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Abstract

Malaria remains the most important parasitic diseas sub-Saharan Africa as a cause of morbidity and
mortality. Effective management of malaria relegs prompt and accurate diagnosis to guide treatm&he
World Health Organization (WHO) recommends thatsalbpected malaria cases be tested before initiafio
treatment, thus diagnosis of malaria requires [tatagical confirmation of malaria parasites in thimod of
suspected patients. This cross-sectional studylwmied at the Ahero County Hospital, Kisumu, Kenya,
evaluated the performance of quantitative buffy tco@BC) (QBC Fluorescence and Staining
Technologies™(QBC F.A.S.T.™)-improved QBC systend &D Bioline™ malaria rapid tests) against 'gold
standard' (Giemsa blood stained slides microscéqry}he detection of Plasmodium species in chilefee
years old (n=385)in a malaria holo-endemic areawebtern Kenya. Real-time PCR was performed on
discrepant samples across the tests and the gwidast (microscopy).Sensitivity of QBC, QBC F.A.S"Tand

SD Bioline™ malaria rapid tests were 90% (95% @&:98), 77% (95% CI: 71-83) and 91% (95% CI: 86-94),
respectively, while specificity was 30% (95% CI:-24), 83% (95% CIl: 77-88) and 67% (95% CI: 60-73),
respectively. The positive predictive values (PRéye 58% (95% CI: 52-63), 83% (95% CI: 77-88) dddo
(95% CI: 63-80), respectively, while the negativedictive values (NPV) were 74% (95% CI: 63-84)%/8
(95% CI: 71-83) and 87% (95% CI: 81-92), respedyivdthough the standard QBC malaria test and the S
Bioline™ malaria rapid diagnostic test (RDT) shoviedter sensitivity relative to the improved QB&.B5.T.™
test, the latter had a better specificity. Thefqgrenance of these tests remains modest againstsaiapy.
Keywords: Malaria, Quantitative buffy coat, QBC FA.S.T.™, Kibline™

1. Introduction

People living in more than 97 countries aroundwioeld remain at risk of malaria, with 198 milliomses and
about584,000 of deaths reported in 2013 (WHO 2012er 80% of these deaths occur in sub-SaharanaAfr
(WHO 2011). Malaria diagnosis and prompt treatnveith artemisinin combination therapy (ACT) remathse
mainstay of malaria control in Africa (Gosling 2Q08arasitological diagnosis is the diagnostimeostone of
choice since malaria symptoms and signs overlap ottier febrile diseases (White 2005). The Wor&hlkth
Organization (WHO)currently recommends that allpseted malaria cases be parasitologically-confirmed
before initiating treatment (WHO 2010) and this the®n adopted by many countries, including Kenigg.
2013, the WHO African Region reported the largestréase in the number of suspected cases beiragl test
(62%) compared to 47% in 2010 when this was imtgWWHO 2014).

Confirmatory malaria infection requires the availip of affordable, rapid, sensitive, and specifists.
Currently, the malaria diagnosis 'gold standardtho@ remains light microscopy with a variable linai
detection of 20-40 parasites/puL in good hands (&tér et al. 2001). Microscopy also allows estimation of
parasite density. However, the technique is hurdapendant, labour intensive requiring well-trained
microscopists for reliable accurate results. Mscapy is not readily deployable in remote areas khek
equipped laboratories (Pingbal. 2001). Due to these limitations there has beemerease in development of
alternative diagnostic tools. A number tools, suh quantitative buffy coat (standard QBC) test and
immunochromatographic tests such as rapid diagnéssts (RDTs) have been developed and deployed for
routine to complement microscopy. These methods haen found to be easier to use, sensitive acutate
(Bhandariet al. 2008)(RDT evaluation programme) but these metliedsct malaria antigens in blood. Most
RDTs available on the market targetasmodium falciparum-specific,histidine-rich protein Il (HRP-2) and
Plasmodiumlactate dehydrogenase enzyme (p-LDH). Some tetésidpan-specific pLDH or adolase from the
parasite glycolytic pathway found in d@llasmodium species (Wongsrichanalei al. 2007). A well-known
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limitation of the RDT is the occurrence of falsesjiive results caused by persistent antigenaenmea ater
effective anti-malarial treatment. This is pecutimthose tests that detect the parasite antidgeR-Bl specific to
P.falciparum (Gitonga W. Caroline and Snow W. Robert 2012). rdlsensitive molecular techniques, such as
polymerase chain reaction (PCR) and flow cytomebhgye also been explored in laboratories to enhance
detection of malaria parasites at very low paradiesities. These molecular methods remain casgihjting

