  

Mariette, N., Barnadas, C., Bouchier, C., Tichit, M., Ménard, D. (2008), “Country

polymorphism in Plasmodium falciparum

for malaria”,  Malaria Journal 

Mason, D.P., Kawamoto, F., Lin, K., Laoboonchai, A. (2002), “A comparison of two rapid field 

immunochromatographic tests to expert microscopy in the diagnosis of malaria”,  

Mishra, B., Samantaray,J.C., Kumar, A., Mirdha, B.R. (1999), “Study of false positivity of two rapid antigen 

detection tests for diagnosis of 

1233. 

Moody, A., Hunt-Cooke, A., Gabbett, E., Chiodini, P. (2000

dipstick for malaria diagnosis and treatment monitoring at the Hospital for Tropical Diseases, London”,  

British Journal of Haematology 

Moody, A. (2002), “Rapid Diagnostic Tests for Malar

Murray, C.K., Bell, D., Gasser, R. A., Wongsrichanalai, C. (2003), “Rapid diagnostic testing for malaria”, 

Medicine and International Health 

Paris, D. H., Imwong, M., Faiz, A.M., Hasan, M., Yunus, E.B., Silamut, K., Lee, S.L., Day, N.P.J., Dondorp, A.M. 

(2007), “Loop-Mediated Isothermal PCR (LAMP) for the Diagnosis of 

Journal of Tropical Medicine and Hygiene  

Rougemont, M., Saanen, M.V., Sahli, R., Hinrikson, H.P., Bille, J., Jaton, K. (2004), “Detection of Four 

Species in Blood from Humans by 18SrRNA Gene Subunit

Assay”,  Journal of Clinical Microbiology 

Rosenthal, P.J. (2012), “How Do We Best Diagnose Malaria in Africa? ”,  

and Hygiene 86(2), 192–193. 

Sayang, C., Soula, G., Tahar, R., Basco, L.K., Gazin, P., Moyou

Histidine-Rich Protein 2-Based Rapid Diagnostic Test for Malaria by Health Personnel during Routine 

Consultation of Febrile Outpatients in a Peripheral Health Facility in Yaoundé, Cameroon”, 

of Tropical Medicine and Hygiene 

Singh, N and Shukla M.M. (2002), “Short Report: Field evaluation of post

malaria by use of the Determine™ Malaria PF test in Central India”,  

and Hygiene  66, 314-316. 

Snounou, G and Singh, B. (2002),  “

Molecular Medicine:Malaria Methods and Protocols,

Swarthout, T. D., H, Counihan., R, Kabangwa., K, Senga. (2007), “Paracheck

Plasmodium falciparum”, Malaria Journal

Tagbo, O and Henrietta, U.O. (2007), “Comparison of clinical, microscopic and rapid diagnostic test methods in the 

diagnosis of Plasmodium falciparum

14(4), 285-289. 

Tangpukdee, N., Duangdee, C., Wilairatan

Parasitotlogy  47(2), 93-102. 

Uzochukwu, S.C.B., Obikeze, E.N., Onwujekwe, O.E., Onoka, C.A., Griffiths, U.K. (2009), “Cost effectiveness 

analysis of rapid diagnostic, microscopy, syndromic

implications for scaling –up deployment of ACT”,  

VanderJagt, T. A., Ikeh, E. I., Ujah, I. O., Belmonte, J., Glew, R. H., VanderJagt, D. J. (2005), “Comparison of the 

OptiMAL rapid test and microscopy for detection of malaria in pregnant women in Nigeria”,  

Medicine and Internatinal Health 

Veron, V and Crame, B. (2006),  “Recovery And Use Of 

American Journal of Tropical Medicine and Hygiene 

WHO. (2003), “Malaria Rapid Diagnosis: Making it Work. 20

Organization. 

WHO. (2004), “Diagnosis”,  Geneva: World Health Organization.

Journal of Biology, Agriculture and Healthcare                                        

208 (Paper)  ISSN 2225-093X (Online) 

37 

Luchavez, J., Baker, J., Alcantara, S., Jr, V.B., Cheng, Q., McCarthy, J.S., Bell, D. (2011), “Laboratory 

like effect in HRP2-detecting malaria rapid diagnostic tests: implications for 

Malaria Journal  10, 286. 

Mariette, N., Barnadas, C., Bouchier, C., Tichit, M., Ménard, D. (2008), “Country-wide assessment of the genetic 

Plasmodium falciparum and Plasmodium vivax antigens detected with rapid diagnostic tests 

Malaria Journal 7,  219. 

