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ABSTRACT  
A ma）ariometricstudy wascarried outin two highaltitudesites，Mumias  

andMalava，inKakamegadistrict・Mumiassupportslargesugarcaneplantations  
whileMalavaisforested with mainly subsistencefarmlng being practised・The  

prevalence ofmalarlainfection amongchildren was high andshowed seasonal  
variationinbothstudysites・1nMumias，ParaSiteratespeakedupat58・3％inthe  
WetSeaSOnWhileinMalavaa48，3％parasiteratewasrecordedinthesameseason・  
ThevaluesforthecorrespondingdryseasoninMumiasandMalavawere43・0％  
and32．0％respectively．Parasite rateswerehighestinthe5－9yearsagegroup  
（range40．6％－69．4％）．However，thehighesLparasitedensitieswererecordedin  
theyoungerchildren3－12monthsold・Significantvariationinparasitedensities  

between age groups was evident．The predominant species，Plasmodium  
jblc如rum，WaSpreSerlLin85．4％ofallpositiveslides，P ma］ariaein5・5％and  
9．】％ofthe sLideshadbothPlasmodium specjes．PlasmodiumovaleandP  
WerenOtPreSentarnOngthepositivecasesrecorded・Gametocyteswerepresentin  
15．6％ofthe slides examined．No significant seasonalvariationin gametocyte  

rateswasobservedinbothstudysi（es．Thepresentstudy showsthatthelevelof  
malariainfectionis high and occurs year roundin the highaltitude sitesin  
westernKenya・Controlmeasuresandimprovementsintheavailabilityofbasic  
healthfacilities and servicesshould［hereforebeofferedmuch neededattentionin  
Ordertoalleviatetheproblemofmalariainthisreg10n・  
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INTRODIJCTION  

Despitetheimplementation ofcontroIstrategleSin mostendemicreglOnS  

and eoncerted research effortsinto newinnovations、malaria stillremains th8  

SlnglemostimportantdiseaseinthetropICSandsubtropICS・1n1995，thenumber  
rLumberofcases orma】ariaworldwide wasestimatedat300－500mi11ion（WHO  
1996）．In Africa，malariais estimated to cause more than100mi11ion clinical  
episodesand prevalenceofinfectionisestimatedtobeover275millionparasite  
Carriers（WHO1993）・In Kenya，the magnitudeofthehealth problemposedby  

malariaishighespeCiallyinwestemandonthecoastofKenya．Itisama」OrCauSe 

Ofillness and deathinchildrenin these areas．1n some areas estimatesofinfant  

andchildmorta】ilyindicatethala11east58infants perl，0001ife births and12  
ChiLdrenperl，000childrenagedbetweenト4years dieeachyearofthedisease  

（Snowetal．1994）．Malariainhumansiscausedmainly byfourprotozoanspecies  
OfthegenusPlasmodium：Phlc＊）arum，Pma［ariae，Z3vivaxandp．ovaお（GiIes  

1995）．Falciparum Tnalariais the mostimportant of the four species of  

PLasmodLum，aIldinthetroplCalreglOnSitisresponsibleforatleast85－90％ofall  

malariacases．1tis animportantcauseofabortion，Stillbirth anddeathin non－  

immuneindividualsin［heseareas．ThemalariasituationisworsenlngSinceaccess  

to formalhealthservicesin much oftheaffectedareasis becom］ngeVenmOre  

limited．Serious constrainls such as vector resistanee toinsectjcjdes，ParaSjte  

resistance to drugs，pOliticalinstabilities and povertyln muCh of the African  
COntinentofferevenseriouscha11engestothemanagementofmalaria，Thepresent  
Study was umdertaken toassess seasonalpatterns ormalaria prevalencein high  
altitudesitesinwesternKenyawherelifethreateninglevelsorma］ariaexistbutso  

rarglVenVerylittleattention．   

MÅTERIALS AND METI10DS  

．＼Jり．八、廿ヾ  

MalariometricsurveyswereconductedinMumiasandMalavadivisionsof  
Kakamegadistrict．wes（ernKenya・MumiasisasugarcanegrowlngZOneandhas  
an altitude of aboutl，50O metres a．s．1．Ithas a totalpopulation of206，456  

inhabitantswith apopuJationdensityof355personsper km2・1thasatotalof  
45，981householdsandcoversanareaofabout581km2．Malavaontheotherhand  
isaforested zoneandliesbetweeml．65kmandl．8km a、S．l．Malavadivisionhas  

