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AI主STRACT  

EqualnumbersofgrazlrLgHo】stein，Koreannativeandcrossbreedcattleon  
Ch亘juisland（SouthKorea），tOtaling195wereexaminedfor T71eileria seTgenti  
infection and parasitemialevels by microscoplC eXamination ofGiemsa－Stained  
blood smears and the polymerase chain reaction（PCR）・Comparatively the  
POSitiveratesofT・SeTgentiinfectionaswellastheparasitemialevelswerehigher  

inHoIsteincattlethan boththeKorean nativeandcrossbreedcattle．Positive rates  

and parasitemia of HoIstein cowsincreased continuously duringthe grazlng  

Period．These results suggestthat HoIstein cattle showed more sensitive to T・  
SeTgentiinfectionthantheKoreannativecattleandcrossbreedcattle・   

INTRODUCTION  

Bovinetheileriosisisaninfectiousdiseasethatistransmittedprinclpallyby  

ticks，and characterized by severe anorexia，fever，anemia，and jcteruS，a  

COnSequenCe Of p］rOPlasms replicatlngln erythrocytes．Animals that survive  

theileriosis general1y becomelow－levelcarriers ofthe parasite and serve as a  
reservoirhost fortransmission．Thereare manymethodsavailable todiagnose  
tx）vinetheileriosis．ThemicroscoplCeXaminationofGiemsa－Stainedbloodsmears  
forthediagnosisoftheileriosisisstiJluseful，pOpularandsustaiTlableme（hodin  
theneld．Butmeileriainredbloodcellsisdetectableonlyduringtheacutestage  
and can not be detected during thelow－levelparasitlng Stage・Many  
immunodiagnostic tests，SuCh asindirect fluorescent antibody（1FA）test and  
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SUSCEPT’lB）LITY OF T7zeileria seTgentiTNFECTION   

ELISA havebeendeveLopedforthedetectionofantibodiesto Theileriasp．and  
Babesia sp．Additional1y molecularbiologlC teClmiques suchas PCRhave been  
usedrecently todetect parasite DNA（Figueroa and Buening1995；Bose etal．  
1995）・ThePCRtechniqueisaverypowerfu1toolforthediagnosisoftheileriosis  
（Kawazuetal・1995；Bishopetal・1992）．ThePCRmethodissensitiveenoughto  
detectO．5pgofpurifiedT．sergentiDNAinlOml，Whichc（〕rreSpOndstoabout45  
ParaSitesinlOmlofblood（1もnakaetal．1993）．  

Bovinetheileriosiscausedby T．sergentEisoneofthemosteconomically  
importantdiseaseofcattleonCh再uisland（Kimetal．1993）．Ch再uislandlies96  
km fromthe southern tip ofthe Kofeanpeninsula．Thisisland has awet and  

SubtropICalclimate．ManyticksspeCleSincludingLtaemq）hysalissp．，Bo甲hiLussp．  
havebeenidenti坑edonChqiuisland（MoonandKim1987），howeverT．sergenti  

hasbeenshowntobepredominantlytranSmittedbyHaem叩hysalEslongLCOrnis．In  
Korea，thereare no paperdescribingthesusceptibility to T．seTgentiinfection  

among different breeds of cattle・Recent evidences by uslng PCR technique  
Showedthatmost重eldisolatesconsistedofmixedparasitepopulations（Kubotaet  

al・1995）．Todifferentiateparasitepopulationsbearing3al1elicformsofmqjor  
piroplasmsurfaceantigen（P32／34）ofT．seTgenti／b互脾Ii，3setsofoligonucleotide  

primersweredesignedtoampl勘eachof3al1elebyPCR（Kubotaetal．1995；  
1996）．  

The purposes ofthis study was toinvestlgate theinfection rates to T  
SergenlEinfectioninHoIsteineattle，Koreannativecattleandcrossbreedcattle，and  

thechangeSOfhematologicalval11eSinHoIsteincowsduringthegrazlngSeaSOn．   

MATERIALS AND METHODS  
均押血卿血旬血血  

Bloodsampleswerecollectedbyjugularvenepuncturefromequalnumbers  
Ofclinically healthy HoIsteincattle，Korean native cattle and crossbreed cattle，  
totalinB120cattleoversevenmonthsold（Groupl，3，5）and75calvesunder  