Mason, D.P., Kawamoto, F., Lin, K., Laoboonchai, A. (2002), “A comparison of two rapid field 

immunochromatographic tests to expert microscopy in the diagnosis of malaria”,  Acta Tropica 

J.C., Kumar, A., Mirdha, B.R. (1999), “Study of false positivity of two rapid antigen 

detection tests for diagnosis of Plasmodium falciparum malaria”,  Journal of Clinical Microbiology 

Cooke, A., Gabbett, E., Chiodini, P. (2000), “Performance of the OptiMAL malaria antigen capture 

dipstick for malaria diagnosis and treatment monitoring at the Hospital for Tropical Diseases, London”,  

British Journal of Haematology 109, 891–894. 

Moody, A. (2002), “Rapid Diagnostic Tests for Malaria Parasites”, Clinical Microbiology Reviews. 

Murray, C.K., Bell, D., Gasser, R. A., Wongsrichanalai, C. (2003), “Rapid diagnostic testing for malaria”, 

Medicine and International Health  8(10), 876–883. 

z, A.M., Hasan, M., Yunus, E.B., Silamut, K., Lee, S.L., Day, N.P.J., Dondorp, A.M. 

Mediated Isothermal PCR (LAMP) for the Diagnosis of Falciparum Malaria”, 

Journal of Tropical Medicine and Hygiene  77(5), 972–976. 

nen, M.V., Sahli, R., Hinrikson, H.P., Bille, J., Jaton, K. (2004), “Detection of Four 

Species in Blood from Humans by 18SrRNA Gene Subunit-Based and Species-Specific Real

Journal of Clinical Microbiology  42(12), 5636–5643. 

senthal, P.J. (2012), “How Do We Best Diagnose Malaria in Africa? ”,  American Journal of Tropical Medicine 

 

Sayang, C., Soula, G., Tahar, R., Basco, L.K., Gazin, P., Moyou-Somo, R., Delmont, J. (2009), “Use of a 

Based Rapid Diagnostic Test for Malaria by Health Personnel during Routine 

Consultation of Febrile Outpatients in a Peripheral Health Facility in Yaoundé, Cameroon”, 

of Tropical Medicine and Hygiene 81(2), 343–347. 

ukla M.M. (2002), “Short Report: Field evaluation of post-treatment Plasmodium

malaria by use of the Determine™ Malaria PF test in Central India”,  American Journal of Tropical Medicine 

Snounou, G and Singh, B. (2002),  “Nested PCR analysis of Plasmodium parasites”, Doolan DL , ed. Methods in 

cine:Malaria Methods and Protocols, Totowa, New Jersy: Humana press

Swarthout, T. D., H, Counihan., R, Kabangwa., K, Senga. (2007), “Paracheck-Pf® accuracy and recently treated 

Malaria Journal  6, 58. 

etta, U.O. (2007), “Comparison of clinical, microscopic and rapid diagnostic test methods in the 

Plasmodium falciparum malaria in Enugu, Nigeria”,  Nigerian Postgraduate Medical Journal  

Tangpukdee, N., Duangdee, C., Wilairatana, P., Krudsood, S. (2009), “Malaria Diagnosis”, 

 

Uzochukwu, S.C.B., Obikeze, E.N., Onwujekwe, O.E., Onoka, C.A., Griffiths, U.K. (2009), “Cost effectiveness 

analysis of rapid diagnostic, microscopy, syndromic approach in the diagnosis of malaria in Nigeria: 

up deployment of ACT”,  Malaria Journal 8, 265. 

VanderJagt, T. A., Ikeh, E. I., Ujah, I. O., Belmonte, J., Glew, R. H., VanderJagt, D. J. (2005), “Comparison of the 

est and microscopy for detection of malaria in pregnant women in Nigeria”,  

Medicine and Internatinal Health 10, 39-41. 

Veron, V and Crame, B. (2006),  “Recovery And Use Of Plasmodium Dna From Malaria Rapid Diagnostic Tests”, 

Tropical Medicine and Hygiene 74(6), 941 - 943. 

Malaria Rapid Diagnosis: Making it Work. 20-23. Meeting report”,  Manila: World Health 

Geneva: World Health Organization. 

                                  www.iiste.org 

Luchavez, J., Baker, J., Alcantara, S., Jr, V.B., Cheng, Q., McCarthy, J.S., Bell, D. (2011), “Laboratory 

detecting malaria rapid diagnostic tests: implications for 

wide assessment of the genetic 

antigens detected with rapid diagnostic tests 

Mason, D.P., Kawamoto, F., Lin, K., Laoboonchai, A. (2002), “A comparison of two rapid field 

Acta Tropica 82, 51-59. 

J.C., Kumar, A., Mirdha, B.R. (1999), “Study of false positivity of two rapid antigen 

Journal of Clinical Microbiology 37(4), 

), “Performance of the OptiMAL malaria antigen capture 

dipstick for malaria diagnosis and treatment monitoring at the Hospital for Tropical Diseases, London”,  

Clinical Microbiology Reviews. 15(1), 66-78. 

