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I 

Abstract: 
Two separate stud ies were conducted to i nvestigate the impact of coccid iosis i n  

young calves. I n  one study calves were reared t o  weaning ( 1  OOkg l iveweight) 

by feeding meal with or  without monensin added . The oocyst counts were low 

in both g roups up to wean ing  and there was no statistical ly s igni ficant (p<0.05) 

i m provement i n  terms of body weight or  a dec l ine in  oocyst counts in  the 

m onensin-treated g roup At weaning a s ingle dose of toltrazu ri l  (20mg/kg) was 

g iven to half the calves in both g roups. A s imi lar treatment reg i me was given in 

a second study where calves had been raised to weaning by com mercial calf 

rearers. Half  of these were treated with toltrazur i l  (20mg/kg) and half not .  I n  

both studies there was a statistical ly s ign ificant (p<0 .001 ) reduct ion i n  oocyst 

counts in treated calves which remained very low for 4-5 weeks post treatment .  

The treatment also s ign i f icantly increased (p<0 .00 1 )  weight ga ins in  treated 

ca lves by 3-5kgs at 5-6 weeks post treatment. The coccidial status of other 

ca lves on a variety of farms were also mon itored i ncl uding a g roup of organic 

b eef farms .  H igh oocyst counts were noted on occasions where calves were not 

o n  anti -coccidial  treatment .  Low oocyst cou nts were noted in adult cows where 

they were examined . The two most prevalent species overal l  were Eimeria 

zuernii (95%) and E. bovis (87%) followed by E. auburnensis (62%), E. 

cylindrica (42%), E. canadensis (3 1 %), E. wyomingensis (23%) , E. 

b ukidnonensis (36%), E. ellipsoidalis (24%) E. a/abamensis ( 12%), E. 

brasiliensis (1 2%), and E. subspherica (27%) . The most predominant species , 

measured as the most nu merous oocysts overal l ,  were E. bovis (31  %) followed 

by E. zuernii (27%) , E. auburnensis ( 1 3%) , E. bukidnonensis (7%) , E. cylindrica 

( 6%) , E. wyomingensis ( 5 . 3%) , E. canadensis (4 .4%),  E. ellipsoidalis (3 .3%) , E. 

brasiliensis ( 1 .9%) , E. subspherica ( 1 .5%) , and E. alabamensis ( 1  %) .  The most 

p revalent species were also the most pathogenic species. On many occasions 

calves were i nfected with more than one species , sometimes as many as 5-6 

Eimeria species. A redescript ion of the 1 1  species of Eimeria i n  catt le identif ied 

f rom New Zealand Farms was made . 
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CHAPTER 1 : Review of Literature. 

1 .  I ntroduction :  

1 . 1 .  Taxonomy: 

Protozoa are un ice l l u lar organisms with a complex structure and are the most 

abundant of a l l  l iv ing th ings. Protozoa can be found in the l umen of the intest ine,  

b lood plasma, b lood cel ls and other t issues,  and even i n  the nuclei  of cel ls .  

Some protozoa cause disease. Protozoa form a subkingdom of the Kingdom 

Protista. There are about 65,000 named species , about half  of which are fossi ls .  

I n  i ts  latest c lassif ication 'The Society of  Protozoologists' recog nized seven 

phy la .  Two are very smal l  and so far re latively un important ( Levine et al., 1 985) .  

The seven phy la are 1 .  Labry inthomorpha. 2 .  Aceptospora. 3 .  M icrospora 4 .  

M yxozoa. 5 .  Sarcomastigophora 6 .  Ci l iophora. 7 .  Apicomplexa. 

The p rotozoa of the Apicomplexa contain an apical complex at some stage of 

development and many of these are parasit ic. The Phyl um Apicomplexa is 

subd ivided into two classes : Sporozoasida and Piroplasmasida. The class 

Sporozoasida produce oocysts or spores. They are further divided into two 

subclasses of G regarinasin a  and Coccidiasina. The members of the 

Coccid ias ina are i ntest inal parasites of vertebrates , marine annel ids and are 

fu rther  categorized into fou r  suborders . Out of four suborders , th ree suborders 

(Adeleor ina, Haemosporor ina,  and Piroplasmorina) are haemoparasites of 

vertebrates and the Suborder E imerior ina contains mai n ly intest inal parasites , 

and has 9 fami l ies , one is E imeri idae. Among 24 genera in  the fami ly 

E i meri idae, two , Eimeria and Isospora, are commonly referred as the "coccid ia" . 

The Coccidia are general ly h igh ly  host specific ( Levine, 1 985,  Andrews , 1 980) 

and catt le are on ly  infected by species of Eimeria. 

1 .2. Life cycle of Eimeria: 

The l ife cycle of Eimeria i s  monoxenous (one host) and each phase in  the l ife 

cycle occu rs i n  a part icular s ite (stenoxenous) . The general e imerian l ife cycle 

can be divided i nto 3 stages : Sporogony, schizogony (asexual development) 

and gametogony (sexual development) . A l l  stages of the o rganism are haploid 

except the zygote (Hammond,  1 973) .  These parasites general ly  have a h igh 
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degree of s ite specif icity .  For example, the very large fi rst generat ion sch izonts 

of E. bovis are found in the poster ior half of the smal l  i ntest ine, second 

generation sch izonts are seen in the endothel ia l  cel ls  of the crypt epithel ial cel ls  

of the large i ntest ine and gametogony occurs in  the surface epithel ia l  ce l ls  of 

the large intest ine ,  caecum and colon ( Levi ne ,  1 985) .  Not all the l i fe cycles of 

e imerian species infect ing catt le are known.  From experiments, the l i fe cycles of 

E. bovis, E. zuernii, E. ellipsoidalis, E. auburnensis and E. alabamensis have 

been el ucidated , but the l ife cycles of E. cylindrica, E. illinoisensis, E. 

canadensis, E. pellita, and E. brasiliensis remain unknown ( Ernst and Benz 

1 986) . 

There are two endogenous phases of development (schizogony and 

gametogony) which occur mostly in  the intest ines ,  sometimes,  i n  the l iver and 

mesenteric lymph nodes ( Lindsay and Dubey, 1 990 ; Lima, 1 979) , whi lst 

sporu lat ion (sporogony) occurs o utside the host (exogenous) (Fayer, 1 980) . 

Oocysts are passed in  the faeces and contain a s ing le sporont. Sporu lated 

oocysts contain four  sporocysts and each sporocyst contains two sporozoites .  

Sporu lat ion is strict ly aerobic ( Hammond, 1 973) and takes 1 or more days 

depending on the species and temperatures. The fu l ly sporu lated oocyst is 

i nfective . 

1 .2.1 . Asexual  cyc le : 

When infective oocysts are ingested by ruminants , the sporozoites escape from 

the oocysts due to sti mu lat ion by carbon d ioxide, trypsin  and b i le .  Th is process 

is cal led "excystat ion" (Jackson ,  1 962;  H ibbert , 1 969;  Landers Jr. 1 959 ; Lotz 

and Leek, 1 960 ) .  I nd ividual sporozoites then penetrate into specific cel ls i n  

specif ic locat ions .  After enter ing the cel l ,  the sporozoite becomes a round 

structure which is cal led a trophozoite . By mu lt iple f iss ion ,  a f i rst generation 

sch i zont i s  formed in  which n umerous,  often h undreds ,  of merozoites are 

developed which each contain s  one nucleus.  The mature merozoites escape 

from the schizonts and penetrate another host cell and start another generation 

(second generation of sch izogo ny) .  The Eimeria species of  ruminants have two 

sch izont stages , a giant f i rst generation schizont and smal ler second-generat ion 
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sch izont .  For example in  E. bovis, there is a giant schizont (approximately 

300!-lm diameter) contain ing 1 20 ,000 merozoites in  the fi rst generation and a 

s mal ler  second generation schizonts of 8 .9  x 1  0 1-1 contain i ng 30-36 merozoites 

(Ham mond et al. , 1 946 and 1 963) .  

1 .2.2.  Sexual generation : 

After the second generation of sch izogony the merozoites enter new host cel ls 

and i n it iate gametogony, the sexual phase of the cycle .  Most merozoites 

deve lop into m acrogamonts - 'female' gametes and some into m icrogamonts

normal ly considered equivalent to 'male' gamonts ( Levi ne,  1 985 ; Ernst and 

Benz ,  1 986) .  Macrogamonts have a large central nucleus with a prominent 

n ucleolus .  In each microgamont a large number  of dark blue stain ing 

per ipheral ly arranged nuclei develop and these mature into hundreds of com ma 

shaped microgametes . The f lagel lated male gamete mig rates to and fert i l i zes 

the m acrogamete and the fert i l ized macrogamete then forms an oocyst wal l .  

T h e  oocysts leave the host ce l l  and enter the intest inal l u men and are shed i n  

the faeces ( Fayer ,  1 980;  E rnst and Benz, 1 986) .  The t i m e  from i ngestion of 

sporu lated oocysts to the appearance of oocysts in  the faeces varies from about 

1 -3 weeks depending upon the species of Eimeria. 

1 .2.3.  Sporulat ion : 

The oocysts sporulate outs ide the body ( exogenously) under aerobic conditions 

( Fayer, 1 980) .  At the proper temperature and hum idity the Eimeria oocyst 

cytop lasm d ivides to form fou r  sporocysts, each with two sporozoites .  This 

process is cal led sporogony ( Ernst and Benz,  1 985) .  The l ife cycle of d ifferent 

Eimeria species infecting cattle  is reviewed and presented in Table 1 . 1 .  

1 .2.4. Factors affecting the l ife cycle of Eimeria species : 

The l ife cycle and endogenous development of e imerian parasites is not f ixed . 

Somet imes the l ife cycle m ay be shorter when they have fewer generat ions of 

sch izogony and smal ler and faster maturing sch izonts. Host factors such as 

genetic make-up ,  stra in ,  and immun ity are i mportant in  i nf luencing the 

endogenous development of the parasite ( Levine,  1 985) . Some anti-coccid ia l  
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drugs arrest the development of the sporozoites, resu lt ing in  abnormal 

sporulat ion of the oocysts ( Levine,  1 985) .  

Factors affecting the number of  oocysts produced vary from the inherent 

potential of each species to rep roduce in  a non-im mune host; immunity 

deve loped by the host ; crowdi ng factors ; competit ion with other species ; other 

concu rrent i nfect ious agents ; nutrit ion of the host;  and strain d ifferences of the 

host and parasite . I n  addit ion, use of anti-coccidial  d rugs is a lso a factor for the 

number of oocysts produced ( Fayer ,  1 980) . 

1 .3. Pathogenicity: 

Not all e imerian species are equal ly pathogenic .  The most pathogenic species 

infecting cattle are E. bovis and E. zuernii, which are usual ly associated with 

c l in ical d isease in cattle (Ernst and Benz, 1 986) .  In contrast E. wyomingensis 

and E. subspherica are considered non-pathogenic .  Others, though such as E. 

alabamensis, E. auburnensis, and E. ellipsoidalis, that are also considered non

pathogen ic , may cause diarrhoea when large numbers of oocysts are g iven .  

For exa mple ,  E. alabamensis, E. wyomingensis, E. subspherica and E. 

auburnensis requ i red 1 7- 1 40 m i l l i on ,  4 m i l l ion ,  1 m i l l ion and 8000 sporu lated 

oocysts to be g iven to calves to produce c l in ical i nfect ion ( Davis et al. , 1 955 ;  

Ernst and  Benz , 1 986 ; Oda and N i sh ida, 1 990 ;  Ch ristensen e t  a l . ,  1 990) . The 

pathogen icity of E. pellita and E. brasiliensis is  not known . The pathophys io logy 

of Eimeria species infecting catt le reported by several authors is shown in  Table 

1 .2 .  The economical loss due to coccidiosis i nc l udes death of an imals with the 

disease, weight loss in  others, t reatment expenses and impaired futu re 

performance of the herds (Ouig ley,  2001 ; N i i lo ,  1 970) . 

1 .4. Faecal consistency and oocyst numbers: 

Little re lat ionship has been noted between faecal consistency and the n u mber 

of oocysts present in  the sample.  M any faecal samples with normal consistency 

had relatively large oocyst numbers and many diarrhoeic samples had low 

numbers ( E rnst et al. , 1 987; Oda and Nishida, 1 990) . However ,  these findings 

relate to m ixed i nfect ions involving both pathogenic and non-pathogenic species .  
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c:: scion i n  the apical cel l  i n  the tip Macrogamete 1 5 .6 x 1 1 .5 11m 1 955 Cl) E of the v i l l i  Lower i leum 6 days after 1 - 1 3  
� .0 size :at 6 days (9x .9 - 1 .44) infection (72 day Sm ith  and 
� But by the t ime they matured i nfect ion Davis,  1 965) � 
LLi 4 .4x 1 .4 with bent rounded t ips i n  ) 

l umen to i ntest ines at crypts of 5 - 1 1 
L ieberkuhn 9 days 

.� 1 0-400 mi l l ion LG Davis ,  et al. , 
(I) 

and chal lenge 1 - 1 0 1 955 c:: Cl) with 1 00 O r  (4 .6)  E � 400mi l l ion  HG .0 
� 1 -3 
� ( 7 .2) 
LLi 
.� 1 x 1  0 o Soekardono,  
(I) 80x1 0 6 et al. , 1 975 c:: Cl) and chal lenge E � with 1 00x1 06 

.0 
� � 
LLi 
.� 0 .2- 1 x 1  0 6 - 1 3- 1 5 1 -7 days E rnst and 
(I) d ays (3 .6)  Benz, 1 980 c:: Cl) ( 1 4 .2)  0) 

.s 
E 
0 
� 
LLi 



.� (/) s:: 
� .s 
E 
0 
� 
uj 

·-

'e Q) 
� 
uj 

·-

'e 
� I'll 

uj 

1 x 1 0° 

500 oocysts 

500,000 
50x1 06 

to 

F i rst generation schizont 3m of 
S I ,  g reatest concentration at 2nd 
meter from i leo-caecal j unction 
on 1 6  t h  day PI  
s ize : 225 - 1 1 5x202!lm-781J.m 
In the lamina propria or close to 
muscularis mucosa. 
Mean no. of merozoites 32 
Asexual stages seen as early 

as 2 days to 1 9  days P I .  
Mature schizonts seen upper, 

m iddle and lower S . l .  and in  the 
caecu m  and colon. 
Size-9.6x 1 3 .2 IJ.m 
Merozoites size 5 .6x 1 2.2!l m  in 

S . l . ,  caecum, colon ,  and rectum.  

Seen on 1 2th day P I  i n  the 
lamina propria of  the v i l l i  i n  
t he  d istal 5m o f  S I .  Infected 
cel ls c lustered beneath - t ips 
of the v i l l i  and d istal 1 \3 of 
the v i l l i .  
Microgamete 52 .8 x 43.0 
Macrogamete 24 .6 x 1 9 .3 
!J.m numerous wal l  forming 
bod ies (3.8!-lm) 
Colon and caecum 
on 1 6  -22 days P I  i n  the 
epithe l ial cel ls 
Size: 1 1 4x 1 3.51J.m 
Gametogony in the caecum 
and colon on 1 6  -22 days P I  
with a mean size of 1 4 .4 
x 1 2 .941lm 
Seen in SI and large 

i ntest ines (Caecum,  co lon ,  
and rectum) at  1 2  to  1 9  days 
P I .  
S ize-90 .7  llm 
Macrogamete, size- 1 0.6 

seen at 1 5  to 1 9  days. And 
immature oocysts seen on 1 2  
th day in colon ,  caecum,  S . l .  

Lindsay et 
al. , 1 988 

Stockdale,  
1 977 

Davis and 
Bowman,  
1 957 
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8 ,000 

1 00,000-
750 ,000 

640 ,000 
oocysts. 

Trophozoites and immature 
schizonts of the second 
generation seen on 1 0 to 1 2  
days P I  

9 

With a size of 85 .61  x66.5!lm I 1 8  
in  the mesodermal cel ls ,  i n  
the lamina propria of  the v i l l i  
in  lower intest ines.  
Macrogamete seen on 1 6  
days P I  with a size of 1 7 .9 on 
1 8 th days . 

Second generation schizonts 
and gametocytes seen in sub 
epithe l ial ce l ls ,  mesodermal 
orig in in  the d istal port ion of 
the v i l l i .  

Schizonts are seen in  the middle J Microgamete size 9 1  x 
and lower side of the smal l  287 .5!-lm.  
i ntest ines.  After 1 2  - 14  days P I .  
92 x 39.9!-lm.  i n  lamina propria. 

1 -5days I Christensen,  
1 939 

2-7 I Hammond, 
1 961  

Hammond 
and Chobtar , 
1 969 

Davis and 
Bowman ,  
1 962 

Table1 . 1 : L ife cycle of d ifferent bovine Eimeria species : Note: LG= Iow G rade , HG= H igh Grade, PP= Prepatent Period 
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1 .5 .  Factors inf luencing the epidemiology: 

A number of factors i nfluence the epidemio logy of coccidiosis in  catt le .  

1 .5.1 . Environmental factors : 

1 .5 . 1 . 1 : Rate of sporu lation and survival of oocyst : 

9 

Moistu re,  temperatu re and the avai labi l i ty of oxygen affect sporu lat ion ( Fayer 

1 980) . The optim u m  temperature for sporu lat ion is 25 to 270C and for all bovine 

ei merian species temperature of >35°C causes permanent damage the 

unsporu lated oocysts though sporu lation is rapi d  at th is temperature ( Marquardt, 

1 960) . At colder temperatures, the rate of sporu lation is s low; however, it 

increases as the tem perature i ncreases ( Fayer 1 980) .  I n  general , unsporu lated 

oocysts survive we l l  at low temperatures . Storage at -30°C for 24h rs and -5°C 

for 60 days did not a lter the viabi l ity of  the oocysts ( Landers ,  1 953) which i s  

consistent with the observat ions that oocysts su rvived over winter i n  Wyomi ng 

( Landers ,  1 953) . Relative hum idity has been shown to affect survival and at a 

re lative hum idity of 90%, oocysts remained viable for 49 to 60 days , whereas at 

6 1 %, oocysts remai ned viable for on ly 32 days (Fayer, 1 980) .  A smal l  number 

of E. zuernii oocysts in  calves cou ld sti l l  sporulate in dry dusty condit ions 

( Parker et al. , 1 984) . 

1 .5 .1 . 2. Hyg iene : 

Coccid iosis is a particular problem when g ro ups of young calves are raised 

together .  l t  i s  pr inc ipal ly a factor of contam ination of a smal l  area then re

infection of each other. Poor hygiene in the  calf rearing area provides a 

favorable microcl i m ate that al lows oocysts to sporulate and survive longer i n  the 

environment (N i i l o ,  1 970b ; Palvaseck, 1 984 ; C h ibunda et al. , 1 996) .  I mproved 

hyg iene of calf pens reduced stocking density and prophylactic medication  have 

been shown to contr ibute to reduced d isease prevalence. 

A lower prevalence of coccidiosis was seen with low stocking rates and less 

environmental contamination ( Ni i l o ,  1 970b) . For example when beef calves are 

widely spread on the  pastures, they may not be exposed to a suffic ient i nfective 

dose but keepi ng them in corrals and feed lots is reported to be a factor in the 

occurrence of severe winter coccidiosis i n  calves (N i i lo ,  1 970b) . 
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I n  one study, farms with a h igh  stocking density, water contaminated with 

oocysts and an imals not suppl ied with anticoccidials in feed , had prevalences of 

infect ion up to 78-82%. However, the use of cages, water t roughs and lower 

stocking densit ies reduced the prevalence of infection to 49% ( M atj i l a  and 

Penzhorn,  2001 ) .  

1 .5 . 1 .3. Stress:  

Stress factors such as a change in  d iet, c l imatic conditions (Fi tzerald, 1 96 1  ) ,  

wean i ng (Marsh ,  1 938) , d ry dusty condit ions and chal lenge with other infect ious 

agents ( Parker ,  1 984) further contribute to i nfect ion,  which is a lready present in  

the host. Stress due to  harsh winter condit ions was considered as one of  the 

factors for  winter coccidiosis in  Canada (N i i lo ,  1 970c; Radostits and Stockdale,  

1 980) . Stress at weaning is acknowledged to reduce the l im ited immune 

response that has developed in  calves by th is age and th is  may resu l t  i n  the 

c l in ical d isease outbreaks i n  calves (Fitzgerald ,  1 96 1 ; N i i lo ,  1 970c) 

1 .5.2. Animal Factors : 

1 .5.2. 1 . Adult cattle serve as a source of infection : 

Adu lt cows have been observed to shed low number of oocysts in  several 

studies,  (Svensson ,  1 993 ; Faber, 2002 ;  Marquardt 1 96 1 ; Balcon i ,  1 963 ; 

Fitzgerald , 1 96 1 ) and th is is l ikely to produce the in it ial low level of 

contaminat ion for calves . A peripartum rise in oocyst count especia l ly for E. 

bovis has also been observed ( Faber et al . ,  2002) , which may further contribute 

to the in it ial i nfect ion in calves. The infect ion of the adu lt herd serves as the 

source of coccidiosis (Marsh ,  1 938; Boug hton, 1 944) and with i n  2-6 weeks , 

c l i n ical coccid ios is may be seen i n  young animals and the severity in  turn 

depends on the n umber of oocysts ingested ( Boughton, 1 944) . 