SeVenmOnthsold（Group2，4，6）．Allexperimentalanimalswerebornandraised  

OnChqjuisland．In March，beforegrazlng，T．seTgentiinfection rates ofthree  
breeds over sevenmonths old were between60to70％with Korean native cattle  

havingthelowestrate．Thoseofundersevenmonthsold werefrom40to60％  
WithHoIsteincattlehavingthelowestrate．AftermicroscopICeXamination，blood  
Sampleswere keptfrozen at－200cuntilDNA was extracted．In May，the early  
grazlng SeaSOn，themicroscoplC eXamination results of Giemsa－Stained blood  

SmearS Were COmpared with those obtained by the PCR method．T．se曙entL－  
infectedbovine bloodwhichwasusedaspositivecontroIwasobtainedfromthe  
National＼もterinaryResearchInstitute，Korea．  
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βわ∂deJαmブナ∽rわ〃  

Theparameters whichwereincludedwhite bl00d cell（WBC）counts，red  
bloodcel）（RBC）countsandpackedce11volume（PCV）weredeterminedbyan  
automaticbloodcellcounter（CoulterElectric Co．．USA）．Fibrinogenandtotal  
proteinweremeasuredbyrefractometer（AOspencenUSA）・ParasitemiawチS  
determinedbycountlnginfectederythrocyteperl，000RBCsundermicroscoplC  
examinationofGiemsa－Stainedbloodsmears（×1，000）．   

上）∧rA hのJαJわ乃  

DNA extraction from frozen blood samples was done as described by  
Figueroaet al．（1992）andCalder etal．（1996）．Brieny，1mloffrozenblood  
Sampleswerethawedatroomtemperaturebeforecentrifugjng12，000rpmfor10  
minat4Oc・Thepe］1etwasresuspendedinlmlofTEbuffer（0．1MTris－HCl【pH  
8・0］，10mMEDTÅ），andcentrifuged．Subsequentlythepelletwasresuspendedin  
O．47mloflxSSCE（0．15MNaCl，15mMTrisodiumcitrate，lmMEDTA），and  
30mlof20％sodiumdodecylsulfate pluslOmiofproteinase Ksolution were  
added・After ovemightincubation at37Oc，T・SergentlDNA was purified by  
Standardphenol－ChloroformextractionandethanoIpreclpltation．   

β〃Aα〝甲坤cd血乃ムγPC尺  

PCR were carried outin a25mlreaction mixture containlnglO ng of  
templatedgen？micDNA，10mMTris－HCl（PH8・3）・50mMKCl，1■5mMMgC12，  
0．001％ gelatln，200mM each of the four dNTPs，One unit of Taq DNA  
polymeraseandO．5mMeachoftheoligonucleotideprlmerS，forwardprlmer；5●－  
TÅrGTT GTCCAAGAGÅTCGT－3’andreverseprlmer；5’－TGA GACTCA  
GTGCGCCTA GA－3T（Kawazuetal．1992）．Forallele－SPeCi甫cPCR，threesets  
Ofoligonucleotideprimersweredesignedtoamplifyeachofthreea11eles（C，Iand  
Btypes）（Kubotaetal．1995；1996）．PCRwascarriedoutusinganautomaticDNA  
thermalcycler（PerkinrElmerCo．，USA）for30cycles．Eachcycleconsistedof20  
SeC Of denaturation at94凸C，20sec of annealing at58Oc，and80sec of  
polymerizationat72Oc，with anadditionallOminat720c afterthelastcycle．  
Ampl摘catlOn PrOducts were analyzed byelectrophoresisinl．5％agar gelsand  
detectedbyUVilluminator，afterethidiumbromidestainlng，   