their use to reference laboratories (Tangpulai@é 2009). All these techniques have their own litidtas with
respect to sensitivity, specificity, turnaroundeincost effectiveness, and ease of performanceooégures.

Even though there has been a rapid increase theftRBTs globally, like other biological tests, raah
RDTs are temperature sensitive (Gitonga W C andvSAoR 2012) and performance alters in case of axgos
to extremes of weather. There is a need to devahopdeploy more robust methods. This study etedutne
performance of the QBC malaria test, QBC F.A.S.ed¥{improved QBC)and the SD Bioline™ malaria RDT
against microscopy using Giemsa-stained blood slide malaria diagnosis in young children aged efjears
residing in a malaria holo-endemic area of weskarnya.

2. Methods

2.1 Study area

The study was conducted from May to September, 2it1the Ahero County Hospital in Kisumu County,
Kenya. The study area is situated in a rice itiigascheme with high malaria transmission (Buktedril).
The hospital has antenatal and child health clificen Mondays to Fridays from where potential study
participants were screened and enrolled.

2.2 Study design

A hospital-based, cross-sectional study was coeduat children <five years of age at the Ahero Ggun
Hospital, Kisumu County, Kenya after fulfilling thaclusion criteria (children aged six-59 monthgganting
with fever and who had not taken any anti-malagialgs within 14 days of reporting to the hospitaldr of
>37.5°C). Individuals who had taken anti-malarialgs within 14 days of reporting to the hospitalreve
excluded from the study. The children were endblédter parents/guardians provided a written infedm
consent obtained by research nurses and clinicians.

2.3 Ethical approval
The study was approved by National/Kenya MedicaeRech Institute Ethics Review Committee, Kenya3®S
2008).

2.4 Sample collection

Consecutive parents/guardians of patients age8%imonths presenting at the study site were aphsshby
study nurse/clinicians for recruitment. After cenng, capillary blood samples by finger-prick e@ollected
into 0.5 mL microtainers (J}eDTA-BD, USA) and processed within 2 hours of ccllen. The sample
processing and conduct of the malaria diagnosis t@ere performed at the study site by trained riatooy
technicians. Prior to study initiation the techaits had a refresher training on malaria diagnosithods by the
Malaria Diagnostic Centre team, Centre Clinicald@sh, Kenya Medical Research Institute, Kisumu.

2.4.1 Quantitative buffy coat test

Approximately (55-65uL) of blood samples were fillmto QBC capillary tubes by tilting the well-mukdlood
tubes and placing the capillary tubes nearestedbhe lines in contact with the blood, keepingttlitges slightly
above horizontal. The tubes were then rolled sévanes so as to mix the blood with the white ezdigulant
coating, then tilted to allow blood to flow to tbpposite end of the tubes into the orange reageaitng to mix
with the acridine orange coating. The tubes whea tsealed and a float inserted into each tubeeatinsealed
end and centrifuged at 12,000 rpm for 5 min. Téetrifuged QBC tubes were then inserted into avpewnser,
two to three drops of fluorescence optical oil atlder examination of the buffy coat area at 1,000%
magnification using ParaLens Advance LED fluoreseeattachment. The samples were processed anétead
the study site by one of the study technicians.

2.4.1.1 Preparation of thick and thin blood films

Two thick and thin films per sample were prepanmeanf each sample using6uL of blood to prepare tfiiok
and 2uLfor thin film. The slides were air-drieddathin films were then fixed in methanol before tides were
singly stained with QBC F.A.S.T.™ or 10% Giemsa &€t al. 2013).

