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Abstract

We studied parasite detectability in thick films by an acridine orange fluorescence technique
(AO) to test its applicability and the use of a Malaria Diagnosis Microscope (MDM)-ESL in the
detection of parasites, compared to the conventional Giemsa staining method. This study was
conducted on 1,390 clinically suspected malaria cases of Thaton township, Myanmar. We found
sensitivities of 82.8% for Plasmodium falciparum (P. falciparum) and 100% for Plasmodium vivax
(P. vivax) and specificities of 97.1% for P. falciparum and 98.6% for P. vivax. AO had a higher
sensitivity than Giemsa-stained films at low levels of parasitemia (< 1,000/microl). AO showed
lower sensitivity and higher specificity than the Giemsa method at parasite levels of more than
1,000/microl. The results of using the AO method, achieved by both novice and experienced
observers, showed no significant difference and required less practice to perform the test as well
as to identify the parasite. The acridine orange fluorescence technique using a malaria diagnosis
microscope MDM-ESL series is simple, rapid and cost effective. The microscope is conveniently
operable using standard AC power or a 12-V DC car battery, and it is easily convertible to a
conventional biological microscope. With the exception of species differentiation, which is not
possible with this method, this method would be appropriate for both clinical and epidemiological
studies.
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Westudiedparasitedetectabilityinthickfilmsbyanacridineorangefluorescencetechnique(AO)to
testitsapplicabilityandtheuseofaMalariaDiagnosisMicroscope(MDM)-ESLinthedetectionof
parasites,comparedtotheconventionalGiemsastainingmethod.Thisstudywasconductedon1,390
clinicallysuspectedmalariacasesofThatontownship,Myanmar.Wefoundsensitivitiesof82.8
for ( )and100 for ( )and
specificitiesof97.1 for and98.6 for .AOhadahighersensitivitythan
Giemsa-stainedfilmsatlowlevelsofparasitemia(＜1,000/μl).AOshowedlowersensitivityand
higherspecificitythantheGiemsamethodatparasitelevelsofmorethan1,000/μl.Theresultsof
usingtheAOmethod,achievedbybothnoviceandexperiencedobservers,showednosignificant
differenceandrequiredlesspracticetoperformthetestaswellastoidentifytheparasite.The
acridineorangefluorescencetechniqueusingamalariadiagnosismicroscopeMDM-ESLseriesis
simple,rapidandcosteffective.ThemicroscopeisconvenientlyoperableusingstandardACpower
ora12-VDCcarbattery,anditiseasilyconvertibletoaconventionalbiologicalmicroscope.With
theexceptionofspeciesdifferentiation,whichisnotpossiblewiththismethod,thismethodwould
beappropriateforbothclinicalandepidemiologicalstudies.
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A promptandaccuratediagnosisisthekeyto
effectivediseasemanagementofmalaria.Inboth

clinicalandepidemiologicalstudies,diagnosisofmalaria
infectionconventionallydependsonthemicroscopical
examinationofbloodfilmsstainedwithGiemsaorthe
Fieldrapidstainmethod.Diagnosisaccuracydependson
theexperienceoftheobserver,thequalityoftheblood
smearpreparedandthetimegivenfortheexamination.A

simpleandrapidmethodwithhighsensitivityisneeded
thatcouldbeusedinallareaswheremalariaisaproblem.
RecenttechniquesusingDNAorRNAprobeshavehigh
sensitivityandhighspecificity,andhavebeentriedforthe
rapiddetectionofmalariaparasitesespeciallyoflowlevel,
buthighcostanddifficultyofapplicationinthefieldare
majorobstaclestotheiruse.Oneofthepromising
methodsappearstobefluorochromestainingwithacridine
orange(AO)dye［1,2］.Withthismethod,thereisa
differentialstainingofnuclearDNA(yellow-green)and
cytoplasm(red),whichrevealstheclearidentificationof
themalariaparasite,buttheneedforanexpensive
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fluorescencemicroscopehasbecomeitsmajordrawback.
Withtheadvancementofappropriatetechnology,fluores-
cencemicroscopyusingastandardlightmicroscopewith
interferenceandbarrierfilterswasdevelopedtodetect
malariaparasitesinthickandthinbloodfilmsusing
acridineorangestaining.Thismethodallowstheuseof
lowmagnificationandpermitsrapidscanningoflarge
areas.Inthisstudy,weusedaMalariaDiagnostic
Microscope(modelMDM-ESL),aproductofthe
GakkenELIZACompany,Japan.Itisequippedwitha
combinationoftwobarrierfiltersanda100-watthalogen
lamp,suchthatusedinaprojector.
Theobjectiveofthisstudywastodeterminethe