1 .5.2.2. Age and i mmune status of ca lves:  

Unexposed calves may develop severe disease after their  f i rst exposu re and 

the severity of the disease depends on the level of  i nfect ion .  Previous exposure 

bu i lds up res istance to the d isease ( Fitzgerald,  1 967 ; N i i lo ,  1 969) . Th is 

resistance protects the calves for  further infect ions (Ni i lo ,  1 969 ;  Soekardono, 

1 975) .  Exposure of neonatal calves to the infect ion at a young age (3hrs -
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40hrs) resulted i n  a poor i m m u ne response and these calves may then become 

a source of i nfection (N i i lo ,  1 969) .  Further evidence of host immunity is the 

abi l ity to modify th is by using immunosuppressive drugs l ike dexamethazone 

(N i i l o ,  1 970a) . Host resistance to infection can be seen in terms of no c l in ical 

s igns and d ischarging fewer oocysts fo l lowing infection. A low dose infect ion 

with 1 00-500 oocysts/day for 1 1  days proved to be s uffic ient to stim u late 

i m m unity (F itzgerald, 1 967) . The effect of low-level i nfect ion (premunisat ion) 

and treatment with a coccid iostat to control the disease was i nvest igated in  

calves. Calves were infected with 2 ,000 Eimeria bovis oocysts/day for 5 days , 

wh i l st being t reated with a coccid iostat and later chal lenged with 200 ,000 

oocysts . They d id not develop diarrhoea when they were on medication but 

when the drug was withdrawn the calves developed d iarrhoea and had oocysts 

in the i r  faeces. Premun isat ion without a coccidiostat could not prevent the 

d isease when large numbers of Eimeria bovis oocysts were fed to calves 

( Foreyt ,  1 984) .  

1 .6. Control of coccidiosis :  

The control o f  coccid iosis depends on good hygiene pract ices such  as  clean dry 

sta l l s  (wire or s latted floors ) ,  feeding from bunks (Sch i l l horn ,  1 986) , t reatment of 

c l i n ical ly affected animals ( Fox ,  1 985) and use of preventive anticoccidial drugs 

( P ritchard ,  1 983) .  l t  is difficu lt to treat the environment (pasture or feed lots) as 

the oocysts are ubiquitous and are resistant to many chemicals .  Control can be 

achieved without drugs by taki ng precautions such as reducing stock densit ies, 

pastu re rotation ,  avoidance of suspected contaminated pasture ,  feed ing 

co lostrum ,  us ing c lean utens i ls  and maintain ing dry bedd ing .  



Species Dose (oocysts) Clin ical Signs Lesions Author 

E. alabamensis Up to 2 bi l l ion Deaths in  2 out of 5 calves Enterit is in the lower half of the Davis et al. , 
(2x1 09) g iven massive doses smal l  i ntest ines ,  massive 1 957.  

destruction  of the epithel i um ,  
leucocytic infi ltrat ion and  vi l lous 
oedema, tufts of swol len v i l l i  
wh ich are macroscopical ly seen 
and sandy in  texture .  

E. alabamensis 1 0 - 400x 1 0 6 Sl ight d iarrhoea in 2 - Hooshmandrad 
month old bu l l  calves and et al. , 1 994 
1 0  calves developed 
watery d iarrhoea, had poor 
appetite ,depression which 
affected the growth rates. 

E. alabamensis 1 7x 1 06 sporu lated 4 calves out of 5 Davis et al . , 
oocysts and twice developed c l in ical 1 955 
th is number oocysts i nfection .  
of other species. 
1 40x 1  06 sporulated 
oocysts i n  c l in ical infect ion 
cont inuous days. 

E. subspherica 1 x 1  ob to 1 x1 07 No c l in ical d isease but few Oda and 
sporulated oocysts oocysts were passed N ish ida ,  1 990.  

E. auburnensis 640 ,000 Diarrhoea on 6 tn , tn and Sch izonts in  the m iddle and lower Davis and 
1 ih day after inoculat ion th i rd of smal l  i ntesti ne  and ranges Bowman , 1 962 

from 75 to 250 11 in lamina propria 
near the muscularis mucosa. 

E. auburnensis 8000 sporulated C l in ical infection in a two Christensen et 
oocysts week old calf which al. , 1 990 

N 



showed green ish water 
d iarrhoea and d ischarged 
3 1 9 ,000 oocysts on 24th 
day of i nfect ion.  

E. wyomingensis 0.2- 1 x 1 0° Diarrhoea seen in al l  No pathologic lesions E rnst and Benz 
sporu lated oocysts/ calves , Patent infection 1 980 
sporocysts from 1 seen i n  32 out of 50 
mi l l ion  sporulated calves. 
oocysts and Calves excreted 1 00 -
dexamethasone 3 ,300 oocysts for 2-4 days . 

No observable blood or 
s loughed mucosa passed . 
no re lation between the 
oocyst number passed and 
oocyst no .given 

E. wyomingensis 1 x 1  0 °  sporu lated No c l i n ical signs Sexual stages in  lamina propria Lindsay et al. , 
oocysts of the vi l l i  in the terminal smal l  1 988 

i ntesti nes, 
Infected cel ls had nuclear and 
cytoplasmic hypertrophy 

E. wyomingensis 1 -2 x 1 0r Diarrhoea in  3 calves. Courtney et al. , 
oocysts Diarrhoea with f lecks of 1 976 

blood in 2 calves 
Discharge of oocysts 

E. zuernii 0 .6x1  06 and 60mg Consistent c l in ical i nfection N i i lo ,  1 976 
dexamethazone 

E. zuernii 300,000 sporulated Stockdale and 
oocysts N i i lo ,  1 969 

w 



E. bovis 

E. bovis 

Sporu lated oocysts P roduced bloody 
at d ifferent levels d iarrhoea, 2 deaths and 5-
from 1 0 to 1 5 , 000 25,000 oocysts in controls 
for 62 days and 
chal lenge  with 300 
to 500,000 oocysts 
on day 47 or 49 day. 

51 calves 1 to 206 Diarrhoea when fi rst 
oocysts are passed . 
Severe infections bloody 
d iarrhoea with tenesmus.  

Congestion ,  haemorrhage, 
destruction  of the i ntest inal 
g lands of mucosa and formation 
of membrane i n  caecum,  co lon .  
Symptoms and pathological 
changes are associated with 
sexual stages. Schizonts 
occupied lumens of endothel ia l  
cei ls of central lacteals. 

Hammond et al. , 
1 946 

Table 1 .2 :  A summary of some experiments investigating the pathophysiology of d ifferent bovine Eimeria species : 

.j::>. 
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1 .7. Anticoccidial  Drugs: 

Two terms are commonly used in  re lat ion to anticoccid ia l  medicat ion .  

Coccidiostat:  coccidiostats cause stasis of  i nfection/l ife cycle ;  they do not 

steri l i se the infection but a l low p rem unit ion and thus an i m m une response with 

subsequent i nfect ions.  Coccid iocide : coccidiocidal drugs do resul t  i n  a 

steri l i s ing effect, k i l l i ng some o r  a l l  of the parasite stages and are su ited for 

treatment of acute coccidiosis .  A variety of different types of drugs,  have been 

and a re being , used for coccidiosis in catt le .  The commonly used coccidiostats 

in  catt le  are amprol i um ,  decoqu inate , lasalocid , monensin ,  and su lphonamides . 

1 .7.1 . Sulpha drugs:  

During  1 960 to 1 970, various su l fonamide compounds such as su l famethazine,  

su lfaqu inoxi lone and combinat ions of the various su lfonam ides were used for 

treat ing cattle coccidiosis. 

1 .7. 2.  lonophores : 

l onophores are antibiotics used to contro l coccidia. The term ionophore is  

derived from the drug's abi l ity to bind and transport ions  and biogenic amines 

through  biological membranes ( P ressman, 1 973) . lonophores selectively affect 

certai n  m icro-organisms by alte r ing the passage of cat ions through pores i n  

their  outer ce l l  membrane.  T h e  ionophore antibiot ics are produced by 

f i lamentous branch ing bacter ia of the order Act inomycetales and com mercia l ly ,  

d ifferent types of Streptomyces bacteria are used to produce them (Ha l l ,  2000) .  

lonophores are hydrophobic mo lecu les that selective ly bind to  a g iven metal i on  

and i ncrease its cel l  permeabi l ity to  cross the  cel l membrane. The in ner part of 

the ionophore is made of polar g roups form ing a tetra o r  octahedral geometry 

that fits and encloses a specif ic ion . lonophores change the primary ion 

concentrat ion of the cel ls  and can release sequestered i ntrace l l u lar ions thus 

a lter ing intracel l u lar pH and damaging cel l  o rganel les (Ha l l ,  2000) .  I n  addit ion to 

act iv ity on parasitic parasite protozoa, ionophores are also antibiotics that affect 

the ru men bacter ia ,  protozoa and can suppress rumen fung i .  
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1 .7.2. 1 . Monensi n :  

Monensin i s  a n  i onophore which i s  a fermentation product of Streptomyces 

cinnamonensis with a spectrum of activity wh ich includes Eimeria i nfect ions in  

cattle and poultry ;  m o nensin is a lso  used as g rowth promotant. 

1 .7.2.1 . a. Mode of action : 

Monensin forms so l u ble complexes with monovalent cations such as Na+ , K+ in  

both host and paras i te enabl i ng them to  cross plasma membranes wh ich  then 

draws excess water i nto the cel l .  The ion preference of monensin to d ifferent 

ions is Na+>K+ . M onensin is toxic for many species and each i ndiv idual  species 

d iffer in their to lerab i l ity for monensin .  For example 2 .5mg/kg is  lethal to horses 

whereas trout can take up to 1 ,OOOmg /kg . Skeletal muscles are most pro ne to 

be affected by tox ic ity (Todd, 1 984) . Monens in is a weak antibiot ic against 

g ram-posit ive bacter ia .  

1 .7.2 .1 .b. Monensin in  a coccidiostatic ro le:  

Monensin acts as a coccidiostat and reduces the c l in ical s igns of coccid ios is in  

rumi nants . Whether  it can be regarded as a t rue coccidiostat or  a coccid iocide 

is  not clear. Some authors refer to it as a coccidiostat and others do not. 

Several experi ments have been conducted on monensin treatment of calves 

and lambs infected with coccidia (Stromberg et al. , 1 986 ; Genchi  et al. , 1 989;  

Fitzgerald, 1 984 ; Stockdale ,  1 98 1 ) (see sum m ary in  Table 1 .3 ) .  Treatment with 

monensin 2-3 days prior to i nfection and 3 1  days after i nfect ion not on ly 

prevented c l i n ical disease but a lso reduced oocyst numbers by 60% 

(McDougald, 1 978 ; F itzgerald and Mansf ie ld 1 979 ; Stromberg et al . ,  1 986) and 

in another study m onensin  feeding at 1 m g/kg body weig ht reduced the 

i ncidence of c l in ical coccid iosis in  calves (Stockdale, 1 98 1  ) .  

1 .7.2. 1 . c. Stages affected by Monensi n :  

Monensin treated sporozoites showed red uced penetrat ion i nto ce l ls  a n d  a lso 

i nh ibit ion of asexua l  stages i n  vitro (Smit h ,  1 98 1  ) .  The damage is  observed in  

terms of swe l l i ng ,  vacuolat ion and i rregu lar  ce l l  surface. The damage to  

sporozoites was paral lel to the dose of  monens in admin istrated (Sm ith  et  al. , 

1 979,  1 98 1 ) .  
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Monensin increases t h e  i nt racel l u lar sodium and st imu lates the activity o f  the 

sod ium pump which is s upported by amylopect in  of sporozoites .  The increased 

energy consumption by the  sporozoites to counteract the effect of the monensin 

reduces the abi l ity of the parasite to penetrate the host cel l  (Stockdale, 1 98 1  ) .  

1 .7.2. 1 . d .  Dosage of Monensin : 

Monens in  has a dose re lated response to coccid ia .  When g iven i n  feed at 5ppm 

it was observed that lambs excreted excessive oocysts as the resu lt of  infect ion 

and suffered decreased weight gains .  At 1 0  ppm , lambs passed fewer oocysts 

whi lst at 20ppm the oocyst production in lambs was completely reduced 

(McDougald ,  1 978) over contro ls .  S im i lar exper iments with calves showed 

reduct ions in c l in ical s ign s  at 1 mg/kg weight ( Fitzgerald, 1 984;  Strom berg et al. , 

1 986) . The summary of several reports on  the use of monensin as an 

anticoccidia l  t reatment i s  detailed in  Table1 .3 .  

1 .7.2. 1 . e. Effect of monensin on weight gains:  

I n  previous studies,  Monensin has had m ixed effects on weight gains .  I n  some 

tr ials monensin did i ncrease daily weig ht ga ins (up to 8 . 1  -28.6%) and increased 

feed conversion eff ic iency (by 1 5%) in  lambs ( Fi tzgerald 1 978 ; Foreyt and 

Wescott, 1 979 ; Cal houn et al. , 1 979 ; McDougald, 1 978) and calves (Wag ner et 

al. , 1 984 ; Rouquette et al. , 1 980;  Potter et al. , 1 986) . However ,  i n  other studies 

monensin  reduced feed i ntake and i mproved feed conversion effic iency but had 

no effect on average da i ly gain ( Potter et al. , 1 985 ;  Zinn ,  1 966 ; McDougald ,  

1 978) . S im i lar ly, feeding of lambs 1 7  to 33 mg/kg of  monensin for 35 days after 

i nocu lat ion with Eimeria had no effect on average dai ly weig ht gains (Horton 

and Stockdale, 1 98 1 ; G regory et al. , 1 982) .  

1 .7.2.1 . f .  Monensin reg ularly added to the feed as rumen modifier: 

Monensin given in feed (Stockdale et al . ,  1 982) or as an intra- ruminal bol us 

( Parker et al. , 1 986) not on ly prevents coccid ios is but also acts as a rumen 

modif ier and increases the  efficiency of  uti l ization of the feed in  both g ra in and 

forage fed catt le .  Monens in stimu lates the production of  propionic ac id as a 

resu lt of monensin select ing for certain bacteria, s uch as Bacteroides species 

and Selemonaas ruminatium. These bacteria convert decarboxylate succinate 
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to propionic acid thus  increasing product ion of propionic acid i n  the rumen 

(Stockdale, 1 98 1 ; Calhoun et al. , 1 979;  Hal l ,  2000;  Oscar et al . ,  1 987;  

Muntfering et al. , 1 980) .  As a consequence, monensin increases the feed 

convers ion effic iency in calves up to 1 5% (Stockdale, 1 98 1 , McDougald , 1 978, 

Horton and Stockdale ,  1 98 1  ) . In one tr ial ,  monensin-treated cattle g rew 1 .6% 

faster, consumed 6 .4% less feed and requ i red 7 .5% less feed/1 OOkg than 

contro ls (Goodrich ,  1 984) . Monensin improved the uti l izat ion of feed energy by 

d i rect ly or ind i rect ly  i nf luencing the metabo l ism of carbohydrates ( Ritcher et al. , 

1 984) . Monensin i m proves the digestibi l ity of d rymatter by 72 to 75%, (Goodrich 

et al. , 1 983, 1 984) , reduces lactic acid and methane product ion by 26% 

(Wedegaertner et al. , 1 983, Oscar et al. ,  1 987) and contro ls bloat in rumi nants.  



species Infective Age at Monensin dose 
dose chal lenge rate 
Oocysts (weeks) 

E. bovis+ E. zuernii 300,000 4 0 .5mg/kg body 
and others weight,  

1 mg/kg , 3mg/kg , 
3 pre and 30 
days post 
infection .  

E. bovis 1 00,000 calves 1 mg/kg body 
weight given 
1 Odays after the 
infection 

E. zuernii 1 00,000 calves 1 mg/kg body 
weight given 1 0 
- 20days after 
infect ion 

E. bovis or 250,000 7 (bul ls)  1 Ogms/ 
E. zuernii 20gms/ 

30gms/in 
906kgs feed 

E. bovis or 500,000 4 (bul ls)  Monensin 
E. zuernii and/or 20mg on 1 0 ,20,30g ton -

both 1 2 , 1 5 , 1 6 1 -3days prior to 
E. bovis + P I  inoculation and 
E. zuernii dexa up to 30 days P I  

methasone 
1 50 ,000 or  
250,000 
2ndtime 
500,000 + 
300,000 

mixed Natural steers 252- monensin 
infection 255 kqs 1 4mq/ton feed 

Clinical signs in treated 

No c l in ical s igns in treated 
calves but 3mg was effective 
I mproved weight gains 

Few oocysts passed. 2 out of 6 
treated passed many oocysts . 
Developed resi stance to 
chal lenge. 
Better weight gains 
supressed the c l in ical s igns 
prevented weight reduction 

Fewer c l in ical s igns 
Less no.  of oocysts d ischarged 
Significant weight gains in 20 to 
30gms received calves 

The calves treated with 20 to 
30gnon reduced the oocy� 
numbers fol lowing the 
chal lenge 

Day 1 counts were 1 , 1 04 but at 
40 days were 50 opg, and 1 00 

Cl in ical signs in  
controls 

Deaths 
Loss of weight 

C l in ical d isease 
Weight loss 

C l in ical d isease 
with calves with 
increased number 
of oocysts passed 
in faeces 
Calves inoculated 
with E. bovis and 
the calves had 
both species 
exh ibited 
more severe s igns 
compared to 
E.zuernii which 
was d ifficu lt to 
establ ish 

1 day -495 opg 
40 day -275opg 

1 9  

Authors 

Fitzgerald and 
M ansfie ld ,  
1 979 

Stockdale,  
1 98 1  

Stockdale ,  
1 98 1  

F itzgerald and 
M ansfie ld ,  
1 984 

Stromberg et 
al. , 1 986 

Berger et al. , 
1 98 1  
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30g/ton feed to 1 20 days they were 1 00 1 20 day -71 5 opg 
opg .With 30g, Day1 - 1 603 opg oocysts counts 
and 40day to 1 20-0 opg. were h igh on day 
No s ign ificant weight gains and 1 -742 , 40- 1 9 .7  
feed i ntake but feed effic iency 1 20- 1 2 .7  
increased by  8 .2% Reduced feed 

i ntake seen 
8months 25mg/kg Myocardial  degeneration fi rst Ryley 
beef 70mg/kg for and myocardial  necrosis by 4 to et al. , 1 983 

?days 1 1  days 
E. bovis 5x 1 0 5 4 (bu l l )  1 mg/kg from 1 0 Peak oocyst production on 2 1 st Deaths,  cl i n ical Stockdale and 

re infected to 20 days P I  day, reduced oocyst numbers .  coccidiosis,  peak Sheard , 1 982 
after 35 Sign ificant weight gains.  oocysts on  day 25. 
days Resisted second i nfection Resisted second 

i nfection 
E. bovis+ 250,000 1 2-1 3 Monens in Lower oocyst counts up 46 C l in ical coccidiosis Foreyt et al. , 
E. zuernii 33mg/kg body days with h igh oocyst 1 986 

weiqht No effect on weiqht qains cou nts 
E. crandallis, N atu ral 6 weeks Monensi n No periparturent peak i n  ewes Diarrhoea around Gregory et al. , 

E. ovinoidalis, i nfect ion age 1 8mg/day and low d iarrhoea dur ing l ambing and h igh 1 98 1 -82.  
E. ovina. before lambing lambing .  Oocyst output oocyst out put 

for 6 weeks . reduced in  al l an imals  < 2600/g 
Lambs . 0 .3 to Drier  faeces and no s ign ificant 
0.6 mg/lamb for weight gains 
1 0  weeks. 

