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ABSTRACT

Management of malaria requires prompt diagnosis of malaria by microscopy, Rapid Diagnostic
Tests (RDTs), or other available tools. The aim of this study was to compare the effectiveness of
RDT and microscopy in detection of malaria parasite in a malaria endemic area of Nigeria among
different population groups. The cross sectional study was conducted on 251 febrile patients who
were directed to the laboratory department for blood screening for malaria parasites at Ogunlade
Hospital, Ijebu Ode, Ogun state. Blood samples were collected and screened for malaria parasites
microscopically and by using First Response RDT. The prevalence of malaria obtained through
microscopy (66.8%) was significantly higher than in RDT (36.8%) (p<0.05). Considering microscopy
as the gold standard, RDT exhibited high specificity (87.1%) and low sensitivity (42.5%) with
positive predictive and negative predictive values of 86.6 and 43.5%, respectively. The sensitivity
of RDT increased significantly with increase in P. falciparum parasitaemia (p<0.0001). The routine
microscopy test demonstrated a superior sensitivity compared to First Response RDT method of
malaria diagnosis, however, RDT could be a useful tool in individuals suspected to show high
degree of disease spectrum for quick intervention in order to avert danger associated with delayed
diagnosis.
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INTRODUCTION

In areas where there is increasing population of malaria infected individuals, rapid and efficient
diagnostic methods are needed for rational therapy. Rational therapy is necessary to avoid non-
target effects, to save cost on alternative drugs and to delay the advent of parasite resistance
(Wongsrichanalai et al., 2007).

The use of rapid diagnostic tests suggested to have largest impact with microscopy has been
widely advocated. Its implementation has been reported to be cost effective (Batwala et al., 2011),
cause significant reduction in referrals and in patient’s length of hospital stay (Boyce et al., 2015).
Rapid diagnostic test is a device that detects malaria antigen in a small amount of blood, usually
5-15 pL, by immunochromatographic assay with monoclonal antibodies directed against the target
parasite antigen and impregnated on a test strip (Wongsrichanalai et al., 2007). The low capital
involvement, non-requirement of electricity, easy operation and result interpretation are its
advantages over microscopy. The adoption of RDT by community health workers could facilitate
diagnosis in local malaria-endemic areas with limited health personnel and facilities (Harvey et al.,
2008). However, the accuracy of a clinical diagnosis is dependent on the disease endemicity level,
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malaria season and the age group under consideration (Dicko et al., 2005; Mwangi et al., 2005),
thus the discrepancies observed in RDT sensitivities in several observational studies
(Grobusch et al., 2003; Igbal et al., 2003; Fernando et al., 2004).

Most commonly used RDTs are coated with monoclonal antibodies specific for malaria
parasite with Histidine-Rich Protein 2 (HRP-2) and pan-pLDH or aldolase enzyme being the
targeted antigens for P. falciparum and the four common Plasmodium species, respectively
(Wongsrichanalai et al., 2007). This study assessed the diagnostic performances of RDT in order
to guide treatment decision in a low resourced Nigerian malaria endemic area.

MATERIALS AND METHODS

Study design and study area: The study was a nonrandomized descriptive and cross-sectional
study. The study was carried out in Ogunlade Hospital, I[jebu Ode, Ogun state. [jebu Ode is located
in South-Western Nigeria. The city is inhabited by the Ijebus, a sub-group of the Yoruba ethnic
group who speak the Ijebu dialect of Yoruba. It was conducted from July to September, 2012.
During this period, vegetations were thick and canals/drainages were often seen with stagnant
water thus providing good resting and breeding sites for malaria parasites mosquito vectors.
However, the prevailing sociocultural practices and the poor socioeconomic status of the dwellers
make malarial endemicity a year round event.

Sample size: Sample size was determined using the method of Naing et al. (2006). Briefly, using
the prevalence data 50.0%, precision 0.05(5%) and statistical power 80%, the minimum sample size
arrived at was 223 subjects. In all, a total of 251 participants were recruited during medical
consultation after which they were directed to the hospital laboratory for RDT and malaria parasite
tests.

Parasitological examination: All parasitological examinations were carried out in Ogunlade
Hospital, Ijebu Ode, Ogun state. The study included febrile patients of both sexes attending
outpatient clinics for parasitological examinations. Thick and thin blood smears were prepared
from venous blood samples collected from the antecubital fossa. All samples were collected by
trained laboratory staff on duty. The films were properly dried and stained with 10% Giemsa
solution then washed after 10 min using clean water. A drop of immersion oil was applied on dried
stained slide and examined microscopically for malaria parasites using 100X objective lens.
Asexual stage parasite of any level was regarded as a positive smear; smears were considered
negative if the examination of 100 high power fields did not reveal asexual parasites
(Hopkins et al., 2008).

