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Abstract

Background: Themalariadiagnostictoolsdevelopedtodaterequirebloodtobetaken.However,certaingroupsinthepopulationare
reluctant fto take blood samples because of their cultural habits (blood taboo), or because of the fear associated with thetrauma

of the injection, especially when the sample is taken repeatedly. Saliva and urine, which are not very invasive to collect,have
not been widely used for malaria diagnosis. The aim of this study is to assess the performance of saliva and urine indetecting
molecular markers of Plasmodium falciparum resistance to antimalarial drugs. Methodology: Blood, urine and salivasamples
were collected in three different localities from 94 patients over 2 years of age with microscopically confirmedPlasmodium
falciparum uncomplicated malaria. P. falciparum genomic DNA (Deoxyribonucleic acid) was then extracted
andamplifiedusingprimersspecificforthePfcrt(PlasmodiumfalciparumChloroquineResistanceTransporter),Pfdhfr(Plasmodiumfa
Iciparumdihydrofolatereductase)and PfK13propeller(PlasmodiumfalciparumKelch13propeller)genes. Theamplification products
were processed by electrophoresis and analyzed against blood, saliva and urine samples. A multivariatestatistical analysis in R
programming environment was performed @iming to assess the performance of blood, saliva and urinesamples in detecting
molecular markers of P. falciparum resistancel. Results: Agarose gel electrophoresis of the amplificationproducts of each gene

detected the Pfcrtgenes at 80.85% (76/94), Pfdhfrat 95.74% (90/94) and PfK13 Propeller at 98.93%(93/94) in blood. In saliva,
gene detection levels were 50% (47/94), 69.14% (65/94) and 4.26% (4/94) respectively for the K13propeller, Pfdhfrand
Pfcrtgenes. Unlike the Pfcrtgene, which was not detected, 45.74% (43/94) and 38.30% (36/94) of PfK13Propeller and
pfdhfrgenes respectively were detected in urine. Taking blood as the reference biological sample,
statisticalanalysisshowedthatunlikeurine,salivaexhibitedadetectionperformanceformolecularmarkersofantimalarialdrugresistanc
e(pfert, pfdhfr, pfk13 propeller) close to that of blood (p < 0.05). The performance of saliva and urine was also assessed on
thebasisofthedetectionofthemolecularmarkerspfdhfr,pfcrtandpfk13usingROC (receiveroperationalcharacteristic)analysis. Theda

tarevealedahighsensitivityofsalivacomparedwithurineinthedetectionofthepfdhfr, pfertandpfk13propellergenes.Conclusion:  The
levels of detection of molecular markers of antimalarial drug s studied in saliva are close to those inblood. Saliva is a high-
performance biological product that could potentially be used as an alternative non-invasive sample
forthestudyofmolecularmarkersofPlasmodiumfalciparumresistancetoantimalarialdrugs.
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1. Introduction

Despite international prevention efforts, malaria remains
aglobal public health problem. According to the World
HealthOrganization, nearly 249 million cases of malaria were
rec-orded worldwide in 2022, including 608,000 deaths, 95%
ofwhichoccurredin
Africa[1]. Thevastmajorityofdeathswereamong children under
five, accounting for 78% of all
malariadeaths[1]. Variousinterventionssuchasinsecticide-
treatednets(ITNs),indoorresidualspraying(IRS),antimalarialdru
gs,rapid diagnostic tests (RDTs) and, more recently, vaccines
(RTS,S/ASO1 and R21/Matrix-M), continue to play a crucial
role inthe malaria control strategy. However, the positive
effects
oftheseinterventionsarethreatenedbytheemergenceofdrug-
and accurate diagnosis and rapid treatment of cases
areextremely important for malaria control [2, 3]. Thus, the
idealdiagnosticmethodthatwouldbemostbeneficialineliminatin
gmalaria should be rapid, simple to implement,
inexpensive,sensitive, accurate and non-invasive:" Currently
available diag-nostic methods for malaria include
identification of malariaparasites or parasite-protein in blood
by microscopy, rapid di-agnostic tests (RDTs) and detection
of parasitt DNA by PCR(Polymerase Chain Reaction).
Despite the differences in theirprocedures and performance,
microscopy, RDT and PCR formalaria diagnosis share a
common problem; namely the
needforabloodsample.Indeed, thetoolsdevelopedtodatebothfor
malaria diagnosis and-for studies of molecular markers of an-
timalarial drug resistance, all require blood to be taken by ca-
pillary puncturesi(at. the fingertip) or venipuncture [4].
Somegroups-in the population are reluctant to have their blood
sam-ple taken because of their cultural habits (blood taboo),
or be-cause of the fear associated with the trauma of the
injection,especiallywhenthesample istakenrepeatedly[5-7].

