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Abstract: Rapid diagnosis is pre-requisite for institutioneffective treatment
and reducing mortality and morbidity of malaria.hd study was taken up to
compare the efficiency of various methods availaibde thick and thin smear,
Quantitative Buffy Coat (QBC) and Antigen card téarascreen). In the
present study, thick smear was compared with thieas, QBC and Antigen
card test for the diagnosis of malaria. A total 466 samples were collected
from patients presenting with classic symptoms afara. For traditional
microscopy; thick and thin smear were prepared atadned with Leishman's
stain, taking thick smear as a gold standard. QB@ Antigen detection were
done using commercially available kits. Malaria wdiagnosed in 112, 81, 98
and 110 patient by thick smear, thin smear, QBC amtigen card test
respectively. In antigen card test the sensitiv§.2%, specificity 100%,
Positive predictive value (PPV) 100% and Negativedptive value (NPV)
99.3% were observed. Although the antigen card iestuperior than thin
smear and QBC. Antigen card test has its advantdgeterms of speed,
sensitivity and specificity especially in an endengirea. Therefore we
recommended antigen card test which was simplabiel and effective for the
diagnosis of malaria in remote and rural areas af country.

Keywords. Malaria, thick smear, thin smear, QBC, Antigen cast.
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1. Introduction:

Malaria presents a diagnostic challenge to the caédommunity worldwide. Its occurrence is noted
in more than 90 countries. Malaria remains the rnmopbrtant parasite disease globally causing over
170 million cases usually of who over a million dtieevery year [1]. It is a serious, some time Ifata
parasitic disease posing a major public healthlprobin India [2]. There is problem of diagnosis and
control of malaria but the treatment has to baetiammediately in order to avoid complicationseTh
keen interest in this field will surely leads talgaletection improvement in treatment regimen and
implement better techniques of prevention [3].

Malaria is a mosquito- borne infectious diseasburhan and other animals caused by sporozoites of
genus Plasmodium. It begins with a bite from areétédd female Anopheles mosquito, which
introduces the sporozoites through saliva into dineulatory system. In the blood, the sporozoites
travel to the liver to mature and reproduce. Mal@auses symptoms that typically include fever and
headache, which in severe cases can progress B amindeath. The disease is widespread in tropical
and subtropical regions in a broad band arouncethmtor, including which of sub-Saharan Africa,
Asia and Americans [4].

Microscopic Examination of the peripheral blood anse(PBS) are the commonly employed method
for diagnosis of malaria. Since its introductiorD33hick PBS allows identification of the plasmddia
parasite and its stages, the technique is labensnte, time consuming and its interpretation at lo
level of parasitemia request considerable expeenaicroscopist for accurate identification [5].

In recent years newer, simple and rapid technitjkesQBC (Quantitative Buffy Coat), antigen and
enzyme detection have been developed to replacsotheentional microscopic methods. The antigen
detected is histidine rich protein-2 (HRP-2) andzyene detected is plasmodium lactate
dehydrogenase (pLDH) and Pan- specific aldolasehalée techniques vary in there sensitivity,
specificity, positive predictive value and negatigeedictive values [6]. Keeping in mind the
seriousness of the condition and the current abifitla of diagnostic facilities across India we
decided to conduct a comparative study of the teinkar with thin smear, QBC and antigen card test
(parascreen).

2. Materials and M ethods:

This prospective study was conducted in the departiof pathology, Father Muller Medical College
Hospital, Mangalore, Karnataka, India. The studys wanducted from May 2011 to August 2012.
This study was done in 406 cases of patients ptieggpyrexia with chills, rigor and other suggestiv
symptoms of malaria. They were admitted in wardsttending the outpatient department of Father
Muller Medical college Hospital, Mangalore, Karriaalndia.

2.1 Sample Collection:
Oral consent was taken from the patients priotht dollection of specimens. In this study 5ml of

EDTA anticoagulated blood was taken and smear yexgared within an hour of collection of blood.
All the sample was collected in Vacuntainer. The gopup of patients varied from 4 to 80 years.

2.2 Thick and Thin Blood Smears:

Thick and thin blood smears were prepared as pestdndard method. The smears were stained with
Leishman’s stain [7].
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2.3 Quantitative Buffy Coat Technique (QBC):

The QBC is a high precision glass haematocrit tpbe,coated internally with acridine orange stain.
This tube was filled with 55 — 6@l of EDTA blood. A clear plastic closer was appliédcylindrical
float, designed to be suspended in a packed réavaslinserted. This tube was centrifuged at 12000
rpm for 5 minutes. This tube is examined undertligicroscope with standard white light, equipped
with accessory illuminated microscope objective #andrescence. Approximately 10-20 fields were
examined over 2-5 minutes.

The principle of QBC technique is based on the flaat on centrifugation at high speed. The whole
blood separates into plasma, buffy coat and packeddcell layer. The component of buffy coat
separated according to their densities, formingrdet bands. The topmost area of the red cell Band
enlarged 10 times more than normal, this area ddeells with parasites. Due to the high buoyancy
of the infected cells they appear in the upper npast of the column. Due to acridine orange the
malarial parasite are seen as fluorescent bodieslisiy at different level of the sedimentation amiu
depending on the stage and species of the pajasig

2.4 Antigen Detection using Par ascreen:

Commercially available antigen detection kit Parasn (Zephyr Biomedical Systems, lot: 101051)
that detects the Histidine-rich protein 2 antigadRP 1l) of P.falciparum and the lactate
dehydrogenase of Plasmodium was used.

The strips coated with anti HRP Il antibody weredito detect the presence of the HRP Il antigen by
immuno-chromatography.

The test was done using EDTA anticoagulated blaodraing to standard operating procedure (SOP)
given by manufactures. Interpretation of the testit was done as below:

1. When only one pink- purple band appears in the robntindow marked as “C” the test
considered to be negative.

2. When one control band and another one bands appegrat region of “Pf’ the test
considered to be positive for P.falciparum.

3. When one control band and one pink purple band appsaly at region “Pan” the test
considered to be positive for other species (ntaipi@rum).

4. When one control band and another two bands apgtesggions “Pf’ and “Pan” the test
considered to be positive for P. falciparum or rdixgection.