parasitedetectabilityinthickfilmsbytheacridineorange
fluorescencetechnique(AO),totestitsapplicabilityand
theuseoftheMDM-ESLinthedetectionofparasites,
comparedtotheconventionalGiemsastainingmethod.
Testswereevaluatedforsensitivity,specificity,accuracy
ofparasiteestimates,timerequirementandexperience
needed.

MaterialsandMethods

Thisstudywasconductedon1,390clinicallysuspect-
edmalariacasesofThatontownship,amalariaendemic
area,located3,600kmfromYangon,Myanmar.Five
replicatethickbloodfilmswerepreparedfrom each
subject.Thefirstslidesofeverycasewerestainedwith
Giemsaandcheckedformalariaparasitesbyanewly
trainedgrade3technician(novice)inthefield.Initial
Giemsathickfilm(GTF)resultswereconfirmedon-site
by theexperienced technician oftheParasitology
ResearchDivision.Theother4slideswerekeptdryand
transferredtotheDepartmentofMedicalResearch
(LowerMyanmar).Examinationsofparasitesweredone
withinoneweekbystainingthesecondslidewithGiemsa
andthethirdwithacridineorange.Theremaining2slides
wereexaminedafteronemonth,usingGiemsaoracridine
orangesolutionasbefore.
Thediagnostictestusingacridineorange-stainedthick

film(AOTF)observedundertheMDM-ESLwasmea-
suredagainstaGTFstandard.

GTFwerestained
with5 Giemsafor20minandexaminedusinga
standardbinocularOlympusBH-2lightmicroscopeunder
1000Xmagnification.

AOTFwere
stainedbyplacingasmallamountofAOsolutionina

singlestripdownthecenterofthecoverslip(18x18or
24x24mm)thatwaslaidonafilterpaperorapaper
towel.Holdingthethickblood-smearedslideatbothends
withthesmearfacingdownwards,thetechnicianpressed
theslidegentlyagainstthecoverslipwithAOstain.Any
excessstainsqueezedoutwasadsorbedbytheunderlying
filterpaperorpapertowel.Thebloodsmearwas
examinedimmediatelyunderanMDM-ESLmicroscope
startingfromlowmagnification200X,whereparasites
couldbeeasilyspotted.Theparasiteswerebestidentified
under600Xmagnification.

TheGTFand
AOTFfilmswerescoredbycountingthenumberof
parasitesper100whitebloodcells(WBCs).Ifno
parasitewasseenaftercounting100WBCs,examination
wascontinueduntilwehadexamined100fields.The
parasitedensitieswerepermicroliter.
Anyspecimensthatwereexpressedasparasitenega-

tivebyGTFbutpositivebytheAOTFmethodwere
re-examinedbyGTFupto600fields.Theinitial100-
fieldGTFresultsexaminedbythegrade3technician,the
resultsoftheexperiencedtechnicianandtheresultsofthe
extendedGTFexaminationwerecombinedandusedas
thestandard.Wecalculatedthesensitivity(trueposi-
tives/totalnumberofparasitepresent)andspecificity
(truenegatives/totalnumberofparasiteabsent).

Results

ThesensitivitiesandspecificitiesoftheAOTF
methodarecomparedwithGTFasthe‘goldstandard’in
Table1byspecies,anddiscrepanciesareshowninTable
2(A)-(C).Wefoundsensitivitiesof82.8 forPlas-
modiumfalciparum(P.falciparum)and100 forPlas-
modiumvivax(P.vivax)andspecificitiesof97.1 forP.
falciparumand98.6 forP.vivax.
AOTFhadahighersensitivityatlowerlevelsof

parasitemiathanathigherlevelsofparasitemia(Table3).

