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ABSTRACT：GencticrcsistanceofchickenstococcidiosishasbeeninvL：StlgaLedfo（SeVeraldet：ades・  

ManyauthorshavepajdatlcnliontorelationshipbetwecntheresistanceandaJloant）genSyStemS・Among  
12alloamtlgenSyStemSOfchickenbloodtypes，thecontributionofA・B，C，E，andIsystemsto  
susceptibilityorrcsis－ancetococcidiosishavebeenstudied・TheBsystem，Whichisthe7naJOr  
histocompatibilitycorn7）1ex（MHC）ofchickens，hasbじCnidentifiedascontributinglargelyto  
susccptibility（OCOCCidiosisofchickens，Partiallyincn】1aboratioIlwithbackgroundgenes，butscveral  
aulhorsclaimedthatitscontribu（ionwaslessthanbackgmuTldgenes．Differencesextentinthe  
contribu－ionsofBsystemtoTCSis－anceinembryosandthatinchickenswasobserved・Possibi］i（yof  
contributionofalloantlgengeneS，e・g・A，L）CandIlOtherthanBgenes（OtheresistarlCe（一fchickensto  

coccidiosiswasalsosuggestedr AlloantlgCngeneSmayWOrkincollaborationwithbackgroundgemesin  
expresslngSuSCePtibilityorresistancetococcidiosjsinchickcns・  

lNTRODUCTION  

HoslresistancetodiseasesisanimpoTtantissueinchickengenetics・Coccidiosis，  
Marek－sdisease，Sarcomatumors，infectiousbursaldiseaseetc．hilVCbceninves【igated（reviewed  
byGavora，1990）．Cc・CCidiosisisonco＝hemostimpor［antdiseaseswhosehostresistancciII  
chickenshasbecr）Studicdbymanyauthors（e，g，，Champion，1954；RosenheTge［alL，1954；  
Cha11ey，1966；JeffersandShirlcy，1982；JeffersandWagenbach，197O；Long，197U，1973；  
Siegel，1976；Gross，1976，JohnsonandEdgar，1982；Mathisetat・，1984）・  
Chickenbloodtypeswereallottcdto12aLloantigensystems，i・e・，A，昂C旦昂LtLLLL；   
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L＞j；R（BriIesetal・，1950，1962；GilmouT，1960；Crittcndenetal・，197O），Eachsys（emhas2（at  
J・L・R），3（at月，K），5（aり）andmanyalleLes（atA－E，P）．TheBsystem，COnSistingofmore  
than30aJIcles，isthemq50rhistocompatibilitycomplex（MHqinchickens，andisanalogousto  
H－20fmieeandHL－Aofhumans（SchiermanandNordskog，1961，1963；JaffeandMcDerm札  
1962；Pazderkaetal・，1975）・TheCsystemisdetectedonleucocytcsandweaklyrelatedto  
histocompa（ibility（SchiermanandNord＄kog，1965），Whilc（hcA，qEandLsystemsdonot  
appeartoberelatedtohistocompatibility・ThcKandRsystemsarerelatedtoagglutinationto  
VaCChiaviruS（Browne（alL，1973）and＄uSCePtibilitytoRoussarcoma（Crittendenetalリ1970）．  
Notwe11charactcrizedarethefuLL，andPsys［ems・Rela［ionshipbetweeJlreSistanccto  

diseasesandBhaplotypcshavebeenjnvestigatedbymanyauthors，eSPCCiallytoMarek・s  
diseas6，Sarcomatumors・erythrobIastosis，lymphoidIeukosis，SpOnIaneousautoimmune  
thymiditis，infcctiousbursaldise＆Se，fowIchokraandcoccidiosis（r∈ViewedbyGavora，1990，  
Matsuda，1990）．  