148，812inhabitantsin an area of527km2with a population density of282  
personsper km2（Republic of Kenya，1989）・The popularion whichlivein  
SeatteredviHages practise mainly subsistencefarming・Bothstudy sitesare well  
SerVed with medica］centres and dispenSarleS・The governrnent sponsored  
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MakungaHealthCentreandS［・Mary．sMissionHospitalprovide healthservices  
toalargepartofthepopu］alioninthedivisioninMumiaswhi］etheMalavasub－  
districthospltalprovideoutrpatientandlimitedin－Patientservicesinthedivision  
with a fewIocaldispensariesalsoofferlng Similar services・Similarly prLVate  
physiciansprovidemedicalservices，andproprletaryformsofantimalarialdrugs  
maybepurchasedfrom shops・Trainedvi11agehealthworkersprovideessential  
basicmedicaladvicetothepopulationaswellastreatlngCOmrnOn ailmentsand  
uncompllCatedmalaria・   

肱血ぬ仰山地物▼∫〟rVピ～侮〃Cg  

ParasitologlCalsurveySWere Carriedoutin Mumiasand MalavainJuly－  
SeptemberandDecember－February（COrreSPOnding tothe wetanddry seasons  
respectively）．Apparentlyhealthychildren（n＝472）agedbetween3monthsto15  

yearswithnoslgnSOffeverorhistoryoffeveratJeasttwoweeksbeforethestudy  
comrnencedwererecruitedintoLhestudyfo】lowlngCOnSentbyparentsand／or  
guardians・Thinandthickbloodsmearswerepreparedfromfingerprickblood  
samples・After Giemsa stainlrlg，paraSitaemia was estimated by countlng the  
number of malaria parasites agalnSt20O white blood ce11s・Twoindependent  
readingswere doneforeveryslidetodetermine theleve］ofparasitaemiaand  
gametOCyterateS・   

RESUIノrS  

鮎川〝df抑摩Jゆdr〟d〃dP椚βJdr加～ゆc如〃  

ThcparasitoIoglCalsurveysconductedinMumiasandMalavaindicatedhigh  
prevalences of malariainfections among apparently hea］thy，aSymptOmatic  
childrenscreenedinJuly－SeptemberandDecember－February・Thiscorresponded  
tothewetanddryseasonexperiencedinthisreg10n・TherainfaIltotalsof470・7  
mmand326，6mmwererecordedinMumiasinthewetseason（July－Septemt光r）  
anddryseason（DecemberTFebruary）respectively・Correspondimgrainfa11totals  

were672．6mmand240．2mminthewetanddryseasoninMalava．Plasmodium  
jblc如rumandPma［arLaeweretheonlyPlasmodium speciesidentinedamong  
theslidesexamined．ThedislributionofthetwoPlasmodiumspeciesisshownin  
Tablelbysiteandseason．  
PureP．fL］ciparum（85．4％，n＝187）formedalargeproportionofthe（Otal  

positiveslides examinedwhileP〝ulh7riae accountedfor5・48％（n＝12）・Mixed  
infectionsof顆坤a〟mandPma］ariaewereobservedin9・13％（n＝20）ofthe  
totalPlasmodiumpositlVeSSlides．Overall，Pjb］c如rumaccountedfor94・5％（m  
＝207）oftheinfectedcaseswhilePmaLariaewasresponsiblefor14・6％（n＝32）・  
Thetotalpercentageisgreaterthan100sinceslideswith mixedinfectionwere  
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COnSidered twicein this calculation・Therefore，aS WOUld be expeCted，f！  

jblc＊arumhasgreatercontributiontoi11nessduetomalariainthjsregion．  

Thblel・Relativeproportions off｝hむ如rumand Pma由riaein a且eXuaJbloodstage positjve  

CaSeS 
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Ayearroundtransmissionofmalariawasobservedinbothstudysiteswith  