E. ninakolinakimove Natural Lambs 5, 1 0 , 20 ppm 1 0 and 20 ppm had no c l in ical Anorexia d iarrhoea McDougald,  
E. ahsata. i nfect ion . s igns.  Oocyst passage was not 30%mortal ity, loss 1 978. 

reduced . of weight, and 
5ppm lambs had no deaths but oocyst counts were 
decreased weight gains  and 1 69 to 298x1 0 6 .  
excessive oocyst counts up  to 
1 00x1 0 6 per day. 
20ppm no oocyst seen even 
after the withdrawal of the drug 
and 1 Oppm lambs had counts 
of less than 1 Ox 1 0 6 on 1 5th 
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day of withdrawal of d rug. 
E.ninakohlyakimove Natural Monensin No acute c l in ical s igns Horton et al. , 

E. ahsata i nfection i n  Lambs 20mg/kg body Average oocyst cou nt reduced 1 98 1 . 
lambs weight, or  to  1 x 1 0  6 by 7th day. 

3 1 .9mg/day. Feed consumption reduced by 
From day 4 to 7% and no weight gain seen 
1 02 days . and feed effic iency increased 

by ?%. 
Eimeria poultry. Natural 1 20g/ton Monensin reduced coccidiosis , 34% of deaths,  Shumard and 

infection .  reduced caecal l es ions, reduced faecal scou rs were Cal lender, 
80g/ton (70 number of oocysts passed, and h igh ,  1 967. 

Poultry days) improved feed effic iency 
53 days 
treatment 1 OOg/ton feed conversion 

was low, loss of 
(70 days) weight.  

5 Eimeria species 240,000 at Lambs 1 7  to 33mg/kg . H igh ly effective more than 99% Had h igher oocyst Foreyt, 1 979 . 
24 and 52 33 mg up to 24 in  e l im inat ing the oocysts . cou nt 24, 1 33 opg 
days. days, 1 7mg Lambs gai ned 6kgs more than Blood ti nged 

from 25th day to the controls and consumed less d iarrohae 1 4  days 
1 OOth day. feed of 0.05kg for each kg after inoculation .  

weight gained. D iarrhoea l asted 
for 6 to 1 0 days. 
Reduction in  
weight between 36 
to 52 days. 

Bacteria. Monensin 0.38, I nh ibited lactate producing Dennis et a l . ,  
0 .75 ,  1 . 5 ,  3 .0 ,  rumen bacteria 1 98 1 . 
6.0, 9 .0 ,  1 2.0 ,  Succinate production not 
24 .0,  48.0mg/kg i nh ibited . None of lactate 
weight .  fermenters were i nh ibited . 

-

Table 1 .3 : Summary of tr ials where monensin has been used to control coccidia 
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1 .7.3. Toltrazuri l : 

1 .7.3.1 . Anticoccidial activity : 

Toltrazur i l  is a symmetrical t riazinone and chemical l y  unre lated to other 

conventional anti -coccidial agents cu rrently in the market. l t  has coccidiocidal 

activity which damages al l  the intrace l lu lar developmental stages duri ng the 

sch izogony cycles and of the gametogony phase (Haberkorn 1 996 ; Froyman 

and Grief, 2002 ; H aberkorn and Stoltefuss 1 987;  A laksandra, 200 1 ) .  Toltrazur i l  

is effective against a l l  coccid ia l  species of pou ltry (Haberkorn 1 996) and a l l  the 

coccid ia of mamm als stud ied unt i l  now. For example, ducks ( Reynaud, 1 999) , 

Lambs (Aiaksandra, 200 1 ) ,  puppies ( Daugshies et al. , 2000) , goats (McKenna, 

1 988) and rabbits ( Peter and Geeroms,  1 986) .  

1 .7.3.2. Mode of  action : 

The exact mode of action is stu l l  unclear. Toltrazur i l  d i rectly affects the nucleus 

and mitochond ria which in turn infl uence the ion exchange of the parasite . I n  

the macrogamete i t  affects the wal l  form ing bodies th is  i n  tu rn resu lts in  the 

vacuolat ion of i nt racel lu lar  deve lopment stages (Haberkorn,  1 996) .  

1 .7.3.3 Stages of l ife cycle affected by toltrazuri l :  

Toltrazur i l  does not affect the extra cel l u lar stages such as sporozoites 

( Froyman and G rief, 2002) . l t  does not affect the host t issue cel l s  (Froyman 

and Grief, 2002) as seen on l ight ,  electron m icroscopic studies where al l  the 

m ic rogametes, macrogametes and schizonts were damaged without causing 

any damage to the host cel ls  (Haberkorn and Sto ltefuss 1 987) . Treatment 

du ri ng early at the beg inn ing of endogenous cycle completely e l im inates the 

parasite ( Reynaud et al. , 1 999) . 

1 .7.3.4. Single dose treatment of toltrazuri l :  

A dose of 1 0 -20 mg/kg as a s ing le dose or  1 Omg/kg o n  2 separate days 

prevented coccidios is in lambs (Gjerde and Hel le 1 986 ; Taylor and Kenny 1 988 ; 

Stafford et al. , 1 994 ; Alaksandra 1 998) , goats (McKenna, 1 988) ,  rabbits ( Peters 

and Geeroms,  1 986) and pou ltry (Haberkorn,  1 996) . To ltrazur i l  at the same 

dose is effective in  treat ing c l i n ical coccidiosis in  calves ( Emanuel  et al. , 1 988) ,  

cystoisoporosis i n  puppies (Daugsch ies et al. , 2000) , neosporosis in  m ice and 

calves (Gottste in  et al. , 2002;  Kritzner et al. , , 2002) .  Faecal oocyst counts were 
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reduced for 2-3 weeks after treatment in lambs (Gjerde and Hel le 1 986 ,  Taylor  

and Kenny,  1 988) and puppies ( Daugsch ies et al. , 2000). 

In another study on rabbits, different Eimeria species requ i red d ifferent dose 

levels of toltrazur i l  to have the same effect ( Pete rs and Geeroms ,  1 986) . 

I n  pou lt ry 5ppm was enough to reduce mortal i ty ,  but a dose of 1 0- 1 5ppm was 

more effective (Haberkorn and Stoltefuss, 1 987) . In ducks , treatment i n  the 

ear l ier days of i nfect ion prevented disease but g iven later i t  on ly had a curative 

effect ( Reuynard et al. ,  1 999) . I n  poultry, dr inking water medicat ion fou nd to be 

more effective than per oral (Gottestein et al. , 2001  ) .  

1 .7.3.5. To ltrazuri l  t reatment and immunity : 

it has been suggested that toltrazur i l  not on ly prevents the disease but m ay also 

help in  the development of immunity in  lambs (Gjerde and Hel le 1 986) and 

pou lt ry (Grief, 2000,  200 1 ). The anticoccid ia l  d rugs prevent the mu lt ip l icat ion of 

parasite by act ing on different stages of coccid ia and these damaged stages 

stay a long t ime i n  the host cell and m ake the antigen avai lable for the 

deve lopment of acqu i red immun ity (Chapman,  1 999) . 

1 .7.3.6. Toltrazur i l  and weight gains:  

To ltrazur i l  use has been shown to i mprove weight gains but it is variable in  

d ifferent species ( lambs- Gjerde and Hel le  1 986;  Stafford , 1 994 ; Alaksandra 

1 998,  2001 ; Taylor and Kenny, 1 988; Goats-McKenna, 1 988) .  

1 .8. Immunity t o  coccidia:  

I m m u nity to coccid ia  is development of  resistance to a chal lenge infect ion with a 

homologous Eimeria species . I m munity is measured i n  terms of red uced 

pathogenic effects ,  reduced size of visible les ions,  decrease in  the n umber of 

parasite stages and i mproved weight gains (Chapman, 1 999) . 

1 .8. 1 .  Role of maternal antibodies: 

M aternal antibodies t ransferred th rough colostrum protect calves during the f irst 

3 weeks against m any diseases . According to Faber (2002) ,  antibody levels i n  

t h e  sera of cows and their  correspondi ng colostrum were the same and 
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s ignificant negat ive corre lat ions were seen between oocyst excretion and serum 

antibody levels against E. bovis antigen .  

1 .8.2. Role of sexual stages i n  development of immunity: 

The antibodies produced against the sexual stages of development potent ial ly 

i nh ibit the development of the oocysts and provide a block in  parasite 

development. Th is  pr inciple h as been used by Wallach ( 1 997) who isolated and 

characterised th ree major gametocyte antigens (230kDa, 82kDa and 56/54 kDa) 

of Eimeria maxima and used them them to immun ise laying hens which could 

transfer transm ission-blocking maternal ant ibodies to ch icks via the yolk sac. 

1 .8.3. Immun ity to E. bovis: 

Several experi ments have been done us ing E. bovis to study the development 

of immun ity in calves.  Table 1 .4 ,  summarises the experiments on immunity 

produced by E. bovis. 

1 .8.4. Dose of i nocu l u m :  

As can be seen in Table 1 .4 ,  i t  would appear there i s  an i nteract ion between 

dose and mag nitude of the i m mune response (N i i lo 1 969 ;  Anderson et al. , 1 965 ;  

Ham mond e t  al. , 1 963 ; Senger, 1 959 ; Fitzgerald ,  1 967) .  Larger doses (500 

sporu lated oocysts and above) always e l ic it better immun ity compared to lower 

doses, but mu lt ip le lower doses ( 1 1 0 oocysts) are effective in  developing good 

i m mune responses that would protect the calves from severe infect ion 

( Fitzgerald,  1 967) .  Mu lt ip le infect ions of E. bovis with a dose of 1 0 ,000 each on 

5 consecutive days had no advantage over a s ing le  large dose at one t ime 

(Senger, 1 959) and either was effective i n  promoting effective imm un ity .  

I m munity lasts for 2-3 months in  young calves and 7 months i n  o lder cattle > 1 

year if they are not exposed again (Senger, 1 959) . I n  rats and ch ickens a 

second inocu lation increased antibodies but not a th i rd inocu lat ion ( Rose and 

M ockett , 1 983) .  

1 .8.5. Immunity to other species : E. zuernii: 

The  im mune response appears to be s im i lar to that against E. bovis. Exposure 

to a large dose of 300 ,000 sporu lated oocysts produced severe c l i n ical d isease 
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i n  calves but resu lted in  the development of excel l ent res istance to subsequent 

reinfect ion (N i i lo ,  1 969) .  

1 .8.5. a. Site of immune reaction : 

The immune reaction occurs in  both the smal l  and large intestines of calves 

(Ham mond, 1 963) . F irst generation  merozoites inoculated i nto the caecum 

stimu lated suff icient i m munity to the extent that the calves could resist 

subsequent cha l lenge (Hammond,  1 964) .  This is probably  due to the 

development of anti-merozoite antibodies ( lgA, lgG and lgM) with in  the caecum .  

1 .8.5. b .  Immune mechan ism : 

The immun ity to Eimeria is very complex.  Eimeria has d ifferent stages i n  the 

l ife cycle presenti ng several stage specif ic antigens that can be targeted by both 

h umoral and ce l lu lar i m m unity components. Schizonts , gametocytes and oocyst 

components of pou ltry Eimeria spp. (E. maxima, E. tenella) h ave at least 2 

immunogenic antigens ( Rose , 1 984;  Rose and Hasketh ,  1 976 ; Davis et al. , 

1 978) but gametocytes of Eimeria maxima have 3 major ant igens (230kda, 

82kda, and 56/54kda) (Wal lach ,  1 997) . Sporozoites and merozoites not on ly 

have diffe rent antigens but a lso sti m u late i m m unity of  d ifferent durat ion in  

calves (H ughes,  1 989) . As seen in  pou ltry, a pr imary infect ion with oocysts 

(2600) or with a combination of oocysts (50,000) and su lfa drugs deve loped 

sufficient i m m un ity that birds cou ld res ist a second infect ion ,  but an infect ion 

with only merozoites,  d id not produce enough i mmunity to res ist a second 

infect ion ( Rose and Hasketh ,  1 976) .  Some authors have found that second

generation schizonts induce better i m m unity than fi rst generat ion sch izonts and 

the sexual stages are more suscept ib le to the immune response ( Rose and 

Hasketh ,  1 976 ; Rose and Mockett , 1 983) . 



Author Dose of inoculum Chal lenge 
(oocysts) 

Hammond 25 -60 ,000 oocysts of  
et al. , 1 963 E. bovis 

0 .5 - 1 x 1 06 

oocysts of E. bovis 

Hammond,  0 . 4-0 .9x 1 01 f i rst Chal lenge of 
1 964 generation merozo ites to calves again 

caecal i nocu lum with merozoites 
Senger et al. , 1 0 ,000 
1 959 50 ,000 

1 00 ,000 

Senger et al. , 1 0 ,000 Re- infection 
1 959 50,000 500,000 

1 00 , 000 

Senger et al. , 50 ,000 as a s ingle dose . 
1 959 5 equal 1 0 , 000, on 5 

consecutive days 
1 00 ,  000 as a s ingle 
dose or 5 equal doses of 
20 ,000 on 5 consecutive 

Immunity 

I mmune react ions both in smal l  
i ntestines and large intest ines. 
Produced on ly 1 , 000 oocysts 
Fewer sch izonts in smal l  i ntestines 
on 1 4- 1 6 days of i nocu lation and 
lower percentage of infected 
epithe l ium because of deve loped 
immun ity 
No infection 

No severe infect ion 
S im i lar in terms of immun ity but 
50 ,000 oocysts produced better 
immun ity than 1 0 ,000 and 1 00 ,000 
oocysts . 

Immun ity developed rapidly with in 
1 4  days after the chal lenge. 
I mmun ity present at moderate 
degree up to 2-3 months after 
i nocu lation .  
Older animals (>  1 year) developed 
h igh degree immun ity, up to 7 
months 
Mu lt iple infect ions have no 
advantage over the s ingle 
inocu lat ion .  
Mu lt ip le infection has no advantage 
over the single inocu lation 

Control 

1 79 ,900 to 40 1 ,300 
oocysts 

More sch izonts 
Large infected 

epithel i um 

S l ig ht to  moderate 
infection 
M i ld i nfection 
No severe infection 
Less severe 
coccidiosis 
More severe 
occid ios is  and 
longer i l lness . 
Severe coccidiosis 
in  a l l  the previously 
un- inocu lated 
control calves . 

N 
0\ 



Fitzgerald ' 

1 967 

Con logue,  1 984 

days 
1 0  - 1 5,000 oocysts for 
62 days 
1 0 , 1 00 ,  500 , 1 000 , 5000 
up to 62 days 
1 1  0 oocysts fed for 1 1  
days 

P remun ity ( 35 to 39 m 
day)with2000, E.bovis+ 
52 days Lasalocid or  
DEC t reatment 
Premun ity with( 35 to 39 
t h  day) 2000, E. bovis+ 52 
days Lasalocid or  DEC 
t reatment 
Same as above but 70 
days 
No treatment but 
premun ised on 34 - 39 
day with 2000 oocysts 
Treated 70 days with out 
re- imun isation and 
c hal lenged at 56 day 

300,000-
500,000 oocysts 
on 47th and 
49th day. 

chal lenge with 
200 , 000 on the 
56th day 

chal lenge on 56 
th day 

No c l i n ical s igns 
D ischarged fewer oocysts ( 1 000-
5000 ) .  Calves fed 500 oocysts had 
better immun ity than 1 0- 1 00 ,000 
oocysts . 
L ight i nfect ion but developed 

enough resistance to protect them.  
No diarrhoea 

D iarrhoea 1 1  to 1 3  weeks after the 
chal lenge and the medicated d rug 
with d rawn 

No d iarrhoea 

D iarrhoea seen from 1 1  to 1 3  
weeks . 

The diarrhoea is delayed by 1 week 
that is 1 2  week after the with d rawl 
of the drug 

Table 1 .4 :  Summary of various reports on the deve lopment of immun ity to E. bovis. 

Deaths ,  bloody 
d iarrhoea with 
t issue.  

N 
-.J 
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1 .8.6. Duration of immunity: 

Antibodies are detectable with in  5 -?days of infection ( Oavis et al. ,  1 97S) ,  reach a peak 

in about 2 -3  weeks (Anderson, et al. ,  1 965 ;  H ughes,  1 9S9) and are present for up to 63 

days in calves. There is an inverse relationship observed between  leve ls of lgG 1 , lgG2 

and oocyst production ( Faber, 2002) . One s ing le larger dose of  infection or  inocu lation 

raises antibody t i tres more quickly t han two repeated doses and a second inocu lum 

induces h ig her t i tres i n  calves and bi rds (Andersen et  al. , 1 965 ;  Rose, 1 9S4) . Th is is 

more important than a th i rd inocul at ion as the latter has no inf luence on t itres in  rats and 

ch ickens ( Rose and Mockett, 1 9S3) .  As mentioned earl ier ,  sporozoite specific 

antibodies peak after 2-3 weeks and disappear by 40 days but merozoite specific 

antibodies were sti l l  detectable in calves for 63 days (Hughes et al. ,  1 9S9 ; Andersen et 

al. , 1 965 ;  Faber, 2002) .  

Mean titres are ach ieved in less t ime when the  calves received larger doses o f  i nocu l um .  

1 .8.7. Cel l  mediated immunity : 

I mmun ity to coccidia involves com plex interact ions of thymus-derived cel l  mediated 

i m mun ity (CM I )  and bursa-derived h umoral immunity (Froyman,  2002) .  Athymic rats 

and bursectomised ch ickens excrete three t imes more oocysts than normal ( Rose and 

Hesketh ,  1 970) .  In one study E. bovis antigen induced a de layed hypersensitivity 

react ion s i mi lar to Mycobacterium i nfect ion (Ph i l l i p  et al. , 1 977). lt is c la imed that C M I  is 

more important than humoral immunity (Hughes et al . ,  1 9S9) . 

Sub-popu lations of lymphocytes are cytotoxic and cytolytic and can k i l l  and lyse-the 

parasite stages ( Rose, 1 974) . As lymphocyte levels peak on 201h day and remain 

elevated for up to 40 days indicates that cel l  mediated immun ity (CM I )  is a lso important 

(Hughes et al. , 1 9S9) .  The CMI -associated factors l i ke macrophages, natural ki l ler cel ls 

(NK) ,  l ymphocytes and 2 types of T derived lymphocyte popu lat ions (C04+ , C OS+) are 

bel ieved to p lay a ro le in immunity to Eimeria i nfections. I ncreased numbers of 

macroph age and N K  and C04+ are seen dur ing the primary i nfect ion and cos+ cel ls 

during the secondary i nfection .  The lymph nodes drain ing the intestines and spleen 

were observed to be more actively secret ing these cel l  types with infect ion (Hermosi l la  

et  al. , 1 999) . 
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M acrophages phagocytose the coccidial stages and the  activity of macrophag es seems 

to be increased in immuni sed chickens during 1 -9 weeks after immun isation ,  with a 

peak at 5 weeks (Rose, 1 974) . The antibodies of the i m munised chickens attach to the 

m acrophages and enhance the activity of macrophages on sporozoites ( Rose, 1 974) .  

T h e  int ra-epithel ial lymphocytes ( I E LS) of the g ut p lay a ro le, not on ly  in  the 

development of the immun ity by carrying the parasite from epithel ia l  cel ls to the lamina 

propria and to the crypts,  but they also seem to stop the sporozoites enter ing the 

enterocytes (McDonald, 1 999) . 

1 .8.8. Components of humoral immunity : 

The earl iest antibody detectable after pr imary infection is lgM which fo l low an i n it ial 

large rise and then fal l  to lower levels that persist for a long period in rats .  The second 

ant ibody which rises is lgG . Normal ly two fractions of lgG ( lgGa and lgGb) are i nvolved 

( R ose, 1 984) .  The secondary infection recal led all the 3 fract ions ( l gM ,  lgGa, and l gGb) 

in rats and b i rds (Rose and M ockett , 1 983) . P robably th i s  may be the reason the calves, 

wh ich are exposed to pr imary infect ion,  resist the second infection (Stockdale and 

Yates , 1 978;  Senger, 1 959 ;  N i i l o ,  1 969) . 

1 .8.9. Est imation of immuni ty :  

H umoral immu nity of  Eimeria is  est imated us ing a variety of  different tests. 

1 .8.9. a. Neutral ization and precipitation test : 

Precipitat ing antibodies are detectable i n  b irds wit h i n  7 days of primary i nfect ion by 

precipitat ion and neutra l izat ion tests by using t issue and caecal extracts of recovered 

b i rds (Davis et al. ,  1 978, Rose and Mockett , 1 983) .  

1 .8.9. b .  Ind i rect Immuno-fl uorescent Antibody test ( I F  AT) : 

Antibody t i tres against sporozoites and merozoites of E. bovis i n  calves were h igh  

d u ring 1 0-20 days after i nfect ion ( DAI )  and reduced to basal level by 40 DAI ( H ug hes et  

al. , 1 989) .  The I FAT tests us ing monoclonal antibodies detected antigens to E.  bovis i n  

the anter ior h alf to  two-th i rds of  merozoites (Haeber et al. ,  1 992) . 

