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ABSTRACT   

Trials were conducledin groups of14day old Ross Broilcrs and Lolmann  
Brownlaylng birds experimentallyinfected with350，1，250・5，000，20，000，  
80，000，320，000，Orl，280，00O sporulated oocysts of a field strain of Elmeria  
tene11a・rnle OOCySt Outpul，Weight galn andperfomance・ClinicalslgnS and  

mortality were recorded for14days postinfection・Birds were necropsied for  
lesionscorlng andhistopathoIoglCalexamination・PerforTT．anCeWaS rClatedtothe  
levelofchallenge withmortality ofupto80％occumnginbirds jnfected with  
20，00000CyStSandabove・rll－CreWaSgOOdcorrelationbetweenclinicalslgnSand  
postmortem findings，wi一h severelesions presentinbirdsin the more heavily  
infbcted groups・Caecae were engorged and distended with bloody caecalcores・  
HjstopathoIoglCalexamination confhled the prescnce ofincreaslng numbers or  
parasites from day6onwards，WiLh massivc epithelialdestruction and mucosal  
Sloughingintheheavi1yinfectedgroups・   

INTRODUCTION   
Coccidiosisisanimportantdiseaseofchickensworld－Widcandisrecognisedas  

aproblem ofintensification（Reid1990）・1tscontrolrelies a】mostexclusivelyon  
Chemotherapythroughtheincorpora－ion ofanlicoccidialsinthefeed・Besidesthe  
continualexpenseofuslngdrugS，OneOfthema」OrprOblemstothepoultryindustry  
has t忙en the emcrgence ofresistant strains ofcoccidia・1n many countries anti－  
coccidialemcacylSCOnStan【1ymonitoreduslnganumberofparameters・Oneofthe  
morefrequentlyusedlaboratorybasedrnethodsistheAnticoccidialSensitivityrrbst  
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（AST）inwhichtheefncacyofanumberofanticoccidialdrugSisevaluatedagainst  

fieldisolatesinanin－Vivosystem．Anum加rofmod漬cationstothismethodexist  
butallbasicallylnVOIveartificiallychallenglngparaSite－naivebirds．Challengedand  

uninftctedcontrolbirdsarethenmonitoredforperformance，faecaloocystoutput  
andclinicalandpathologicaleffects（ChapmanandShirley1989）．Monitoringof  
resistanceindicesreliesonknowledgeofthepathog印iceffbctsofthesevenmain  
SpeCiesofEimeriaaffectingchickensandthelesionstheindividualspeciesproduce  
（Long and Reid1982）．In the UK，muCh of theinfomla（ion used for these  

investigationswasundertakeninlig恒hybridlayerstrainbirds（JoynerandNorton  
1969）．Geneticselectionandimprovement，OVerthelasttwodecades／，hasresulted  
inbroilerbirdswithimproved growthratesandfeedconversion，andegg－1aylng  

Strains of birds withincreased prolincacy（Law and Payme，1990）．Itis wel1  
8Stablishedthat difftrent strains ofbirds varyln their susceptibility to coccidia  
（Long1968）．Anecdotalevidencealsosuggeststhattherehasbeen ashiftinthe  
PreValence ofindigenouspQpulations ofcoccidiain the field due to changesin  
POultry management and drug uSage（Marsha11，perSOnaIobsen′ations），Eimeria  
necatrLrandE・brune（tiwereconsideredmqjorpathogensover20yearsagobut  
arenowonlyrarelyseeninbroilersintheUK（Norton，perSOnalcommunication）．  

E，tenella remains a highly pathogenic species andis oftenincriminatedin  
COCCidiosisoutbreaks．   

This study represents one of a series of trials aimed at jnvestjgating the  
perfbrmance，paraSitologlCal，Clhlicaland pathologicaleffects of a field strain of  
PreValent poultry coccidiain modem strains of broiler andlaylng birds．This  
Particularstudywas designedtoinvestlgatethe dose－reSpOnSe Ofafieldstrainof  