Furthermore, in some countries, the willingness of asymp-
tomatic, patients to undergo invasive testing for
surveillancepurposes may become difficult over time, hence
the need formalariadiagnostictestsusingnon-
invasivesamples[8,9].

To overcome the obstacles associated with the problem
ofblood sampling, it is necessary to consider a non-
invasivesampling methodthatcanreplace
thecollectionofbloodsamples, with comparable performance
in terms of the de-tectability of resistance markers. Previous
studies have
shownthatPlasmodiumDNAcanbedetectedinsalivaandurine[1
0,11,4].Inaddition,severalstudieshaveevaluatedtheaccuracyof
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malariadiagnosisusingPCR,ELISA(Enzyme-LinkedImmuno-
Sorbent Assay) or rapid diagnostic tests (RDTs), onnon-
invasivelycollectedhuman samples,suchassaliva;urine,
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faeces and hair [12, 13]. The aim of this study is to
evaluatethe performance of saliva and urine in detecting
molecularmarkers of Plasmodium falciparum resistance to
antimalarialdrugs (the
pfdhfr,pfcrtandpfK13propellergenes).

2. MaterialsandMethods|

2.1. StudysSite

This prospective study took place at the
AnonkouaKoutéhealth centre and the Port-Bouét and
Ayamégeneral
hospitalsfromFebruarytoAugust2015.Theclimateatthesesites
inthesouth of Céte d'lvoire is dominated by annual rainfall
in ex-cess of 1,700 mm, with temperatures varying between
27 and33°C. Malaria is seasonal, predominating in the rainy
seasonfrom June to September, with peaks in prevalence
and inci-denceinOctober-
November.Plasmodiumfalciparumisthedominantspecies,acc

ctorsinthisstudy area(theforested south of Cdte d'Ivoire) are
members of the An. gam-
biaeslandAn.funestussicomplexes[14]. TheAnon-koua-
koutéhealthcentre and the Ayamégeneral hospital
wereselectedbecauseoftheir
highannualincidencesofmalaria.Inaddition, these health
facilities have been considered for sev-eral years as the
main sitesformulticentre clinical
efficacytestingbytheMalariaUnitofthe InstitutPasteurdeCote
d'lvoire. [The Port Bouét General Hospital was chosen for
thisstudy notonly becauseof itsconsistently highannualinci-
dence of malaria, but also and above all because of its
marshyenvironment used for market gardening, |Stu
population andsamplecollection,

All patients clinically suspected of “having ‘malaria at
theAnonkoua-  koutéhealthcentre, . Port- . Bouét and
Ayamégen-eral hospitals during, the “study period were
eligible. However,after-informed" consent, blood samples

axillary or rectal temper-
aturegreaterthan37.5°Candmicroscopicallyconfirmeduncom

2.2. Bloed,SalivaandUrineSampling

1) Blood:Fromeachpatientwithmicroscopicallycon-
firmed malaria, 2-5 mL of venous blood was drawn
andcollected in an EDTA (Ethylene Diamine Tetra-
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spotted onto Whatman 3 MM filter paper using a mi-
cropipette with filter cones. The paper containing
theblood spots was dried for 60 to 120 minutes at
roomtemperatureinadust-freeenvironment.

2) Saliva: Ten to fifteen minutes after rinsing the
mouthwithtapwater,5mLofsalivawascollectedperpatienti
na sterile bottle. Using a micropipette and filter cones,
50uL oftotalsalivawasdepositedon
Whatman3MMfilterpaper. Theresultingconfettiwasdried
orapproximately60 to 120 min at room temperature in a
dust-free envi-ronment.

3) Urine: After blood and saliva collection, 5-10 mL
ofurine from each patient was collected in a sterile

newas deposited on Whatman 3 MM filter paper. The
re-sulting confetti was dried for approximately 60 to
120min atroomtemperatureinadust- freeenvironment.