Historyofbreedingofchickensresistan‡【OCOCCidio＄iswasrcviewedbyLong（1973）and  
JeffersandShirley（1982）・Inthispaperlreviewtherelationshipbetweena11oantiBeDSyStCmS  

andgeJleticvariationofresistancetococcidiosisinchickens．  

A・GeneticAspecIsortheⅢosIRe5pOn5七血涙囲  

Mathisetal・（1984）rcvea18dthatresis（ancetococcidiosisinchickenswasmoderately  
heritablebyexaminlngWeightgaln，paCkcdredbloodcellvolume，mOrtalityandcoccidial  
lcsionshlrandombredchickenpoputationinfcetcdwithE，［eTZeLLaandE．acervuZina，Tb／O  
approacheshavebeenusedtostudytheeffectsofa1loantlgenSyS（emstohostresponsesto  
COCCidiosis．OneapproachinvoIvedcomparisonsbetweena1loantlgCnSyStemSOfchickenfrom  
linesvarInglnreSistar）CetOCOCCidiosis・Theo（hcrapproachwasperformedbycomparlng  
resistanceofstockswithdifferenthaplotypesofalloantigens．Ofthealloantigensystems，those  

investigatedintemlSOfhostresponsestococcidiosisareA，旦C昂ノ．  

a．β5yStem  

TheBsysterrlistheMHCofchickensLItisknowr）knowledgefrommice暮ha（MHC  
antigensarewidelyrelatcdtoimmunologlCalrccognition，e．g．，CytOtOXicTce11srecognlZCviral  
OrtumOraI）tlgenSinassociatiozlwithMHCantigensontargetce11stokjlltheceLIs，helperTce11s  
recognizeforeignantigenswithMHCaJ）tigensonan（igen－PreSCntingce11s（APC）andafter  

recognitiollOfantigenswithMHCantigeJISOnBcellsandmacrophages，helpeTTce11scooperate  
WiりIBcellstoiJlduceantibodypTOductionandwithmacrophagestokillintracellular  
microorganisms・Therefor6，COntributjonsofthcBsystcmtosusccptibilitytococcidiosishas  
be6nthcfocusofrcscarchbymanylnVCStlgatOrS・Ⅰwi11mentiondetailsoftheseexperimental  

designs，becausetheyusモdvarietyofliJleSOfchickens，paraSites，methodsofinfcctionand  
immunization・Tbiswillbeinformativeinordertocomparetheresultsoftheseexperimcnts 
JohnsonandEdgar（1986）comparedBgenotypeSinlinesRandSwhichwefeSelected  

respectivelyforresistanccandsusceptibilitytoacutececalcoccidiosis▲TheRlineorlglnated  
血omsclectionthatbeganin1948inSingleCombWhitekghorns（モdgaretal．，1951）atAub   
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universltyhAlabamaintheU息・BothlineshadB2；RhadB5andarecornbinantOfB2andB5  
bossiblyF2G2－5）andShadBl，B3，B4andB6・Inlhe13StStageSOfselection・B4inRLhleandB5  
inSline，Whichwerepossessedatlowfrcquencyintheearlystages・hadbecorneextinct，and  
therewasanincreasefrcquencyofB5inlheRLineasaresultofintensificationofselcction  
preSSure・  

BumstcadandMillard（1987）comparcdsusceptibilityof7inbredandpartiallyinbrcd  

linesofchickenstoE．Eerte／／aandE．maxLma・Theyshowedthattherewerelargedifferences  
bctweentheselinesintheeffectsofchallengeonwcightgainandmortalitybrbothspeciesof  
parasite・However，COrrClationsbetwcen3cri（eria（weightgain，mOrtalityandoocyst  
production）wcrelow，SuggeStingdifferentmcchanisrnsinwhichparasitesaffectchickensorthat  
chickensaffeclparaSites・lnthesclines，theT6WaSnOindicationofassociationofresistanceto  
coccidiosiswithresis（ancetoMareklsdisease・Theycomparedmortalityofprogenyfrom  
B4B12xB4B12matingsofWhiteI．eghornlincCafterchallengewithE・teneLla・Themortalitywas  
yeatestforB12B】ヱhomozygotcs（6death／6invcstigated），intermediatebrheterozygo［es（7／10）  
andleas【forB4B4homozygotes（4／9）．Thissma11numbersofchickcnbsinthisexpcriment  
allowsonlythesuggestionthatB40rB12areassociatedwithsusceptibilitytoE・teneLla・They  