E．tenelZainyoungsusceptibleRQSSBroilersandLohmannBrownlayers．   

MATERIAL5 AND METHODS  

風脚椚血印肋＝抽血   

FemaleRossBmi1erandLohmannBrownlayerchickswereobtainedfromthe  

hatcheryatday－OldandrearedcoccidiafreeuntiJtwodayspnortothestar【ofthe  
trials（day－2）．Chickswerehousedingroupsof2000nWire－flooredcages（2．3m3，  
200birds／5．38m2）．Tnebirds weremaintaimed ataninitialtemperatureof300C  
With14hrs oflight andlO hrs ofredlight・Drinking water was provided via  
gravltyftednipple drinkers，andbirds werefedamodified standard ration after  
Ryley and Betts（1973）with the addition of Vitamin K．rmjs was provided ad  
libitumin troughfeeders fitted to the outside ofthe cage．At12days，rePlicate  
groupsweretransferredto smallerwireflooredcages（1．Om3，10birds／m2）．Feed  
and water was provided as bがore and the birds majntajned at an ambient  
temperatureOf250Cwith14hrsofdaylight・  
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Pβr（J∫加c〟J仙化d〃dcJldJJg〃ge   

OocystsofE・tenellawereorlglnallylSOlatedfromabroilerunitinthesouthof  
Englandin1988，andhadbeenmajntaiTledinthelaboratorybypeTiodicpassagein  
youngchicksfedanantjcoccidaトfreediet・Foreachofthetrials・freshoocystswere  
preparedbythemethodorNortonandtlein（1976）andusedwithintwoweeks  
after sporulation・rme OOCyStS Were COunted uslng a Fuchs Rosenthalhaemo－  

cytometer（Hawksley，London）and storedin2％potassium dichromate until  
required for use・hdividualbirds were ora11yinfected with E・Eene［la oocysts・  

dilutedtothecorrectdose，bydirec（administrationintothecroplnlmlvolumes  
uslngaSteri1espnngloadedsynngefittedwithaball－endedcanula・  

且甲どrJ∽e〃rdJdビ∫ig〃   

Separateidcn－icaltrialswerecaniedoutonRossBroilersandLohmannBrown  
layingbirds，Two daysbcforeinoculation（day－2），Chicks were randomisedby  
weightintoeighttreatmentgroupsasshowninrIbblel・  

Tablel．Expenmen【ddesign  

Group  Inたcdon  

None  

350 00CyS【sだ．fg〃ど／／d   

l，250 0∝yS【sg．肋旭侮   
5，0000∝ySrSg．把〃ピ仙   

20，00000CyStSg．J朗ど侮   
80，00000CyS【sg・rβ疋仙   

320，0〔れ 00CyS【Sg．re〃e他  

1，280，000 0∝yStSg．rg疋侮   

5，0（氾，20，（犯0，80，000，  
birds were individually 

infcction（PI）when the  

daily，and post mortem  

Groups oflO birds were then glVen 35O．1，250，  
320，000，Orl，280，0（M oocysts at14days of age－All  
weighed on days－2，O and thel10n days3to14post  
experiments wcrc terminated・Mortalilies were rccorded  
examinations carried out．rnle tOlalfaecalou（putfrom each group was co11ected  
daily，and the numt光rS Of oocysts per gram of faeces were determined by a  

modifiedMacMastersaltnotationtechnique，MAFF（1986）．Twot血ds，fromeach  
doselevel，WereeUthanased and nccropsied ondays6，7and R andlesion scores  