Rapid Diagnostic Test (RDT): Blood samples collected from the study participants were also
tested for malaria parasites using First Response® RDT (Premier Medical Corporation Limited,
Kachigam, Daman, India). First Response® is an immunochromatographic test coated with
monoclonal antibody that recognizes the specific Histidine Rich Protein-2 (HRP-2) associated with
the presence of P. falciparum. The test uses approximately 5 uL of blood and is readable after
15 min following the manufacturer's instructions. Participants with positive RDT results were
prescribed immediate treatment. A drop of anticoagulated blood (5 uL)) obtained from the subjects
was placed on the RDT cards and two drops of buffer was added to form a blood-buffer mixture. The
mixtures were drawn up the card across the lines of bound antibody. Positive results indicate the
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presence of three bands (test line 2, test line 1 and control). For negative results, only the control
line appeared. Results were observed and recorded. All malaria positive smears were reviewed by
another microscopist for confirmation.

Informed consent and ethical approval: Oral informed consent was obtained from the selected
patients. Ethical approval with the reference number (OOUTH/DA.326/899) was obtained from
Olabisi Onabanjo University Teaching Hospital, Ogun State, Nigeria.

Inclusion criteria: Inclusion criterion for this study was individual with fever and without focus
(foci) of infection (Msellem et al., 2009). The usual residence of the area and those without other
visible signs of ailments were also included.

Data analysis: Data was carefully entered in Excel spread sheet (version 2007) and transferred
to GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA 92037 USA) for analyses. Chi-square
analysis was used to determine the significance differences in proportion of malaria parasite
infection determined by microscopy and RDT. The same was used to assess significant variations
in diagnostic parameters in different groups. Proportions were calculated and the diagnostic
performance was determined by calculating the test sensitivity, specificity, predictive values,
Diagnostic Likelihood Ratios (DLR) and Diagnostic Odd Ratios (DOR). The sensitivity of a clinical
test refers to the ability of the test to correctly identify those patients with the disease while,
specificity refers to the ability of the test to correctly identify those patients without the disease.
The Positive Predictive Value (PPV) is the probability that an individual with a positive screening
result has the disease while Negative Predictive Value (NPV) is the probability that an individual
with a negative screening result is without the disease. Diagnostic likelihood ratio is the ratio of
expected test result in subjects with the disease to the subjects without the disease. Diagnostic odd
ratio is the ratio of the odds of positivity in subjects with disease relative to the odds in subjects
without disease. Microscopy was used as the reference standard. The p-values less than 0.05 were
considered statistical significance.

RESULTS

The subjects comprised 10 infants (1 month-4 years), 19 school-aged children (5-12 years), 25
teenagers (13-19 years) and 197 adults (18 years and above). The gender distribution of the
participants included 75 males and 176 females. The overall prevalence of malaria parasites
obtained through microscopy (66.8%) was significantly higher than in RDT (36.8%) (p<0.05).
Species of malaria parasite identified in all study participants was Plasmodium falciparum. The
parasite density ranged from 40-1080 uL~"' of blood. The mean parasite density ("SD) decreased
with age of the subjects with 329.6"315.9, 224.4"283.2, 216.7"283.6 and 373.3"256.3 recorded in the
adult, teenager, school-aged children and infants, respectively. However, there were no significant
differences in intensity of infection across the various population groups (p<0.05).

The number of subjects with true/false negative and true/false positive RDT’s results was
presented in Table 1. A rather low sensitivity (42.5%) and high specificity (87.1%) were recorded
in the general population. Sensitivity of RDT seemed to increase with ages of the participants
with 33.3, 41.2 and 42.6% recorded in school children, teenagers and adult subjects, respectively
(Table 2). However, there was a clear deviation from this general trend in infants with significantly
higher sensitivity value (71.3%). The same followed for other diagnostic indicators. Generally, there
were no significant differences in diagnostic parameters across the different groups (p<0.05). The
positive diagnostic likelihood ratio of RDT was higher (4.1) in adult than in teenagers (1.1) and
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Table 1: No. of subjects with true/false negative and true/false positive RDT’s diagnostic test results

Categories True positive False positive True negative False negative Total
General population 71 (28.3) 11 (4.4) 74 (29.5) 96 (38.2) 251
Adult 55 (27.9) 7 (3.6) 61 (31.0) 74 (37.6) 197
Teenagers 7 (28.0) 3(12.0) 5(20.0) 10 (40.0) 25
School children 4(21.1) 1(5.3) 6 (31.6) 8 (42.1) 19
Infant 5 (50.0) 0 (0.0) 3 (30.0) 2 (20.0) 10

e 8.037
p value 0.443

Chi-square (x*) showing no association (p>0.05) between true/false diagnostic results in different categories of population

Table 2: Diagnostic performance of rapid diagnostic test in different groups

Diagnostic parameters General population Adult Teenagers School children Infants p-values
Sensitivity 42,5 42.6 41.2 33.3 71.3 0.712
Specificity 87.1 89.7 62.5 85.7 100 0.752
Positive predictive value 86.6 88.7 70.0 80.0 100 0.866
Negative predictive value 43.5 45.2 33.3 42.9 60 0.806
Positive diagnostic likelihood ratio 3.3 4.1 1.1 2.3 NC

Negative diagnostic likelihood ratio 0.7 0.6 0.9 0.8 0.3

Diagnostic odd ratio 5.0 6.5 1.2 3.0 NC

NC: Not computed or infinite value since no value was recorded for false positive

Table 3: Differential sensitivity of rapid diagnostic test at varied parasitaemia

Parasite density (/uL of blood) No. Examined Sensitivity RDT (%) Sensitivity (microscopy) (%)
<100 73 22.4 100

100-500 45 34.9 100

501-1000 46 81.3 100

1000 > 1 100.0 100

2 40.27

p-value 0.0001

Chi-square (x?) showing association (p<0.05) between parasite density and RDT sensitivity

school children (2.3). The least negative diagnostic likelihood ratio (0.3) was recorded in infants.
A similar pattern was observed in diagnostic odd ratios with very high DOR value and 6.5 in
infants and the adult population, respectively. The sensitivity of RDT increased significantly with
increase in malaria parasite density (Table 3) (p<0.05).