（1992）alsocomparedoocystproductionof8inbredlinesofchickensto7specicsofchicken  
Ejnleria．Eachinbredlincshaddifferentpatternofoocys【prOductionandlincswhichdischargcd  
largernumberofoocystsofE・tCnelladischargedsmallernumberofoocystsoftheotherspecies  

andvjce－VerSa，indicatingthatinvcrscre］ationshipbctweensusceptibilitytoE・tenellaand  
susceptibilitytothcotherspecies・TheseresuLtssuggeslexistenceofcommongeneticfactors  

affectlngSuSCePtibilitytothe6eimerianspecicsotherthanE・tenClla・  
Clareetal．（1985）comparedsusccptibilityoftheF4CrOSSOfline61（耳旭2）andline151  

（B5B5）whichweretwohighlyjnbredSinglcCombWhiteLeghornslinesfromUSDARegional  
PoultryRescarchI．aboratory（RPRL），EastLansinginMichigan，U・S・At6weeksofagc，  
chickenswereimmunizedwith50000CyStSOfE・（ene［］adailybr5days，andthenchallenged  
withlO，OOOoocysts2weeksafterthelastprlmaryeXPOSUre・B2B2hadsignificantlyhigher  
lesionscores［hanofB2B5andB5B5genotypeS6daysfollowlngChallcnge・Therewereno  
significan［differencesamongthc3groupsinbodywcightgain・WhennonimTnunizedchickens  

werccha11enged，althoughtherewerenodiffcrenccsinlesionscores，B2B2chickenshad  
slgnificantlylowerweightgalnSthanB2B50rB麺5chickens，indicatingthatB2B2chickenswerc  
rnoresusceptiblctoELEenellainfectionur．derconditionsofbothilT）munizationand  
nonimmunization．They（1985）aLsocomparedsusceptibilityofnoninbredlines（UNHIO5）of  
NewHampshireshavingdifferentBalloantlgCnSunderthesameexpeIimcntalscheduleas  
mcntionedabove．Whenimmunized，B23B23chickenshadsignificantlyLowerlesionscoresthan  
B23B24chickens，WhileB24B24werein－ermediate・NonimmunjzedB23B24chickenshad  
sigr）jficantlylowcrweightgalnSthanB23B230rB24B240neS・EffectsofBhaplotypesw¢renOt  
clarifiedinB23andB24．ThecontributionofbackgroundgenesandtheoveralllevcIofgcneLic  
he（erogeneityoftheNewHampshirestockIT）ayhaveinnuencedtheresponsivcness・  
TheBcorr．plexconsistsofthrccchroTT”SOmalreglOnSWhichcncodecellsurface  

antigens，B－エ，B－FandBrG（Pinketal・，1977）－B－FandB－Lantigensarchomologuesof  
maTr）maljanclassIandclassJlantigens，reSPeCtively・B－GcodesforaunlqueaVianerythrocytlC  
antigen，andisnamedclassIVbecausejtdocsnotcorrespondwithanyreglOnSinH－20rHLA・  
ClareetaL．（1989）observcdrcsis【anCeandimmunityto且tene［］aamongB－Fβ－Grecombir）ant   
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Chickens・TheyusedsixB－FP－GrecombiJ）anthaplotypesonaB17B17background・When  
Cbickcmwereh臨c一号d頑Ib25，卯旧or2，50000CyStSOf且勧e地雨5w∝ksofage，β17β畔ユー  
G23）chickcns，WhichwereanFlbetwcenB17B17chickensandB－Fm－Grecombinantchjckens  
thathaverecoⅡlbinantgenesofB2atB－Freg10nandB23a（B－GreglOnbutexpre＄SB17  
haplotyp8・hadgreaterweightgainsandlowerlesionscores・Whenchickenswerechaucnged21  
daysafEerin1munizationwi（h5000OCyStSforeachof5consecutivedaysbeginnlngat5wceksof  
age，B（F21－G19）andB鮮1－G23）homozygouschjckenshadlowErlesionscoresthanB好一GV）▲  
hhetert｝ZygOuSChickens，B17／β畔1－G19）chickcnshadlowerlesionscoresthanBr7／βq2－G23）  
OrB17JB（F21－G23）ones．TheseresultssuggestanassociationbetweenB－F2andresistanceof  
naivechickensandbetweenB－F21andresistanceiochallengeafterimmunization．ResistanCetO  
Chjckencoccidiosisinnaivechickensandthatinimmunizedchickensshouldbeconsidered  
SeparatCly・ThcseresultsiJ）dicatctha（SuSCCPtibilitytoE・EeneZLavarylnChickenspossesslng  
di脆rentrecombinantMHChaplotypeS．  