wereperformedoncaecaeusingthemethodofJohnsonandReid（1970）・Smears  
were taken from the caecalmucosa and examined for the prcsence ofparasite  
stages・Caecae wcre also examilled hisIopathoIoglCally followlng fixa（ionin  
BoujnTs solution，embeddingin wax，SeCtionlng at5トLm，and stainlngwith  
hematoxylin andeosin（H＆E）．rrbtalmucosalthickness（TMT）ofthecaccalwall  
was measured，for each of Lhe birds cxamined，uSlng a method similar to that  
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descritxdbyPout（1967）．Mucosaandsubmucosathicknessforeachhistological  
SeCtiorl，WaSmeaSuredatlOdifftrentpolntS，uSlnganeyepleCegraticule．Atotal  
mucosalthicknessratio（TMTR），fbreachoftheinfectedgroups，WaSCalculatedby  
dividingthemeanTMT，bythemeanTMToftheuninfectedcontroIs・   

RESUIJS   
InbothtypeSOfbjrds（broilersandlayers），Clinjcalsignswerefirs（notedinthe  

heavilyinftcted groups（groups7and8）on3days postinfection．The birds  

appeareddepressedandwereanorexic，Groups4to6showedsimilarslgnSOnday  
4，althoughwithalesserdegreeofseventy・MortalitiesrangedfromOto80％as  

Showninrrhble2，Withthe maJOntyOfdeaths occumngon days5and6．Post  
mortem examinations showed allbirdswith empty smal1intestines and typlCal  

haemo打hagiclesionsinthecaecae，ClinicalslgnSWerereCOrdedina11thesesroups  
untilday7，When the survivlng birds became more alert，and their appetlteS  
retumed．Tbeseobservationscorrespondedwellwiththcweightgains（Tbble2）．  

ThbIe2．MeanweightgalnandmctrtalityinbroilersnndtayersinfectedwithEbne血LeneLぬ  
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ⅣeJg加g【血   

TTLereWaSnOSignificanteffectcomparedwiththeuninfectedcontroIsonweight  
galninbroilers whichreceivedupto5，00000CyStS・andinlayersuptol，250  
00CyStS（P＝0・64andO・91，reSpeCtively）・Ofthebirdswhichreceivedl・28xlO6  
0OCyStSandsurvived，broilersgained87％oftheweightoftheuninfectedcontroIs  
comparedto54％forthesurvivlnglayerbirds・  
仇，叩∫Jβ〟甲〟J  

lnlayers，theuninfectedcontrolgroupacquiredanadventitiousinfectionand  
producedlownumtxrsofoocystsfromdays8to12，but山ebroilersremained  
uninfected．Allinfected groups producedlarge numbers ofoocystsfromday6  
0nWards．rnbroilers，afewoocystswereproducedonday5bythefourgroups  
whichreceivedthehigherlevelsofinfection・megreateStnumbersofoocystswere  
producedbythegroupswhichreceivedthefewestnumt光rSOfparasjtes（i・e・grOuPS  
2and3which received350andl，250oocysts perbird respectively）．Group8，  
whichTeCeivedthehjghestdoseofl，280，00000CyStSperbird，PrOducedthefewest  
oocystsofa11thegroups・Overall・thebroilersproducedhighernumbersofoocysts  
inallgroups・00CyStprOductionforbroilersandlayersissurnmarisedinlもble3・  

Thble3．00CyStOutPu（  

GrouplnfaLion Chichen lbミt芸慧‡：冒講amlb笠：蒜等fer  
0，00  
0．18  

ウ4．15  

47．97   

79．51  
70＿29  

121．1ヱ  

37．87  

R8．86  

26．り2  

5（i．5】  

25．71  

59．0二i  

22．b】   

38．55  
4．87  

1  None  Broil亡r  

：、・二・・：   

2  35（）  Broiler  

byer   

3  1，250  Broiler  

hyer   

4  5，000  Broiler  

byer   

5  20，0（〕O Broiler  
byer   

6  80，000   Br（）iler  
Llyer   

7  320，00（） Broiler  
byer   

8  1，280，000  Broiler  
byer  
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⊥ピ∫わ〃∫CO旧   