馳油症耶頑繭  

Datawasanalyzedstatisticallybypairedandunpaired［hteSL   

RESUIJS  
7nMay，theearly grazlngPeriod，theinfectionrateofmeileriaparasitesin  

HoIstein，Korean native andcrossbreedcattlewere examinedby bothPCRand  
microscopICeXamination・ByPCR，aneXpeCted870bpfragmentwasobservedin  
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SUSCEPTIBILITY OF Theileria sergenti INFECTION

the positive samples (
_
Fig. 1). In the microscopic examination of Giemsa-st 1

blood smears, Theilena parasites were detected in erythrocytes (Fig. 2）・

M P N 1 2 3 4 5 6 

872bp --

Figure 1. Agarose gel electrophoretic 
patterns of PCR amplification from 
blood samples. M; size marker, P; 
positive control, N; negative control, 
Lanes 1-6; Holstein cows samples. 

Figure 2. lntraerythrocytic forms of T. sergenti. Giemsa-stained 
blood smear. A; positive result, B; negative result. 

Table I. Comparison of T. sergenti infection rat巴S in different cattle breeds 
by the PCR method and the microscopic examination. 

Number of Positive rates(%) 
Breeds 

Head Microscopy PCR 

Holstein 65 
Group I 40 87.5 92.5 
Group 2 25 84.0 88.0 

Korean native 65 
Group 3 40 67.5 75.0 

Group 4 25 64.0 72.0 

Crossbreed 65 
Group 5 40 80.0 85.0 

Group 6 25 76.0 84.0 

Grouos I. 3. 5；印刷e over seven months old, Groups 2, 4, 6; calves 
under seven months old. 
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SUSCEPTIBTLITY OF TheiZeria5efgen（tlNFECrION   

ThbJe2・Char）geSOfRBCandPCVaccordingtoratesofTsergentiparasitized  
erythroc）rteS．  

No・Of  ％ofparasitizedRBC  
Breeds  

positlVe  ＞1％  0．9LO．6％ 0．5LO．1％ ＜0，1％  

Ho】stein   

GroupI   
RBC（104／n巾  

PCV（％）  

Group2   
RBC（104／ml）  

PCV（％）  

Koreanna厄ve   

Group3   
RBC（l（戸／mり  

PCV（％）  

Group4   
RBC（104／mり  

忙V（％）  

Crossbreed   

Group5   
RtlC（104／mり  

PCV（％）  

Group（I  
RBC（】0射ml）  

pCV（％）  

37  0  5  18  14  

498土55a 56g±76 （；l（i土78  

27±4   30±2  33±3  

∠∠  4  4  2  12  

513±29  568±41 660±25  736±87  
25±2  28±2  31＋1   33±4  

JO  O  2  

630土95  

34±】  

18  0  1  

605  

26  

9  19  

7傘l±78  799±98   

38±2   41土3  

4  13  

752土202 餌）5±133   

37±7   43土5  

34  0  3  10  21  

551土62 （i83土109 755±108  

29±3   34±3  37⊥4  

1  2  5  13  

613  （i92±26 738±34 797±60  

31  35±0   38±2   41±4  

RBC courltSand PCVi11alJgroups decreased significant】y as palaSitemia  
progressed（pく0．05）．ameanTSD．  

AsshowninTablel，bothPCRand microscopICeXamination showedthat  
HoIsteincattlehadthehighes（infectionratewhemcomparedtobothKoreannative  

Or CrOSSbreed cattle．To determine the allelic form of p32／340f  
ParaSites，a11ele－SpeCific PCR was performed．A11the positive samples tested  
COntainedmixedparasi（epopu］ationsofT・SelgentiCandItypes・  
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SUSCEPTIBILITY OF77zeLLeria sergerdINFECTTON  

′hble3＿Hematologic且1vaLuesofc且deaccordingtobreeds・  

No，Of RBC  WBC  PCV Fibrinogen TbtaJprotein  
head （104血）  （叫）  （％）（mg／dl）  （g／dl）  