RuffandBacon（1984，1989）studied（heroleofBsystcmsinsusceptibjlityandimmunity  
toE・EeneLlaandEYaCeT用LLma，uSlnBSixB－COngeniclinesofchickens■CongcniclinesweTe  
developeda触rfouror5vcgencrationsofbackcrossmatlngSinRPRLWhiteLeghominbred  
line15Ⅰ5（homozygous血）r月15），j・eりeaChli鮎WaShomozygous如β2，β5，β1Z，β13，β19，Orが，  

Whilebackgroundgeneswerecommon・d5chickenshadsignificantlygreaterweightgalnS，  
higheTplasmaplgrnentSand島OmeWhatlowerlesionscores，dropp）ngSCOreSandoDCySt  
PrOductiona鮎rEtetzeLLainfection，dlanB2chickens・Whenchallengedwi（hl，00000CyStat35  
0r38daysofageaf（erimmunizedwithlOOoocystsoneeor4tjmesbeginnlnga（21daysofaBe，  
（herewerer．oslgPificantdiffercncesbetw丘enB2andB15insusceptibility・B15chickenswere  
morcrcsistantthanB2andB191inestoaheavyinfection（1xlO6）withE．acervulinabasedon  
WeightgaiT）・Withalighterinfection（1xlOう1isionscoreswerehigherforB2thanB50rB15．  
TheyconcludedthattheBcomplexhasad6teCtableinfluenceonresistanceandsusceptibilityIo  
aviancoccidiosis，butthatitmayplayonlyamir）OrrOlehlthedevelopmcJltOfimmunitytoa  

dlallengeinfection．  
Lille叫andhercolleagues（1988，1989，199D，1991）observedimmunologicalrespo耶eS  

OfRPRL1515－BcongenicIinestoEimeriainfじCtion・Lilleho5etal・（1989）compared  

SuSCePtibjlityamong15T5－BcongeTlicLines（B2，B5，B12，B13，B15，B19，andB21）andotherinbred  
linespossessingB6B6，E13B13，B2B2andB15B2】・TheBcongcnicLincsvariedinoocyst  
PrOduction，lesionscoresandpackedcellvolumesafterprlmaryOrSeCOndaryE．tenetla  

infcction，SuggeStinganassociationbelweeniheBcomplex：andsusceptibilitytoE．teneLta 

However・Whensusceptibilityof15Ⅰ5－BcongBniclinewithB祖ユwascomparedtoa  
commercja11yobtaincdinbTedlir）e POSS巳SSingB2B2，difference wa＄Observedinoocyst  

PrOductionafterprlmaryandsecondaryinfec（ion，SuggeStlnganintcractionofBgenesand  
gel）eticbackgroundfortheoutcomeofhostresponsestoE・EerlelZainfection・ByusingB－  
COngenicorinbredlinesofchjckensmentionedabove，Lillehqjetal．（1988，199（〕）observcd  

differencesamonglinesince11ularandantibodyresporlScStOrCCOmbinantcoccidialantigensand  

OOCyStPrOductionoftheimmunj2＝edchickensafterEace”uLinachallenge・LilldlOjaJldBacoll  
（1991）alsoinvestigateddifferenceofehickenljnesinTcel［subpopula血ninjntcstinal  

intraepitheliallymphocytesofB－COngenicliJleS（β2B2andB5B5）whichwereprogenyofRPRL  
15Ⅰ5afterE・aCeTVuliflainfection・  