AGTGACCAAATCTGGGA)/K13_PCR
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Genomic DNA

PlasmodiumDNAwasextractedwith
methanolfrombloodconfetti [15]. Thin cuts of blood confetti
were immersed in ImL of wash buffer (950 pL of 1X PBS
plus 50 uL of
10%saponin)andincubatedat4 °Covernight. Thewashbufferwasr
emovedandwashedbeforeadding150uLofmethanol. A fterincub
ation for 20 minutes, the methanol was gently removedand
the samples were dried at room temperature for 2 hoursbefore
adding 300 pL of sterile water. The samples wete: thenheated
to 99°C in a thermo-mixer for 30 minutes to-elute theDNA.
After removing the confetti debris, ' the = DNA
extractswerealiquotedintoal.5mlEppendorftubeandstoredat
-20°C.
fetti was performed using-the Chelex®100 method [16,
17].0ne hundred and eighty microlitres; (180 pL) of 5%
(w/v)Chelex-100 solution (Bio-Rad, catalogue no. 1422832)
wasplaced in a 1.5'ml centrifugetube and heated to 100°C
for 5minutes. The:fine cuttings from each confetti were added
tothe boiling solution of Chelex 100 on the heat block.
Aftercentrifugation at' 12,0009 for 90 seconds, the
supernatant wascollected and centrifuged again under the
same conditions asbefore. Thesupernatantobtainedis
usedforPCR.

2.4:Amplificationofthepfcrt,pfdhfrandpfk13
PropellerGenes

wereamplified by nested PCR using a pair of primers specific
foreach gene and a commercial DNA polymerase kit called
5XFIREPoI® Blend Master Mix with mM MgCI2. The
compo-sitionofthiskitconstitutedapre-

mixforthereactionmixture.For the primary PCR, the primer
pairs used for the
pfk13propeller,pfdhfrandpfcrtgeneswereK13_PCR_F(5'CGG
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_R(5'GGGAATCTGGTGGTAAC AGC)

respectively,dhfr_M
16 TTTATGATGGAACAAGTCTGC)/dhfr_M7(CT
AGTATATACATCG CTAACA) and 72_97EF(5' GAC
CTTAACAGATGGCTCAC)/72_97ER(TTTTATATTG
GT

per-formed in a 25 pl reaction volume containing: 0.625
uL

ofeachprimer,3uLofplasmodial DNA,5uLofTagpolymerase
and15.75pLofmilliQwater. ThemixturewasthenplacedinaP
TC-100TMthermalcycler(EppendorfMastercycler,PTC-
100 Peltier Thermal Cycler), programmed as
follows:Initial denaturation at 95°C for 15 minutes
followed by
30cyclesofdenaturationat95°Cfor30seconds,hybridisationa
t58°C for 2 minutes and extension at 72°C for 2 minutes.
Fi-nally,aterminalextensionat72°CforlOminutes.

The second PCR was performed on the amplification
productsoftheprimaryPCRina50plreactionvolumecontainin
g:1.25uL of each primer, 5 pL of amplification product
(‘amplifiate)from the first PCR, 5 uL of Tagpolymerase and
37.5 pl of milliQwater. The primer pairs used for the
secondary PCR
wereK13 N1_F(5'GCCAAGCTGCCATTCATTTG)/K13_
N1_R(
GCCTTGTTGAAAGAAGCAGA)forthepfk13propellerge
ne,dhfr_M9(5'CTGGAAAAAATACATCACATTCAT-
ATG)/dhfr_M3(5'TGATGGAACAAGTCTGCGACGTT)
for the pfdhfr gene and

SeclF(5'GGTAAATGTGCTCATGTGTTTAAAC
TTATT)/SeclRGTTACTTTTGAATTTCCCTTTATTTC

wasperformedusingthesamethermalcyclerusedforprimaryP
CR with the following programme: Initial denaturation
at95°C for 15 minutes followed by 30 cycles of
denaturation  at95°Cfor30seconds,hybridisationat60°Cfor
oneminuteandextensionat72°Cforoneminute.Finally,atermi
nalextensionat72°Cfor10minutes.

2.5. DetectionandAnalysisofPCRRroducts

Amplificationpreductsfromthepfcrt,pfdhfrandpfK13prope
ller genes were loaded into adjacent lanes for each pa-tient
during 1.5% (w/v)-:agarose gel electrophoresis to high-light
amplification products, This amplification in the differ-ent
biologicalproducts (blood, saliva andurine)
resulteding0.22% (n=94) and 27.56% amplification
products in salivaand urine respectively, compared with
91.56%
amplificationproductsinblood(Figurel).Asignificantdifferen
ce(P<0.05)was observed between the levels of
amplification product insaliva and blood extracts and also
between the levels (ampli-
ficationrate)inurineandbloodextracts.

The amplification products were migrated onto a 1.5%
agarose
gelcontainingEthidiumBromide(BET).Aftermigration,thegel
was recovered and observed under a UV lamp using the

UVtransluminator (Gel DocTM EZ Imager). The presence or

ab-senceofbandswasusedtojudgePCRefficiency.