2.4.2 QBC F.A.S.T.™test

Thick films were individually flooded with F.A.S.Malaria stain for 10 min followed by fresh water 6 min.
Thin films were flooded with the stain for 45 sawdahen rinsed by dipping in fresh water five tinssgly.
Films were allowed to air dry vertically before exaation. Examination of films was performed irdark
room with the aid of a ParaLens Advance LED fluoezge attachment at 1,000x magnification. A slides
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only considered negative if no parasites were dedeafter 100 fields were examined. Parasites wietged as
small fluorescent bodies with typical malaria marglgical shapes.

2.4.3 Giemsa microscopy

Buffered water was used to prepare a 10% workingmSa solution before staining. Blood films were
individually flooded with the stain for 15 min follved by rinsing with water. Films were allowedaio dry
vertically before examination. Examination of tlens was performed with the aid of a light micrope at
1,000x magnification. A slide was considered niegatf no parasites were detected on examining 100
microscopic fields.

All slides were read independently by two studyhtdécians and a third reader (tie breaker) in cake o
discrepancy at the Malaria Diagnostic Centre, @eflinical Research, Kenya Medical Research Irstitu
Kisumu.

2.4.4 Quantification of parasite densities by QBC IA.S.T.™ and Giemsa methods

Thick blood films were examined against 200 leukesy Parasite densities were estimated as pargsite
volume assuming 8,000 leukocytes/uL of blood. h# parasites counted per microscopic field were &00
more, then thin blood film examination was recortbgdcounting the number of parasitized cells aga2300
red blood cells (RBCs) and converted to numberapégites per volume assuming 450,000 RBCs/uL afthlo

2.5 SD Bioline™malaria rapid test
Blood samples were added to the round wells foltbtwe four drops of assay diluents into the squasayawell.
Results were read after 15 min. A negative resal indicated with the presence of one colour bambsitive
result with two colour bands and an invalid refulbe control line failed to appear and the tegigated with a
new device.

A negative result by QBC, QBC F.A.S.T.™, SD Biolifeand Giemsa microscopy was considered as true-
negative because the risk for false positive mwwpy results was considered low since the slide® ak read
independently by two experienced technicians athird tie breaker.

2.6 Malaria parasite identification by PCR
Giemsa-stained blood films were soaked withulOof phosphate buffered saline (PBS) 0.02 M, pH Thén
scraped off the glass slide by making circular nmogets with a sterile scalpel (Farla Medicals, Ampye
Belgium). For each blood film, a separate scalpss used. The collected material was transfemeal sterile
1.5-mL tube which contained 90. PBS. DNA was extracted with the QIAamp DNA Blooni kit (Qiagen
Benelux, Venlo, TheNetherlands) according to maetuf@r’s instructions. The standard used in tisaysvas
the WHO International Standard f& falciparum DNA Nucleic Acid Tests (NAT) obtained from Natidna
Institute for Biological Standards and Control (I8; Hertfordshire, UK) as described Iff¢amauet al. 2013).
2.6.1 Real-time PCR on blood films
Primers and probes for the amplification of fRkasmodium species were used to target PLU3 gene of all
Plasmodium species and RNAse P, a human housekeeping gedeseasbed previously (Kamaal al. 2013).
The assay was performed with the Applied BiosystéB@0 Fast Real-time PCR System, v.2.0.5 softwaiee
thermal profile used for the gPCR was as followsnis at 96°C, 40 cycles of 10secat 96°C; 30 se®0ac,
with fluorescence collected at 60°C step. Eacbtiea contained LL of template DNA and a reaction master
mix containing Quantifast Probe Master Mix with Riye (QIAGEN,USA),1QMof each primer,;uM of each
probe, and dkD. All assays were run with the appropriate cdatirmcluding non-template control.

Real-time PCR was performed on 40% of the discrepasults at the Malaria Drug Resistance
Laboratories, Kenya Medical Research Institute ukia Kenya. All laboratory personnel were blindedtie
results from each of the tests.