Dunningtonetal・（1992）investigatedthecontributionofBcomplex（OSuSCCptibili（ytoE，   
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tenezlabyuslngtheirownlinesofchickens・Fromsublinesofchickensselectedforhigh  
antibody（m）orLowaJltibody（LA）responsetosheepcryth∫OCyteS（SiegelandGross，198O），  
theydcvclopedsublineshavingallpossiblecombinationofhaplotypesattheBcomplex＠13B13，  
B13B2l，B21B13，andB21B21；thenrstdesignationiscontributionofthesire，thesecondthatofthe  
dam）ineachofthetwogeneticbackgrounds（HAandIA）・Theymeasuredweightchangesand  
cecalscoresa鮎rchauengcinfectiontonaiveand（Oimmunizedchickcns・Betweenchickens  
havingbackgroundgenomcsofHAandLA（eachlinecDnSistedoffourBhaplotypesabove  
men（ior）ed），thereweresignificantdifferences・However，therewerenodiffercnccsamong  
cJlickenshavingdifferentBhaplotypeS（resultswereanalyzedaf【crdataofchickensoffJAand  
LAwiththesameBhaplotypewercpooled）・The）rCOnCludedthatthebackgroundgenome（HA  
vs．LA），ratherthanBhapIo（ype＠13vs．B21），impartedgreaterresistanceorsusceptibiIitytoE  
Je〝e／／α．  

Fromthcscarticles，theBsystemisconsideredtocon（ributelargelytosusccp（ibilityto  
coccidiosisofchicker）S（BumsteadandMi11ard1987，ClareetaL・1985，1989，RuffandBacon  
1989），PartiallyincollaboTationwithbackgroundgenes（Clarcetal・1985，Lillehq5etal・1988，  
1989，1990，1991），OrZessthanbackgroundgcncs（Dunningtonetal・1992，JohnsonandEdgar  
1986）．  

b．Otl】erSy5lems  

JohnsonandEdgar（1984，1986）investigatedthediversityofA，EandCalloantigensh  
Chickensfromlinesgeneticallyresistant（lincR）andsusccptible（lineS）toE・tenella・LineR  
hadahighfrequencyofhaplotypcsA7E5andA9El，andlineShadarangefromhightolow  
frequencyofA9E3，．雌5，A徳2andAllEl．FrequencicsofCgcnesin1incRwere59％ofCland  
41％ofCl，andthoseirLlineSwere12％ofCl，19％ofC2and69％ofC3・Thcyconcludedthat  
genesotherthanBgenehavemeasurableeffectsonE，［enellainfcction・  
Martinetal．（1986）producedspecificsegregantsatlociIwithhomozygosityforB21，JP，  

andLlbymatlnglnalineselectedfnrhighantibodyrespDnSetOSheeperythrocyteantige11S  
（Sicgela刀dGross，1980）．Thesechickenswereimmunizedat20daysofageandchallengedat  
31daysofagebyE．Eene［La．Lesionscoresofchicker）SfromPPhomozygousparentswere  
signjficantlylowerthanthosefromI2I4x凸40rI2PxI2I4matings．Thissuggeststhat］gene  
COrrelateswithacquiredimmunitytoE，（enel［ainfeetion・  
Theseresultssuggestpossibilityofcontributionof a1loantlgengenCS，e・g・A，E CandJ，  

OtherthanBgenestoresistancetochickencoccidiosis．  

B．GeneticA5peCtS01theHostRespon5ef〃PyP  

CompIctclifccycleofdcvelopmcntofE・（enelLajsobtaincdinchickcr］CTr］bryosaftcr  
inocuIationofsporozoitcs（IshijandOnaga，1971；Itagakictal．，1972；Long，1965，197O，1973；  
Nakaietalり1982）・MortalityofthcembTyOSandoocystproductionarcdosedcpcndcnt（Nakai  

etal・，1982）・  

JeffersandWagcnbach（1970）observcddifferenccsir）mOrtalityafterE・tenellainfection  

amo11gChjckenembryosfrom8Linesofchickens・Long（1970）also obtained different   
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SuSCeptibilityinchickenembryosoftwolinesbyobservlngmOrtalityaAerEtetleELainfection．  
These、authors，however，didnotstatethealloantlgCI）SyStemSOfthesclincs，  
Nakaietal・（1993）comparedsu鼠CeptjbilityofchickenembryosofH－B2andH－B15  