2.6. Statistical AnalysisofData
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had been tested and validated. [First| d:
usingGraphPad Prism 5 software. Next,
score
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falciparumwereincludedinthestudy,58(61.7%)ofthemwomena
nd36(38.3%) men. The patients ranged in age from 2 to.62

Tablel.Profileofpatientsandsamplescollected.

Sites Collectionperiod Agegroups
Anonkoua-kouté  February-March2015 2to53years
Port - Bouét April-May-June2015 2to62years
Ayamé June-July-August2015 2to55years
Total
100
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& il 32,

Biologicalproducts

Averageag  Number Types Number of sam-
e(years) ofpatients ofsampl plescollected
es
Blood 52
16,60 52 Saliva 52
Urine 52
Blood 51
16,69 51 Saliva 51
Urine 51
Blood 50
15,84 50 Saliva 50
Urine 50
153 459

Saliva, urine and blood DNA extracts from these
patientswere subjected to nested PCR in separate batches
using pri-mers specific to the pfert, pfdhfrand pfK13
propeller genes.The amplification products of these genes
were then loadedinto adjacent lanes for each patient during
agarose gel elec-
trophoresistohighlighttheamplificationproducts.

The success rate of Plasmodium falciparum genomic
DNAamplificationby =~ PCRwas41.13%  (116/282) and
28.01%(79/282)respectivelyinsalivaandurinecomparedwith91

0.05) was observed between the levels of
amplificationproduct in saliva and blood extracts and also
between those(levels
ofamplificationinurineandbloodextracts).

GeneDetectionRatebyBiologicalProduct

Saliva, urine and blood extracts were subjected to
nestedPCR in separate batches using primers specific to the
pfert,dhfrandK13propellergenes.Agarosegelelectrophoresisof
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Figurel.PCR successrateasafunctionofthebiologicalproduct. theamplificationproductsofeachgenefragmentdetected
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Pfcrtat 80.85% (76/94), Pfdhfrat 95.74% (90/94) and
PfK13Propellerat98.93%(93/94)inblood. Insaliva,genedetecti
onlevels were 50% (47/94), 69.14% (65/94) and 4.26%
(4/94)respectively for the K13 propeller, Pfdhfrand Pfcrt
genes.Unlike the Pfcrtgene, which was not detected, the
PfK13Propeller and pfdhfrgenes were detected in 45.74%
(43/94)and38.30%(36/94)ofthe urinerespectively(Figure2).

With regard to the amplification of the PfK13
Propellergene, there was no significant difference between
the detec-tion rates of this gene in relation to the biological
product.However,asignificantdifference(p-
value<0.05)wasob-served between the detection rates of the
Pfdhfr gene in thethreebiologicalproducts
(blood,salivaandurine).

Concerning the Pfcrt gene, asignificantdifference
wasobservedbetween thedetectionratesofthis geneinblood
andthose(detectionrates)insalivaandurine(p-
value<0.05).However, no significant difference was observed
between thedetection rates of the pfcrtgene in saliva and
those (detectionrates)inurine.

150wy
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Figure2.Detectionrateofgenefragmentsbybiologicalproduct.

3.3. EvaluationofBlood,SalivaafndUrineasBi
ological Material:for the
MolecularDiagnosisefMalaria

absenceof ‘Plasmodium falciparum DNA amplification
productsiex-tracted from the blood, urine and saliva of
patients, with un-complicated malaria. In relation to the
population studied, thedetectionornon-
detectionofthepfcrt,pfdhfrandpfk13propeller ~ genes  was
assessed in each biological product. Byassociating the genes
onithe basis of their presence or absencein each biological
product, the analysis revealed two trendssuggesting that blood
is the best biological sample for themoleculardiagnosis of
malariausing the pfecrt, pfdhfr andpfkK13 propeller markers.
However, the same analysis showeda close match between
saliva and blood in the detection of
thepfk13propellerandpfdhfrgenesinmalariapatients(Figure3).G
uidedbytheseobservations,weperformedananalysis of

variancebetweenblood,salivaandurinefortheexpressionofthe
pfert, pfdhfrand pfk13 propeller genes in patients
withuncomplicated malaria. This analysis identified two
groups

ofbiomarkers;(i)pfK13propeller,pfdhfrandpfcrtand(ii)pfk13pr
opeller and pfdhfrdemonstrated inbloodand saliva -re-

fordiscriminating malaria patients (p-value=0.03).: Qverall;
theanalysis suggested that unlike urine, blood and ‘saliva
wouldbe the most appropriate biological samples forthe
moleculardiagnosisofmalaria(p-value<0.05).

T

Coler Key

Figure 3. Graphical monitoring of the expression of the pfK13 pro-
peller, pfdhfr and pfcrt genes in blood, saliva and urine extracts
forthemoleculardiagnosisof malaria.