DISCUSSION

The low proportion of false positive test reported in this study is a characteristic of a good test.
The rheumatoid factor cross-reacting in the blood could generate a false positive test line but
replacement of IgG with IgM in recent products reduces this problem (Laferi et al., 1997;
Grobusch et al., 1999). Also, cross-reactivity with heterophile antibodies may be another cause of
false positive test (Moody and Chiodini, 2002). The high proportion of false negative test resulted
in the rather low sensitivity recorded in the general population. This false negative result may be
caused by mutation of the HRP-2 gene (Wellems et al., 1991). The presence of anti-HRP-2
antibodies in humans may suggest why some tests were negative despite high parasite density
(Biswas et al., 2005). The storage temperature the RDT product was subjected to by the marketers
could also explain the observed low sensitivity. Exposure of RDT kit to high temperatures has been
implicated as a possible cause of poor performance in the tropics. Denaturation of antibodies in the
test membrane can impair binding to the target antigen at high temperature. Heat can also cause
damage to the nitrocellulose membrane forming the strip thus changing its flow characteristics or
causing the antibody to detach from the membrane (Chiodini et al., 2007).
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The sensitivity of RDT reported in this study is lower than previous reports in Nigeria
(Ajumobi et al., 2015) and other parts of the world. Sensitivities of 96, 97 and 97.6% had been
reported in Zambia, Zanzibar and Thailand, respectively (Hopkins et al., 2008; Msellem et al., 2009;
Nicastri et al., 2009). However, the specificity 87% is similar to 88% reported by Msellem et al.
(2009) but lower than 93 and 100% recorded in Thailand (Buchachart et al., 2004) and among
Nigerian travellers (Dougnon et al., 2015). The sensitivity reported in this study is yet to attain the
95% recommended World Health Organization value (WHO., 2000). This low sensitivity is
disadvantageous as it will impair control intervention since a fraction of the infected population
will be left untreated especially if RDT is the only available diagnostic tool. However, the high
specificity will improve the cost effectiveness of malaria diagnosis since the RDT is unlikely to miss-
out the non-infected individuals.

Diagnostic Likelihood Ratio (DLR) is more clinically useful than the sole usage of sensitivity
in estimating the probability of disease in an individual (Akobeng, 2007). The very high positive
diagnostic likelihood ratio in the infant category is a result of absence of false positive test in the
group. The RDT presented a very good likelihood of presenting a positive test in infected infant and
adult population compared to their uninfected counterparts. This is subject to the high positive
diagnostic and low negative diagnostic likelihood ratios reported in our study. Malarial RDT can
therefore serve as useful tool in early diagnosis of malaria in infants in order to avert the
accompanied burdens associated with late diagnosis. However, the result is inconclusive as very
few infants were representative of the study population. Another test indicator not commonly used
in clinical research is Diagnostic Odd Ratio (DOR) which is also dependent on the spectrum of
disease severity (Moons et al., 1997). Expectedly, the high DOR values in the infant and adult
populations are indicators of good test results in the groups. The value 1.2 recorded in the
teenager’s category shows that the RDT tool does not discriminate malarial infected patients from
those without infection. This could be resulted from lower degree of parasitaemia reported in the
group. Increase in sensitivity with P. falciparum parasitaemia is similar to what was reported
elsewhere (Gasser et al., 2005; Miller, 2006).

The use of microscopy in diagnosis of malarial infection in adult population that comprises
pregnant women can pose some challenges due to placental sequestration of parasites thus
reducing the sensitivity of microscopy. However, the detection of peripheral blood HRP-2 genes
(the principle through which the RDT works) is possible with malaria parasites RDT therefore,
making RDT very useful in such condition (Leke et al., 1999). The ability to detect placental
infection by antigen detection when microscopy does not identify parasitaemia could have a
significant impact on material and fetal health care (Murray et al., 2008). The RDT’s utilization in
community-base malaria care is difficult to sustain due to problems of low cost effectiveness and
availability. One limitation of our study was that our data failed to compare malarial RDT
diagnostic performance in the pregnant women with present data.

CONCLUSION

Malaria is still a serious problem in the study area. The RDT used in the diagnosis is parasite
density dependent and may show low or poor performance in low infected population. This
approach can be best adopted for infant and adult population of pregnant women being the most
malarial susceptible groups. Further investigation however is needed to ascertain the cause of low
sensitivity of the RDT recorded in this study.
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