S. When no bands appear on device the test shouldristdered invalid [10].

3. Results:

A total of 406 samples were evaluated by thick #md Leishman stained peripheral blood smear,
QBC technique and antigen card test. The blood fi#sult indicated that malarial parasite was
detected in 112 (27.58%) cases by thick blood smaedrin 81(19.95%) cases by thin peripheral
blood smear.QBC technique detected 98(24.13%) aafsewlaria and antigen card test detect 110
(27%) cases of malaria (Table 1). The sensitidtyecificity, positive predictive value (PPV) and
negative predictive value (NPV) of antigen card teish respect to Leishman stain thick smear was
98.2%, 100%, 100% and 99.3%, respectively. Theitbats of thin smear was low 72% but its
specificity was 98%. The sensitivity and specifiof QBC were 87.5% and 99.0%, respectively with
respect to Leishman stained thick smear (Table 2).
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4. Discussion:

Rapid detection and effective treatment is a pogiigite in reducing morbidity and mortality due to
malaria. Peripheral blood smear study is simpkstlexpensive, labor intensive, time consuming and
therefore delay in diagnosis. Leishman's or Giestaimed thick smears are considered to be the 'Gold
standard' in diagnosis. However, the accurate spelifferentiation and quantitation of parasiteisia
possible only when performed by skilled microscofid, 12]. Apart from clinical and microscopic
examination, many rapid diagnostic tests have b#mreloped. Most frequently, they deploy a
dipstick or test strip bearing monoclonal antibedietected against the target parasite antigen [2].
Newer technique like QBC and Antigen card testrapéd, simple and easy to interpret.

In the present study, while comparing the availatifteerent methods of rapid detection of malarial

parasites with gold standard Leishman stained thiokar, the sensitivity of thin smear found to be
lowest (72.3%) which may be because of the undefiireg stage of the parasite. While Parija et al

[13] reported a very low sensitivity of (54.8%)dbiman stained thin smear. In our study we got a
high specificity and positive predictive value (9886d 93%) respectively (Table 2). Leishman

stained thin blood smear detects malarial parasitg when there are 50 parasite/ ml of blood [5].

Even though this method can be used for speciegifidation of malarial parasite.

When we compared QBC with Leishman stained thickaanthe sensitivity of QBC was found to be
low 87.5% but specificity, PPV and NPV was 99.0 93,0 %, 95.4 % respectively. Although the
sensitivity of QBC has been reported to be high26% by Mendirattat aland 100 % by Bhandari

et al [14, 3]. Whereas in our study we observed $ewsitivity of QBC. One of the reasons for this
could be that as the hospital is present in anraitdesgion for malaria the levels of parasitemialdo
have been low. In another study Benito et al [Evealed that QBC has a low sensitivity and greater
rapidity as compared to Leishman stained thick sn&ienilarly in the present study we also observed
same findings with lower sensitivity and higher gpeity. QBC has the advantage that screening is
much faster. However, it requires a fluorescena@escope which is expensive and the QBC mounts
cannot be preserved, unlike the Leishman stainezhsnOne more disadvantage of QBC technique
is that a permanent record of test cannot be Kejt [

In the present study we observed 98.2 % of seitgitit00% of specificity and 100% PPV in
Parascreen antigen card test comparing with tlek #rinear. Similarly some authors also observed
same findings [17, 2]. While few authors [13, 18Ferved a lower sensitivity of 75% by using other
kit (malarigen) based on similar principle, wher#as specificity (100%) and PPV (100%) were in
accordance with our study.

However, in the present study parascreen antigesh test was negative in two cases which were
positive cases in Leishman's stained thick smeBapl€l) these were probably false negatives
because of immuno-chromatography (ICT) is unableldtect HRP 1l below 100 parasitgls/of
blood. One should bear in mind that HRP Il has ksbewn to persist in blood for 7-14 days and up
to 28 daydollowing antimalarial therapy; hence it is alsopiontant to be familiar with the history of
antimalarial treatment of the individual patientide out false positives [19, 20].

In this study we also compared thin smear withgamticard test, 81 cases were positive by both these
methods, while thin smear missed to rule out malari29 cases which was positive for malaria by
antigen card test (Tablel). Which is comparatigityilar to the study done by Igbal et al [21] ieith
study microscopy missed 47 cases but these 47 emses positive by optiMAL antigen test.
However, the test was found to be user friendly iatefpretation was more objective as compared to
smear and QBC.

There were some limitations in the present studyme size was small and it was a hospital based
study, so can't represent whole population. Ther@eed to perform such studies on larger and
community based population.
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Tables:

Table 1. Comparison of Leishman stained blood film and Qfth antigen card test

Results Thick smear Thin Smear QBC Antigen card test
Positive 112 81 98 110
Negative 294 325 308 296

Total 406 406 406 406

QBC= Quantitative Buffy Coat analysis

58

Table 2: Comparison of sensitivity and specificity of thexrious methods of malarial detection with
Leishman stained thick smear

Particulars Sensitivity Specificity PPV NPV

Thin smear 72.3% 98.0 % 93.0 % 90.5%
QBC 87.5% 99.0 % 97.0 % 95.4%

Antigen test 98.2% 100 % 100 % 99.3%

PPV= positive predictive value, NPV = negative jictde value, QBC = Quantitative Buffy Coat.

Conclusion:

Since malaria is endemic in certain regions ofdnelve need to employ more sensitive tests, which
are also rapid to detect low levels of parasitemigopulation. Where QBC method is useful in
laboratories only for screening large number of glam and also where appropriate laboratory
facilities are available. But some peripheral Healre units there are non available of skilledpes
and good laboratory facilities for blood film exaration. Therefore we recommend antigen card test
which was simple, reliable, rapid and effective tloe diagnosis of malaria. Even though the test can
be a promising alternative to microscopy in renaotd rural areas of our country.
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Abstract

utilizing clinical samples obtained from the field.

microscopy (EM) and quantitative PCR (gPCR).

falciparum and vivax malaria diagnosis.

Background: The rapid diagnostic test (RDT) has been adopted in contemporary malaria control and management
programmes around the world as it represents a fast and apt alternative for malaria diagnosis in a resource-limited
setting. This study assessed the performance of a HRP-2/pL.DH based RDT (Parascreen® Pan/Pf) in a laboratory setting

Methods: Whole blood samples were obtained from febrile patients referred for malaria diagnosis by clinicians from
two different Upazila Health Complexes (UHCs) located near the Bangladesh-India and Bangladesh-Myanmar border
where malaria is endemic. RDT was performed on archived samples and sensitivity and specificity evaluated with expert

Results: A total of 327 clinical samples were made available for the study, of which 153 were Plasmodium
falciparum-positive and 54 were Plasmodium vivax-positive. In comparison with EM, for P. falciparum malaria, the

RDT had sensitivity: 96.0% (95% Cl, 91.2-98.3) and specificity: 98.2% (95% Cl, 94.6-99.5) and for P. vivax, sensitivity: 90.7%
(95% Cl, 78.9-96.5) and specificity: 98.9% (95% Cl, 96.5-99.7). Comparison with gPCR showed, for P. falciparum malaria,
sensitivity: 95.4% (95% Cl, 90.5-98.0) and specificity: 98.8% (95% Cl, 95.4-99.7) and for P. vivax malaria, sensitivity: 89.0%
(95% Cl,77.0-95.4) and specificity: 98.8% (95% Cl, 96.5-99.7). Sensitivity varied according to different parasitaemia for

Conclusion: Parascreen® Pan/Pf Rapid test for malaria showed acceptable sensitivity and specificity in border belt
endemic areas of Bangladesh when compared with EM and gPCR.