Lesionsandparasiteswereobservedinal1inftctedgroupswithanincreasein  
the numbersofparasitestagesasthedose－levelincreased・Grossly，1esionsranged  
fromnoneingroup2（35000CyStS）toextremehaemorrhagiccoresinallgroups  
receiving20，0α）00CyStSOrmOre（groups5to8）（rrhble4）．rnleWallsofthecaecae  

appearedthickenedinsomeinfectedgroupsbutwereverythinand丘iableinbirds  
hgroups7and8．  

丑叫卯血由錘可動励柳   
rIbehistopath0loglCalobservationsrelatedtoboththelevelofinfectionandthe  

intervalpostinftction・hfected birds showed varymg degrees of oedema，  
hyperaemia and congestion of the caecae withinnammation of the mucosa，  
epithelialerosionandluminalcorefomlationandhaemord－age・   

At6dayspostinfection，birdsinfectedwithbetween350－5，00000CyStS（Groups  
2－4）showed oedema，hyperaemia and cellularinfiltration ofthe caecalmucosa  

（TMTRBroilersl・43－2・86，Layersl．84－2．49）．Secondgenerationschizontswere  
VisiblewithinthecaecalmucosaofallgroupsandbothtypeSOfbirds．Moderate  
numt光rSOfBametOCyteSandsomeoocystswerepresentwithjnsurfaceandcrypt  
epithelialce）1sinlayers，butwerelessnumerousinbroilerbirds．Bothbroilerand  

layerbirdsinfectedwith over20，00000CySLs（Groups5－8）showedincreasing  
epithelialdamageandhaemorrhagewithinthecaecae・Sectionstakenfrombroiler  
birdsinthemostheavilyinfectedgroupthatsurvivedcha11enge（320，（X氾00CyStS），  
Showedaflattenedmucosa（TMTRl・12），aSareSultofsevereepithelialerosion  
andsloughing・Manygametocytestageswerepresentinsurvivlngepithelialcells  
andthelaminapropnawasinnltratedwithinnammatolrycellscomprlSlngmainly  
lymphocytes and eosinophils．Widespread crypL destructiorlWaS eVident with  
SurVivlngCryPtShyperplastic，andcontainlnginflammatorycellsandexudate．The  
lumencontainedahaemorrhagicnecroticexudatewithlargenumbersofoocysts，  
epithelialce11s and ery山rocytes・A similar p］Cture WaS Seen Withlaymg birds  
aIthoughthemostseveresloughingoccurredinbirdsinfヒctedwith80，OCK）00CyStS  
（TMTRl・34）・Layersinfbc［ed with320，000had severe mucosaldamage and  
thickeningbutsloughinghadnoLoCCurred．   

At7and8days pos（infection，the observed histolog）Calchanges were not  
dissimilartodlOSeObservedonday6・Infectedbirdsshowedoedema，hyperaemia  
andcellularinfiltrationofthecaecalmucosa・Epithelialloss anddestruCtionhad  
PrOducedflaltenedmucosaeinmanyoftheinfectiongroups（TMTRl．13to2．08in  
broilersandl・12to2・33inlayers onday7，1．09103．49inbroilersandl．41to  

l・88inlayersonday8）althoughthegroupofbroilersgiven20，00000CyStShada  
muchhigherTMTR（3．49）on day8dueto massive oedemain the submucosa．  
Largenumbers ofgametocytesand some oocysts werepresentwithinsurfaceand  
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Thble4．Pos（mortemObseTVat10nSandlesionscores  