2.7 Data Analysis

Data analysis was conducted using SPSS softwakagad/ersion 20.0 (IBM SPSS Inc, Chicago, IL, USAY
GraphPadSoftware, Version 5 (GraphPad Software, lacJolla, CA, USA). The performance of the tests
(QBC, QBC F.AS.T.™ and SD Bioline™) against Gienmsigroscopy was expressed as true-positive (TP),
true-negative (TN), false-positive (FP), or falsgative (FN). The formulae used to calculate perémce
were TP/TP+FN for sensitivity (SS), TN/TN+FP foresfficity (SP), TP/TP+FP for positive predictivelwas
(PPV) and TN/TN+FN for negative predictive valueB§¥. The results were interpreted with 95% confizke
intervals (Cds). Agreement between tests was determined by leéileg Kappa statistics with 95% Cls and
interpreted with the Landis and Koch classificatiorRelationship in parasite densities between Géems
microscopy slide reads and QBC F.A.S.T.™ slide sesas determined using Pearson’s correlation doieft.

P values <0.05 were considered statistically sicgmift.
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3. Results

3.1 Performances of the tests

A total of 385 samples were tested. The total remdf positive cases was found to be high with QB&
(310/385) as compared to the other tests (TableDleral, SD Bioline™ had the highest sensitivRy %) with
QBC F.A.S.T.™ demonstrating a lower sensitivity¥@§Avhen compared to the other tests. On the dthed,
QBC test reported the lowest specificity of 30%caspared to 83% and 67% of QBC F.A.S.T.™ and SD
Bioline™ tests respectively(Table 2). A total & 8amples were found to be negative by both QBCC QB
F.A.S.T.™, SD Bioline™, and Giemsa microscopy.

Table 1. The total number of positives and negatiwefor each test in the study

Tests Positive (%) Negative (%) Total
QBC 310 (81%) 75 (19%) 385
QBCF.AS.T.™ 185 (48%) 200 (52%) 385
SD Bioline™ 242 (63%) 143 (37%) 385
Giemsa 198 (51%) 187 (49%) 385

QBC test gave the highest number of positive c846s(81%) while QBC F.A.S.T.™ 185 (48%) test gave t
lowest number of positive cases as compared tottier tests.

Table 2. Diagnostic Performance of QBC, QBC F.A.S.T" and SD Bioline™ using Giemsa as the gold
standard and pair-wise comparison of concordant tds.

Tests Sensitivity Specificity Positive Predictive Negative Kappa (95%Cl)
Value(PPV) Predictive
Value(NPV)

QBC 90 30 58 74 0.45

(85-94) (24-37) (52-63) (63-84) (0.38- 0.52)
QBC 77 83 74 78 0.61
FAS.TM (71-83) (77-88) (63-80) (71-83) (0.53-0.69)
SD 91 67 83 87 0.58
Bioline™ (86-94) (60-73) (77-88) (81-92) (0.50-0.663)

SD Bioline™ had the highest sensitivity 91% followed by QBC #astly QBC F.A.S.T" while QBC had the
lowest specificity 30% as compared to the othestes

Three-hundred and eighty-five samples were testedlbthe four tests, of which QBC and Giemsa
microscopy had the highest number of discrepaniltees One-hundred and thirty-one samples were doun
positive by QBC and not by Giemsa, hence 40#bR) of the discrepant results were randomly pickad
further analysed by gPCR (Kamatal. 2013) to ascertain the presencePtdsmodium DNA. Out of the 52
samples found to be malaria positive by QBC, oiXysamples (12%) haBlasmodium DNA by qPCR.

Assessment of agreement between tests using Giasmdee gold standard showed a moderate agreement
with QBC test (k=0.45) and SD Bioline™ (k=0.58) amdubstantial agreement with QBC F.A.S.T.™ (k=P.61
(Table 2). The other tests had a rather poor aggaewhen compared to each other: QB@BC F.A.S.T.™
(k=0.29), QBCvs SD Bioline™ (k=0.14) and SD Bioline™s QBC F.A.S.T.™(k=0.46) as shown in Table 3.
The concordant rates of the tests relative to Géemigroscopy were 90.4% (170/198; QBC), 77.3% 193/
QBC F.A.S.T.™) and 90.9% with SD Bioline™ test.
Table 3. Levels of agreement for all the tests QB@BC F.A.S.T™ and SD Bioline™ compared to each
other

Tests QBC VsQBC F.A.S.T. QBC VsSD Bioline SD Biol®VsQBC F.A.S.T.