Background

Malaria is often lethal with high potential expenditure for
health if diagnosis is inaccurate [1]. Accurate diagnosis of
malaria is of increasing importance as the prevalence of
malaria is declining around the globe, making surveillance
and screening more important for programme manage-
ment [2,3] and to restrict the use of anti-malarial drugs to
restrain the spread of drug resistance [4].

For decades, expert microscopy (EM) of peripheral thick
and thin blood smears has been the standard diagnostic
test for malaria, however, it is time consuming and requires
substantial expertise [1,5]. Enzyme-linked immunosorbent
assay (ELISA) and polymerase chain reaction (PCR)-based

* Correspondence: shafiul@icddrb.org

'International Centre for Diarrhoeal Disease Research Bangladesh (icddr,b),
Dhaka, Bangladesh

Full list of author information is available at the end of the article

( BioMVed Central

diagnostic tests have been introduced which ameliorate
sensitivity and specificity of malaria diagnosis, but only in
reference settings where well equipped laboratory facilities
are available, making it difficult to implement in a field
setting [6]. Other nascent molecular methods, such as
loop-mediated isothermal amplification (LAMP) [7-9] and
real-time quantitative nucleic acid sequence-based ampli-
fication (QT-NASBA) [10] are in use, but the efficacy of
each is unproven.

After being introduced in the early 1990s, rapid diag-
nostic tests (RDTs) have become an attractive alternative
to the above-mentioned methods in a resource-limited
setting for malaria diagnostics. The antigen-based RDTs
detect specific antigens produced by malaria parasites
by reaction with bound antibodies on an absorbent
nitrocellulose membrane. Among several types of RDTs
the two-band tests and three-band tests are most

© 2013 Elahi et al,; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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widely used. Two-band tests either detect only one
species (Plasmodium falciparum), usually by detecting
histidine-rich protein 2 (HRP2), or detect any of the four
most common malaria parasites (P. falciparum, Plasmo-
dium vivax, Plasmodium wmalariae and Plasmodium
ovale), typically by detecting pan-Plasmodium-specific
lactate dehydrogenase (pLDH), while three-band tests
detect both the P. falciparum-specific antigen HRP2
and the pLDH or any one species specific LDH (mostly
P. vivax). The third band is the test control band
[1,5,11].

Southeast Bangladesh, northeast India and southwest
Myanmar are similar in geographical characteristics
and endemic for malaria. Plasmodium falciparum is the
most abundant parasite, followed by P. vivax in these
countries [6,11,12]. The presence of P. malariae and
P. ovale has also been reported in each country [13-16].
These three countries share their borders, making trans-
border malaria transmission plausible. The presence of all
four parasites in these mostly remote and resource-limited
areas illustrate the importance of a RDT that can detect
all malaria parasites. Amongst the locally available RDTs,
Parascreen®™ Pan/Pf Rapid test for malaria (Zephyr Bio-
medical Systems, India), hereafter noted as Parascreen, is
a RDT that has the capability to detect all types of human
malaria, as it detects P. falciparum-specific HRP-2 and
pan-Plasmodium-specific LDH. It has been evaluated
against microscopy and conventional PCR in field and
laboratory settings [12,17-24]. Here, the assessment of
Parascreen in a laboratory setting and its performance
compared with EM and qPCR are described.

Methods

Study area and population

Whole blood samples were obtained from febrile patients
with clinical symptoms referred for laboratory investiga-
tion between May 2009 to December 2010. The repre-
sented regions include Matiranga Upazila in Khagrachari
district and Ramu Upazila in Cox’s Bazar district, two dif-
ferent subdistricts of the southeastern part of Bangladesh
from corresponding UHC. Matiranga borders Tripura
state of India and Ramu borders Myanmar, where malaria
is endemic [15,16] and is caused mainly by P. falciparum
and P. vivax.

Sample collection

An expert medical technologist collected approximately
5 mL of blood from adult subjects and 3 mL from minor
subjects by venipuncture. Thick and thin blood films
were prepared in duplicate using two drops of blood
for each sample. The remaining blood was preserved
at —-20°C in EDTA tube and transported to the Parasi-
tology Laboratory, icddrb in cool boxes maintaining the
temperature below 4°C using ice bags.

Page 2 of 6

Approval from Research Review Committee (RRC) and
Ethical Review Committee (ERC) of icddr,b was obtained
for this study. Permission for conducting the study was
obtained from the National Malaria Control Programme
(NMCP). All participants or legal guardians signed in-
formed consent before participant enrolment and sample
collection. Complete anonymity was maintained at each
stage of the study.

Expert microscopy (EM)

Blood smears were stained with Giemsa and screened
for parasites under the (100X) oil immersion lens at the
field site by experienced microscopists in the correspon-
ding UHC. The microscopy results were confirmed by a
second independent, experienced microscopist who was
blinded to prior results. Parasite density was determined
by both microscopists counting the parasites and leuco-
cytes [25] and the average was used for the study. When
there was any disagreement in diagnosis by the two
microscopists for any sample and mixed (P. falciparum
and P. vivax) infection were excluded from the study.

Rapid diagnostic tests (RDTs)

Parascreen (Zephyr Biomedical Systems, India; Lot No
101159) is a three-band antigen detection RDT which
comes in cassette format. It employs a recombinant
antibody against pLDH to detect Plasmodium-specific
LDH and anti-HRP2 antibody to detect P. falciparum-
specific HRP2. All RDTs were performed on archived
blood samples by trained and skilled laboratory personnel
at the Parasitology Laboratory, icddr,b following the ma-
nufacturer’s instructions. Briefly, one pink-purple line in the
proximal area (control line) interprets negative for malaria;
one pink-purple line in the middle area, along with the
control line, interprets non-P. falciparum infection, ex-
clusively P. vivax in this study; one pink-purple line,
along with the previous two bands, interprets P. falciparum
infection. If any of the two test lines or control line did
not appear, the test was invalid and repeated.