B陀ds  

n
 
 

e
 
 

S
 
 

恥
 
 

2
 
 

5
 6
3
7
 
3
2
 
3
 
 

573±∬b lO，014±2，585a31±3d 432土186 7・1±0・6  

760±55  9，267±別）2  39±2 267±115 7．4±0．4  

665±120C 9，501±3，287 31±ヰ亡 391±144 6．3±0．8  

822士44 10，233±802  3（i土1 400±200 7．0±0．2  

65  

F
 
r
 
 

P
 
N
 
P
 
N
 
 

l
 
 

つ
】
 
 

n
r
 
 

P
 
 

u
 
 
 

u
 
 

相
 
 
 
和
 
 
 

G
 
G
 
 

KoreaTlnative  

P 30  772土100BlO，750±3，255 00±4D 470土17右 7．1±0．5  

N lO  冨71土糾 10，870士2，953 42士2 520±140（i．9±0．3  
Group 3 

858±167C 8，338士1，72＄ 41士7E ユ89±175 6・6±0・5  

1，045±108 7，270土2，358 47土5 360±12（i6．5±0．4  

8
 
 
1
 
7
 
 Group 4 

Crossbreed  

Group 5 

5
 6
3
4
 
6
 
 

P
 
N
 
 

713土130E13，623±3，024 36±4D450土148 6・6土0・6  

783±10S13，907±3，429 37±6 5（氾±109 6．3±0．2  

P  21 7ヱ5±92C 9，392±2，356・棚±5E 431土138 6．1±0．6  

N  4  珊士19  8，900±l，293 47±3 350士1〔抑 6．4±0■6  
Group6  

B：b，C：C，D：d，E：e／RBCcountsaJldPC＼／of7二sergentiinfbctedHoIsteineadewere  
sigrlificantIylowerthanthoseofotherbreeds（P＜0・01）・F＝fRBCcountsandPCVofT  
sergentTinfectedcows（P）weresignincarltlylowerthanthoseofnon－infectedc且相e（N）  
iJlallgroups（p＜0．05）．F；pOSitiYe，N；negative・Allv且】uesrepresentmean±SDL  

Alltheparasitesinfected cattle wereclassified according totherates of  
ParaSitizederythrocytesandcomparedthetotalnumberofRBCandPCVamong  
3breeds（Thble2）．ThenumberofpositivecattleamongHoIstein，Koreannative  
Btndcrossbreedcattlewere37，30and34，reSpeCtively・RBCcountsandPCVinal1  
groupsdecreasedsignincantlyasparasitemiaprogressed（p＜0・05）・  

TheRBCcountsandPCVin paraSiteinfectedHoIsteinwerelowerwhen  
comparedtothoseoftheother2breeds（P＜0・01）・Ina116groups，RBCcountsand  
PCV were significantlylowerin theinfected cattle（p＜OrO5），however WBC  
counts，重brinogen and totalproteins were not slgnificantly different between  
infectedandnon－infectedcattle（Table3）．  
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SUSCEPTIBILITY OF T7zeLleria sergenEiINFECTION   

ThbJe4・Hematologica］valuesofHoIsteinca仕Ie（Group））duringgrazingperiod，  

RBC  WBC  PCV Fjbrir．ogen Tbta］protein  

（l（戸叫）  （ml）   （％）  （mg／dり  （釘dl）   

Months  

May  587±99  9，958±2，499 31士4  420±lg6  

July  538±96 10，993±2，52ウ 29±3  463±168  

September 側2土82 】2，278±3，848 26±4  328±130  

7．1土0．6   

7．2土0．6   

7．2±0．7   

RBCcountsandPCVsignincan（ly decreasedfrom MaytoSeptember   
（p＜0・05）・＾1】valuesrepre＄entmean±SD．   

ThbJe5・ChangesofRBCaJldPCVaccordingtoratesofTsergentiparasitJZed  
erythrocyLesirlHoIsteincaWe（GroupL）durlnggraZjngperiod．  