Group Smln lnfection  Observations  Lesion score 

0  

0  

1  

2β  

1 Broiler  None Nolesionsorpamsitesseen  
Layer None Nolesionsorpamsitesseen  

■： 

ミき二…ミさささ∫てごlヨ二二・r，・  

verynumerousgametocytesando∝yStSOnSmearSL  

Sal  

1 

警視誉荘票弐卵  
gameLoCyteSandoo：yStSOnSmearS・  

Sal  

ondayg．  

Bmiler  350  

Layer  350  

3  Broiler  l，25〔〉  

Layer  l，25∩  

4  Broikr   5，000  

Layer  5，000  

Days6，7  
0（にyStS・  一1－トー■∴；いこ．、：∴－二：・：∴∴、∴；∴－∴、・‡・ごご1：ミミー：‥、ミ＼「こ  

5 1】miler  20，000  

byer  20，000  
－ 、 ‥ 

・こ 
、、 

numer（）uSOOCyStS，  

d  haemorThagiccoresincaecaea］1  
VeryVerynumerOUSgametOCyteS  

6  Broilcr  80，nOO  

Llyer  80，00（）  
さ‖・、、主1－  

菜違：  

慰：ご餌－d  

。1。  

憲憲㍊  

NosurvlngbiTdsilVilililbleわrexamination・  

7  Brmler 320，α）0  

Layer 320，間0  

J BTOilcrl，28（），000  

Layerl，280，000  
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CryPtepithelialcells ofbo血groups ofbirds on bothdays wi血marly SeCtions  

Showinghaemor血gicthickenedcaecalcorescontainlnglargenumkrsofoocysts・   

DISCtJSSION   
Thetrialsweredesignedtoinvestlgatetheclinicalandpathogenjceff如sOfa  

fieldi／solate of E・EefWZZain modern broiler andlayer chjckens and ob扉n  
information onthe dose－reSpOnSe andlesions producedininfected bjrds．Six  
Parameter＄havebeenusedtoassessthecornparativepathogenicltyOftherecently  
如1atedstrainofE・LeneLLainmodemchickens・ThesearecliniealslgnS，mOrtality，  
Weightgain，00CyStOutPut，lesion scores，and examinationoftissue sections for  
histopath0loglCalchanges・Theresu1tsfromthese trials showthattheseaspeCtS  
takentogethercanhelptobuildupanaccurateplCtureOftherelativepathogeniclty  
Ofdifferentstrains ofparasite，and also theireffectin different strains ofbird．  
Table4summarises the relativepathogenicltyOfthe field straininbroilers and  
layers，andshowsthatwhenmo血1ity，lesionscoresandclinicalslgnSareCOmPared  
thereisnodifferencebetweenthetwostrainsofbird．However，the broilerstrainrs  

珊eightperformanceissignificantly（p＜0．0001）betterthanthelayerbirdsoverthe  
Wholeperiodofthetrial，andthebroilersrequiredahigherinfectivedoselevelof  
OOCy＄tS tO PrOduce the same degree of weightloss．During the criticaldisease  
period玩tweendays4and7asfbwas35000CyStSCauSeda28％decreaseinthe  

Weightgalnin thelayerbirds・5，00000CyStS Were required to cause a simi1ar  
decrea＄einbroilerbirds（i・e・an8－foldincre由einchallengedose）．Groups5to8，  
Whichreceivedbetween20，000andl．28xl（声00CyStSShowedaseveredecreasein  
Weightgalninbothstrainsofbirds．rnlebrojlersonlygainedbe（Ween－11and40％  
OfthecontroIs・rIllelayersweremuChmoreseverelyaffectedandshowedagaln  
between－19and－57％・00CyStOutPutisnotareliablemeasureofpathogenicity，but  
Canbeusedtoassess血epotentialcha11engeburdenavailabletoanock．Broilers  

producedmuchhighernumbersofoocystscomparedtothelayerbirds（possibty  
duetoincreasedcaecalsizeinthesebird＄），althoughbothstrainsofbirdproduced  
Veryhighnumbersevenwhend－allengedwithlownumbersofoocysts．   