3.4. ComparativeAnalysisofthePerformanceofSa
liva, Urine and Blood for the Detection
of AntimalarialDrugResistance Genes

ComparativeanalysisofthedetectabilityofthepfK13propeller
,pfdhfrandpfcrtgenesin blood,salivaand urine.

Principal component analysis was performed to assess
thedetectability relationship between the pfdhfr, pfk13
propellerand pfcrtgenes in the blood, saliva and urine of
subjects withuncomplicatedmalaria.

Figure 4A shows that there is an apparent correlation be-
tween:(i)thepfdhfr, pfK13propellerandpfcrtgenes
inblood(PC1 axis (21.6%)); (ii) the pfdhfrand pfK13
propeller genesin urine (PC1 parameter (21.6%)) and in
saliva (PC2 param-eter (16.3%)); (iii) parasite density (PD)
and the pfcrtgene inblood, the pfdhfrgene and the pfk13
propeller gene in saliva(parameters
PC1(21.6%)andPC2(16.3%)).

In assessing the variability in the study population,
analysisof Figure 4B shows the divergence between parasite
density(PD)andurineandindicatesthatthepfk13propellerand
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pfdhfrgenes in urine may be responsible for the
variability(PClandPC2explainingmorethan
50%ofthevariability)inthis studypopulation(p<0.05).

In addition, Pearson statistical tests (Table 2) showed
aweakcorrelationbetweenthepfdhfrandpfkK13propellergenesde
tected inblood andurine,incontrasttothepfcrtgenein blood (p =
0.09). Furthermore,  these  statistical  tests  ex-
cludedurineasareliablebiologicalproductforthedetection
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PC1 (21,6% var. expliquée)

of the pfdhfrand pfK13 propeller genes in subjects with un-
complicated malaria (Table 2). However, the analysis con-
firmed that the detection performance of the pfdhfrand
pfK13propellergenesinsalivaisclosetothatinblood. Insummary,
theanalysisrevealedthatthedetectionofP.falciparumpfK13prop
eller and pfdhfrgenes in saliva could be a good altemna-
tivetobloodforantimalarialdrugresistancemonitoringstudies
(Figure4).

Pfdhfr_ur

PC2 (23,9% var. expliquée)

0-

Pfki3_ur

5 0 5 10

PC1(30,2% var. expliquée)

Figure 4. Comparative analysis of the relationship between the pfk13 propeller, pfdhfr, and pfcrt genes detected in blood, saliva and

urinesamples.

Theacronymsur,slandsgstandforurine,salivaandbloodrespectively.
ThePClandPC2axesrepresentdetectabilityandparasitedensityrespectively.

k13sg
k13sl
dhfrsg
dhfrsl
ertsg
DP
k13ur
dhfrur

Table2.Pearsoncorrelationbetiveen thepfdhfr,pfk13propellerandpfcrtgenesdetectedinblood salivaandurine.

k13sg

1
0,10
0,40*
-0,07
0,20*
0,05
0,10
0,08

k13sl

1
-0,01
0,05
0,30*
0,17*
-0,04
-0,01

SignificantPearsoncorrelationvalue,p<0.1
Thefiguresinthetablerefertothecorrelationcoefficient.
Note:"ur","sl"and"sg"refertourine,salivaandblood respectively."k13ur","k13sl"and

"k13sg"refertothepfK13propellergeneinurine,salivaandbloodrespectively. Thesameappliestothepfdhfrandpfcrtgenesinurine, salivaandblood.

dhfrsg

0,20*
0,14
0,11
0,07
0,11

dhfrsl crtsg DP k13ur dhfrur
1

0,12 1

0,06 0,21* 1

0,01 0,12 -0,11 1

-0,10 0,02 -0,07 -0,0004 1
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Evaluation of saliva and urine performance by
sensitivity,specificity,accuracyandpositivepredictiveparamete
rs.

The performance of saliva and urine samples was
assessedfor detecting pfdhfr, pfcrtand pfK13 molecular
markers byROC analysis assuming blood sample as reference
[20]. Thedata revealed a high sensitivity of saliva compared
with
urineinthedetectionofthepfdhfr,pfcrtandpfK13genes(Table3).1
ndeed, the pfdhfrgene in the saliva sample (pfdhfr_sl) rec-
orded the highest sensitivity compared with the other
genes.All the P. falciparum genes (pfdhfr, pfcrtand pfK13)
detectedinbothurineandsaliva(withtheexceptionofthepfcrtgene
intheurinesample)appearedtopredictmalariainfectionwell

when blood biological sample is taken as the reference (posi-
tivepredictivevalue>0.80).