Htutetal. ActaMed.Okayama Vol.56,No.5220

Table1 Sensitivityandspecificityofacridineorangefluorescence-
stainedthickbloodfilmscomparedwithstandardGiemsa-stainedthick
bloodfilmtechniqueaccordingtospecies

P.falciparum P.vivaxMixedinfection

Sensitivity() 82.8 100 50.0
Specificity() 97.1 98.6 100
Positivepredictivevalue() 96.4 75.0 100
Negativepredictivevalue() 86.1 100 98.6
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AOTFshowedonly62.5 and72.7 sensitivityatthe
parasitemialevelsof1,000-10,000/μlandabove10,000/
μl,respectively.Thehighertheparasitemialevel,the
greaterthespecificityobserved.

ThetotaltimetakenbytheAO
methodwas7min,whichincluded2minofstainingtime
and5minforslideexamination.TheGiemsastaining
methodtook15mintoprepare,whensampleswere
processedinbatches.Regardlessofwhethertheresult
wasnegativeorpositive,ittookabout10mintodeclare
aspecimennegativebymicroscopy.Totalhandlingtime,
calculatedasthepreparationtimeperspecimenplusthe
timeittooktodeclareaspecimennegative,decreasedfor
alltechniquesasspecimenswereprocessedinlarger

batches.ThetotalhandlingtimefortheAOTFtechnique
wasthereforelower,whetherspecimenswereprocessed
singlyorinbatches.

The100 sensitivity
cut-offpointsfortheinexperiencedtechnician(novice)
werehigherthanthosefortheexperiencedtechnician
(Table4),andthenovicerecorded80falsepositive
resultsamongthe680uninfectedcontrols.Themicro-
scopicexaminationtimeswerealsoaffectedbytheexperi-
enceofthemicroscopist.Thenovicetook15minto
declareaspecimennegativewithGTFand10mintodo
sowithAOTF,whereastheexperiencedmicroscopist
took10minwithGTFand3minwithAOTF.

Discussion

TheAO stainingmethodwasfoundtobemore
sensitiveunderlowermagnification(600X)thanthe
Giemsastainingmethod(1000X),whenslideswere
observedbythenovice(Table4).
Therewerecasesofmixedinfection(P.falciparum

andP.vivax)inGTFasreadbytheexperiencedtechni-
cianthatweredifficulttoidentifyintheAOslide,which
accountedforthesensitivitylevelsof62.5 and72.7

AcridineOrangeStainforMalariaDiagnosisOctober2002

Table2 DiscrepanciesbetweenacridineorangestainandGiemsa
stainmethodsinthediagnosisofmalaria

(A)

P.falciparum

Giemsa
result

Acridineorangeresult

Positive Negative
Total

Positive 530 20 550
Negative 110 680 790

Total 640 700 1340

(B)

P.vivax

Giemsa
result

Acridineorangeresult

Positive Negative
Total

Positive 30 10 40
Negative 0 680 680

Total 30 690 720

(C)

Mixedinfection

Giemsa
result

Acridineorangeresult

Positive Negative
Total

Positive 10 0 10
Negative 10 680 690

Total 20 680 700

Table3 Sensitivityandspecificityofacridineorangefluorescence
stainingaccordingtomalariaparasitemia,comparedwithstandard
Giemsa-stainedthickbloodfilmtechnique

Parasite/μl No.ofsamples
Sensitivity

()

Specificity

()

＜100 600 89.3 96.9
100-500 270 83.3 93.3
500-1000 110 100 100
1000-10000 160 62.5 100
＞10000 200 72.7 100

Table4 ComparisonoftwodiagnostictechniquesforP.falcipa-
rum infection;proportionofreplicatesrecordedaspositiveat
decreasingparasitedensities