Underintensive husbandly conditionsin the UK，broiler cllickens are reared  
almostexclusivelylnlaTgedeep－1it（erbuildingswithahighstockingdensity．′mis  
has丘equentlycausedproblemswithcoccidjosis，andmelargenumbersofoocysts 
PtOducedby thispresentE・［eneLLastrain suggestthat modem broilers couldbe  
exposedtocaecalcoccidiosisespeciallyifstrictcontroIstrategleSarenOtngOrOuSly  
applied・Although caecalcoccidiosis does not appeartO be a m可orproblemin  
layingbirdsrearedinthetraditionalcagesystems，theswitchtocggproductionin  
PerChery and free－range SyStemS，maylnCreaSe theincidence ofinfection and  
disease，eSpeCiallyinbirdsin whichimmunltytOthe parasiteshasnotbeenfully  
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developedduringearliergrowthphase・Histopath0loglCalexamina（ionsfromthese  
trialsindicate thatlesions on days6，70r8postinftction are comparable and  
血ereforelesion scores can be perfo皿ed on any ofthese days．Parasite stages  
appearedtobeattheirmostnumerousonday7andforlesionscorlngthismaybe  
血emostconvenientandoptlmaldayforcaeca11esionscorlng・   

Whenthesecurrentresultsinlayerbirdsarecomparedwiththoseobtainedby  
Joyner and Norton（1969）（rrhble5）inlighthybrid chicks，it canbe seenthat  
althoughnotallparametersweremeasured，theresultswiththerecentfieldisolate  
ofE・EenelLareportedhere，SuggeStthatdlisstrainexertedlessapparentpathogenic  
effectsonmodembirds，WhenmortalityandclinicalslgnSareCOmPared・  

rrhb】e5．Comparisonwithresultsobt；linedbyJoynerandNorton，1969・  
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8miler  

As no bodyweight data was reported，itis not possibJc to makc direct  

performance comparisons・‖owever，Challengelevels uslng the Weybhdge strain  
forchcrnotherapyexperimentsintTle198O■sweremuchhigherthatthoseusedwith  
thecurTentfうeldjsolale（CatchpoIc，perSOnaiobserva（ion）・TheWeybridgestrainof  
E．teneLla used byJoyner and Nortonin their trials，WaS a Wel】established  

”1aboratorystrain”andhadbeenpassagedlhroughchickensforover20yearsprlOr  

to the experiments，ltis notknown theeffects that repcatedpassagc hadonthc  
parasite pathogenicity although several authors have suggested that laboratoly 
Selectionmayresultinareductioninpathogenicily（JoynerandNorton1969；Long  
1970）．StrajnvaTlationinpathogenicityhasalsobenreportedfordiffererltisolates  
Ofg．rビれeJ／α（JoynerandN（肌On1969）・   

TTLeOOCyStOutPutOfthe fleld slrajninbothbroilerandlaycrstrainsappeared  
tobemuchhigherthantheWeybndgelaboratoryslrainusedbyJoynerandNortoIl  
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（1969）in血ebirdschallengedwith20，000to320，00000CyStS．Thiscouldeitherbe  
a renection ofthe higher reproductive potentialofthisE，tenella strain，Orthe  

decreasedmortalityandclinicalslgnSWOuldsuggestthatthereislesstissuedamage  
andthereforemoreparasileSareabletodevelop・LighthybridswerealaylngStrain  
andthereforeitisnotpossibletomakecomparisonswithresultsfrombroilers．   

Theresultsofthisdose－reSpOnSeStudyprovideinformationonafieldstrainof  
E・Jenellainterms ofa number ofparametersincluding mortality，Clinicaland  
PathoIogical1esions，perfbrmance data and oocyst outputin modem strains of  
broilerandlayerbirds・misdatainconJunCtionwiththehistopathologlCalfindings  
andlesion scores should allow払r better evaluation and standardjsation of the  

anticoccidialsensitivltyteStlbrmonitonngtheefftctivenessofcontroIstrategiesin  
山efield．  
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