In addition, saliva sample showed better relative
precisionandspecificityparametersassessingthedetectionperfor
-mance of P. falciparum genes (Table 3). Furthermore,
theROC analysis confirmed and/or emphasised the detection
ofthe pfK13 and pfdhfrgenes in saliva as an efficient method-
ology that could substitute blood forantimalarial drug re-
sistancesurveillancestudies.Finally,thisanalysisindexedthepre
sence of the pfdhfrgene in saliva as the “hest
parameterpositively predicting malaria-infection‘when blood
is consid-eredasthereference(Table3).

Table3.Evaluationoftheperformanceofurineandsalivaashiologicalsamplesforthestudyofgeneticmarkersofchemo-resistance.

Parameters Saliva
Pfk13 pfdhfr
Sensitivity 0,46 0,64
Specificity 0,2 0,5
Accuracy 0,43 0,54
PositivePredictiveValue(PPV) 091 0,98

Urine
pfert Pfk13 pfdhfr Pfert
0,05 0,45 0,38 0
05 0,5 0,5 0,01
0,05 0,45 0,38 0,01
08 0,95 0,94 0

Comparativeanalysisofsalivaandurineperformancesassessingmalariagenetichiomarker fittingformalariadiagnostic.
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Figure5.Shapironormalitytestforassessingthedistributionofurineandsalivasamplesstatistical performanceparameters.
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Figure6.Kruskal-Wallistestevaluatingstatisticalparametersvariability(A) bycomparingsalivaandurineperformances
(B)inmalariamoleculardiagnosisprocedureinalternativetobloodsample.

Herein we compared statistical parameter performances becauseofthefearlinkedtothetraumaofthe

aswell as biological samples fitting well for malaria
moleculardiagnosis.Shapironormalitytestexhibitednormaldistr
ibu-tionofsensibilityandaccuracybio-
statisticalparametersweighingbothsalivaandurinebiol ogicalsa
mplesperfor-mances,testedforsubstitutingbloodinmalaria
moleculardiagnosis procedure (p>0.05) (Figure’5). Positive
predictivevaluesandspecificity
statisticparametersexhibitedasym-
metricdistributioninanalyzingsalivaandurineperformances.Inte
restingly,Kruskal-Wallis non-
parametricstatisticaltestsuggested the positive predictive
value parameter as a relativedatavariability
source(p=0.09)(Figure6 A),makingthisparametersuitable
forevaluating both saliva and-urine bio-
logicalsamplesperformangcesdifferences. Thesamestatisticaltest
,bycomparingsalivaandurinesamplesstatisticalper-formance
parameters, suggested a relative high performanceof saliva
sample as opposite to urine sample in
detectingP:falciparummalariabiomarkers(p=0.16)(Figure6B).

Sens,Spec,AccuandPPVacronymsreferredtoSensitivity, Spe
cificity, Accuracy and Positive Predictive Value
statisticalperformancesparameters.SLand URreferredsalivaand
urinesamplesrespectively.

4Discussion

Detection performance of plasmodial DNA in saliva,
urineandblood

The malaria diagnostic tools developed to date all
requirebloodtobetaken.
However,certaingroupsinthe populationarereluctanttotakeblood
samplesbecauseoftheir culturalhabits(bloodtaboo),or
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sting,especiallywhenbloodsamplingisrepeated. Toovercomet
heobstaclesassociatedwithbloodsampling,weneedtothinkab
outpalliativemethodsthatcanbeusedtomeetalltheneedsofdia
gnosisandthestudyofcbemoresistance.

This study involved a comparative analysis of the
amplifi-cationproductsofurine,saliva
andbloodDNAextractswithaview to finding an alternative
to blood sampling in the mo-lecular diagnosis of malaria
and the study of genetic markersof antimalarial drug
resistance. Analysis based on the pres-ence or absence of
Plasmodium falciparum DNA amplifica-tion products
extracted from the Dblood, wurine and saliva
ofsubjectswithuncomplicatedmalariashowedthatthegenomi
cDNA extracted from these biological products can be
ampli-
fiedtovaryingextentsdependingonthebiologicalproduct.Infa
ct, despite the low success rates of plasmodial DNA
ampli-
ficationproductsinurine(28.01%)andsaliva(41.13%)compa
red with blood (91.84%), these two biological
products(urine and saliva) appear to have real potential for
studyingantimalarialdrugresistancegenes. Theseratesalthou