Kappa values _ 0.29(0.20-0.39) 0.14(0.04-0.23) 0.46(0.37-0.54)

When the test agreement was compared against le@gpérformed poorly with Kappa values of as lovd4s}.

3.2 Assessment of parasite densities from QBC F.ATS™test compared to Giemsa

The continued implementation of different malarianirol interventions aim at significantly reducinige
morbidity and mortality associated with malariag ggossibly eliminate malaria. The move towardsglation
will require more sensitive tests to match the et reduction in parasitaemia (The malERA Contu#a
Group 2011). Consequently, we assessed the pefmenof the QBC F.A.S.T.™ test and Giemsa microgcop
at different parasite densities (Fig.1). Thereen&b3positive cases by both QBC F.A.S.T.™test aiminGa
microscopy. The positive cases were divided ihtee percentiles representing low parasitaenfiaa@ 2%’
percentilesn=37), moderate parasitaecmia {2& 75"percentile,n=77), and high parasitaemia {760 100"
percentilen=39) so as to determine how the two tests compairelifferent parasite densities. Overal, the two
tests correlated relatively well when all the saesph=153) were compared (r=0.64B<0.0001; Fig.1A). At
low parasite densities {0and 2%' percentiles) this relationship was maintained eiltat a weaker level
(r=0.361, P=0.028; Fig.1B). Similarly, at the moderate paragiensity the two tests were significantly
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correlated at a higher level than for the low pigmasnia (r=0.478P<0.0001; Fig.1C). In addition, at high
parasite densities (8o 100" percentile) this relationship was still maintair(eg0.470,P=0.003; Fig.1D).
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Fig.1Relationship of parasite densities between QBCFRA.™ and Giemsa tests

A) All positive samplesr=153); B) 0" to 25"percentile §=39); C) 26" to 75"percentile (=77); D) 76" to
10d"percentile (=37). Analysis was performed using Pearson’s tatios coefficient.

QBC F.A.S.T. ™ and Giemsa tests correlated relgtiwell (r=0.645,P<0.0001) on all positive cases=153)
albeit they had a weaker correlation (r=0.3820.028) at low parasitaemia<39).

3.3 Species identification by QBC F.A.S.T™ test cgmared to Giemsa

Of the 153 positive cases, QBC F.A.S.T.™ test deted50 (98%f.falciparum, zero (0%lpPlasmodium ovale,
zero (0%pPlasmodium malariae, and three(2%) mixed infections. Giemsa microscajstected 141
(92.2%p.falciparum, one(0.65%dy.malariae, one(0.65%P.ovale, and ten (6.5%) mixed infections. Despite the
difference in identification of the mixed infect®by both tests, the difference was comparabledsithe two.

4. Discussion

The QBC and the QBC F.A.S.T.™ tests are fluoresaesisted microscopy (FAM)-based methods. QBC had
90% sensitivity, a finding that is consistent witlevious studies (Schindleral. 2001 Kuladeepa 2012 Sandhya
2012). The high sensitivity is possibly enhandadugh concentration of parasitized erythrocytes the large
volume of blood collected for examination (Kulade€}012). However, the test showed a low spegifioft
30%, possibly due to high rates of false positi@esonfirmed by the gPCR results, whereas only d2%e
discrepant results hd@lasmodium DNA. The low specificity reported in this study ¢onsistent with previous
studies (Schindleet al. 2001, Morassiret al. 2002). This could be explained by the presencdafell-jolly
bodies and artefacts (Bhandatial. 2008 Sandhya 2012). Concerns of leakage and dgeatf blood-filled
QBC tubes in the centrifuge are some of the p#faisociated with this diagnostic approach as epmd in
this study and by other studies (Pirgbal. 2001, Salmani 2011). Despite the low specific®BC holds
promise as a good alternative in malaria diagndses to its speed and sensitivity as reported byalatd his
team (Datta 2010).