DNA isolation

DNA was isolated using QIAamp DNA blood mini kit
(Qiagen Sciences Inc, USA) following the manufacturer’s
instructions from 200 pL of archived whole blood.

gPCR

Quantitative PCR (qPCR) was performed on isolated
DNA following the method described by Alam et al. [6]
with Invitrogen® SYBR Green I supermix UDG (Life
Technologies Corporation, USA). The sensitivity and
specificity of qPCR for P. falciparum was 97.1 and 97.6%,
respectively, while for P. vivax 95.2 and 98.1% [6]. Any
mixed (P. falciparum and P. vivax) infection diagnosed by
qPCR was not considered in this study.
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Data analysis

All data were encoded in an Excel data sheet and the
performance of RDT was calculated by means of the
following indicators: sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV) and
agreement (kappa) were calculated with their correspond-
ing 95% confidence intervals (95% CI), using EM and
qPCR as reference standards. Sensitivity was calculated
as the proportion of positive RDT test results among
malaria-positive samples identified by EM and qPCR,
while specificity was calculated as the proportion of
negative test results among the malaria-negative samples
identified by the reference standards. PPV and NPV
were obtained as the true positive results among all
malaria-positive samples and the true negative results
among all negative samples, respectively [26]. Agreement
(k) analysis was conducted in IBM SPSS Statistics, version
17.0 (IBM Corporation, NY, USA) by creating a 2 x 2
contingency table.

Results

In total, 327 febrile patients were included in this study
from two UHCs. The results of EM, qPCR and Para-
screen are provided in Table 1. With EM, there were
207 (63.3%) positive malaria cases, of which 153 (73.9%)
were P. falciparum infection and 54 (26.0%) were P.
vivax infection. The parasite density for P. falciparum
ranged between 16 and 261,480 parasites/pL (IQR:
7,500-50,100) with median value of 19,960 parasites/uL,
while the parasite density for P. vivax ranged between
16 and 25,120 parasites/pL (IQR: 320—4,800) with me-
dian value of 1,140 parasites/uL. qPCR confirmed 208
(63.6%) positive malaria cases, of which 154 (74.0%)
were P. falciparum and 54 (25.9%) were P. vivax. With
Parascreen, there were 202 (61.7%) malaria positive
cases, of which 150 (74.2%) were P. falciparum and 52
(25.7%) were P. vivax infection.

Table 2 represents the calculated indicators when
Parascreen was compared with EM and qPCR. EM being
the reference standard, Parascreen had the following
results, for any kind of malaria detection, sensitivity: 97.1%
(95% CI, 93.5-98.8) and specificity: 99.1% (95% CI, 96.8-
99.9); for P. falciparum malaria detection, sensitivity:
96.0% (95% CI, 91.2-98.3) and specificity: 98.2% (95% CI,

Table 1 Parascreen® diagnosis results and comparison
with diagnosis by EM and qPCR

Parasreen Microscopy qPCR

results Negative  Pf Pv  Negative Pf Pv
Negative 125 119 3 3 119 3 3
Pf 150 1 147 2 0 148 2
Pv 52 0 3 499 0 3 49
Total 327 120 153 54 119 154 54
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94.6-99.5) and for P. vivax malaria detection, sensitivity:
90.7% (95% CI, 78.9-96.5) and specificity: 98.9% (95% CI,
96.5-99.7). When qPCR was used as the reference stand-
ard, Parascreen had the following results for any kind of
malaria detection, sensitivity: 97.1% (95% CI, 93.5-98.8)
and specificity: 100% (96.1-100.0); for P. falciparum
malaria detection, sensitivity: 95.4% (95% CI, 90.5-98.0)
and specificity: 98.8% (95% CI, 95.4-99.7) and for P. vivax
malaria detection, sensitivity: 89.0% (95% CI, 77.0-95.4)
and specificity: 98.8% (95% CI, 96.5-99.7).

Parascreen showed higher sensitivity (93.3-100%) in
detecting samples with parasite densities >500 parasites/
puL for both P. falciparum and P. vivax, whereas for
parasite densities ranging from 1-500 parasites/pL, the
sensitivity was low (60.0%-83.3%) (Figure 1).

Discussion

Parascreen showed acceptable performance in this study
with overall sensitivity and specificity of 97.1 and 99.1%,
respectively, when compared to EM, and 97.1 and 100%,
respectively, in comparison with qPCR. Parascreen can
detect all types of non-falciparum malaria but in this
study only P. vivax was considered as P. malariae and
P. ovale cases were not present in the study samples
[13,14]. Parascreen demonstrated varying sensitivity and
specificity when compared with EM and qPCR depending
on parasite species (P. falciparum and P. vivax) and para-
sitaemia of infections.

Several evaluation studies of Parascreen in different
countries reported overall sensitivity ranging from 47.5
to 95.5% and specificity from 64.3 to 98.5% with varying
performance for falciparum and non-falciparum malaria
detection [12,17-21,23,24]. Parascreen has been evaluated by
WHO RDT evaluation programme and for P. falciparum
detection it showed almost 100% detection rates while
for P. vivax it was approximately 30% [27]. Here, in this
study, for P. falciparum detection, the sensitivity and
specificity was also in concordance with the previous
findings [12,20,21], while for P. vivax detection, improved
sensitivity and specificity are reported. The improved
sensitivity and specificity of P. vivax detection compared
to previous findings may be due to the increased re-
lease of antigen through parasite lysis in the archived
sample [1] or due to the improvement in the product.
This finding is also corroborated by a meta analysis
where mean sensitivity and specificity of 95.0 and
95.2%, respectively, for HRP-2 based assays and 93.2
and 98.5%, respectively, for pLDH based assays were
calculated [28].