1 .  8.9. c. ELISA: 

E.bovis antibody titres of cow and calf sera and colostrum can be estimated us ing an 

E L l  SA (Enzyme Linked l m m unosorbent Assay) test ( Faber et al. , 2002 , ) .  
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1 .8.9. d. Western blotting : 

Stage s pecific d ifferences in  s u rface proteins in  merozoites and sporozoites are 

common ly  seen in coccidian parasites ( Reduker and Speer, 1 986) . These can be 

select ively detected by antibodies using Western blott ing.  This tech nique has enabled 

researche rs to ident ify antigenic proteins and together with immune-blott ing has been 

uti l ised to  identify and isolate specif ic bands to study potential vaccine candidates for 

ch ickens (Wal lach  et al. ,  1 994 ; Mencher 1 989 ; Sm ith et al. , 1 994) .  

1 .9. Western blott ing using E. bovis: 

Several experiments have been conducted to identify the immunogenic proteins i n  

d ifferent stages of Eimeria. Experim ents using S OS-PAG E gels identif ied protein bands 

of merozoites and sporozoite extracts of E. bovis ranging from 1 5 ,000 - 2 1 5 ,000KDa 

Molecu lar  weight (Mr) .  Nitroce l lu lose immunoblots of  immun ised calves showed several 

b inding p roteins of Mr 1 8 ,000 - 1 80 , 000KDa in merozoites and M r28,000 to 1 1 8,000KDa 

in  sporozoites. Though these two contained different bands,  4 antigens had the  same 

migratory d istance in both .  They are Mr 58,000, 70,000, 83 ,000, and 98,000KDa. The 

auto rad iographic analysis of radionated parasite ident ified surface protei ns on 

merozoites between 1 5 ,000 and 1 8 ,000 and on sporozoites 28,000, 77,000 and 

1 83 ,000 Kda. Though several proteins were identif ied, on ly a few of these prote ins ,  such 

as 1 83 ,000KDa proteins el ic ited an lgG antibody response ( Redukar and Speer, 1 986) . 

1 . 1 0. Tissue culture :  

Parasites have been g rown o n  t issue cultures t o  produce large quantit ies of parasites 

and in tu rn ,  antigens for molecu lar  studies and for product ion of the vaccines. In earl ier 

days the endogenous l ife cycles were studied by using cel l  l i nes (Hammond et al. , 1 966,  

1 969,  1 972) . And Eimeria species seems to be wel l  adapted to many mammal ian cel l s  

bovine kidney , spleen ,  i ntest ine and  thymus .  

1 . 1 1 .  Prevalence of  Eimeria species in cattle :  

1 . 1 1 . 1 .  Age prevalence: 

Coccid iosis as a disease or  infect ion is more prevalent in  the younger animals than the 

older ones. General ly h igher oocyst counts are seen in  3 week to 1 8  month  old calves 
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(Hasche and Todd 1 959 ,  Wisconsin ) .  There have been many studies o n  the change i n  

prevalence with age .  T h e  highest prevalence is  seen i n  the age g roup o f  1 month to 

weaning calves i .e .  86 .3% (USA) , 56% (Tanzania) , 29% (Tanzan ia) and 46% 

(Wiscons in ) .  The adu lts show lowest p revalence varying from 3 . 8% ( Kenya) to 30% 

(Tanzania) . 

The prevalence is more i n  d iarrhoeic animals than in  non-diarrhoeic an imals .  Th is 

difference is more obvious in  calves than other aged ani mals .  A l l  types of calf 

d iarrhoeas from 2 to 1 2 weeks of age and most of the diarrhoeas with blood are 

associated with coccid ia (Andrews , 1 954) .  

1 . 1 1 .2. The effect of  c l imate on the disease prevalence: 

The seasonal d istributio n  of bovine coccidiosis is not obvious (Hasbu l la  et al. , 1 990) but 

oocyst cou nts seem to be h igh during the wet season in  a l l  age g roups (Waru i ru et al. , 

2000 ; Munuya et al. , 1 990) ,  presumably as th is  i s  favourable for the sporu lat ion and 

survival of oocysts . 

1 . 1 1 .3. World wide prevalence : 

Table1 . 5 .  s u mmarises various publ ished papers on the prevalence and occurrence of 

coccidia i n  catt le. Coccidiosis i s  prevalent worldwide but there are geographical 

d ifferences as to which species are present although in  al l  cou ntries at least 8-1 1 

species are common.  The most prevalent species are generally E. bovis and E. zuernii. 

These two species are not only the m ost prevalent but are also the most pathogenic .  

Regardless of which geographical reg ion is considered coccid ios is as a d isease or 

infect ion i s  more prevalent i n  younger an imals than the older. 

1 . 1 1 .4. Preva lence in New Zealand : 

There have been few studies on the prevalence of coccidiosis i n  cattle i n  New Zealand . 

C l i n ical d isease is not uncommon with i ntensive dairy ing,  wean i ng stress, poor hygiene 

of the premises.  lt is observed that 84% of blood scour  cases and 25% non-blood scour  

cases among the  <3months old calves and 6% among >3 months o ld  calves were with 

coccidia when the calf scours were i nvestigated on 81 d ifferent properties in  New 
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Zealand. The most frequent ly found species are E. zuernii and E. bovis (Andrews et al. ,  

1 954) .  

I n  New Zealand,  hal f  of al l  the recorded cases of coccidiosis occurred in  three months 

of September, October and November among young and recently calves an imals 

(Bai ley, 1 994) .  There was a small peak in  the month of Apri l ,  because of autumn born 

calves and th is was distinct i n  the northern half of the North I s land . The intensive 

agricultu ral reg ions l ike Waikato had more cases where h igher stock densit ies are seen .  

I n  New Zealand 1 1  species of  Eimeria have been identified in  catt le. In  one study 

McKenna ( 1 972)  reported the prevalence of 1 0  of these as E. bovis (4 4%), E. zuernii 

( 1 9%), E. canadensis ( 14%), E. ellipsoidalis ( 14%), E. auburnensis ( 12%), E. 

alabamensis (7%), E. cylindrica (5%), E. brasiliensis (4%), E. wyomingensis (3%) and E. 

subspherica (2%). Most common and pathogenic species were E. bovis and E. zuernii. 

I n  a later report E. bukidnonensis was also recorded (McKenna, 1 974) .  I n  a seperate 

study Arias, 1 993 ; described seven Eimeria species with E. canadensis being most 

dominant species (37%) fol lowed by E. bovis ( 1 6 .6%) , E. auburnensis ( 1 2 .2 ) ,  E. 

ellipsoidalis ( 6%) , and E. alabamensis (6%) . 

1 . 1 2. Mult iple species in  one sample : 

Most studies of coccid iosis in calves h ave shown the presence of mu lt ip le species i n  

one animal a n d  as many a s  8 0  to 8 1 % positive samples have 2 or  more species ( u p  to 

9) (E rnst et , a l  1 984, 1 987 ;  Joyner, 1 966 ;  Kas im,  1 985 ; McKenna,  1 972 ; Munyua and 

Ngotho,  1 990 ; Oda and N ish ida, 1 989 ;  Hashe and Todd,  1 959) with an average of 3 . 1 . 
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Austria 1 30 - - - 2.3 50.8 7.0 - - 3.0 1 1 .5 3.9 - - 8.5 - Supperer 
( 1 952) 

Brazi l 1 46 - - - 2.5 34.5 2 . 1  5.8 - - - - - - 26.8 - Torres 
& Ramos 
(1 939) 

Costa Rica 1 00 Adults - - - 7 - - - 1 3 - - - 1 - Ruiz ( 1 959) 

Costa Rica 1 00 Calves - 20 1 31  - - - - 4 - 3 - 2 - Ruiz 
& Ortiz 
(1 961) 

Guatemala 1 00 Adults 69 43 43 45 3 6 39 1 9  47 9 1 2  - 25 - Balconi 
(1 963) 

South 1 1 0 - - 1 4 .5 33.6 7.5 7.3 1 .8 1 2 .7 1 2 .7 26.4 4.5 28.2 1 3 .6 64.5 - Joyner 
West ( 1 966) 
England 
Georgia, 534 Beef - 1 0 .6 32.2 68 .0 0.4 1 . 1  7 20.2 0.6 49.2 4.5 6.2 21 . 1  - Ernst ( 1 987) 
USA Calves 

South East 249 - - - - 41 - - - - 45 - - - 42 - Boughton 
us 2 ( 1 945) 

I l l inois 795 Beef 1 0 .7 2 . 1  5 .78 6.5 0 .5 0 . 1  4.40 1 .50 5.0 - 1 .0 0.75 4.65 0 .2 Szanto J 
calves ( 1 964) 

New 288 - - 7.0 1 2 .0 44.0 4.0 - 1 4.0 5 .0  1 4.0 - 2.0 3.0 1 9 .0 1 McKenna 
Zealand ( 1 972) 
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Japan 201 <2-3 yr. - 1 0  1 8  26 3.9 5.4 1 5 .0 1 .3 8 . 1  0 .2  1 .5 1 .9 7.0 - Hasbulah 
9 old et al . ,  ( 1 990) 

Kenya 620 - - 3.7 6 . 1  42.2 - - - 8.9 26. 1  - 3 . 1  2 .3 22.6 - Munyua 
et al . ,  1 989 

India 88 Buffalo - - - - - - - 1 3 .6 1 5 .9 - - - 26. 1 44.0 Bharkad et 
/ 106 calves al . ,  2000 

24 Cow - - 1 6 .6 37.5 - - - 1 2 .5 - - - - 33.3 -
/1 44 calves 

Montana 486 Calves+ - 0 .2  22.8 46.5 0 . 1  6.7 4.3 1 .0 8.4 5 .8 Jacobson - - - -

USA +47 Adults et al . ,  1 969 
9 I 

Wisconsin 355 Dairy 1 23.9 1 1  .8 1 2 .7 1 1  .3 1 . 7 1 .4 1 2 .7 5 .7 1 2 . 1  - 3 . 1  - 7.3 - Hasche & I 
week- 1 8  Todd , 1 959 
month 

Table 1 .5 :  summary of various reports on the Percent prevalence of bovine Eimeria species. 

34 



35 

1 . 1 3. Species Descriptions: 

The sizes and shapes of many oocysts overlap with other oocysts so there is 

recognized diff icu lty in identifying them (Joyner et al. , 1 966) .  For example,  E. 

wyomingensis is  c lose in appearance to the oocyst of E. auburnensis, but 

d iffers in appearance and shape of the sporocyst . E. pellita described by 

( Supperer ,  1 952) i s  a dark colou red, th ick-wal led oocyst s im i lar to E. 

bukidnonensis superf ic ia l ly but the oocyst wal l  of the latter and presence of a 

residu u m  a l lows them to be differentiated . 

Sommer  ( 1 998) reported the i mportance of drawings to identify unknown 

Eimeria specimens and quantitat ive data as a reference set for identif icat ion .  To 

c lassify cattle cocid ia the quantitative data were employed i n  agg lomerate 

c luster ing with an average l i nkage a lgorithm with equal weig hts assigned to size 

and shape . An inverse Fourier transform was used to reconst ruct the oocyst 

out l ine ,  i . e . , average shape and size . This method can be used to reconstruct 

and classify oocysts using quantitative data of any Eimeria species which vary 

in their  s izes and shapes . 

A summary of the morphology of bovine species of Eimeria as described by 

varous authors is g iven in  Table 1 .6 .  and P late 1 . 1 shows the general 

m orpho log ical detai ls  of a sporu lated oocyst . 
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Plate. 1 . 1 :  A structure of sporu lated Eimeria oocyst (from Levine ,  1 986) . 

1 . 1 3. 1 . Eimeria species without micropylar cap: 

36 

E rnst and Benz ( 1 980) ,  described E.bovis, E. zuernii, E. ellipsoidalis, and E. 

auburnensis as the most prevalent species whereas E. cylindrica, E. 

alabamensis, E. illinoisensis, E. canadensis, E. wyomingensis and E. 

subspherica as sporadic species and E. bukidnonensis, E. pellita and E. 

brasiliensis as the rarely occurr ing species. 

1 . 1 3. 1 .  a.  Eimeria subspherica: 

This  species was f i rst described by Ch ristensen ( 1 940) ,  from calves in  Alabama. 

They were described as the smal lest oocysts observed with a transparent wal l ,  

subspherical to  e l l i psoidal shape. Later,  i n  a study in Nigeria subspherical forms 
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were identif ied by Lee and Armour  1 959. In other studies E. subspherica 

(Joyner et a l . ,  1 966 - South West Eng land, Oda and Nishida, 1 990 - Japan) was 

described s im i larly. 

1 . 1 3.1 . b. Eimeria ellipsoidalis: 

The oocysts of Eimeria ellipsoidalis were f i rst described from a Calf from Iowa, 

and were colourless, e l l ipsoidal ( Becker and Frye , 1 929) . Then Ch ristensen 

( 1 941 ) described the oocysts having lavender to yel lowish co loured wal l .  Later, 

Lee ( 1 959) , found s im i lar oocysts.  

1 . 1 3. 1 . c. Eimeria zuernii (Rivolta 1 878) Mart in ,  1 909 

Synonym : Cytospermium zurneii, Rivolta, 1 878 

These oocysts were described by Ch ristensen ( 1 94 1 ) from Alabama and also 

Lee ( 1 959) from N igeria and Levine and lvens ( 1 967) from I l l i no is .  The oocysts 

were spherical to e l l ipsoidal , without a m icropyle ,  with a transparent th in  wal l 

and contained one or  more scattered polar g ranules .  Sporocysts were e longate 

and ovoid each with a t iny stieda body . A sporocyst resid u u m  was present 

either scattered or as a compact mass .  Sporozoites were elongated, head to tai l 

i n  sporocysts with a clear globule at the large end, and the nucleus in  the center 

( Levi ne, 1 985) . 

1 . 1 3. 1 .  d .  Eimeria cylindrica Wilson, 1 961 : 

Christensen ( 1 94 1 ) described the unsporu lated oocysts as cy l indrical shaped, 

non-micropylar with a homogenous transparent wal l .  I n  later descriptions it is 

reported that sporu lated oocysts h ave no res iduum and st ieda body but h ad 

scattered polar g ranu les .  Sporozoites contained one or more clear g lobu les . 

1 . 1 3. 1 . e .  Eimeria alabamensis: 

Orig ina l ly  described from catt le ,  i n  A labama, USA (Ch ristensen,  1 94 1  ) .  The 

u nsporu lated oocysts were typical ly pyrifo rm, vary ing from sub-el l ipsoidal to 

sub-cyl i ndrical but the majority were tapered at one end . Oocysts contained a 

parach ute shaped cap at each end of the sporocyst. No residual m atter  was 

present in e ither oocyst or sporocyst . 
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Levine and lvens ( 1 967) described these as ovoid with sides tapered towards 

the smal l  end,  with no micropyle, no sporocyst residuum and contain ing 2-3 

c lear g lobu les in  the sporozoite . 

1 . 1 3.2. Eimeria species with micropylar cap: 

1 . 1 3.2. a.  Eimeria bovis: 

Synonyms :  Coccidium bovis, Zubl i l n ,  1 908. 

Eimeria canadensis, Bruce, 1 908.  

Eimeria smithi, Yakimoff and Gal iouzo,  1 927.  

Globidium fusiformis Hassan , 1 935. 

The unsporu lated oocysts from Alabama calves were described as stout ovo id ,  

b lunt across narrow end sometimes, sub-e l l ipsoidal, asymmetr ical and 

e longated . A m icropyle was present .  The oocysts were pale , c loudy, and 

g reen ish to yel lowish  - brown in  colo ur  under low magnificat ion (Christensen ,  

1 94 1  ) . An oocyst res iduum and polar granu les were absent. Sporocysts had a 

stieda body and an oocyst residuum composed of pale g ranu les of variable 

n umber. 

1 . 1 3.2. b. Eimeria canadensis: 

Synonym : Eimeria zurnabadensis: Yakimoff , 1 93 1 . 

C h ristensen ( 1 94 1 ) described th is m icropylar species from A labama calves.  

The oocysts were regu larly e l l ipsoidal i n  shape varying from cyl indrical to stoutly 

e l l ipsoidal with a tapered end . Lev ine and lvens ( 1 967) described these as 

ovoid or e l l i psoidal ,  with a smooth wal l having no oocyst residuum but a number 

of sp l intered polar g ranu les were seen in some oocysts . The sporocyst had a 

compact bal l - l i ke res iduum and 2-3 clear g lobules were present in  

sporozoites . 

1 . 1 3.2. c. Eimeria auburnensis (Christensen and Porter, 1 939) : 

These oocysts were typical ly elongated, ovoid ,  varying between sub-e l l ipsoidal 

and marked ly tapered . The micropyle was seen as a gap in the wal l at the 

tapered end covered with th in ,  black l i ne .  The oocyst wal l  was typical ly smooth ,  

h omogeneous ,  transparent , and usua l ly yel lowish-brown i n  t int but vary ing i n  

structure from a transparent homogenous type t o  a re lative ly semi-transparent 
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and heav i ly  mammi l lated type . Smooth wal led oocysts were present in more 

hosts than the rough wal led. An oocyst residu u m  was absent .  The sporocyst 

was e l l i psoidal with a res iduum as one or more compact m asses .  Sporozoites 

were com ma-shaped with a large clear g lobule in  the large end and 1 or  2 

smal ler  g lobu les ( Levine and lvens, 1 967) .  

1 . 1 3.2. d.  Eimeria bukidnonensis: 

Eimeria bukidnonensis Tubangui ,  1 931 

Th is species was fi rst described by Tubangu i  ( 1 93 1 ) from the faeces of a bul l  

f rom Bukidnon,  M indanao, Mani la (Phi l ippi nes) . They were described as 

yel lowish to darkish brown,  un iformly pyriform shaped. The oocyst wal l  had 

radial str iat ions and was about 2 m icrons th ick except at the m icropylar end 

where it was very th in .  The micropyle was conspicuous, being about 4 m icrons 

wide. A def in ite res idual  body was absent in the oocyst or  in  the spo rocysts . 

Later C hristensen,  1 94 1  described th is  species in  the Un ited States. His oocyst 

measurements agreed in  al l  featu res with the description of Tubangu i  except 

the size was smal ler .  S im i lar descriptions were made by Levine and lvens 

( 1 967) and H i regaudar and Rao ( 1 966) from Ind ia .  The species were compared 

with other oocysts from the Ph i l ippines , Alabama and Nigeria and found to be 

general ly s im i lar. 

1 . 1 3.2. e .  Eimeria wyomingensis (Hu izinga and Winger, 1 942) : 

Synonyms:  bukidnonensis Tubangui ,  1 931 of Christensen, 1 938, 

E. bukidnonensis Tubangui ,  1 931 . 

This species was orig i nal ly considered as E.bukidnonensis but later identif ied 

as a different species with m inor d ifferences from E. bukidnonensis. These 

differences i nclude the oocyst being smal ler in s ize with a smooth wal l without 

str iat ions.  The other featu res were the same as for E. bukidnonensis. Levine 

and lvens ( 1 967) described the oocysts as ovoid with yel lowish-brown to 

brownish-yel low wal ls ,  speckled and somewhat rough ,  composed of a s ing le 

layer and l i ned by a membrane. The m icropyle was 5�m i n  i nside diameter at 

the smal l  end of the oocyst . Oocyst residuum and polar g ranu les were absent. 

Sporocysts were e l l ipsoidal  with narrow end and a t iny stieda body at one end.  

Sporocyst res iduum was general ly absent but sometimes present i n  the form of  
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granu les . Sporozoites were wider at one end with a large clear g lobule at the 

broader end.  

1 . 1 3.2. f .  Eimeria brasiliensis: 

E. braziliensis was described as a new s pecies by Torres and Rom as ( 1 939) . A 

notable morp hological feature was the presence of a polar cap measur ing 8 - 1  0 

microns wide by 2-3 m ic rons h igh .  Lee and Armour  ( 1 954) found s im i lar oocysts 

in Vom,  N iger ia .  The oocysts were yel lowish - brown ,  the micropyle was l ike a 

dark l ine beneath the polar cap. The residual body was situated immediately 

beh ind the m icropyle .  



Oocyst Morpholoav Sporoc vst Morphology 
Eimeria species [range- N Micropyl Oocyst Polar mean, >- Author "'C 

LxW : mean :  e wal l  granul range, 0 E (/) .0 :l Cl> 
shape index e shape CO :l Cl> :l "C a.  
(mean) :  index "'C ·- CO .0 Cl> (/) ..c. 0 
Shape] 

;; £ (/)  (/) (.!) 
E. bukidnonensis 46.8-50.4 X 25 Present Thick rad ial ly Absent Tabangui ,  1 93 1  

33.3-37 .8 :  striated . 
48 .40x35.6 :  
1 .37, 
Pyriform.  