SD Bioline™ had the highest sensitivity comparedhi other tests. The high sensitivity of SD Bieli™
kits, which detect HRP-II antigen, gives confideticat most of the malaria cases in the study poipulavere
diagnosed in agreement with previous reports (Kosh@l. 2013). Sensitivity improves with parasitaemia,
however two cases with parasitaemia>10,000pargsitesere diagnosed as negative. The false negediudts
could possibly be explained by the pro-zone eff&dsacket al. 2013). A relatively low specificity of 67%
obtained may have been due to the persistency &f-HRntigen in the blood for up to 56 days aftelatment
(Nyuntet al. 2013), or the ability of the RDT to detect low asite densities (Bell, 2002)or possible deletioins o
HRP-II (Gamboaet al. 2010), although this is rare in Africa (Baker dfgle DE, 2005). These pose serious
diagnostic challenge in malaria-endemic regionaltieg) in misdiagnosis with poor treatment outconi#espite
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the test being unable to detect non-falciparum rizglé targets the most lethBlasmodium species (Stronat

al. 2013), hence greater impact. QBC F.A.S.T.™ tes$ vound to be easy to apply since it uses the same
sample preparation procedure as Giemsa microscdtnsitive cases were easily identified for parasita
levels >500 parasites/uL correlating to evaluatiba test that used the same fluorescence micrggmanciple
(Sousa-Figueiredet al. 2010). However, the test demonstrated low seitgitivhen compared to the other tests
and this could be due to lack of clearly definedyrstages of the parasites.

The parasite densities in all positive cases by Biemsa and QBC F.A.S.T.™ strongly correlated,
indicating a good performance of QBC F.A.S.T.™ aramjitative diagnosis. The weak correlation at low
parasite densities could be attributed to the fieldview by Giemsa microscopy, which is visuallyeat,
enhancing distinct parasite morphology, making gitsgacounting easier compared to the challengesirodut
from QBC F.A.S.T.™ test where the morphology of plagasite is not clearly visible.

Accurate identification oflasmodium species is critical because the results emplosistain correct
deployment of specific control intervention stragsg(Obareet al. 2013). Prompt and correct case diagnosis
leading to accurate epidemiological assessmentsoatichal case management remains a critical rekearc
agenda, especially in malaria-endemic areas (Seigeeeiredoet al. 2010). Reliable differentiation of malaria
infections is imperative sincBlasmodium species differ in their biology, clinical symptorasd treatment
regimens (Barbeet al. 2013). Importantly, QBC F.A.S.T.™ was found tdfatientiate betweelasmodium
species making it applicable to regions where fialaim and non-falciparum malaria cases are comnidiis
was possible through the fluorescing of the pagasivith typical malaria morphological stages. Thast
however is not very satisfactory in the diagnogeB.analariae due to the lack of a very clear visual distinction
of the morphology of the parasite. With the inseghimplementation of various control measures)ifignt
reductions in malaria transmission intensities hbagen reported in some regions (O'Meara WP 2010)e
reduction in transmission intensities is expectedbé accompanied by reduction in malaria parasitesities,
which will require more sensitive diagnostics fatter case management and possible eliminationspii2e
malaria being a major cause of paediatric morbidit mortality in most sub-Saharan African coustrie
(Schumacher and Spinelli 2012), diagnostic toolsettgpment has remained slow and there is need for
redoubled effort in the development of highly sémsiand robust point of care malaria diagnostics.

Study limitations were performance of real-time P@Ronly the discrepant results obtained between th
tests, and the use of Giemsa blood-stained micpyses the gold standard for the entire study sasnple
compared to using real-time PCR which has a beteasite detection limit. However, this was doeeduse
the risk of getting false positives was consideled as the slides were read by trained techniciamd
supervised by the Malaria Diagnostics Centre, Kisukenya. Real-time PCR is a very useful gold dsad in
that it is highly sensitive, easily reproducibledazan detect cases with low parasitaemia misseath®r tests.

Its limitation is that the test is very expensivaldime- and labour-consuming, hence it is useg tmconfirm
the accuracy of microscopy (Johnsabal. 2006).

5. Conclusions

QBC test still remains a sensitive, rapid and aateuoptical test although it should be supplementét
Giemsa due to limitations in species determinatind parasite quantification. However, QBC is kemssitive
compared to RDTs but the QBC F.A.S.Test holds promise in rapid malaria diagnosis #sreintiation of ring
stage morphology is addressed.
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