In a study in India, Parascreen showed 94.0% sensitivity
and 72.0% specificity for P. falciparum and for P. vivax
77.2% sensitivity and 98.1% specificity were recorded when
compared with EM and similar values observed when
compared with PCR [12].
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Table 2 Comparative indicators of Parascreen®, when using EM and qPCR as reference standard

Reference Test Results by Parascreen
standard Sensitivity [%(95% Cl)]  Specificity [%(95% CI)] PPV [%(95% CI)l NPV [%(95% Cl)]  Agreement (k)
Overall 97.1 (93.5-98.8) 99.1 (94.7-99.9) 99.5 (96.8-99.9) 95.2 (89.4-98.0) 0.954
EM Pf 96.0 (91.2-98.3) 98.2 (94.6-99.5) 98.0 (93.8-994) 96.6 (92.4-98.6) 0.945
Pv 90.7 (78.9-96.5) 989 (96.5-99.7) 94.2 (83.0-984) 98.1 (95.5-99.3) 0.910
Overall 97.1 (93.5-98.8) 100.0 (96.1-100.0) 100.0 (97.6-100.0) 95.2 (89.4-98.0) 0.961
gPCR Pf 95.4 (90.5-98.0) 98.8 (95.4-99.7) 98.6 (94.7-99.7) 96.0 (94.7-99.7) 0.945
Pv 89.0 (77.0-954) 98.8 (96.5-99.7) 94.2 (83.0-984) 97.8 (95.0-99.1) 0.899

In Myanmar, two RDTs with similar detection prop-
erties have been evaluated in field settings [11,26]. The
SD 05FK60 RDT evaluated in the Rakhaine state of
Myanmar showed 90.2% sensitivity and 98.5% specificity
for P. falciparum and 79.4% sensitivity and 98.7% specifi-
city for non-falciparum malaria [11]. The VIKIA Malaria
Ag Pf/Pan™ test showed 98.0 and 100% sensitivity for
P. falciparum and non-falciparum malaria, respectively,
with specificity of 98.0 and 100%, respectively [26].

Omnsite (Pf/Pan), a RDT with similar detection principle
recently evaluated in Bangladesh, reported 94.2% sensi-
tivity and 99.5% specificity for falciparum malaria detec-
tion and for vivax malaria detection it showed sensitivity
and specificity of 97.3 and 98.7%, respectively [5] which
showed slightly better sensitivity and specificity com-
pared to Parascreen.

WHO recommends sensitivity 295% at >100 parasites/uL.
for RDTs [1]. In this study, for both falciparum and vivax
malaria detection, sensitivity was less than the recom-
mended values for low parasitaemia; however, conside-
ring fewer low parasitaemia samples, statistically valid
conclusions have not been attained.

In this study, Parascreen was unable to detect three
microscopically confirmed falciparum malaria samples
with parasitaemia ranging from 112 to 2,600 parasites/
ul. This might be caused by the degradation of HRP-2
target antigen as the study was carried out with archived
samples. Intraspecies sequence variation [29], deletions
or mutations of HRP-2 gene [30,31] among different P.
falciparum isolates could also account for false negative
tests. The extent of HRP-2 variations in Bangladesh is
currently unknown, however variations or deletions in
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Figure 1 Varied sensitivity of Parascreen® (Pf/pan) according to different parasitaemia.
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HRP-2 have been reported recently from India, [31] as
well as some African countries [30,32]. In this study,
three P. falciparum samples showed no HRP-2 test line
but Pan specific test line, thus considered as P. vivax, as
other types of malaria were absent in the study samples.
The intraspecies variation, mutation or deletions in the
HRP-2 gene can cause non-expression of HRP-2 [30]
which may explain this. Parascreen identified three P.
vivax-positive samples with parasitaemia ranging from
16 to 200 parasites/ul. as negative. This might be due to
low pLDH level, as pLDH level is directly proportional
to parasitaemia [33]. In many studies, a reduced sensitiv-
ity for non-falciparum malaria detection, compared to
falciparum detection, in combined HRP-2/pLDH RDTs
has also been reported [5,6,11,26].

As all four malarial parasites co-exist in the Bangladesh-
India-Myanmar border area, an important criterion for
selection of an appropriate RDT is the capability to
detect all types of malaria. It is advantageous to use
Pf/Pan RDTs which can do so. The high predictive
values for Parascreen indicate that it is able to detect
true malaria cases as well as ruling out non-malaria
cases. High sensitivity, specificity and predictive values
for Parascreen present it as a viable alternative for ma-
laria diagnostics in Bangladesh-India-Myanmar border
areas where malaria is endemic.

The absence of P. malariae and P. ovale samples in this
study restricts the findings to the detection performance of
falcipaum and vivax malaria. The inclusion of P. malariae
and P. ovale in the study samples is needed to assess
non-falciparum malaria detection performance.

Conclusion

Parascreen showed acceptable performance for falciparum
as well as vivax malaria diagnosis in standard experimental
conditions. It can be employed in resource-limited settings
to diagnose all types of human malaria.
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Abstract

Rapid diagnostic tests (RDTs) are affordable, alternative diagnostic tools.
The present study aimed to evaluate RDTs available in Cameroon and
compare their characteristics to follow the parasitological response of
patients for 28 days. Malaria diagnosis was assessed in 179 febrile patients
using conventional microscopy as the reference method. Parascreen
detects both Plasmodium falciparum-specific histidine-rich protein 2 (Pf
HRP-2) and Pan-specific plasmodial lactate dehydrogenase (pLDH) in all
four human Plasmodium spp. Diaspot is based on the detection of Pf HRP-
2. OptiMAL-IT (pLDH specific for P. falciparumand pLDH for all four
human Plasmodium spp.) was assessed for comparison. The reliability of
RDTs was evaluated by calculating the sensitivity, specificity, positive
predictive value, negative predictive value, false-positive rate, false-
negative rate, and likelihood ratio. The clinical outcome of 18 children
treated with atovaquone—proguanil and followed for 28 days was evaluated



using microscopy and RDTs. Of 179 samples, 133 (74.3%) were pure P.
falciparum-positive smears, 4 (2.2%) pure P. malariae-positive smears, and
42 (23.5%) negative smears. Parascreen and Diaspot had high sensitivity
(>92%) and positive predictive values (>94%). The specificities for
Parascreen and Diaspot were 81.0% and 90.5%, respectively. The false-
positive rates and the false-negative rates were 19.0% and 4.5% for
Parascreen and 9.5% and 8.3% for Diaspot, respectively. Most false-
negatives occurred in samples with low parasitaemia (<500 asexual
parasites/uL). The performance of RDTs was better at higher parasitaemia
(>500 asexual parasites/pL). Four pure P. malariae were only detected by
the pan-Plasmodium bands of Parascreen and OptiMAL-IT. In blood
samples from patients treated and followed-up for 28 days, HRP2-based
RDTs remained positive in most samples until Day 28. Despite negative
smears, OptiMAL-IT remained positive in several patients until Day 7 but
was negative in all patients from Day 14 onwards. RDTs can improve the
management of febrile patients. The validity, ease of use, and cost of
HRP2-based tests were comparable. However, one of the current
weaknesses of the RDT-based strategy using the tests available in
Cameroon is inadequate sensitivity for low parasitaemia. In some cases,
RDT results may require correct interpretation based on clinical history,
clinical examination, and microscopic diagnosis.