4

ghlowerare close to those reported by Zahra et al, [21] in
Iran (95.8%,47% and 29% respectively in blood, saliva
and urine)
wheretheleveloftransmissionissimilar. Theseresultsareconsi
stentwith those of Mharakurwaet al, [10] in Zambia and
Nwak-anmaet al, [11] in Gambia who suggest that the
sensitivity ofmolecular methods for malaria detection in
saliva and urine isaffected by several factors, namely
DNA extraction
methods,targetgenesize,samplefractionandsamplepreservat
ion[22]. These researchers reported that salivary DNA
extraction witha commercial Qiagen kit had-a 2.6-fold
higher amplificationsuccess than the Chelex extraction
that was used in this study.The low rates we obtained
could therefore be explained by
themethodusedinthisstudy:theChelexmethodforextracting
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plasmodialDNA.

The low amplification rate in saliva and urine may also
beexplainedbythefact  thattheplasmodial DNAinthesebiolog-
ical products is insufficient to provide a useful
amplificationmodel. Thisisbecausethereisselectivepermeabilit
yfor para-site DNA fragments. Mucosal membranes, such as
the
buccalmucosaandtheepithelialliningoftheoralcavityorbladder,a
ctasfiltersthatallowcertainparasiteconstituentstopassoutsidethe
wholeparasite[23].Inaddition,DNAfromlysedparasitesmay
passively enter saliva via serum or macrophage phago-
somesviaintra-

oralbleedingorcervicalgingivalfluid[24].Inaddition, an
ultrastructural pathological study of the kidneytissue of
patients infected withP. falciparum revealed

thepresenceofparasitizederythrocytessequesteredinglomerular
andtubulointerstitialvessels[25]andalsoimmunecomplexesco
mprisinglgG,C3andmalarialantigens[26].
Thereleaseofplasmodial DNA into the urine could be a general
phenomenonthat occurs during infection. However, since
Plasmodium DNAcan be released into urine via a variety of
possible routes, theactual route of entry has not yet been
precisely defined [27].Although
PlasmodiumfalciparumDNAhasheensuccessfullydetectedinsal
ivaandurinesamples,theprecisemechanismsbywhitch traces of
parasites DNA appear in saliva and urine re-
quirefurtherinvestigation.
However,whetherornotthepfcrt,pfdhfrandpfK13propel-
lergenesweredetectedineachbiologicalproductshowedthatal lth
reegenesweredetectablein blood
andsaliva,whileonlytwoofthesegenes(pfdhfrandpfk13propeller
)weredetectablein urine. These results suggest ithat, unlike
urine, blood andsaliva are suitable biological samples for the
detection of thepfdhfrand pfK13 propeller, genes for
antimalarial resistancesurveillance: studies. Previous studies
using primers specific forantimalarial resistance genes have
shown that the genes de-
tectedinsalivaorurinesampleswereidenticaltothosefoundinthe
peripheral blood of the .same, individual [10, 11, 4].
Thissuggeststhaturineandsalivacanbeusedasbiologicalproductsf
orthemoleculardiagnosis. ofmalaria.
Theresultsofthemultivariatestatisticalanalysisshowedthatther
ewasacorrelationbetweenthebiologicalproductsandthedetectio
n of genes in ~Saliva, urine and blood. This
analysishighlightedthegroupsofgenes(i)pfK13propeller,pfdhfr
andpfcrtand(ii)pfK13propellerandpfdhfrdetectedinbloodandsa
liva. respectively as a satisfactory system for
discriminatingthestudypopulation. Thevariousprincipalcompon
entanalysescombined withtheanalysisoftable2showed
urinetobeoneofthemainsourcesofvariabilityinthestudypopulati
on(patientswith uncomplicated malaria), unlike saliva and
blood.
TheseresultsalsoindicatedthatthepfK13propellerandpfdhfrgen
esdetectedinurinewerethetwofactorsthatexplainedmorethan95
%ofthevariabilityobservedbetweenmalariapatients. Theresults
obtained in this study also suggest that, unlike urine,saliva
has gene amplification rates close to those of blood.
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nents(PClandPC2)indicatesthatthelevelofdetectionofthepfK13pr

opellerandpfdhfrgenesinsalivaissimilartothatof



the pfcrt gene in blood. Biplot analysis also suggested
thatblood and saliva performed equally well in detecting
antima-larial drug resistance genes. These results were
confirmed bystatisticalanalysisofthePearson
correlation,whichatthesametimeshowedanegativecorrelation
betweenthecomponentsofurineandthoseofbloodandsaliva. A
litheseresultsshowthatsalivacouldbethebestalternativetoblo
odforthedetectionofantimalarialdrugresistancegenes. Theser
esultsaresimilar ~ tothose ~ of  Kwannan[22] and
Danwang[28] who observed thatthe molecular detection of
plasmodial DNA in malaria
subjectsinurinewaslesssensitivethaninsaliva[22]. Thisisthou
ghttoberelatedtothesmallamountof DN Atemplateinurineco
m-pared to saliva and blood. Quantitative real-time PCR
showedthattheaverageamountofplasmodialDNAin
bloodwas
600and2500timeshigherthanthatinsalivaandurinerespective
Iy[11].