SeaSOnalvariationin malaria parasite rates・Table2shows the age patternOf  
malariainfectionand parasitedensitiesinsamplesofpopulationin Mumiasand  

Malava．  

Thb】e2AgedistributiorlOfndarLainfeetLOnaJldpamsitedensitIeSinchjldrenir）Mumias  
andMalav乱   

J山Y－S印tmb町  Decem暮光「－Febw  
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42．9  2，345．6  

61．1  1，748．6  

69．4   1，092．6  

48．3  926．7  

33．3  2，491．9  

54．5   1，008．4  

6l．0  770．4   

41．4  59l．9  

45．5  2，465．9  

48．3  848．1   

45．0  763．7  

37．0  76l．0  

25．0  3，191．7  

30．B  I，104．2  

40．6  733．9   

23．1  653．4   
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Arelative］yhiBherproportionofchiJdrenscreenedinthewetseasonhad  
malariaparasitesintheirbloodstreams（Mumias＝58．3％，MaJava＝48・7％）than  
in thedry season（Mumias＝43．0％，Malava＝32・0％）in both studysites・These  
differencesin parasite rates durinB the two seasonsin both study sites were  

Signincant（F3，】2＝4・718，P＝0・021）suggestingthatmalariatransmissioninthe  
studysiteschangedwithseason・Ⅵriationwasalsoobservedinparasiteratesand  
meanparasite densities（numberofparasites／LLlblood）indifferent agegroups・  

Highparasiterates（69・4％inMumiasand61％inMalava）wererecordedamong  
childreninthe5－9yearsagegroupespecial1ysointhewetseason（Fig・1）・The  
differenceinparasite ratesbetween agegroups within thetwo study sites was  

Significant（F3，12＝9・08・P＜O・0（）1）・  
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Figurel・DistrlbutionofmaLanainfectionaccordirlgtOageamOngChiLdrenirl  
MumiasandMalava．  
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At bothsites themean parasitedensities（numberofparasites／rLlblood）   
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Werehigherinlessthan12monthsoldchildren（rrhble2）．AsigniBcantVariation  
inparasitedensitieswasevidentbetweenagegroupsinthestudysites（F3，12＝  
34・57，p＜0・001）・Similartrendswereobservedbothinthewetanddryseason，  

Withparasite densitiesshowlng StrOnglnVerSerelation toage・Therelationship  

betweenageandparasitedensltyisshowninfigure2．Thedifferencesin parasite  
densitiesbetweensites・Were，however，nOtSignificant（F3．12＝0・873，P＝0・482）・  

Pkzsm？diumPciparumgametocyteswereobservedin15・6％（74／472）ofthetotal  
Slides examined・The number ofslides posJtive for gamet（光yteS from Mumias  
（17：l％，38／222）andMalava（14．4％J6／250）werenotsignincant，Thehighest  

PrOpOrtion ofgametocyte carriers was amongchildren below the ageofyour  
yearsandgametocyteratestendedtodecreasewithage・Thegametocyteratesin  

thedryandwetseasoninbothsiteswereidentical．  
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Figure2・ReJationshipbctweenageandparasitedens］tylnSamplesofpop血tionin  
MumiasandMalava．  