E.bukidnonensis 38-48x24-34 82 1 8x9 Gi l l ,  1 968 I 
(from I 
Hiregaudar, ' 

1 966) 
E.bukidnonensis 38-46x25-35 50 1 5- 1 9  Bhatia ,et al. ,  

x8- 1 1 1 968 
(from Hi regaudar) 

E.bukidnonensis 35.3-49 . 1  X 1 53 Lee and Armour 
26.3-37.2, 1 959. 
pyriform 

E.bukidnonensis 32x2 1 , - 1 4.4x6. Patnaik, 1 964 
5 (from 

H i regaudar, 
1 966) 

E.bukidnonensis 44-SOx P resent Thick rad ial ly H i regaudar and 
33. 1 2-35.25 :  striated. Rao,  1 966. 
47x34 
: 1 .37 : Pyrifor 
m 

E.bukidnonensis 32-41 x24-30:  - Ch ristensen 
1 938 
N ew York. 

E. bukidnonensis 33-41 x24-28 : 80 Present Christensen, 
37x26 : 1 .37 :  1 94 1  , Alabama. 
Pyriform 

E. khurodensis 40-44x28-30 :  Present Mammi lated, Rao and 
42x29 :  1 .45 :  thick H iregaudar. 
E l l ipsoidal .  1 954 

E. wyomingensis 37 -45x26.4- - Present - H u izanqa and 
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30.8 :  Winger, 1 94 1  
40.3x28 : 
1 .43 :0void to 
Elonqate. 

E. auburnensis 35 - 43 X 2 1 - Present Smooth rarely P resent Levine and lvens,  
27,  4 1 .3 X 2 rough.  1 967 
4.5, Elongate 
ovoid. 

E. auburnensis 32-45. 5x20- Present Smooth H iregaudar and 
26 :38.4x23 . 1 : homogenous Rao, 1 966 
1 .66:  
Elongated 
ovoid. 

E. subspherica 1 3 . 8-27x M ajro and D ipole, 
1 1 .4-24 .6 1 98 1  

E. subspherica 9.4 - 1 3  X 8 .7- 1 06 Absent Thin ,  frag i le Lee and Armour, 
1 2 .2 :  transparent, 1 959 
1 1  .4x1 1 :  
1 .06:  
Subspherical .  

E. subspherica 1 0 . 1 3x9- 1 2 :  E rnst and 
1 1 x1 0 .5 :  Courtney, 1 977 
1 .06. 

E. subspherica 9- 1 3x 8- 1 2 : Absent Transparent Absent Christensen, 
1 1 x1 0 .4 :  1 94 1  
1 .06, Sub 
spherical to 
e l l ipsoidal 

E. subspherica 1 3- 1 5 .7x Present Smooth Oda and N ishida, 
1 0 .5 - colorless wal l  1 990 
4 : 1 4 .5x 1 2 .3 :  
1 . 1 9 : 
Spherical to 
e l l ipsoidal 

E. ellipsoidalis 20-25x 1 4-20 : Smooth wal led Absent Levine and lvens,  
23 . 1 x 1 6 . 1 : 1 967 
e l l ipsoidal -
ovoid 

E. ellipsoidalis 1 3-24.9 X 1 4- 1 50 Smooth thin Lee, 1 959 
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1 7.9 :  walled 
E l l ipsoidal : 
sub-
spherical , 
cyl indrical 

E. ellipsoidalis 1 2-27x 1 0-1 8 :  350 Absent Smooth thin Christensen, 
0 .77:  wal led 1 94 1  
E l l ipsoidal 
spherical to 
cyl indrical 

E. ellipsoidalis 20-26x 1 3- 1 7 :  - Becker and Frye, 
0 .68 1 929 
E l lipsoidal. 

E. cylindrica. 1 7- Lee and Armour, 
28.4x 1 1 .8- 1 959. 
1 6.6 :0 .60 :  

E. cylindrica. 1 6-27x 1 2- Christensen,  
1 5 :0.60 1 94 1  

E. cylindrica. 1 9 .4-26.8 X Wilson, 1 93 1  
1 1 .9-
4 .9 :0 .57:  

E. cylindrica 22-30x1 2-1 7 :  l nconspi Smooth wal led Absent 1 2- 1 6 X g ranule One or  Levine and lvens,  
25.3x 1 4 .8 : 1 . 7  cu-ous 4 - 6, at one more 1 967 
:elongate 1 3 .7  X end 
e l l ipsoid, 5 .4 ,  
straight sides 2 .5 .  

E. canadensis Ovoid or Present Smooth wall Absent Present 2-3 Levine and lvens,  
e l l ipsoidal clear 1 967 

E. alabamensis 1 9-24x 1 4- 1 6 :  Absent Thin del icate , Absent Absent Levine and lvens,  
20. 7x 1 4.8 :  smooth scatter 1 967 
pyriform granu le 

E. zuernii 1 3 .5-20 .5  X Tabangu i ,  1 93 1 . 
1 2 .3- 1 8 .0 :  
1 7x 1 6 . 1  :0 .91 : 

E. zuernii 1 4 .7-20 .7  Absent Thin Lee, 1 959 
x 1 3 .5-1 7 .3 :  homogenous, 
0 .9 1  : 1 7 .3x 1 5. transparent 
7 :  
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Subspherical 
Spherical or 
e l l ipsoidal .  

E. zuernii 1 5-22x 1 - 1 8 :  Christensen, 
1 7.8x 1 5 .6 :  1 94 1  
0.88: 
1 7.8x 1 5.6 

E. zuernii 1 8-23x 1 6. 1 : absent Smooth Present Levine and 
20 .2x 1 6. 1 : colorless lvens1 967 
ovoidal 
Subspherical, 

E. brasiliensis 34.20- Smooth Present Torres& 
42.75x27.05- Romos, 
24.2 :29.x22,o 1 939 
void to 
regular 

E. brasilensis 33.75- Present Supperer, 
49.0x24 . 1 - 1 952 
33.2,26.5 ,  
oval 

E. brasiliensis 30.7-39. 5  X Present Lee and 
2 1 .9-29 .9 :  Armour, 1 959 
35x 
25.9 : 1 .35 :  
e l l ipsoidal 

E. brasiliensis 32.0 - 40.0 X Present Marquardt, 
23.x27.5 :  1 959 
36x25 . 1 : 
e l l ipsoidal 

E. bovis 24- 1 72 Lee and Armour ,  
32.8x 1 8 . 1 - 1 959 
22.9 :28.2x20. 
9 :0 .74 

E. bovis 23-34x 1 7-23: 500 homogenous Present Christensen, 
Stout ovoid, transparent. 1 94 1  
e l l ipsoidal 
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asym metrical 
and 
elongated . 

E. bovis 24-34 X 1 9 - Smooth wal l present Levine and 
22: 26.7 X l vens , 1 967 
20 .2 :  Ovoid 

E. canadensis 25.2-3 . 2 x 1 8- Yakamov, 
3 2 . 4 :  1 93 3  
34 . 1  x25:0 .73 
: cy l indrical ,  
Two ends 
equal ly 
rou nded.  

E. canadensis 30 .7-33.2x B ruce, 1 92 1  
24 .9-26 .5 :  
E l l ipsoidal . 

E. canadensis 29-5 .9x20.8- 1 07 Present Smooth but P resent 2 - 3  Lee and Armour ,  
26 .8 :32 .5  X somet imes clear 1 959. 
24 .4 :0 .75 :  rough .  g lobule 
Ovoid or  
e l l ipso idal . 

E. canadensis Ovoid o r  Present S mooth wall Absent 1 5  -22 Smal l  2-3  Lev ine  and 
e l l ipsoidal rough wal l  X 6-9,  scattered clear lvens, 1 967 

8 .3  g ranu les 
x7 .9 ,  
2 .32 - - ---

Table 1 .6 :  Morpholog ical character ist ics of oocysts of Eimeria species of cattle . Range- L=length ,  W=width range, mean of 

length x width ,  Shape index =ratio of length and width , N= Number of oocysts measured . 
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1 . 1 4. Cryptosporidium: 

Tyzzer fi rst described th is  protozoan parasite in  1 907 in  the gastric g lands of the 

laboratory mouse.  These parasites measured 6-?j..tm ,  and were named 

Cryptosporidium muris. Five years later, Tyzzer described a smal ler form of the 

o rg anism ,  2- 5 � m  diameter in  m ice. This was named Cryptosporidium parvum. 

C. parvum is responsible for calf d iarrhoea in New Zealand. Bovine 

Cryptosporidium infection was fi rst described in  1 97 1  in an 8 o ld m onth Santa 

Gertrudis calf with d iarrhoea. I n  New Zealand the Whangarei An imal Health 

Laboratory fi rst reported C. parvum i n  1 980 (McSporran , 1 983 and 1 992) .  

C alves are susceptible to infection for at least for the fi rst 3 months of l ife. 

E xposed calves rapidly develop resistance to subsequent cha l lenge.  In an 

i n fected an imal they are general ly found i n  the gastrointest inal tract but may 

co lon ize epithe l ial ce l ls of the trachea, b i le duct, conjunctiva, nasal s inuses,  

sa l ivary g lands ,  smal l  intestine and renal tubules of animals (McSporran , 1 992) .  

Young and i m mune-compromised animals are at g reater r isk. About 26-33% 

calves with neonatal diarrhoea are considered to be due to Cryptosporidium 

(McSporran , 1 992) .  Cryptosporidiosis from catt le is zoonotic to h u man beings .  

The oocysts are very resistant to physical agents (McSporran , 1 992) .  

C ryptospor id iosis is prevalent i n  many countries and the summary of  the 

recorded prevalence of Crytosporidium and Giardia is shown in  Table 1 .7 
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Giardia Cryptosporidium Age Method Authors Country 

1 4% 20-88% animals 3-1 3 Ziehl - Bednarska Poland 
an imals days N ielson et al . ,  1 998 
45 .7% 88.7% Calves Ruest et al. , Canada, 

1 998 Alaska, 
Monitab 
a .  

25% - - Zieh l - Maldonado Mexico 
N ielsen Camagoes , 

1 998 
73% 40-80% New l mmuno- Olson et al. , Alberta, 

born -24 f l uorescent 1 997 Brit ish 
weeks Col umb i  

a 
50% 1 7% 20 days l mmuno- Olson et al. , Brit ish 

f l uorescent 1 997 Col umbi 
a 

- 50% ( 3 -days) 4- 1 0  Modif ied Nacir i et al. , France 
1 7% days Zieh l  1 999 
( 4 d ay) 90-95% N ielson 
(8day) 

- 1 7 .3% 6-1 4 Sucrose Pena, et al. , Brazi l  
month F lotat ion 1 997 
cows , 
calves. 

- 1 5 .2% Birth - Bandal i et France 
30days al. , 1 999 

- 52 .6% 1 -30 Modified de la Central 
days Ziehl  Fuente et Spai n 

N ielson al. , 1 999 
- 43.85% 1 - 7 Mod ified de la Central 

days Ziehl  Fuente et Spai n 
N ielson a l . ,  1 999 

7 1 . 9% 8- 1 4  Modif ied de la Central 
days Ziehl  Fuente et Spain 

N ielson al. , 1 999 
- 60. 1 %  1 5-21 Modified de la Central 

days Ziehl  Fuente et Spain 
N ie lson al. , 1 999 

- 6 .9% 22- 30 Modif ied de la Central 
days Zieh l  Fuente et Spain 

N ielson al. , 1 999 
Table 1 .  7 : A sum mary of some of the recorded prevalence of Cryptosporidium 
and Giardia i n  c attle . 
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Chapter 2 :  Identification of Eimeria species in severa l studies 
a n d  a redescriptio n  of their oocyst morphology 

2.1 . Introductio n :  

48 

To date , 2 1  species of Eimeria have been described in catt le ( E rnst ,  1 980) 

Geograph ical d ifferences in  prevalence of d ifferent species seem s  to be 

common as shown in  Table 1 .5 .  l t  is usual  for mu lt ip le species to be observed in 

any one faecal sample,  wi th an observed average of 3 .5 and as m any as 8 

species present (Oda and N ishida, 1 989,  McKenna, 1 972) . Ident if ication of 

species usual ly  re l ies on identifying oocysts in faeces. The oocysts of each 

Eimeria species vary in size, shape and structure,  with the combinat ion being 

u nique to a part icu lar species. For  some, the s izes and shapes overlap with 

other  species .  As described in Sect ion 2 . 2 . ,  the Eimeria species of catt le are 

d ivided into 2 broad categories based on the presence or  absence of a 

m icropyle.  

Two studies h ave been reported in deta i l  on  the species of Eimeria present in  

catt le in New Zealand. I n  one study, ten  species were identif ied and the i r  

p revalence repo rted (McKenna, 1 972) .  The species were E. bovis (44%) , E. 

zuernii ( 1 9%) , E. canadensis ( 1 4%) , E. ellipsoidalis ( 1 4%) , E. auburnensis 

( 1 2%) , E. alabamensis (7 %), E. cylindrica (5%) , E. brasiliensis (4%) , E. 

wyomingensis (3%) and E. subspherica (2%) . E. bukidnonensis was 

subsequently i dentified later by the same author (McKenna 1 974 ) .  I n  the 

second New Zealand study,  Arias ( 1 993) described seven species .  In  th is 

second study the species E. canadensis was the most common with a 

prevalence of 37% fol lowed by E. bovis ( 1 6 .6%) , E. zuernii ( 1 5 .7%) , E. 

auburnensis ( 1 2 .2%), E. ellipsoidalis (6%) and E. alabamensis (6%) , 

E. cylindrica, E. subspherica, E. bukidnonensis and E. pellita were not fou nd i n  

t h i s  second study. 

The aim of the research reported in the current chapter was to re-describe the 

var ious species ident ified in  al l  the various studies reported in  other chapters 

and compare these descript ions with those p reviously publ ished descript ions .  

Identificat ion i s  based on a combinat ion of  various features and measurements 

and the aim was to determine how each species fitted previous descript ions .  I n  
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addit ion, the prevalence of each species was determ ined over the 3 main 

studies conducted during th is  research .  

2.2. Materials and Methods: 

Oocysts were recovered and sporu lated from studies described in Chapters 3, 

4 ,  and 5. See Appendix 3.3. for a descript ion of the tech nique used .  Oocysts 

were general ly identif ied using the keys provided by Christensen ( 1 94 1 ) and 

Levine and l vens ( 1 967) .  For each species, at least 1 00 oocysts were 

measured and re-described, except for less common species where only a few 

oocysts were avai lable for measurement. The parameters recorded were : 

p resence or  absence of a polar cap ; m icropyle shape ; oocyst width ; oocyst 

length ;  lengt h :  width rat io ;  presence and character of the oocyst residu u m ;  a 

stieda body ; p resence and character of the sporocyst residuum .  

A variety o f  terms are used to describe t he  general  shape o f  oocysts and is i n  

com mon usage without formal def in i t ions of their  meaning . These terms and a 

description of their  mean ing are as fo l l ows : 

• Pyrifo rm : pear shaped . 

• Oval o r  e l l ipsoidal : oocyst shaped l ike a c i rcle that is f lattened, so that it 

i s  oval or an e l l ipse. The oocyst is not exact ly c i rcu lar i n  shape but i s  

general ly symmetrical but may taper at one end and be broader at  the 

other end and sl ig ht ly round in  appearance. 

• Ovo id :  approach ing being spherical or round but not tapered as for oval 

or e l l i psoidal but more towards being round. 

• Sub spherical : almost spherical but not an exact c i rc le .  S im i lar to ovoid  

but c loser to  being a true sphere .  

• Spherical or Round :  exactly c ircu lar i n  shape. 

To determi ne the prevalence of species with in  a study at least 30 oocysts were 

identif ied from one faecal sample from each animal on each occasion . For an 

ani mal  to be considered infected , the species was identified in  that animal on  

atleast one occasion. Since many samples had few oocysts th is was on ly 

est imated fro m  those an imals with a reasonably h igh oocyst count to make the 
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observat ion pract ical ly feasible.  The overal l  prevalence of species was 

calcu lated by determ in i ng the mean prevalence over all 3 studies . 

To obtain a measu re of the predomi nant species the total number  of oocysts of 

each species in  a study that were identified was pooled and d ivided by the 

overal l  g rand total of oocysts identif ied in that study to be expressed as a 

percentage .  For a l l  3 studies the data f rom individual studies were pooled and 

the overal l  p redominance of each species was expressed as a percentage . 

2.3. Resu lts : 

2.3. 1 . Preva lence and predom inance of species identified at Massey No.4 

Farm (See C hapter 3) : 

Although t h i s  study continued for over 3 months ,  in total oocysts were 

recovered and identif ied in only 1 2  i ndividual faecal samples from separate 

anim als due to general ly low oocyst counts th roughout the study. The raw 

counts are shown i n  Appendix 2.4 . 1 . Only 1 0  different species were identif ied. 

They were in order of decreasing prevalence as fol lows (with prevalence as %) : 

E. zuernii ( 1  00%) , E. bovis (83 .3%) , E. auburnensis (75%) , E. cylindrica 

(66 .6%) , E. bukidnonensis (58 .33%) , E. ellipsoidalis (41 . 6%) , E. subspherica 

(33 .3%) , E. canadensis (25%) , E. alabamensis (25%) , and E. wyomingensis 

( 1 6 .66%) . D ata is sum marised in table 2 . 1 . 

2.3.2. Prevalence and predominance of Eimeria species identified at 
Tuapaka Farm (See Chapter 4) : 

I n  th is study 8 1  young calves were faecal sampled at wean i ng and again at 

weekly i ntervals for 5 weeks with about half g iven a coccidiocide at weani ng .  

On ly  33  calves were used for est imation o f  prevalence where at least 30  

oocysts cou ld  be recovered for identif ication . A total o f  1 1  Eimeria species were 

identified on th is farm . The raw data are shown in  Appendix 2 .4 .2 .  and a 

summary in  Table 2 . 1 .  I n  order of decreasing prevalence the species identified 

were E. zuernii (98%) , E. bovis (90%) ,  E. auburnensis (60 .6%) ,  E. cylindrica 

(33 .3%) , E. canadensis ( 1 8 . 1 8%) , E. wyomingensis ( 1 5 . 1 5%), E. bukidnonensis 

( 1 2 . 1 2%) , E. subspherica (9 . 1  %),  E. alabamensis (9 . 1 %) , E. brasiliensis (9 . 1 %) 

and E. el/ipsoidalis (6 .06%) . Summary is shown in Table 2 . 1 .  
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2.3.3. Prevalence and Predominance of Species ident ified i n  studies on 
other farms (see Chapter 5) : 

Oocysts were identif ied in 8 faecal samples from other calves in  a l l  remain ing 

studies and a total of 1 0  species were identif ied. These 8 samples were 

obtained from 5 ind ividual farms (Appendix 2 .4 .3 ) .  On some occasions several 

samples were pooled from the one group of animals because of low oocyst 

counts . I n  order of decreasing prevalence the species identified (and the i r  

p revalence) were : E. bovis (87.5%) fo l lowed by E. zuernii (87.5%),  E. 

auburnensis (50%) , E. wyomingensis (37.5%) , E. bukidnonensis (37.5%) , E. 

canadensis (37.5%) , E. subspherica (37.5%) , E. brasiliensis (25%) , E. cylindrica 

(25%) and E. ellipsoidalis (25%) . By far the two most predom i nant species were 

E. bovis and E. zuernii. Data is summarised in  Table 2 . 1 . 
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Eimeria Species Prevalence % Predominance % 
E. zuernii 1 00 .0 98 .0  87 .5  95 .0 25 . 1 28 .5  25 .8 26 .5  
E. bovis 83.3 90.0 87 .5 87.0 1 9 . 1  46 .0 28.3 3 1 . 1  
E. auburnensis 75 .0  60 .6  50 .0  62 .0 1 6 .0 9 .7  1 1  . 1  1 2 .7  
E. cylindrica 66 .7  33.3 25 .0  42 .0  1 1 .3 4 .7  3 .0  6 .3  
E. canadensis 25 .0  1 8 . 1  50 .0  3 1 .0  5 .9  3 .2  4 .0  4 .4  
E. wyomingensis 1 6 .7  1 5 . 1  37 .5 23.0 0 .9  2 .3  1 2 .6 5 .3  
E. el/ipsoidalis 4 1 .6 6 . 1  25 .0  1 2 .0 0 .0  1 .2 4 .5  1 .9 
E. subspherica 33.3 9 . 1  35 .7 27 .0 3 .0 0 . 5  1 .0 1 .5 
E. alabamensis 25 .0  9 . 1  0 .0  1 2 .0 1 .9 1 .0 0 . 0  1 .0 
E. brasiliensis 0 . 0  9 . 1  25 .0  1 2 .0 0 .0 1 .2 4 . 5  1 . 9  
E. bukidnonensis 58 .3  1 2 . 1  37 .5  36.0 1 0 .8 0 .9  8 .6  6 .8  

Table 2.  1 :  Prevalence (%) and predominance (%) of Eimeria species from al l  

three studies.  