Murray, C.K., Bell, D., Gasser, R. A., Wongsrichanalai, C. (2003), “Rapid diagnostic testing for malaria”, Tropical 

z, A.M., Hasan, M., Yunus, E.B., Silamut, K., Lee, S.L., Day, N.P.J., Dondorp, A.M. 

Malaria”, American 

nen, M.V., Sahli, R., Hinrikson, H.P., Bille, J., Jaton, K. (2004), “Detection of Four Plasmodium 

Specific Real-Time PCR 

American Journal of Tropical Medicine 

Somo, R., Delmont, J. (2009), “Use of a 

Based Rapid Diagnostic Test for Malaria by Health Personnel during Routine 

Consultation of Febrile Outpatients in a Peripheral Health Facility in Yaoundé, Cameroon”, American Journal 

Plasmodium falciparum 

American Journal of Tropical Medicine 

Doolan DL , ed. Methods in 

Totowa, New Jersy: Humana press 72, 189–203. 

Pf® accuracy and recently treated 

etta, U.O. (2007), “Comparison of clinical, microscopic and rapid diagnostic test methods in the 

Nigerian Postgraduate Medical Journal  

a, P., Krudsood, S. (2009), “Malaria Diagnosis”, Korean Journal of 

Uzochukwu, S.C.B., Obikeze, E.N., Onwujekwe, O.E., Onoka, C.A., Griffiths, U.K. (2009), “Cost effectiveness 

approach in the diagnosis of malaria in Nigeria: 

VanderJagt, T. A., Ikeh, E. I., Ujah, I. O., Belmonte, J., Glew, R. H., VanderJagt, D. J. (2005), “Comparison of the 

est and microscopy for detection of malaria in pregnant women in Nigeria”,  Tropical 

Dna From Malaria Rapid Diagnostic Tests”,  

Meeting report”,  Manila: World Health 



Journal of Biology, Agriculture and Healthcare

ISSN 2224-3208 (Paper)  ISSN 2225

Vol.3, No.5, 2013 
 

WHO. (2006), “Towards quality testing of malaria rapid diagnostic tests: evidence and methods”, Western Pacific 

Region, Manila, Philippines, World Health Organization.

WHO. (2010), “Guidelines for the treatment of malaria, 2nd edition

WHO. (2011), “World Malaria Report”,

WHO (2012), “World Malaria Report”,

 

Table 1: Baseline characteristics of the study population

Characteristics 

Number of subjects 

Mean age in years ±SD 

Number of male (%) 

Number of female (%) 

Mean ±SD axillary  

temperature 
0
C 

Always sleeps under                   

a mosquito net 

Insecticide Spray/           

Mosquito coil 

 

Table 2: Validity of diagnostic tests, compared to expert microscopy

Diagnostic Tests  

Pf-HRP2 RDTs
 +ve

- 

Pf/PAN-pLDH  RDTs 
+ve

- 

PCR 
+ve

- 

Key: Sn- Sensitivity, Sp- Specificity, PPV
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World Health Organization. 

Guidelines for the treatment of malaria, 2nd edition”, Geneva: World Health Organisation.

orld Malaria Report”, Geneva: World Health Organization. 

World Malaria Report”, Geneva: World Health Organization. 

Table 1: Baseline characteristics of the study population 

All site Aliero Kware 

540 180 180 

20.2 ±15.8 17.9 ±17.0 21.9±14.1 

271 (50.2%) 93 (51.7%) 86 (47.8%) 

269 (49.8%) 87 (48.3%) 94 (52.2%) 

37.0 ±1.06 37.0 ±1.1 36.9 ±1.0 

258 (47.8%) 85 (47.2%) 86 (47.8%) 

 

221 (41%) 

 

91 (50.6%) 

 

73 (40.6%) 

diagnostic tests, compared to expert microscopy 

    2x2 Contingency table 

 MP +ve              MP - 

ve 

Sn       

(%) 

+ve
 

293 8 
82 

 ve 66 142 

+ve 268 1 
75 

 ve 91 149 

+ve 61 0 
98 

 ve 1 12 

Specificity, PPV- Positive Predictive Value, NPV- Negative Predictive value
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esting of malaria rapid diagnostic tests: evidence and methods”, Western Pacific 

Geneva: World Health Organisation. 

Talata Mafara 

180 

 20.8 ±16.0 

    92 (51.1%  ) 

  88 (48.9%) 

 37.0 ±1.0 

 87 (48.3%) 

 

 

57 (31.7%) 

Sp 

(%) 

PPV 

(%) 

NPV 

(%) 

95 97 68 

99 100 62 

100 100 92 

Negative Predictive value 
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