Graphical abstract

Number of patients who were positive with microscopy and different rapid
diagnostic tests before (Day 0) and after treatment with atovaquone—
proguanil during a 28-day follow-up period. Black bars, microscopy;
hatched bars, Diaspot; white bars, OptiMAL-IT (Pf band); double hatched
bars, Parascreen (Pan band). The Pf band of Parascreen was positive in all
patients on Day 0, Day 3, and Day 7. Parascreen was not evaluated on
Day 14, Day 21, and De}X 28, except on Day 28 in one patient who had a
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» Parascreen and Diaspot had high sensitivities and high positive
predictive values. » Most false-negatives were associated with low
parasitaemia. » Rapid diagnostic tests were not useful for follow-up after
an effective treatment.
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for falciparum malaria

Jenny Ginting, Siska Mayasari, Munar Lubis, Syahril Pasaribu, Chairuddin P. Lubis

Abstract

Background Malaria is a parasitic disease with high morbidity
and mortality. Rapid immunochromatographic are emerging to
detect specific antigens of human plasmodia.

Objective To determine the sensitivity and specificity of Parascreen
for the detection of Plasmodium falciparum in children.

Methods A diagnostic test study was performed in Mandailing
Natal District, Penyabungan, North Sumatera. Subjects were
public health center and hospital patients with symptoms of fever,
pallor, headache, and diarrhea. Blood specimens were obtained for
Parascreen testing. Microscopy of Giemsa-stained blood samples
served as the gold standard.

Results One hundred and four subjects were studied. The sensitiv-
ity and specificity of Parascreen were 76% and 100%, respectively.
Positive and negative predictive values of the test were 100% and
49%, respectively. Likelihood ratio was infinite for a positive test
and 0.23% for a negative test.

Conclusion Parascreen is a useful and highly specific di-
agnostic tool for P falciparum malaria [Paediatr Indones
2008;48:220-3].

Keywords: malaria, Plasmodium falciparum,
Parascreen, sensitivity, specificity

alaria remains a major health problem for
children in tropical areas of the world,
including Indonesia.}? Every year, 200
million people are infected with malaria,
resulting in two million deaths.>* Most malarial
deaths occur in infants and young children.>¢ Malaria

220 * Paediatr Indones, Vol. 48, No. 4, July 2008

is caused by one or more of the four plasmodium
species that infect humans: Plasmodium falciparum,
Plasmodium vivax, Plasmodium ovale, and Plasmodium
malariae.”® Malaria due to P, falciparum is the most
common and most dangerous due to its ability to
cause fatal cerebral malaria.”1!

Malaria presents a diagnostic challenge to
laboratories in most countries.!? Prompt and accurate
diagnosis is the key to effective disease management;
therefore, it is one of the main interventions of
the global malaria control strategy.!*!4 Considered
as the gold standard, microscopic examination of
Giemsa-stained blood films is widely used because
of its efficiency and low cost.!>"17 However, it is
time consuming and requires proper equipment and
trained personnel.’® The World Health Organiza-
tion has recognized the need to overcome problems
concerning diagnostic microscopy and supports the
development of non-microscopic alternatives.11-16
Several diagnostic methods have been developed for
detection of the P falciparum malaria disease process.

From the Department of Child Health, Medical School, University of
North Sumatera, H. Adam Malik Hospital, Medan, Indonesia.
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Immunological methods for this purpose have been
found to be convenient and easy.!? Parascreen is an
immunochromatographic test (ICT) used for the
rapid diagnosis of malaria which has been marketed
for several years.!® However, the performance of
this test in the detection of P. falciparum malaria in
Indonesian children has not been established. This
study aims to determine the sensitivity and specific-
ity of Parascreen for the detection of P, falciparum in
children in Mandailing Natal District, Penyabungan,
North Sumatera.

Methods

A diagnostic test study was conducted in Mandailing
Natal District, Penyabungan, North Sumatera from
October to November 2006. The study was approved
by the Health Reseatch Ethics Committee of the
Medical School, University of North Sumatera.

The required number of subjects based on the
sample size formula for a diagnostic test was 104.
We included patients who came to the public health
center or hospital with symptoms of fever, pallor,
headache, and diarrhea. Patients with history of re-
ceiving any antimalarial drug within one week prior
to commencement of the study and those who refused
examination were excluded.

The Parascreen test were done on all samples.
Microscopy of Giemsa-stained thick and thin blood
films were considered the gold standard. Parascreen
testing as well as blood film preparation was performed
directly from finger-pricked blood samples. Blood films
were stained with 10% Giemsa solution and examined
at a magnification of 1,000x by an expert microscopist.
The microscopist was unaware of the patient’s diag-
nosis or Parascreen test result. The initial thick and
thin films were considered positive if parasites were
seen in at least 100 high-power fields.

Parascreen Pan/Pf test (Zephyr Biomedical Sys-
tems, Verna, Goa, India) with 15 ul of finger-pricked
capillary blood was performed according to the
manufacturer’s instructions by well-trained person-
nel. The results were read by designated physicians
who were blinded to the microscopy results. The
test was considered positive if the control line was
visible in accordance with the specific histidine-rich
protein-2 (HRP-2) and/or pan-malarial antigen line.

A diagnosis of P falciparum was made if the HRP-2
line was visible, with or without the pan-malarial
antigen line.

Data was analyzed using SPSS 13.0 for Windows
(SPSS Inc., Chicago, Illinois, USA). The performance
of the Parascreen test for detection of P. falciparum was
determined by calculating the sensitivity, specificity,
positive and negative predictive values, and positive
and negative likelihood ratios of this test. Test ac-
curacy was defined as the proportion of subjects with
a correct Parascreen result, calculated as the sum of
true positives and true negatives divided by the total
number of subjects.!?

Results

One hundred and four subjects were recruited in this
study. Fifty-five percent of the subjects were female.
Most subjects (90%) were 6-12 years of age. The most
common complaint was pallor (85%) and the most
common physical finding was splenomegaly (7%).
Subject characteristics are shown in Table 1.