2.3.4. Prevalence and Predominance over the 3 studies. 

The overal l  prevalence and predom inance are summarized in Table 2 . 1 . 

The two most prevalent species were E. zuernii (95 .2%) and E. bovis (87%) 

fo l lowed by E. auburnensis (62%) , E. cylindrica (42%) , E. bukidnonensis (36%) , 

E. canadensis (3 1 %) ,  E. subspherica (27%) , E. ellipsoidalis (24%) , E. 

wyomingensis (23%) ,  E. alabamensis ( 1 2%) and E. brasiliensis ( 1 2%) . 

The most predominant species was E. bovis (31 . 1  %) fol lowed by E. zuernii 

(26 .5%) , E. auburnensis ( 1 2 .7%) , E. bukidnonensis (6 .8%) , E. cylindrica (6 .3%) , 

E. wyomingensis ( 5 .3%), E. canadensis (4 .4%) , E. ellipsoidalis ( 1 .9%) , E. 

brasiliensis ( 1 .9%),  E. subspherica ( 1 .5%),  and E. alabamensis ( 1  %) . 

2.4. Species Description : 

A s u m m ary of the basic morpholog ical featu res of the oocysts of 1 1  bovine 

Eimeria species found  in these studies is shown in  Table 2 .2 .  A sample of 1 00 

oocysts was measu red for 8 species and fewer for t h ree species (E. 

alabamensis, E. subspherica, and E. brasiliensis) because o nly a few oocysts 
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were recovered for them. The sporu lated oocysts of each species were then 

described in detai l  and comparison with previous descript ions is d iscussed . 

Ident if ication of i nd iv idual oocysts is t ime consuming ,  as it i nc ludes scoring 

many parameters apart from s ize and shape . The shapes of many oocysts 

overlap with each other such as E. zuernii with E. ellipsoidalis, E. ellipsoidalis 

with E. bovis, E. bovis with E. canadensis, E. wyomingensis with E. 

bukidnonensis etc . Each oocyst h as a wide range of length and width which is 

confus i ng and makes identificat ion , based purely on s ize d ifficu l t .  For example,  

the length and width of E. canadensis has a range which overlaps with E. bovis 

and E. auburnensis. Sporocyst structure is often difficu lt to determi ne. l t  d iffers 

with the  angle of exposure under a m icroscope and overlapping of sporocysts 

m akes i t  d ifficu l t  to c learly measure the sporocyst and identify featu res such as 

the sporocyst res iduum and large refracti le g lobules in the sporocyst . Though 

there are many pub l ished papers with descr iptions of species , the pictures 

g iven are often not very usefu l  and are not the same al l  the t ime.  
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Species Size �m (L R x W R), Shape Cell wall Stieda Polar Oocyst Colour Refracti le Micropyle 
Mean Length, Mean body granule Residuu bodies 
Width, mean LIW ratio m 

1 E. zuernii 1 4.0 - 25.2 X 1 0.3 - 22.7, oval thin +ve +Ve +Ve - 2-{ large -ve 
1 9 .6 X 1 6.2 , 1 .2 distinct scattered at base) 

2 E. ellipsoidalis 20.0 - 29.60 X 1 0.96 - oval or thin +Ve +Ve +Ve - 1 -2 -ve 
25.0, 24.7 X 1 8.5, 1 .4 el l ipsoidal 

3 E. bovis 20.0 -32.0 X 1 4.0 - oval thin +Ve - +Ve - 2{one + 
24.4,23.9 X 1 8. 1 ,  1 .3 flattened large at V 

at one end base) e 
4 E. cylindrica 1 5.5 - 30.0 x 1 1 .8 - 27.0, cyl i ndrical thin +Ve +Ve +Ve - 2 -ve 

23.7 X 6.5, 1 .5 distinct (centre) 

5 E. subspherica 8.96 - 1 7.80 X 7.20 - spherical thin +Ve - - - - -ve 
7.0, 1 1 .9 X 1 3.5 ,  1 .2 

6 E. canadensis 1 4.4 -32.8  X 22.6 - 38.7, stout ovoid moderate +Ve +Ve +Ve yel low is 2-3 +Ve 
2 1 .9 x 29 . 1 , 1 .4 flattened thick (centre) h 

end 
7 E auburnensis 24.8 - 48.8  X 1 5.5 - 32 .9 ,  oval , thin +Ve - +Ve yel low is 2 +Ve 

36.9 X 25. 1 , 1 .5 flattened distinct h 
end 

8 E. bukidnonensis 23.5 - 45.2 X 3 1 .7 - 56.0, pyriform thick +Ve - -ve dark 2 +Ve 
3 1 .9 X 47.0, 1 .5 distinct 

9 E. wyomingensis 30.0 - 49.6 X 2 1 .4 - 34.4, pyriform thick +Ve - - yellow is 2 +Ve 
39.4 X 27.9, 1 .4 h 

1 0  E. brasiliensis 27.2 - 48.0 X 20.6 - 41 .4, +Ve 
37.0 X 29.4, 1 .3 

1 1  E. alabamensis 1 5. 1  - 26.0 X 1 1 .4 - 23.2, 2 to 3 -ve 
20.3 X 1 5.3, 1 .4 

Table 2. 2: A summary of the key morphological characteristics of sporulated oocysts of bovine Eimeria species. Note: 

L=Length, W=width R=Ratio of Length and width . 
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2.4. 1 . E. alabamensis, Christensen, 1 941 

Descr iption : Oocysts ( P iate .2 .6) were ovoid but tapered at one end. Micropyle 

was absent. Oocyst wal l was t h i n .  The sporulated oocysts were 1 5 . 1 -26 .0  �m 

( L) by 1 1 .4-23.2 �m (W) and with a mean of 20 .3 �m (L) x 1 5 .3  �m (W). Their 

length : width rat ios ranged from 1 .0 - 1 .6 with a mean of 1 .2 .  Oocyst residuum 

was absent. Scattered polar g ranu les were present. Sporocyst was elongated 

with a t iny stieda body. Sporocyst res iduum was absent and sporozoites had 2 

to 3 c lear g lobules each .  

Discussion : The oocysts looked s im i lar to E. bovis, but were smal ler  i n  s ize 

and devoid of a m icropyle.  These descriptions are s im i lar to those of Levine and 

lvens ( 1 967) . The parachute shaped cap was not seen.  As observed by Levine 

and lvens ( 1 967) oocyst and sporocyst res iduum were not seen .  

2.4.2. E. auburnensis, Christensen and Porter, 1 939. 

Descr iption : Oocysts ( P late 2 . 1 ) were elongated and ovoid bei ng f lattened at 

the s m al ler end.  A micropyle was present at the smal ler end.  Oocyst wal l  was 

genera l l y  smooth but somet imes rough and th in at the broad end . The 

m icropylar end was even th inner .  The oocysts were 24.8 - 48 .8 �m (L) ,  1 5 .5-

24.8 �m (W) with mean 37.0 �m (L) x 25 . 1 �m (W) . Their  length : width ratios 

ranged from 1 - 2 .2 with a mean of 1 .5 .  Polar g ranu les were present. Sporocyst 

e longated with one end smal ler  than the other. Stieda body was present. 

Sporocyst residu um was present as a compact mass or somet imes as scattered 

g ranu les .  Sporozoites possessed a large c lear refract i le g lobule and a smal l  

g lobu le .  

Discussion:  The descript ions are equivalent to the descript ions of Levine and 

lvens ( 1 967) . The rough oocyst wal l  appeared as if the wal l  is str iated, but the 

presence of a sporocyst residuum ,  th ick wal l and shape of the oocyst made 

them d ist inct from E. bukidnonensis. 

2.4.3. E. bovis: (Zublin,  1 908), Fiebiger, 1 91 2. 

(Synonym : Eimeria zurnabadensis: Yakimoff, 1 93 1 ) 

Descr iption : Oocysts ( P late 2 . 1 ) were ovoid with a f lattened end.  The oocyst 

wal l was smoot h .  A micropyle was present at the smal ler  end.  Sporu lated 
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oocysts were 20.0 to 32 .0 �m ( L) x 1 4 .0  to 24.4 �m (W) with a mean of 23.9 �m 

(L) x 1 8 . 1  �m (W) .  The length :  width ratio ranged from 1 - 1 .8 with a mean of 

1 .4 .  Oocyst res iduum was present in some but a polar g ranu le was absent. 

Sporocyst was e longated with a stieda body at the smal ler end . A sporocyst 

residuum was p resent. Sporocysts had one large g lobu le at the base and a 

smal l  g lobule at the  smal ler end.  

Discussion : S i m i lar to the descript ions of Levine and lvens ( 1 967) and 

Ch ristensen ( 1 94 1 ). This species was typical of earl ier descript ions .  The oocyst 

residuum was vis ib le in  a few oocysts . Sometimes the ind ist i nct m ic ropyle 

m ade it d iff icu lt to dist ingu ish from E. ellipsoidalis, but the sporocyst structure 

m ade it d ist i nct from the latter. 

2.4.4. E. brasiliensis: Torres and Ramos, 1 969. 

Description : Oocysts ( P late 2 .4)  el l ipso ida l ,  smooth wal led . Both a micropyle 

and m icropylar cap were present .  An oocyst residuum was absent but scattered 

polar g ranu les were present. The sporu lated oocysts were 27 .2 to 48.0 J..Lm (L) x 

20 .6  to 41 .4 J..Lm (W) with a mean of 37.6 J..Lm (L) x 29.4 J..Lm (W) . Their  length : 

width rat io ranged from 1 .0 - 1 .6 with a mean of 1 . 3 .  Sporocysts were 

e longated , e l l ipsoidal with a d isti nct stieda body. A sporocyst residuum was 

present as scattered granules.  Sporozoites were elongated and contained one 

large refracti le g lobule at each end. The sporocyst residu u m  was scattered in  

the m iddle. 

Discussion : This species i s  considered a rare species, but some oocysts were 

seen in two faecal samples in t h is study. Morpho log ical ly they were s imi lar to 

the earl ier descript ions. Presence of a m icropylar cap made them d istinct from 

other species but somet imes if the m icropylar cap was lost during the 

processing this oocyst resembled E. canadensis, which leads to some potential 

for confus ion .  However, the i r  size was always comparatively larger than E. 

canadensis. 

2.4.5. E. bukidnonensis, Tabangui ,  1 931 . 

Description : Oocysts ( P late 2 .3 )  were pyriform.  The oocyst wal l  was yel lowish  

brown , radial ly str iated, very th ick, and wrinkled at the smal ler end.  A micropyle 

was present. The sporu lated oocysts were 23.5-45.2 �m ( L) x 3 1 . 7  - 56 .0 �m 
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(W) with a mean 3 1 .9 11m (L) x 47.0 11m (W) and their length : width ratios 

were 1 . 1  - 2 .0 ,  with a mean of 1 .5 .  Oocyst residuum and polar g ranu les were 

present although in some, the polar g ranu les were absent. Sporocysts were 

e longated with an indist i nct stieda body. The sporocyst res idu um was present 

as scattered smal l  granu les . Sporozoites were pointed at one end with large 

clear refract i le g lobu les at each end.  

Discussion :  The yel lowish t inge of  the oocyst and its large size , the shape of  

the sporocyst and the striat ions of  the oocyst made it easy to identify th is  

species. Somet imes h igher mag nif icat ions were needed to see the striat ions. 

Many ear l ier authors reported an absence of a sporocyst residuum ,  but a l l  the 

oocysts in the p resent study h ad a scattered granular sporocyst res iduum as 

described by Levine and lvens ( 1 967) . For a few oocysts it was d ifficu lt to 

appreciate the striations but the s ize was used as the criter ion to identify them , 

as th is  species was the largest of al l  the species . The dist inct pyriform shape, 

large s ize, dark yel lowish  brown colour and striat ions of E. bukidnonensis made 

i t  d ifferent from E. wyomingensis. 

2.4.6. E. canadensis, Bruce, 1 921 . 

Description : Oocysts ( P late 2 .2 )  were s l ight ly ovoid/ e l l i psoidal to cy l i ndrical 

with a f lattened smooth th in  wal l ,  which was yel lowish co loured. A m icropyle 

was p resent but somet imes not very d ist inct. Sporulated oocysts were 1 4 .4 -

32 .8 11m ( L) x 22 .6 - 38 .7  11m (W) with a mean of 29 . 1  11m ( L) x 2 1 .9 11m (W) . 

The length : width ratio is 1 . 1 - 1 . 5  with a mean of 1 .35.  An oocyst residuum was 

absent,  but scattered polar g ranu les were present. The sporocyst was 

e longated and ovoid .  A stieda body was present sometimes,  but was not very 

dist i nct. A sporocyst residu u m  was present as a compact bal l  or scattered 

granu les. Sporozoites each contained 2 to 3 clear refract i le g lobules.  

Discussion :  The morpho logy is s imi lar to the description of C hristensen ( 1 94 1 ) 

and Levine and lvens ( 1 967) .  The oocysts were s l ightly s mal ler than in ear l ier 

descr ipt ions and the shapes varied from e l l ipsoidal to cyl i ndrical wh ich confused 

the identif icat ion of this species .  On occasions these oocysts were s im i lar in 

i nternal structure to E. brasiliensis, which i s  an oocyst with a m icropylar cap. 

However, when these caps , which were very frag i le ,  were lost during 
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process ing ,  oocysts resemble E. canadensis. Smal ler sized oocysts can be 

mis identif ied as E. bovis and larger as E. brasiliensis. 

2.4.7. E. cylindrica, Wilson, 1 961 . 

Descript ion:  Oocysts ( P late 2 .5 )  were elongated, e l l ipsoidal to cy l indrical , with 

relatively straight s ides. They had a colourless oocyst wal l ,  wh ich was smooth 

and th in  at the smal le r  end. Sporu lated oocysts were 1 5 . 5-30 . 1  �m ( L) x 1 1 .8 -

27 . 1  �m (W) with a mean of 29.9 � m  ( L) x 2 1 . 1  �m in  (W) . Thei r  length : width 

rat ios ranged from 1 .0-2.0 with a mean of 1 .5 .  The oocyst polar g ranule was 

scattered as smal l  f ragments. The elongated sporocyst had a d ist inct stieda 

body. Sporocyst res iduum was present as a compact bal l  or m ass, and 2 to 3 

clear refract i le g lobu les were present in  the sporozoites . 

Discuss ion :  The descriptions of these oocysts are s imi lar to those of Levine 

and lvens ( 1 967) and Ch ristensen ( 1 94 1  ) .  The typical shape of E. cylindrica 

and its s ize makes it relatively stra ight forward to identify, but i t  cou ld be 

confused with E. canadensis and E. ellipsoidalis oocysts. 

2.4.8. E. ellipsoidalis, Becker, Frye, 1 929. 

Descript ion :  Oocysts ( P late 2 .5) were e l l ipsoidal in shape . The oocyst wal l was 

smooth ,  colourless and the m icropyle was absent. Sporu lated oocysts were 

20 .0 - 29 .6  �m (L) x 1 0 .9- 25.0 �m (W) with a mean of 24 .6 �m (L) x 1 8 .5  �m 

(W) . The i r  length: width rat ios ranged from 1 .0 - 2 .5  with a mean of  1 .35 .  The 

oocyst res iduum was absent. Oocyst polar g ranu les were present on most, but 

not a l l ,  occasions.  The sporocyst was elongated, with an i nd istinct stieda body. 

Sporocyst res iduum was present,  either as a compact mass or as scattered 

g ranu les .  Sporozoites had one large and one smal l  clear refracti le g lobu le .  

Discuss ion :  These oocysts are potentia l ly confused with E. bovis, as they have 

a wide range of size and shape . These descriptions are s im i la r  to Lee ( 1 954),  

Becker and Frye ( 1 929) and Christensen ( 1 94 1  ) .  

2.4.9. E. subspherica, Christensen,  1 941 . 

Description : Oocysts (P late 2 .5 )  were spherical to sub-spherical . Oocyst wal l  

was s mooth and th i n .  Micropyle was absent. These were the smal lest oocysts 

of catt le .  Oocysts were 9.0 - 1 7 .8  �m ( L) x 7.2 - 1 7  �m (W) , with a mean of 1 3 .4 
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�m (L) x 1 1 .8 �m (W) . Their length : width ratio ranged from 1 .0 - 1 .2 with a 

mean of 1 . 1 . Oocyst residuum and polar g ranules were absent. Sporocyst was 

e longated with a t iny stieda body. Sporocyst residuum was absent. S po rozoites 

had a clear g lobu le at the larger end. 

Discussion : These oocysts matched with the descript ions of Ch ristensen 

( 1 94 1  ) .  The size ( these were the smal lest oocysts) seen and then the special 

structure of the oocysts, with a distinct stieda body made identif icat ion straight 

forward .  

2.4 . 1  0. E. wyomingensis, Hu izinga and Winger, 1 942. 

Description :  Oocysts ( P late 2 .2) were pyriform, had a th ick oocyst wall and 

were yel lowish-brown in colour .  A micropyle was present at the smal ler  end of 

the oocyst. Sporu lated oocysts were 30.0-49 .6�m ( L) x 21 .4 - 34 .4 �m (W) with 

a mean of 39.4 �m (L) x 27.9 �m (W) . Their length :  width ratios ranged from 1 .2 

- 2 . 0  with a mean of 1 .4 .  Oocyst residuum and polar granu les were absent. The 

sporocyst was e longated with an indisti nct stieda body. The sporocyst res iduu m  

was present in  t h e  form of g ranules. Sporozoites had a large clear g lobule at 

the i r  base. 

Discussion :  Many earl ier reports described E. bukidnonensis, Tabang u i ,  1 93 1  

and this species as being the same , but later reports described both as 

separate species with s l ight d ifferences in the oocyst wal l .  In th is  study, these 

oocysts had s mooth wal ls ,  which separates them from the ear l ier species and 

the sporocyst res iduum was present in  the form of scattered g ranu les .  

2.4.1 1 .  E. zuernii, (Rivolta, 1 878) Mart in,  1 909. 

Description : Oocysts ( P late 2 .6 )  were spherical to ovoid in  shape .  The oocyst 

wal l  was smooth and colour less.  A micropyle was absent. Sporu lated oocysts 

were 1 4 . 1 - 25 .2  � m  (L) x 1 0 .3 - 22.7 �m (W) ,  with a mean of 1 9 .5  �m (L) x 1 6 .2  

� m  (W) .  Their  length : width ratios ranged from 1 .0 - 1 . 6  with a mean o f  1 .2 .  No 

oocyst residuum was seen and the po lar  granu les were scattered . The 

sporocyst was ovoid with an i nd ist inct stieda body. The sporocyst res idu u m  was 

present as a compact mass or sometimes as fine g ranules . The sporozoite had 

a large clear g lobu le at the base of i ts broad end. 
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Discussion : The descriptions are s im i lar to the earl ier descriptions of Lee 

( 1 947) , Tabangu i  ( 1 93 1  ), Christensen ( 1 94 1  ) , and Levine and lvens ( 1 967) . The 

oocyst descript ions were very c lear, and as i t  was the  most predomin ant 

species , E. zuernii was easi ly identified . However, there was overlap with 

oocysts of E. ellipsoidalis. The ovoid shape of E. zuernii sometimes resembles 

E. ellipsoidalis, but the number of 2 clear g lobu les differentiates it from E. 

zuernii. The smal ler s ized,  spherical oocysts resembled E. subspherica, but the 

latter was much smal ler  and lacked a sporocyst res iduum.  

The fo l lowing P lates represent each species isolated in th is  study. They are a l l  

shown to the same scale .  
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Plate 2. 1 .  Species with Micropyle 1 : 

1 .  E. auburnensis 2 . E. auburnensis 3. E. auburnensis 

4. E. auburnensis 5. E. bovis 6. E. bovis 



Plate 2. 2. Species with Micropyle 2 :  

7. E. canadensis 

10. E. wyomingensis 

20 ... 

B. E. canadensis 
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9. E. canadensis 

1 1 . E. wyomingensis 
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Plate 2.3. Species with Micropyle 3: 

12. E. bukidnonensis (1 OOx) 13. E. bukidnonensis 

14. E. bukidnonensis 15. E. bukidnonensis 



Plate 2.4. Species with Micropyle 4 :  

16. E. brasiliensis 

18. E. brasiliensis 

-----+ 20� 
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1 7. E. brasiliensis 

19. E. brasiliensis 



Plate 2.5. Species without Micropyle 1 : 

20. E. cylindrica 21.  E. cylindrica 22. E. cylindrica 

24. E. ellipsoidalis 25. E. ellipsoidalis 26. E. ellipsoidalis 

.. 