DISCUSSlON  
OurresuJtsjndicatetheoccurrenceofhigh，year－rOund，PreValencesofP  
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カ1c桓arum parasitaemias among childreninin the high altjtude regions・The  
PreValence ofinfection showed marked seasonalvariation．However，the mean  
parasiteratesrecordedin Mllmias、（51．1％）andMalava（40L4％）weregenerally  
lower than those obtained from areas on the shores of Lake Victoria where  
parasitaemia prevalence among apparently healthy children may be as high as 
94．7％（Beieretalリ1994）．This confirms acomparativelylowlevelofmalaria  
transmissioninKakamegacompared toareasnearIJakeVictoria・Animportant  
demonstrationin the present studyis thelack of any significant variationin  
ParaSiteratesbetweenbothstudysitesalthoughMumiashasbeenshowntohavea  
4fold entomologicalinoculation rate（E（R）as compared to Malava．This  
ObservationmayeitherindicatethattheleveloftransmissionintensltyaSeStimated  
byentomologlCalindicessuchasETRmaynotrevealtherealpICtureOfmalaria  
prevalence／incidenceorthatevenunderconditionsofverylowlevelsofmalaria  
transmissionappreciablyhighprevalencesofmalariaareexpected・Attemptshave  
beenmadetoestablishtherelationshipbetweentransmissionintensltyandmalaria  
PreVaIence．However，these studies have not established any appreciable  
COrrelationbetweenpreva）ence／incidenceofPPllcfparuminfectionandtherate  
Ofexposuretosporozoiteinfectedmosquitoes（McElroyefal・，1994；Mbogoel  
al．，1995）．Thefindings fromthese studies，aSWellasthepresentinvestigation，  
Show that even verylowlevels of malaria transmission are able to maintain  
importantlevels ofmalariain the population・The needtherefore for control  
effortsevenundersituationsoflowmalariainterlSltylSClearlydemonstrated・The  
highest prevalence of parasitaemia wasin children aged5－9years old while  
infantsbelowoneyearofageexhibitedthehighestparasitaemiasinbothstudy  
Sites．AnjmverserelationshipbetweenageandparasitedensltyWaSeStablishedin  
thepresentstudy，InendemicareasmaJariarelatedmortalityishigherinchi】dre  
underthe age offive years．This can be attributed tolow anti－P・falclparum  

immunity because oflow exposure to f押Ic桓arum hence thereis a high  
probabilityamongyoungerchildrenofdeveloplnghjghparasitaemiasrelativeto  
theiroldercounterpartsunderthesametransmissionconditions・Thelowlevelsof  
Pmalariaepositivecasesobservedinthepresentstudyaregenera］lyexpectedin  
mostendenlicareas．ThroughoutendemicareasofAfrica，lowerprevalencesofP  
TTullariae than Pjhlcbarum are generally observed．BinkaetaL・（1994），in a  

malariometricsurveyin（heKassenarNankanadistrictintheuppereastreglOnOf  
Ghana，foundPjhlcOarum（70．6％）tobethe predominantspeCies followedby  
PmaZariae（16．9％），P ovale（7．9％）andP vLvaxinl．4％ofthecasesexamined．  

IntheSiayadistrict，WeSternKenya，Ilfalciparumwasshowntopredominatein  
94．4％ of cases screened with P mahriae and P ovale having an overall  

prevalenceof25．6％and16．4％respeCtively（McElroyetal．，1994）・Thepresence  
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Of gametocyte carriersis one factor that significantly modulatesinfectionin  

mosqu】tOeS，and therefore affects the overa］1pattern ofmalaria transmission．  
Evidence from a seriesofstudies show th且t gametOCyte densltyandprevalence  
tendtobehigheramongveryyoungchildrenanddecreases withage（Githekoet  
al．，1992；Boudin eEaL．，1991）．Theresultsofthepresentstudydemonstratethe  
importantcontributionofyoungchildrentothedymamicsofdiseasetranSmission  
in anendemic area asimportant reservoirs of malaria．Based on the present  

SurveySeriouseffortsareneededforthecontrolofmalariainKakamegadistrict．   
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