Parasitedensity(PD)wasthenintegratedasacontroltoolinth
e detection of molecular markers of antimalarial drug re-
sistance. The analysis showed a low sensitivity of the
parasitedensity parameter in the molecular diagnosis of
malaria basedon gene detection. In addition, the average
parasite density ofthe different study sites was above 500
parasites/uL  of blood;the threshold below whitch the
effect of parasite density isnoticeable in the molecular
diagnosis of malaria [29]. Theseresultssuggestthatdetection
ofthepfKk13propellerandpfdhfrgenesin
salivaispoorlycorrelatedwithparasitedensity (PD).However,
PD shows the same trends in terms of Pearson cor-relation
withrespecttobloodandsalivaunlikeurine. Thisotherresult
confirms that saliva can be used as a good alternative
toblood for the detection of molecular markers™ of:.P.
falciparumresistancetoantimalarialdrugs. Accordingtothere
sultsoftheROC  (receiver  operational — characteristic)
analysis, in contrastto urine, saliva had_better precision,
specificity and positivepredictionparameters,
confirmingthehighperformanceand/ortendency. of saliva to
replace blood in the molecular.diagnosisof malaria (based
on the detection of antimalarial drug re-sistance genes).
When blood was taken as the reference,
thethreegenespfkK13propeller,pfdhfrandpfcrtdetectedinsaliv
aappeared to predict malaria infection well (positive
predictivevalue > 0.80).:In addition, the ROC analysis [20]
confirmed thedetection
ofthepfK13propellerandpfdhfrgenesinsalivaasaneffective
molecular tool for ‘discriminating malaria patients
asanalternativetobloodsampling.Finally,theanalysisindexed
thepresenceofpfdhfrinsalivaasthebestparameter
positivelypredicting malaria infection in the study
population when
thebloodsamplewasconsideredasreference.

In addition, to consolidate our analysis, we used the
Krus-kal-Wallis test to compare the performance of
statistical pa-
rametersandbetterassessthesuitabilityofbiologicalsamplesf
orthemolecular
diagnosisofmalaria. Thistestsuggestedthatthepositivepredicti
vevalueisasourceofrelative

variabilityinthedata(p=0.09),makingthisparametersuitablefora
ssessingdifferencesinperformancebetweensamples.Usedsubse

quentlytocomparetheperformanceofsalivaandurine,thistestsugg
estedarelativelyhighperformanceofsalivacomparedto
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urine in the detection of molecular biomarkers of P.
falciparummalaria(p=0.16).Ultimately,theanalysisindicatedth
atsalivawas an appropriate biological product for the
molecular diag-nosis of malaria. For this study, the analysis
also indexed thedetection of the pfdhfrgene in saliva as the
best parameterpositivelypredictingmalariainfection
inthepopulation
studiedwhenthebloodsamplewastakenasareference.

5. Conclusion

Currentmalariadiagnostictoolsallrequirebloodsampling,whi

necessary to explore alternative non-invasive tools
suchassalivaandurineformalariadiagnosis. Theaimofthisstudy
was to evaluate the performance of saliva and urine in de-
tectingthemolecularmarkersofPlasmodiumfalciparumresistan
ce to antimalarial drugs (the pfdhfr, pfcrtand pfK13propeller
genes). Thus, taking blood as the reference biolog-
icalproduct,ourstudyshowedthatsalivaisahigh-performance
biological product that can potentially beused as an
alternative non-invasive sample for the study ofmolecular
markers  of  Plasmodium  falciparum  resistance
toantimalarialdrugs. Infact,thelevelsofdetection
ofmolecularmarkers of resistance to antimalarial drugs
studied in salivaareclosetothoseinblood.

Abbreviations

pfert
PlasmodiumFalciparumChloro
quineResistanceTransporter
Pfdhfr Plasmodium Falciparum
DihydrofolateReductase
Pfk13propeller  Plasmodium Falciparum Kelch13
PropellerPCR PolymeraseChainReaction
DNA DeoxyribonucleicAcid
ELISA Enzyme-LinkedImmuno-
SorbentAssayEDTA  EthyleneDiamineTetra-
AceticAcid
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