28. E. subspherica 29. E. subspherica 30.E. subspherica 

65 

23. E.cylindrica 

27.E. ellipsoidalis 

31 .E. subspherica 
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Plate 2.6. Species without Micropyle 2 :  

3 1  . E. zuernii 33. E. zuernii 

34. E. zuernii 35. E. zuernii 

------+ 2D!J 
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Plate 2.6. Species without Micropyle 2 :  

36. E. alabamensis 37. E. alabamensis 

38 . E. alabamensis 39. E. alabamensis 

--------. 2� 
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bovis (87%} fol lowed by E. auburnensis (62%) , E. cylindrica (42%) , E. 

bukidnonensis (36%) , E. canadensis (3 1 %) , E. subspherica (27%) , E. 

ellipsoidalis (24%), E. wyomingensis (23%) , E. alabamensis ( 1 2%) and E. 

brasiliensis ( 1 2%) .  

The most predom inant species was E. bovis (3 1 . 1  %) fo l lowed by E. zuernn 

(26 . 5%) ,  E. auburnensis ( 1 2 .7%) ,  E. bukidnonensis (6 .8%) , E. cylindrica (6 .3%) , 

E. wyomingensis (5 .3%),  E. canadensis (4 .4%},  E. ellipsoidalis ( 1 .9%) , E. 

brasiliensis ( 1 .9%},  E. subspherica ( 1 .5%) , and E. alabamensis ( 1  %) . 

I n  earl ier reports McKenna ( 1 972 and 1 974) also identified 1 1  species from 

New Zealand where the prevalence of d ifferent species vary s l ight ly from th is  

study but  most predominant species were E. bovis (44%) and E. zuernii ( 1 9%) 

l i ke this study. In a second study, Aria, 1 993,  isolated only 7 species and the 

predominant species was E. canadensis fo l lowed by E. bovis. The prevalence 

of Eimeria species differ g lobal ly (Table 1 .5 ) .  This cou ld be the reason for 

d ifferences between the studies. 

As th is study i ncluded animals from several d ifferent farms is true 

representative of New Zealand than earl ier studies. 

Presence of m u lt ip le species in one ani mal is very com mon with Eimeria 

species. An average of 3 .5  species in  one an imal was observed earl ier (Oda 

and Nish ida, 1 989;  McKenna, 1 972) was also noted in  th is study with a range of 

3-8 species in  one an imal .  Most of the oocysts fitted with earl ier descript ions .  
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Chapter 3. Study at Massey Number 4 Dairy Farm. 

3.1 . Introduct io n :  

Coccid iosis i s  a d isease of calves main ly  seen in  the age group o f  one month to 

a year o ld .  Adu lts m ay be infected but almost never develop c l in ical s igns.  The 

infect ion is transmitted through i ngestion of sporulated oocysts in  contami nated 

feed , pasture ,  water and l icki ng of contaminated surfaces. D isease is commonly 

l inked to poor hyg iene and h igher stocking densit ies. The topograph y  of the 

paddock, d rainage faci l ities , p lacement of feed and water sou rces, pasture 

cover i n  the paddock, number of an imals in the paddock and presence of adult 

cows g razing together with young stock wi l l  a l l  inf luence the development of the 

d isease. For dai ry calves raised separately from their  mothers , it is d ifficu l t  to 

avoid i nfect ion .  To further lower the r isk, farmers add coccid iostats to the feed 

to keep the coccidia l  burdens low. Normal ly ,  monens in ,  a coccid iostat, is added 

to the calf mi lk  replacer and calf meal . There are reports that ,  short ly after the 

feed is  withdrawn at wean i ng d isease seems to occur .  P resumably wean ing 

stress is an important factor in the deve lopment of the disease. The stress may 

also be due to transport ,  feed change, i nclement weather, vacc inat ion etc. 

The object ives for th is  part icu lar study were : 

1 .  To i nvestigate the effect of monensin on growth rate, p roduction of oocysts 

and the development of immuni ty up unt i l  wean ing by comparing calves fed 

meal contain ing monensin with those fed meal without monensin .  

2 .  T o  determ ine t h e  effect of t h e  treatment of the calves with t h e  coccidiocide

toltrazu ri l  (20mg/kg-body weight) oral ly at the t ime of wean i ng on post weani ng 

coccid ios is and productivity in terms of weig ht gains.  

3.2. Materials and Methods: 

3.2. 1 . Trial  design : 

This  repl icated study in itia l ly  compared calves fed meal with or  without 

monens in and comprised a total  of 24 calves set-stocked as 6 g roups of 4 

calves in  6 areas subdivided from one paddock on Massey Un iversity's No 4 

Dairy Farm.  A l l  were fed whole m i lk, supplemented with i ncreasing q uantit ies of 
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calf meai (See Appendix 3 .2 )  Three of the g roups (MG 1 , MG2 and MG3) were 

fed calf meal with the coccidiostat monensin inc luded @ 1  mg of meal and the 

other th ree ( N MG 1 , NMG2 and NMG3) were fed calf meal without any 

coccid iostat inc luded. The rearing p ractice in  terms of rations fed was the same 

as for other non-experimental calves on this farm . The coccid iostat added was 

monensi n ( "Monens in  premix") and the meal was a standard calf meal (See 

Append ix  3 . 1 . a) .  The calves were weaned when the average weight was 1 00 

kgs .  

At weaning half of t h e  calves ( 2 )  from each g roup were selected randomly and 

drenched with toltrazur i l  20mg /kg body weight (Baycox Pig let Coccid iocide, 

Bayer Austral ia  Ltd) ( Refer to Appendix 3 . 1  b) . After wean ing the calves were 

kept in a s ing le m ob in an area equ ivalent to two of the in it ia l  g roups.  The 

calves were kept in 2 cel ls as the g rass was plent ifu l .  

The t ria l  commenced of 1 4th August 2002 ( Day 1 )  with weaning occurring on 

24th October ( Day 72) and the tr ia l  ended on 1 0  December ( Day 1 1 3) .  The 

calves were born between 1 0  J u ly to 4 August and at the commencement of the 

study the average was 2 .5 weeks. These calves were randomly al located i nto 6 

g roups .  The detai led feed ing reg ime and other managerial activit ies are shown 

in the table in Appendix 3 .2 .  

3.2 .  2. Paddock preparation and sub d ivision : 

The paddock had been grazed by adul t  cows over winter and had been top

dressed with u rea (23/7/02)  to ensure adequate grass was avai lable for set

stocking of calves . l t  had not been used in the past for calf reari ng .  This 

paddock was d ivided into 6 cel ls  with electric fences . The calves were set

stocked at a rate of 4 calves in a g razing area of 0 .68 ha, equivalent to about 6 

calves/ha.  A s hed suitable to shelter 4 calves was placed i n  each ce l l .  A set of 

portable yards was constructed adjacent to the paddock for the purpose of 

weigh ing  and samp l i ng animals .  E ach cel l  contained a feed and water trough .  

Water was avai lable ad lib th roughout the tr ial . 

3.2.3. Husbandry practices: 

The calves were m oved to the experimental area at an average age of 2 .5  

weeks . They were in it ial ly fed on whole mi lk  twice a day for the f i rst week under 

experi ment and then once a day u nt i l  75kg body weight .  I n i t ia l ly they were on a 
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dai ly al lowance o f  calf meal start ing at 1 OOg/calf/day i n  the second week and 

increas ing by an extra 50g/day each week to a m aximum of 1 kg/day. The i r  

i n it ia l  m i lk  a l lowance was 4 1 itres/day increasing to 5 1 itres/day on once a day 

feeding and then reducing by one l itre per week unt i l  reach ing 75kg 

bodyweight .  From 75kg unt i l  weaning at 1 OOkg they were fed meal only.  The 

composit ion of the calf pel lets is shown in Appendix 3 . 1  .a. 

The standard calf rearing practice of M assey University dairy farms was 

fol lowed . I n it ia l ly ,  the young calves were held at the No.  4 calf unit and 

establ ished on twice dai ly whole m i lk  feeds from one day of age.  

On  Day 43 of  the experiment (25th Sept . )  a g roup of 200 cows were kept 

overnight to red uce the pastu re level as it was overg rown . This was repeated on 

Day 49 ( 1 1 th Oct . )  The calves were dis-budded on 1 6th October. On Day 1 1 1  
(2nd Dec) a few calves were noted to be cough ing so lungworm larval cou nts 

were assessed and most of the calves were shedding lungworm larvae so a l l  

calves were treated with anthel m int ic for  l ungworm .  The calves were m aintained 

up to Day 1 1 3 ( 1 Oth Dec) in this paddock u nder daily supervis ion .  The feedi ng 

and other activit ies on the farm are shown i n  Appendix 3 .2 .  

3. 2.4.  Sample col lection : 

Each calf was faecal sampled twice per week for the f i rst 3 weeks and then 

once a week u nt i l  7 weeks post-wean ing . The techn ique was rectal sti mu lat ion 

of defaecat ion .  I n  addit ion ,  once a week the calves were weig h ed on a 

M icropower 2000 ( Donald Presses Ltd , Masterton New Zealand) e lectronic 

scales and a 1 Om l  blood sample , from t he jugu lar vein ,  was co l lected for 

recovery of serum and subsequent determ ination of anti-coccid i al ant ibodies .  

3.2.5.  Examination of indiv idual samples : 

Faecal samples were screened for coccid ia  throughout the experiment and the 

positive samples with h igh  counts were sporu lated for  species identif icat ion .  

A faecal oocyst count ( FOC) was carried out on  a 2g sub sample of  each 

sample col lected .  In addit ion ,  oocysts were recovered , if present, from a fu rther 

sub-sample and sporu lated, and the species present were described i n  a 

random sample of 1 00 oocysts . 
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In brief, oocysts were counted us ing a modified McMaster technique,  us ing 

saturated NaCI as the flotat ion med ium,  where each oocyst counted 

represented 50 oocysts/g (see Appendix 3 .3 . 1  ) .  Oocysts were recovered from 

positive samples as described in Appendix 3 .3 .2  and 3 .3 .3 .  In br ief, a 5g sample 

of faeces was homogenized in  water ,  subjected to flotat ion in saturated salt ,  

oocysts were recovered from the supernatant , washed in  water, centrifuged,  

recovered and sporu lated at 2rc for 7 days i n  a shal low d ish contain ing 2% 

H2S04. Sporu lated oocysts were recovered as per procedure i n  Appendix .  3 .3 .3 .  

To determ ine the prevalence of  species with in  an animal ,  30  oocysts were 

identif ied.  This was on ly done from those animals with a reasonably h igh  oocyst 

count to m ake the observation practical ly feasib le .  The percentage of i nd ividual 

species in this study was then calcu lated to find out the prevalence of i ndiv idual 

species . 

Faecal samples were also screened for Cryptosporidium and Giardia from 

Week 1 to 5 and Giardia on Week 1 . 

On the fi rst occasion,  a com mercial d i rect f luorescence procedure 

( M E R I FLUOR:  Mer id ian D iagnostics) which detects Cryptosporidium and 

Giardia (see the Appendix 3 .3 .5 )  was used. Subsequently, faecal smears were 

stained with a modif ied Zeih l  Nei lson stain (see the Appendix 3 . 3 .4) 

3.3 Statistical analysis : 

3.3. 1 . Faecal oocyst counts : 

Arith metic weekly mean oocyst counts were analyzed after  square root 

transformation to normal ise the data (Snedecor and Cochran,  1 980) . Data for 

live weigh t  ( LW) and transformed FOG were analysed us ing the M IXED 

procedure o f  SAS (2001  ) .  The l i near model inc luded the fixed effects o f  week, 

treatment either with "monensin" (pre-weaning or with toltraz u ri l  post-weaning) 

and the interact ion between week X t reatment ,  and the random effect of 

rep l ication .  A rep l i cate comprised a group of 4 animals for monens in up to 

wean ing and 1 2  anim als for to ltrazur i l  after weaning .  Using Aka ike's information 

criter ion ,  a compound symmetric error structu re was determ i ned as the most 

appropr iate res idual  covariance structure for repeated measures over t ime 

with in  an imals .  
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3.3.2. Live weight :  

Live weight was analyzed us ing the MIXED procedure in  SAS (200 1 ) .  The 

model i nc luded the f ixed effects of treatment with either monensin or  tolt razur i l  

(treated non-treated an imals) , t ime,  the i r  i nteract ion and the random effect of  

animal with in  treatment .  Using the Akaike's in formation criterion ,  a com po u nd 

symmetry error structu re was determined as the most appropriate res idual 

covariance structu re for repeated measures over t ime with in  animals.  Least 

square means and the i r  standard errors (SE) were obtained for the 1 1  weeks 

pre weaning and the 7 weeks post weaning.  

3.3.3. Combined effect of two anti-coccidial treatments on oocyst counts 

up to weaning : 

Stat ist ical analysis was also carried out to see whether there was any effect of 

combined treatment with two anti -coccidials ( mo nensin + toltrazuri l )  as some 

an imals  received both drugs.  Data for  transformed FOC were analyzed us ing 

the M I X E D  procedu re of  SAS (2001  ) .  The l inear model i nc luded the f ixed 

effects of week, t reatm ent with monensin (pre-weani ng) or with toltrazu ri l  ( post 

wean ing) ,  interact ion between monensin and to ltrazur i l  and the interact ion 

between week X treatment (with toltrazur i l  + monensin) . A repl icate comprised a 

group of 6 an imals .  Using the Akaike's information criter ion , a co mpound 

sym metric error structu re was determined as the most appropriate res idua l  

covariance structure for repeated measures over t ime with in  an imals .  

3.4.  Results : 

3.4.1 . Oocyst counts up to wean ing :  

The oocyst counts were very low in  a l l  t he  calves up to  the  4th col lect ion or  2 .5  

weeks of  treatment .  Thereafter the  oocyst cou nts rose to  reach peak levels  at 

ih col lection or after 3 . 5  weeks of treatment.  Then the oocyst counts started to 

decl ine to low levels ,  a l most to their  i n itial low levels ,  during col lect ions 1 4  to 1 6  

or  5 to 1 1  weeks on t reatment. The monensin-treated groups (MG2,  MG3) h ad 

h igher oocyst counts from the 3rd and 5th week but thereafter the non-treated 

g roups (NMG1 , N M G 2 ,  NMG3) and the monensin-treated g roups h ad s im i lar 

oocyst counts (see Appendix 3 .4 . 1  for raw data) . The h ighest counts in the i r  

respective groups were for MG2 and NMG1 . 
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The FOC of a l l  the samples were pooled to calculate the group mean 

(Groupwise) oocyst counts and t reat ment mean (Treatmentwise) oocyst counts . 

Least square mean (LSM) oocyst counts were determined for both 

Treatmentwise and G roupwise and the sum mary of ANOVA is shown in Table 

3 . 1 . The Groupwise and Treatmentwise arithmetic mean oocyst counts and the 

least square mean oocyst counts (Groupwise and Treatmentwise) i n  calves up 

to wean ing are shown in  Figs :  3 . 1 , 3 .2 ,  3.3 and 3 .4 .  

As shown in Table 3 . 1 , there was no sig nificant d ifference between monensin

treated and non-treated calves (p=0.6)  and the LSM oocyst counts of both 

treated and non-treated calves showed s im i lar patterns all through the 

experiment .  The effect of week was significant (p<0.0001 ) i ndicat ing the oocyst 

counts varied over t ime.  Fu l l  detai ls of th is  stat istical analysis are shown in  

Appendices 3 .4 .3 and 3.4 .4 .  

2200 

2000 

1 800 

� 
1 600 

I 1 400 
Cl 
ffi 1 200 

� 1 000 

; 800 

600 

400 

200 

0 

0 1 2 3 4 5 6 

--- MG1 

--- MG2 

_..._ MG3 

· · · • · ·  N M G 1  

, · · · •· · ·  N M G 2  

· · · •· · ·  NMG3 

• 

7 8 

W E EKS ON TREATMENT 

. . .. . . . . . . . . 

9 1 0  1 1  

Figure 3 .  1 :  Comparison of arit hmetic mean oocyst counts o f  groups o f  calves 

up to weaning fed m eal contain ing monensin (M)  and calves fed meal without 

monens in (NM) .  Each group (G 1 -3) compris ing 4 calves. 
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Figure 3. 2:  Comparison of least square mean oocyst counts of g roups of 

calves up to wean ing fed meal conta in ing m onensin (M) and calves fed meal 

without monens in (NM) .  Each g roup (G1 -3) compris ing 4 calves .  
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Figure 3 .  3 :  Comparison of arithmetic mean oocyst counts of calves up to 

wean ing fed meal contain ing monensin ( M )  and calves fed meal without 

monensin (NM)  by sampl ing occasion.  Calves were sampled twice a week for 

the f i rst 3 weeks and then once a week. Each g roup consisted of 1 2  an imals .  
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Figure 3. 4: Comparison of least square mean oocyst cou nts of calves up to 

weaning either fed meal contain i ng monensin (M )  or fed meal without monensin 

(NM) .  Each group consisted of 1 2  animals .  The error bars represent the 

standard error. 

Effect Numerator Denominator F Value Pr>F 

OF OF 

Week 1 0  1 78 5 .90 <0 .000 1 

Treatment 1 20 0 .26 0 .6 1 69 

Rep 2 20 0 .31  0 . 7364 

RepXTreatXWeek 52 1 78 1 .28 0 . 1 209 

Table 3. 1 :  Summary of the statist ical resu lts for a repeated ANOVA of oocyst 

counts up to weaning 

As shown in Fig 3.5 the calves being fed meal which inc luded monensin 

received less than the requ i red a mount of monensin in  the feed for the i n itial 4 
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weeks . But fro m  the  5th week onwards the calves received the recom mended 

dose, which is 1 mg/kg body weight .  (See Appendix 3 .7  for fu l l  detai ls ) . 
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Figure 3. 5 : Monensin consumption (mg/kg feed) compared to requ i red 

consu mption by calves prewean ing based on their weekly average l ive weights. 

3.4.2. Oocyst counts after weaning : 

Fig 3 .6  and Fig 3 . 7  show the mean and least square mean oocyst counts 

respectively for groups treated with toltrazu ri l  or not treated with to ltrazur i l  at 

wean ing.  

As shown in  F ig .  3 .6 and Fig 3.7 the oocyst counts of the calves treated with 

toltrazur i l  remained low, whereas the oocyst counts of the untreated calves 

increased from the  fi rst week to reach a m axi mum level during the th i rd week. 

Thereafter, the i r  counts dec l i ned to reach their  lowest level s im i lar to the in it ial 

level by the 6th week post t reatment. I nterest ingly ,  the counts of the t reated and 

non-treated calves were a lmost s imi lar from the 4th week. 
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Figure 3. 7:  Least square mean oocyst counts for calves after weani ng ,  e ither 

treated with toltrazu ri l  or not treated with toltrazu ri l ,  each group consist ing of 1 2  

an imals .  Note : Treatment g iven at 0 Week. 
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Effect Numerator Denominator F Value Pr>F 

DF OF 

Week 5 1 00 5 .97 <0 .00 1  

Monensin 1 20 0 . 1 9  0 .6696 

Toltrazuri l  1 20 22 .24 0 .0001  

ToltXMon 1 20 0 .33 0 .5740 

ToltXMonXWeek 1 5  1 00 4 .62 <0 .000 1 

Table 3. 2 :  Analysis Of Variance for oocyst co unt after weaning i nc lud ing prior 

treatment with monensin .  (Key: Tolt = to ltrazuri l ,  Man= monens in ) .  

The summary resu lts for  the i n it ial model used for analysis is shown in  Table 

3.2. The effect of the week was significant (p<0.001 ) , i ndicating that the oocyst 

counts varied s igni f icantly over t ime through the experiment. The effect of the 

monensin and the combi ned effect of  to ltrazur i l  and monensin were non 

sig ni f icant , but the effect of the toltrazur i l  was h igh ly s ignif icant (p<0 .0001 ) .  But ,  

the i nteraction of MonensinXtoltrazuri iXweek was sign i ficant . Th is  i ndicates that 

monensin had no effect i n  reducing the oocyst numbers in  calves after wean ing 

but toltrazur i l  g iven at weaning had signif icant effect on oocyst counts . The 

comb ined effect of two treatments was s igni f icant as the calves treated with 

both d rugs had the lowest counts when compared to calves treated with either 

of two drugs separately and calves that were not t reated with anticoccidials . 