Parasite/μl
No.
replicates

Observer

Experienced

GTF AOTF

Novice

GTF AOTF

＞10000 4 1 1 1 1
1000-10000 4 1 1 1 1
500-1000 4 1 1 1 1
100-500 4 1 1 0.75 1
＜100 4 1 1 0.25 0.5
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attheparasitemialevelsof1,000-10,000andabove
10,000,respectively(Table3).Theresultsdemonstrated
thehigherspecificityandgreaterrapidityofAOwhen
comparedtoGiemsa-stainfilms,confirmingtheresultsof
otherstudies［3,4］.However,carefulpreparationof
theacridineorangesolutionisessential,becauseeither
under-stainedorover-stainedspecimenswillproducepoor
results.OnceAOstainisprepared,thesmearshouldbe
freshlyexaminedortheslidemustbekeptinamoist
chamberorboxtopreventitfromdryingup.Apartfrom
this,oneadvantageobservedfromthestudywasthatthe
parasiteswerestilldetectableeveniftheglassslideswere
keptunstaineduptoonemonthandthenexaminedusing
theAOtechnique,andtheresultswerenotsignificantly
differentfromthoseofslidesstainedandexaminedwithin
oneweek.
Thetechniquenecessitatesafluorescencesystem,

whichcanposelogisticproblemsforfieldinvestigations.
ThatwaswhyKawamoto［1］proposedtheuseof
daylight-illuminatedmicroscopesfittedwithinterference
filters,whichcouldhavesignificantadvantagesforfield
use,exceptthattheydonotallowforspeciesdifferentia-
tion.［5］.TheAOtechniqueisnot,however,satisfac-
toryforspecificdiagnosis,astheprecisemorphologyof
theredcellisnotclearlyvisible.Althougherythrocytes
werevisiblewiththeAOmethod,stippling(Schuffner’s
orJames’sdots)wasnotstainedclearlyanddifferentiation
wasthereforedifficult.Asthemorphologyofthepara-
sitesisnotapparentwiththeAOtechnique,itwas
difficulttodifferentiatebetweenPlasmodiummalariae(P.
malariae)andPlasmodiumovale(P.ovale).Gayetal.,
［6］(1996)notedthattheAO methodallowedthe
diagnosisofspeciesdifferenceofPlsamodiumin85 of
samples.Wongsrichanalaietal.［7］andAgabanietal.
［8］suggestedthattheAOtechniqueofKawamoto［1］
wasasgoodas,orbetterthan,theuseofGiemsastain.
Ifspeciesdifferentiationisrequired,inareaswithahigher
proportionofspeciesotherthanP.falciparum,misclas-
sificationmightleadtosuboptimaltherapy.Theinfection
withP.falciparumoccupiesabout95 ,andP.vivax,
about5 ,andtheinfectionwithP.malariaeand/orP.
ovaleisveryrareinMyanmar.Therefore,differentiation
fromthoseinfectionsisnotapracticalproblem.The
resultsofusingtheAOmethodachievedbythenovice
andexperiencedmicroscopistshowednosignificantdiffer-
ences,andthismethodrequiredlesspracticetoperform
thetestaswellastoidentifytheparasite.
Itispossiblethatthetechniquewouldbeequally

valuableinthediagnosisofotherparasiticdiseases(e.g.,
trypanosomiasis,filariasis,etc.),andnotonlywithblood
samplesbutalsowithotherbiologicalspecimens(e.g.,
stool,bonemarrow,cerebrospinalfluid)andevenin
microbiologyaspreviouslyreportedfortuberclebacilli［2,
9］.TheAOmethodprovedtobemoreeconomicalthan
theGiemsastaining.AdditionalcostsfortheAOmethod
includedabout$15forthehalogenbulband$60forthe
interferencefilters［10］.
TheMDM microscopeweusedwasconveniently

operablebyusingastandardACpowersupplyora12-V
DCcarbattery.Itisalsoeasilyconvertibletoaconven-
tionalbiologicalmicroscopebyreplacingthebarrierfilters
withanordinarybluefilter.
Inconclusion,becauseofitssimplicityandrapidity,

theacridineorangefluorescencetechniqueusingan
MDM-ESLseriesmicroscopecomparedfavorablywith
Giemsastainingand,withtheexceptionofspecies
differentiation,wouldbeanappropriatemethodforboth
clinicalandepidemiologicalstudies.
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