Table 1. Subject characteristic

n %
Sex T
Female 57 55
Male 47 45
Age (years)

6-12 94 90
>12-15 ' 8 8
>15-18 2 2

Complaints
Pallor 88 85
Fever 14 13
Headache 50 8
Diarrhea 7 7
Physical findings
Jaundice 4 4
Hepatomegaly 5 5
Splenomegaly 7 7

Results of the Parascreen test and blood slide
microscopy were used to construct a 2x2 table (Table
2). Based on microscopy results, the prevalence of P
falciparum malaria was 82%. The sensitivity, specific-
ity, PPV, and NPV of the Parascreen test to detect
P falciparum were 76%, 100%, 100%, and 49%,
respectively. The accuracy of the test was 81%. The
likelihood ratio was infinite for a positive test and 0.23
for a negative test.
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Table 2. Comparison between Parascreen and microscopy results

Microscopy n
Positive Negative
PATASETEET Positiye 65 0 65
Negative 20 19 39
n 85 19 104

We calculated the sensitivity of the Parascreen
test at different levels of P falciparum parasitemia
(Table 3). The test was not sensitive for parasitemia
less than 100/ul. Sensitivity increased with increasing
levels of parasitemia, and reached 100% at parasitemia
above 400/ul.

Table 3. Sensitivity of the Parascreen test at different levels of P.
falciparum parasitemia

N Number of
Level of parasitemia .
. positive .
(number of parasites n Sensitivity
er L blood) Parascreen
pery tests
1-100 11 0 0
101 - 200 32 26 81%
201 - 400 24 21 87%
401 - 600 18 18 100%
Discussion

Of the 104 patients who met the case definition for
clinical malaria, 55% were female. The age range
was 6 to 18 years; most subjects were 6 to 12 years
old. In Nias, North Sumatera, Marletta et al?° found
malaria to be most prevalent in the age group of 5-14
years. The difference in malaria morbidity rates across
gender and age groups is caused by factors such as
occupation, education, environment, population
migration, and immunity.? :

The diagnosis of malaria is based on anamnesis,
physical examination, and laboratory findings. The
gold standard for laboratory diagnosis of malaria is
detection of parasites on microscopic examination of
thick and thin blood smears. However, this method
has several shortcomings, such as the need of a light
microscope and a trained examiner. According to a
recent survey of laboratories in West Nusa Tenggara,
Indonesia, only 79% of the analysts evaluated were
able to read the blood smear properly.2!

In this study, false negative results were mostly
found in subjects with low parasitemia levels (<100/

222 * Paediatr Indones, Vol. 48, No. 4, July 2008

wL), similar to the findings of Kakkilaya.2 A study by
Aslan et al* showed that the colour intensity of a rapid
diagnostic test dipstick is induced by the parasitemia
level.

In this study, we found that the Parascreen test
had a sensitivity of 76% and specificity of 100%. In
India, Singh?3 found that ICT malaria Pf/Pv, another
rapid diagnostic test for malaria, had a sensitivity of
97% and specificity of 88%. Palmer!” similarly evalu-
ated the OptiMAL test, which had a sensitivity of
94% and specificity of 100%. In Sumba, Indonesia,
Tjitral6 found the sensitivity and specificity of [CT
malaria Pf/Pv to be 95.5% and 89.8%, respectively. In
the same district as the present study, Desrinawati?*
evaluated ICT malaria Pf/Pv and found a sensitivity
of 76% and specificity of 69%. Jelinek?® compared
OptiMAL with ICT malaria Pf using PCR as the gold
standard; this study found a sensitivity of 92% and
specificity of 98% for ICT malaria Pf and a sensitivity
of 89% and specificity of 99% for OptiMAL. In West
Nusa Tenggara, Arum et al?! found the sensitivity and
specificity of ICT malaria Pf/Pv to be 100% and 97%,
respectively.

In this study, we found an increase of sensitivity
with increasing parasitemia levels, reaching 100% in
parasitemia >400/ul. In Thailand, Coleman et al?6
reported that the sensitivity of ICT malaria Pf/Pv
was 100% in parasitemia =500/ul, but only 23.3% in
parasitemia <500/ul. Tjitra et al'® obtained a sensitiv-
ity of 96% in parasitemia >500/ul, but only 29% in
parasitemia <500/ul.

Sensitivity and specificity are constant indices of
diagnostic test performance uninfluenced by disease
prevalence and are used to derive likelihood ratios.!?
In this study, the Parascreen test had a reasonably
good sensitivity and a high specificity, resulting in an
infinite likelihood ratio for a positive test.

We conclude that, with a sensitivity of 76%
and specificity of 100%, Parascreen can be used
as an alternative diagnostic tool for P. falciparum
malaria.
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Abstract

Background: Diagnostic tests are recommended for suspected malaria cases before treatment, but comparative
performance of microscopy and rapid diagnostic tests (RDTs) at rural health centers has rarely been studied compared to
independent expert microscopy.

Methods: Participants (N=1997) with presumptive malaria were recruited from ten health centers with a range of
transmission intensities in Amhara Regional State, Northwest Ethiopia during October to December 2007. Microscopy and
ParaScreen Pan/Pf® RDT were done immediately by health center technicians. Blood slides were re-examined later at a
central laboratory by independent expert microscopists.

Results: Of 1,997 febrile patients, 475 (23.8%) were positive by expert microscopists, with 57.7% P.falciparum, 24.6% P.vivax
and 17.7% mixed infections. Sensitivity of health center microscopists for any malaria species was >90% in five health
centers (four of which had the highest prevalence), >70% in nine centers and 44% in one site with lowest prevalence.
Specificity for health center microscopy was very good (>95%) in all centers. For ParaScreen RDT, sensitivity was =90% in
three centers, =70% in six and <60% in four centers. Specificity was =90% in all centers except one where it was 85%.

Conclusions: Health center microscopists performed well in nine of the ten health centers; while for ParaScreen RDT they
performed well in only six centers. Overall the accuracy of local microscopy exceeded that of RDT for all outcomes. This
study supports the introduction of RDTs only if accompanied by appropriate training, frequent supervision and quality
control at all levels. Deficiencies in RDT use at some health centers must be rectified before universal replacement of good
routine microscopy with RDTs. Maintenance and strengthening of good quality microscopy remains a priority at health
center level.
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Introduction We previously reported two studies on ParaScreen Pf/PAN

) ) RDT in Ethiopia, one from a large household survey in mainly
Accurate early case detection and prompt treatment with

appropriate antimalarial drugs is the major strategy for effective
case management in malaria patients [1]. Correct diagnosis is also
vital for the malaria prevalence and incidence indicators used to
evaluate the impact of malaria control interventions [2]. A parasite

asymptomatic persons [5] and one from ten health centers
in Amhara region [6]. ParaScreen can distinguish between a
P.falicparum (or mixed) infection, and a non P.falciparum infection.
The sensitivity of ParaScreen compared to expert microscopy
was relatively low in the household survey [5], but it performed
better for persons with suspected malaria in the health facilities
in Amhara region [6]. The health facility study directly
compared two RDTs, ParaScreen and ParaCheck (detects
P.falciparum only), done by the health center technicians with
the results on the same individuals by expert microscopy. The

always available and their quality has not been comprehensively ratio of Pfalciparum to Poivax was 64% to 46%. The findings
assessed or compared under routine conditions.