No・Of  ％ofparasiti訳dRBC  
Months  

匹Stdve  ＞1％ 0・9－0・6％ 0・5－0．1％ ＜0・l％  

May   
RBC（104／ml）   

pCV（％）  

July   

RBC（104ノ血）   

PCV（％）  

37  0  5  18  14  

498士55 568±7（i 616±78  

27±4   30±2   33±3  

38  1  7  17  13  

405   443±55  546±7（i 557±71  

24  27±2   28土3  32土3  

Septemt光r  4）   
RBC（1が／叫）   

PCV（％）  

0
0
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2
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1
3
2
 
 

RBCcountsandPCVdecreasedsignincant】y且SParaSitemiaprogressed  
（P＜0・05）・〟lvaluesrepresentm8Ⅲ±SD．  

DuringthegrazlngperiodbetweenJulytoSeptember，GrouplofHoIstein  

Cattlewerefo1lowedparasitemialevels andhematologlCalvalues andcompared  
WiththeresultsofMay（rIbble4and5）．FromMaytoSeptember，hematological  
Values such asRBC counts and PCV continued to decreasein GroupIHoIstein  
Cattle，howeverWBC counts，nbrinogen and totalprotein were not signiBcant  
Changed（Thble4）．The numberofinfectedcattleandpercentageofparasitized  
RBCcontinuouslylnCreaSedduringthegrazlngperioda5ShowninTable5・  
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SUSCEJTrIBILITY OF Theileria sergenL7TNFECTION  

DISCtISS10N  
Cattle susceptibilities totheileriosisand babesiosis are thought to be  

differentaccordingtobreeds．Teradaetal．（1995）reportedthesusceptibilityOf  
thetwobreedsunderexperimentallycontrolledconditionwithoutexternalfactor  
thatJapaneseblackcattleshowedamoresolidresistancetoT・Sergentiinfection  
thanthatofHoIsteincattle．Undernaturalconditioninthepresentexperimental，  
we foundthe similarresults that Korean native cattle was more resistance to T．  
SergentiinfectionwhencomparetoHoIsteincattle・   
lnthepresentexperiment，mOStCa血eonChduislandwereinfbctedwithT・  

5eTgenti，however severe clinicalconditions caused by T・Selgentiwere rare・  

HoIsteincattleshowedhigherparasitemiaandlowerhematoIogicalvaluethanthe  
Otherbreeds・TheseresultssuggestthatHoIsteincattleshowedmoresensitivltytO  
T．se愕entiinfectionthantheotherbreeds．Ithasbeenpreviouslydocumentedthat  
milkproductionofHoIsteincowscontinuouslydecreasedfromJ11netOOctober  
（Yangetal．1989）．Moreover，Kimetal．（1983；1984）showedthatHoIsteincows  
infectedwithT．sergentlprOducedlowermilkproduction・Itisthereforethought  
thatthedecreaseinthemilkproductionoftheHoIsteincowsinChduislandmay  
becloselyassociatedwithhighinfectionrateofT・Selgenti・   
InmaJOrityofT・SeTgentiinfectedcalvesinJapanandKoreapresentedin  

mixedparasite populationsbearingIandCtype parasites（Kubotaetal・1995；  
Kakudaet al．1998）．Inthe presentexperiment，WeteStedthetyping ofChqju  
isolatesbyusing3setsofprimers（forI，CandBtypeS）andfoundthatallisolates  
testedshowedmixedpopulationsofT and Ctypeparasites，Similartothatof  
previousreport（Kakudaetal．1998）．IthasbeenbelievedthatItypeparaSiteis  
more pathogenicthan Cand B typeparasites（Onuma etal・1998）・The most  
effbctive waytocontroltheileriosisisthrougtltheeliminationofticks，buttick  
eradicationisimpracticalinmostareas・Therefore，thebestapproachistoraise  
HoIstein cows with better nutrition andin a better environment as wellas  

vaccinationusingcocktailofIandCtypeparaSites（Onumaetal・1998）・  
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