1inestoE・teTZeLLainfection・ThcsctwolinesorlglnatedinTurkuUnjverslty，Finland，andare  
partlyinbredlinespossesshghomo2＝ygOuSBhaplotypeS（β徳2andB15B15，reSpeCtiveli）．H－B2  
hadlowじrmCrrtalityandhjgherooCyStPrOductionthanH－B15■EmbryosofH－B2were  
COnSideredtobemoreresistanttoE｛ene）La・Howevcr，Wh巳n10－day－01dchickcnsoftheselines  
WereinoculatcdwithE・teneLLaJtherewerenoslgnificaltdifferencesbelweenthetwolinesinthe  

bodyweigh（gain，CeCal］eng（h，CCCallesionscore，00CyS【production，eXCeP（forceca1  

7daysafterinfection・Thisindicatesthat（hercwasalmos（nodifferenceinsusceptibility  

betweenthctwolinesinchickensandsugges‖血tBhaplotypeSOfembryosandchickensmay  

havedifferentrolesinresistancctoEEetzel］a・l［maybepo＄tUla暮edthattheroleofthcBsys（81Tl  
inresistancetoeimeria71infectionvariesatdifferen（StageSOfimmunologicalmaturationof  
embryosandchickcns・The代1ationshipbetwccntheBsystemandimmunologlCalmaturation  
Shouldbeinvestigatcdfurther．  

C．CoIICl11dingRemarks  

Itseemsexceedinglydif且culttorevealtherelationshjpbehvecnalloan暮1genSyStemSand  
TeSistancetochickencoccidiosis・Thereareseveralreasonsasfo1lowlng：  
（i）Limitednunbersofinbredorcozlgenicchickenlir）eSeXjst，aTldalmosta1lofthcmare  
av3ilableonlylnafewiTIStitutes・Accordingly，directcomparisor）Ofrcsultsamt）ngdifferent  
researchersisalmostimpossible．  
（ii）MechaJ］ismsofpathogenicityofchickencoccidiumarecomplicatcd．Thencriteria，e．g．，  
mortality，W巳ightgain，paCkcdcellvolume，CeCallesionscore，00CyStPrOductiDnetC・，are  
difficulttobechosentoexpressresistanceorsusceptibility・Rcsultsobtainedthroughone  
Criterionmaycontradictthoscusingothercriterion・MortaLityandwcightgainexpressthe  

SyStCmicresponseofthehosttococcidiosjs，andthecccallcsionscoresandoocystproduction  
6XpreSSmai叫localresponseofthehost．  

（iii）bnmunologicalresponscshaveno（beenwellunders［oodincoccidiosis．Itisimportantto  
Seethesusceptibilityofchickensafterimmunization・Thechickenindustrymayprefcrchicker）S  
thateadlyacqulrereSistancea鮎rimmunizationrathcIthanthosetha暮Showsevereprotectionin  
thenaivecondition・Immur）OloglCalproperticsofchickensareTnuChmorecomplicated・Ifone  
ChickendoesnotallowdevelopmcntDfcoccidia，thechick巳r）mayaCqulrClowlevcIofimmunlty  
becaus60flowimmunoLoglCaIstilTrulatio刀bysmallnumberofparasitesgrowT）．Onthcother  
hand，SuChachickcnmaysurvivcatexposureofhighdoseofparasitcsandmayacquirehigh  
lEVelofhlmunity．  
ItisnotcasytoprovideadeBnitiveconcLusiona（lheprescnttime；however，alloantigen  

genes，eSPeCjallyBgenes，COuldcontributc（OSUSCePtibilitytococcidiosisofchickcnstoa  
Certain¢Xtent・ThesegenesmayworkincDllaborationwi（hbackgroundger）eSir）CXpreSSlng  
SuSCCptibilityorresistancetochickencoccidiosis・Therelationshipbetween（healloantigGn  
genesandresistancetoc∝Cidiosisshouldbeinvcstigatedfurther．   
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