based diagnostic test (microscopy or rapid diagnostic test [RDT])
is now recommended, if available, instead of presumptive
treatment for all persons with suspected malaria [3]. While this
recommendation has been adopted in the latest version of the
Ethiopia treatment guidelines [4], diagnostic test facilities are not

indicated that overall, ParaScreen had adequate performance of

@ PLoS ONE | www.plosone.org 1 April 2012 | Volume 7 | Issue 4 | e33014


Admin
Highlight


80% sensitivity for Pfalciparum and 74% for P.vwax, with 97%
and 99% specificity respectively. ParaCheck also performed well
for P.falciparum but it is not designed to detect P.vwax, and has
been replaced with multi-species RDTs supplied to all health
posts (which do not have microscopy) in Ethiopia. The higher
level Health Centers and Hospitals retain the use of microscopy
for malaria diagnosis.

A recent study at three health centers in Oromia region
observed slightly higher sensitivity but lower specificity for
Pfalciparum by ParaScreen (85.6% and 92.4% respectively)
compared to expert microscopy than we previously observed in
Ambhara [7]. For Puiax they observed 82.5% sensitivity and
96.2% spectficity with ParaScreen. Overall regardless of other
parameters used for comparing the performance of three RDTs,
ParaScreen performed similarly to two other tests (CareStart and
ICT Combo) for P.falciparum but CareStart had better specificity
for P.uiwax. The slide positivity rates among patients with
suspected malaria by expert microscopy were very similar in
the two studies (23.8% in Amhara [6] and 23.2% in Oromia
regions (7).

Although in our previous study ParaScreen performance was
acceptable overall in the Amhara health centers [6], variation
was noted between health centers in the accuracy of both

Light Microscopy against RDT to Detect Malaria

microscopy and RDT compared to the expert microscopists.
This variation in performance at health center level is important
because in Ethiopia, RDTs are routinely done at health posts
(where microscopy is not available) by health extension workers,
and immediate supportive supervision for these workers is
expected to be provided by the cluster heath center staff at
their respective catchment health posts. In addition during times
of emergency, failure of microscopes and/or shortage of reagents,
multispecies RDTs have to be used in the health centers, so
detailed know-how on the performance of multispecies RDT’s by
the health center technicians is crucial. Therefore, we build on
the previously reported results and conduct additional analysis
with three aims:

1) To investigate the variation between health centers in the
performance of the microscopists working in the health
centers compared to expert microscopists;

2)  To investigate further the variation between health centers in
the accuracy of ParaScreen RDT performed on site, in
comparison with results of expert microscopists.

3) To compare indirectly the performance of local microscopy
and ParaScreen RDT for diagnosing malaria in NorthWest
Ethiopia.

@ Health Center Locations
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Figure 1. Location of health centers included in the study in Amhara National Regional State, Northwest Ethiopia.

doi:10.1371/journal.pone.0033014.g001
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declined to participate

3 patients

EXPERT MICROSCOPY

N=1997

475 true positives

1,522
274 84 mixed 117 true
P. falciparum Pfand Pv P. vivax negatives
HEALTH 240 P.falciparum | 0 P falciparum 0 P falciparum 10 P.falciparum
CENTER 0 P.vivax 0 P.vivax 102 P.vivax 12 P.vivax
0 mixed Pf/Pv 79 mixed Pf/Pv 1 mixed Pf/Pv 1 mixed Pf/Pv
MICROSCOPY 34 negative 5 negative 14 negative 1499 negative
N=1997
- 212 Pf/PAN 74 Pf/PAN 1 P/PAN 42 Pf/PAN
PARA r F
1 PAN 1 PAN 87 PAN 22 PAN
SCREEN 61 negative 9 negative 29 negative 1454 Negative
RDT 4 RDT not done
N=1993

Figure 2. Flowchart of health center technician microscopy and ParaScreen RDT results compared to expert microscopy.

doi:10.1371/journal.pone.0033014.g002

Methods

Ethical Considerations

The study protocol received ethical approval from the Emory
University Institutional Review Board (IRB 00006389) and the
Amhara Regional Health Bureau (Reference No. R3H5.05/1/
2760). Verbal informed consent was sought from each individual
and from parents of children aged under 18 years; assent was
sought from children 6 to 18 years in accordance with the tenets of
the Declaration of Helsinki. All positive cases were treated at their

@ PLoS ONE | www.plosone.org

respective health centers according to the treatment guidelines for
malaria infection in Ethiopia. Personal identifiers were removed
from the data set before the analyses were undertaken.

Study Settings and Population Selection

As previously described [6], the study was conducted in ten
health centers (selected to cover a range of transmission intensities)
in Northwest Ethiopia (Fig. 1) during the peak transmission period
of malaria infection between 16" Oct and 30 Dec 2007. The
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Figure 3. Test positive rate by health center.
doi:10.1371/journal.pone.0033014.g003

Table 1. Prevalence of malaria by expert microscopists, by health center and species.

Name of health center Total No. examined No. pos Pf or mixed No. pos Pv No. pos any species % positive (any species)
Shinifa 200 95 16 111 555
Ambessame 200 67 36 103 515
Kola Diba 200 62 8 70 35.0
Kokit 200 47 5 52 26.0
Woreta 200 24 10 34 17.0
Deligi 198 16 11 27 13.6
Alember 200 20 6 26 13.0
Yejube 200 6 16 22 11.0
Meretu Lemariam 199 16 5 21 10.6
Jiga 200 5 2 9 45
TOTAL 1997 358 115 475 23.8
doi:10.1371/journal.pone.0033014.t001
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coordinates of each health center were recorded using a Garmin
ETrex GPS unit.

In each health center the first 200 self-presenting patients of any
age and either sex who qualified as clinically presumptive malaria
(i.e. an axillary temperature greater than or equal to 37.5°C or
history of fever in the previous 48 hours) were recruited to the
study after excluding individuals with other known causes of non
malarial febrile illnesses or serious illness. After obtaining informed
consent demographic data were recorded on a structured
questionnaire and a finger-prick blood sample taken for 