Since prior treatment with monensin was not s ign if icant, a further analysis was 

undertaken excluding monensin (see Appendix 3 .5 .4 ) .  
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Monensin Toltrazu ri l  29  5 1 1  1 8  26 3 1 0  

Oct Nov Nov Nov Nov Dec Dec 

M T 0 8 8 1 00 1 50 1 67 33 

N M  T 8 242 8 92 258 1 42 67 

M NT 0 500 1 250 433 1 50 1 7  33 

NM NT 1 75 692 533 1 75 1 50 67 42 

Table 3. 3: Arithmetic mean oocyst counts (oocysts/g) of calves treated either 

with monensin (M) or  to ltrazur i l  (T) and treated with both ( M ,  T) or not treated 

with either (NM+NT) , each group consist ing of 6 calves . 

Effect Numerator OF Denominator OF  F Value Pr>F 

Week 6 1 32 7. 1 3  <0.000 1 

T oltrazur i l  1 22 20.90 0 .0001 

Toltrazur i iX 6 1 32 1 0 .96 <0.000 1 

Week 

Table 3. 4: Type 3 Tests of Fixed Effects . Repeated measures analysis of 

variance for oocyst counts after weaning.  

Table 3 .4 shows the summary of the repeated measures ANOVA (see 

Appendix 3 .5 .3  for fu l l  report) when monens in  treatment is removed from the 

mode l .  The effects of the week, treatment and the interact ion between the 

treatment (Toltrazuri l )  were al l  h ig h ly s ignificant (p>0.0001 ) , i ndicat ing that the 

treatment reduced the oocyst counts significantly in  calves. There was an 

overa l l  change in  oocyst count with t ime cons istent with an increase then a 

decl i ne and the s ign i f icant interaction is consistent with th is  bei ng d ifferent 

between the two t reatments . 
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Figure 3. 8 :  Comparison of the arith metic mean oocyst counts of 4 g roups 

treated with both anticoccidials ( toltrazuri l+ monens in = T +M) ,  not treated with 

either d rugs (NM +NT), t reated with only one anticoccidial at least (NM+ T) = 

treated with toltrazur i l  on ly ;  treated with monens in  o n ly( M+NT) . 

3.4.3. Live weight of the ca lves up to weaning : 

The arithmetic mean l ive weig hts by group up to wean ing are shown in F ig .  3 .9  

and by  treatment in  F ig .  3 . 1  0 .  At the  beginn ing o f  the  experi ment, a l l  3 g roups 
• 

of monensin-treated calves (n= 1 2) had an average weight of 47.7kg .  Th is  was 

s l ightly h igher than the average weight (47. 1 kg) of calves (n= 1 2) which did not 

receive any monensin in their feed , with a d ifference of 0.6 kg between treated 

and non-treated . At the end of the experiment, the treated groups weighed an 

average of 1 00.5kg and the group not treated had an average of 1 OOkg , with a 

d ifference of 0 .5kg .  
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Figure 3. 9 :  Comparison o f  arithmetic mean l ive weights o f  calves fed pel lets 

contai ning monens in (MG 1 , MG2,  and MG3) and calves fed pel lets without 

monensin (NMG 1 , NMG2, N MG3) .  Each g roup comprised 4 calves. 

Effect Numerator O F  Denominator O F  F Value Pr>F 

Week 1 0  1 78 1 2 1 7 .2  <0.000 

1 

Monens in 1 20 0 0 .96 

Rep 2 20 1 .03 0 . 37 

RepXMonensinXWeek 52 1 78 0 .90 0 .66 

Table 3. 5 :  Repeated measures Analysis of variance for l ive weights for calves 

up to weaning either fed pel lets contain ing monensi n or without monensin .  
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Figure 3 .  1 0 :  Comparison o f  Least square mean l ive weig hts o f  calves ( Error 

bars represent SE)  either fed pel lets conta in ing monensin (M)  or fed pe l lets 

without (NM) .  Each treatment consist ing of 1 2  animals 

As shown in  Table 3 .5 ,  there was no sign ificant effect (p>0 .05) of g roup, 

treatment or  the interaction of t reatment x group x week. But the effect of the 

week was s igni f icant at (p>0 .00 1  ) .  Th is ind icates that the calves increased in 

their weight duri ng the exper iment but an effect of monens in  was not signif icant 

stat ist ical ly, as seen in the Fig 3 .9  and Fig 3 . 1 0  as the treated and non treated 

calves did not d i ffer much in their  l ive weight gains over 1 1  weeks of 

observat ion (see Appendix .3 .6 . 1  and Appendix 3 .6 .2 .  for raw data) . The 

stat ist ical analysis of monensin treatment on weight gain i s  shown i n  

Appendix .3 .6 .4 .  

3.4.4. Live weig hts after weaning : 

The arithmetic m ean l ive weights by toltrazur i l  treatment are shown in  Fig . 3 . 1 1 

and t hose corrected for in it ial l ive weights in  F ig .  3 . 1 2 . The analysis showing 

correction for i n it ial l ive weight i s  shown in  Table .  3 .6 .  There was a difference of 

> 5kg in  weight gain between the treated and non-treated calves by 7 weeks 

post toltrazur i l  treatment. The arith metic mean difference between toltrazur i l  

t reated ( 1 33 .25kgs) and untreated ( 1 29.42kgs) was 3 .82kgs and the corrected 
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LSM d ifference between treated ( 1 33 .91  kgs )  and un-treated ( 1 28.76kgs) was 

5 . 1 2kg (see detai l s  in Appendix .3 .6.5 and 3 .6 .6) .  

Effect Numerator Denominator F Value Pr>F 

DF DF 

Monensin 1 20 0.97 0 .3356 

Toltrazuril 1 20 5.65 0 .0275 

Week 4 79 374.28 <0 .0001 

Tolt X Week 4 79 2 .81  0 .0608 

Mon XTolt XWeek 9 79 0.33 0 .9628 

Liveweight Week1 1 20 132. 90 <0.001 

Table 3. 6 :  ANOVA of Liveweights after weaning corrected for i n it ia l  l iveweight 

at weaning. 
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Figure 3. 1 1 :  Arithmetic mean l ive weig hts of calves after wean ing either 

treated with toltrazur i l  20mg /kg at the t ime of weaning (T) or not t reated (NT) . 

E ach group consisted of 1 2  animals.  
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Figure 3. 12:  Least square mean weig hts for a ccomparison of  2 g roups of  

calves either t reated at wean ing with toltrazuri l  (T) or not treated with toltrazur i l  

( NT) with l ive weights adjusted for  i n it ial weights. Each group consisted of 1 2  

an imals .  

As shown i n  Table 3.6 ,  the effect of week was s ign if icant (p<0.00 1 )  reflect ing 

calves getting heavier with t ime.  The effect of the to ltrazur i l  treatment on  

l iveweight was also s ignif icant (p<0 .05) and the interact ion between toltrazur i l  

treatment and week was approach ing bei ng s ignif icant (p=0.06) .  Th is  

i nteraction suggests that the d ivergence in  l ive weights between the two groups 

was becoming greater over t ime. Pr ior treatment with monensin had no 

sig n if icant effect (p>0 .05) .  

3.4.5. Cryptosporidium and Giardia results:  

The prevalence of  Cryptosporidium i n  these calves using either techn ique is  

shown in  F ig .  3 . 1 3 .  The prevalence of Cryptosporidium and Giardia i n  Week 1 is 

s h own in  Table 3 .7 .  lt is notable that 1 4  of the calves were infected with 

Cryptosporidium and th is  decl ined to no calves infected 4 weeks later. Also, 1 4  

of the calves were infected with Giardia i n  Week 1 .  
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Figure 3. 1 3 : Status  of Cryptosporidium i nfections in calves up to 5 weeks of 

observat ion.  

As s hown in  the Table 3 .7 more than half of the animals were detected posit ive 

for both Cryptosporidium (58.33%) and Giardia (54 . 1 6%) at the beg inn i ng of the 

study when the calves were about 2.5 weeks of age . Giardia leve ls were 

recorded only on th i s  occasion.  
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Animal Cryptosporidium Giardia 

no 

43 - -

1 7  - -

1 1 6 - -

1 1 8 + -

25 - -

57 - + 

39 + + 

1 1 3 - + 

6 + + 

1 6  + + 

1 5  - -

1 1 7 + -

3 + + 

33 + + 

1 8  + -

56 + -

32 + + 

28 + + 

9 - + 

29 - + 

3 1  + + 

20 + -

1 4  - -

47 + + 

Table 3. 7 :  Cryptosporidium and Giardia status of the calves by Merif lour  test kit 

in Week 1 .  
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3.5. Discussion :  

A s ign ificant feature of th is  study was the general ly low oocyst count th roughout 

the experi ment. At the commencement of the study this was not that surpr is ing 

as the mean age of calves was only 2 .5  weeks . The prepatent per iod for catt le 

Eimeria species varies from 8-2 1 days . Th is  group of calves represented the 

very earl iest calves born on th is farm th is  year. So contaminat ion in the calf 

reari ng area was l ikely to h ave been low.  At the calf unit ,  calves were i n it ial ly 

housed in  pens and then moved to paddocks adjacent to the pens that had 

been used by calves in  successive years. This occurred a few days before 

m ovement to the experimental area. Oocyst counts were n i l  i n  th is study for up 

to 4 col lections ,  i . e .  after 2 weeks on the pasture, which is presumably due to 

non-exposure to the infect ion whi lst in the calf pens. Ear l ier researchers 

reported at least e ight days after turning out onto pasture, for development of 

the i nfection with peak excret ion of oocysts between 9- 1 8 days after infect ion 

( Svensson et a!, 1 993) . The r ise in  oocyst counts after 2 weeks , to reach the 

peak oocyst counts in  3 - 3.5 weeks of t ime on the experimental paddocks may 

coincide with the maturat ion of i nfect ion result ing from the calf-rearing at the 

M assey Calf Rearing fac i l ity im mediately before being transferred to the 

exper imental paddocks . After th is t ime, oocyst counts were low, possibly 

because of i m m un ity developing ,  as has been observed previously (N i i l o ,  1 969, 

1 970 ;  Senger, 1 959;  Rose ,  1 987) . An alternative reason is that Eimeria 

p roceeded thro ug h  their  l ife cycles and deve loped into oocysts , but i n  the 

absence of fu rther infect ion on the experimental paddocks oocyst counts 

subsequently d ropped to low leve ls .  The re latively large size of the g razing 

ce l ls  meant that l ittle reinfection probably occurred over the course of the 

exper iment because the i n it ial contaminat ion by these calves was widely 

d ispersed and pasture growth was good , further d i luti ng any oocysts . I n  

addit ion, the experimental area was not previously used f o r  calf rearing and had 

on ly  been grazed by adu lt cattle which would have had general ly low oocyst 

counts and hence the area would have only had a low level of contamination 

with Eimeria oocysts . 
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Monensin shou ld contribute to lower oocyst counts i n  t reated ani m als 

(Stockdale 1 973 & 1 98 1 ; McDougald, 1 978 ; F itzgerald 1 984 ). The monensin

added meal-fed an imals had comparatively lower counts but untreated an im als 

also h ad low numbers,  possibly because of good managerial practices in  the 

paddock. l t  was reported that m onensin has a dose relevant effect (Stromberg 

et al. , 1 986) . Therefore, if oocyst numbers had been h igh then a h igher dosage 

of monensin m ight be requ i red to obtain the same effect. Monensin t reatment 

had no signi ficant effect on weight gains. 

As shown in  Fig 3.5,  the calves were not eat ing enough monensin for the fi rst 4 

weeks , as the whole fresh m i lk  had no coccidiostats and the amount of meal 

eaten contributed less than the recommended 1 mg/kg body weight 

(McDo ugald, 1 978 ; Stromberg et al. , 1 986) .  Th is occurred despite sufficient 

meal being offered to ach ieve this dose but the meal was not adequately 

consu med. lt is not surpris i ng that both treated and non-treated animals 

showed s im i lar oocyst counts up to 4 weeks of t ime.  After 4 weeks the oocyst 

counts were general ly low i n  a l l  g roups, so no o bvious effect of monensin could 

be determined. Whether there was a developing immune response is also h ard 

to determ ine.  The i m munity to the parasite depends on the previous exposure 

and the level of exposure (Stockdale and Yates, 1 978; Senger, 1 959 ; N i i lo ,  

1 969) , wh ich in  th is experi ment appeared to be low. A large dose of  i nfect ion 

provides good immun ity and the immunity lasts for at least 40 days (Hug hes et 

a!, 1 989;  Ferron et al. , 1 965; Faber,  2002) .  

As shown in  Table 3 .6 ,  the effect of week on l iveweight was s ignif icant 

(p<0 .001  ), i ndicat ing calves were gett ing heavier with time .  The effect of the 

toltrazur i l  treatment on l iveweight was sign if icant (p<0.05) and the i nteraction 

between toltrazur i l  t reatment and week was approach ing being s ign if icant 

(p=0 . 06) . This indicates that toltrazuri l  d id have a postive effect on  l iveweight 

and the divergence i n  l ive weights between the two groups tended to be l arger 

over t ime.  Prior treatment with monensin had no significant effect (p>0 .05) .  

The other notable feature was the general ly low oocyst count in  relat ion to  those 

associated with c l i n ical d isease.  There are p ubl ished reports that counts of 

more than 5000 opg,  are associated with c l i n ical d isease in  cattle (Horton

Smith , 1 958 ; Oda and Nish ida, 1 990) . 
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The i mpact of monensin treatment on l iveweight gain up to weaning was not 

s ign if icant (p<0 .05) ,  which is n ot surpris ing given the level of FOC that was 

noted .  Th is may not be a fair reflection of monensin given the low chal lenge in  

the u ntreated calves. I n  most o f  the experiments that h ave been reported 

monensin improved the l ive weight gain in lambs and calves ( Foreyt and 

Wescott, 1 984;  Fitzgerald 1 984 ; MacDougald,  1 978 ; Goodrich ,  1 984 ; Stockdale, 

1 98 1 ; McDougald, 1 978) .  But in some other studies monensin d id not improve 

weig ht  gains in lambs with natural ly acqu i red infections (Horton and Stockdale, 

1 98 1 ; McDougald , 1 978) .  In th is present study monensin had no sign ificant 

effect on weig ht gains.  Th is may be because monensin consumption was not 

enoug h during i n it ia l  period of 4 weeks as shown in Fig 3 .5 .  Th is a l lowed calves 

to h ave access to more oocysts as the effect of monens in  is dose responsive 

(McDougald, 1 978) and the t reated calves shed almost equal number of 

oocysts as untreated animals .  P robably th is i n it ial i nfection in an imals had some 

effect on weight gain, as the d isease causes weight loss in  ani mals (Quig ley, 

200 1 ) . 

After wean ing ,  there was a rise in the oocyst counts of the an imals which were 

not treated with the toltrazur i l  whereas those that were treated maintained low 

FOC. The rise in  the untreated calves m ight have been because of the stress 

of weaning or e lse because of the withdrawal of monens in  al lowing inh ibited 

stages to mature and calves picking up new infection . These two factors might 

both operate independently or together, but th is study was not able to determ ine 

which was the case. These ani mals were subjected to several stressful 

condit ions at the t ime of weaning such as vaccination ,  change of diet (no 

supplemental d iet) , bleed ing ,  weigh ing ,  d rench ing (coccid iocide) and removal of 

shelter (pens removed from the paddock) . None of the anim als developed 

c l in ical  d isease . I ndeed the FOC remained low even though there was a 

d ifference between the toltrazuri l -treated and not-treated calves.  

A s ing le treatment of the calves with toltrazur i l  signif icant ly reduced the oocyst 

counts up to 4 weeks post treatment and the oocyst counts of the calves which 

were not treated were h igher over th is period. Toltrazuri l  has been shown to be 

an effective coccid iocide and is effective in ki l l i ng all stages of the l ife cycle 

except the extracel lu lar stages and is effective against al l species of Eimeria 

species (Froyman and G rief, 2002) . However, there is no persistent activity . 
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Hence, any effect o n  FOC is  only l ike ly to persist unti l a new i nfection becomes 

patent. There have been several studies with various ruminants. Toltrazur i l  

treatment of lambs (20mg/kg) reduced the i r  oocyst counts to low leve ls  and 

weekly treatment of the same lambs for 1 0  weeks kept FOC low (Stafford et a l ,  

1 994) . In  3 d ifferent tr ials with goats ,  a s ingle treatment with toltrazur i l  resu lted 

in rapid and s ign if icant reduction of oocyst counts in treated goats . In one of 

these the control an imals had 21 ,546 OPG cou nt but the treated animals  had 

only 360 opg count by the 4th day after treatment and this further reduced to 1 63 

opg on the 1 oth day ( McKenna, 1 988) . A single treatment to lambs with 

toltrazur i l  (20mg/kg) on Day 1 0  on pasture reduced the oocyst cou nts for up to 

34 days . Lambs treated with 20mg/kg toltrazur i l  had better resu lts over the 

lambs treated with 1 0  mg/kg (Gjerde and Hel le ,  1 986) .  

The improvement i n  t he  weight gai n (corrected LSM) in the 6 week period after 

wean ing was s ign ificant with > 5kgs d ifference between treated and untreated 

ani mals .  The lower weight gai ns in the contro ls  may be because of the oocyst 

burdens these calves had during the immediate post weaning t ime .  The effect 

seen here i s  particu lar ly surpris ing g iven the general ly low oocyst counts seen 

after wean i ng in the calves not given toltrazur i l  treatment. There have been few 

studies, i nvestigat ing the effect of coccidiosis in calves after weaning under 

s im i lar type of graz ing condit ions and apparently no studies on weight gain 

when us ing toltrazur i l  in calves. Toltrazur i l  treatment of lambs natural ly infected 

with Eimeria i mproved the weight gains when treated with 1 5-20mg/kg 

to ltrazur i l  and the weight gains were s ign if icant in  the period from 1 4  to 35 days 

after treatment (Gjerde and Hel le ,  1 986) .  As noted in Chapter 2 ,  the dominant 

species in these calves were E. bovis and E. zuernii which are general ly 

acknowledged as the two most pathogenic species in catt le.  Even so,  it seems 

surprising that there was a signif icant effect on  weight gain g iven the general ly 

low FOC ,  even with t hese two species dominat ing .  
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Cryptosporidium status:  

At the beg inning of the experiment at least 58 .3% of  calves were positive to  

Cryptosporidium and 54 .2% of  calves for Giardia. The average age of the 

calves i n  th is experiment was 2 .5  weeks at  which age the infection seems to be 

most prevalent in  calves (Maldonado et at, 1 998, Atwi l l  et at, 1 998) .This was the 

max imum level of shedding recorded in th is study with cou nts dec l i n ing each 

week to become ni l  in the fifth week of observat ion when the calves were 6 . 5  

weeks o l d .  i t  has been observed that the risk of  i nfections decreases with 

increas ing age (Mohammed et at, 1 999) .  
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Chapter 4 :  Experiment at Tuapaka : 

4.1 . Introduction : 

The study reported in  the previous chapter exami ned coccid ios is both before 

and after wean ing.  Coccidiosis has been reported i mmediately after weaning 

because of the stress calves undergo at the t ime of wean i ng in  terms of 

transport ,  feed change and vaccinat ion (Parker,  1 984 ; Fitzgerald 1 96 1 ; N i i l o ,  

1 970;  Marsh 1 938) .  l t  has been prev iously shown that admin istration o f  anti

coccidial medication early during the stress period can decrease the c l in ical and 

sub-c l in ical d isease seen in  feed lots (Pritchard , 1 993) . A s i ng le dose of 

toltrazur i l  at 1 5  - 20 mg/kg reduced oocyst counts and they remai ned low for 3 -

4 weeks post treatment in previous studies (McKenna, 1 998 ; Gjerde and Hel le ,  

1 986;  Taylor  and Kenny,  1 988) . 

This present study was run in conjunct ion with the study reported in  C hapter 3 

at Massey N umber 4 Dairy Farm and was designed to invest igate the effect of 

to ltrazur i l  t reatment at weaning in young Ho lste in- Friesian bu l l  calves reared by 

com mercial rearers under commercial conditions where the probabi l ity of calves 

being exposed to infect ion with coccid ia  was l ikely to be h ig h .  Trad it ional rear ing 

of dai ry-breed bu l l  calves involves a commercial calf rearer rais ing the calves 

from 3 days of age unti l wean ing at about 1 OOkg l iveweight and 1 2  weeks of 

age . These animals are then sold to farmers who keep these bu l l s  unt i l  they 

are slaug htered. lt is also a t ime when anticoccid ial treatment ceases as calf 

meal is no longer fed. 

4.2 Materials and Methods: 

4.2. 1 . Farm and Animals 

"Tuapaka" i s  a Massey University farm that regularly rears calves from wean ing 

to 1 8-24 months of age. The area of the farm where the study bu l ls  were 

grazed h as on ly been used for the rearing of dairy bull beef s ince the early 

1 980s. l t  is current pol icy for calves to be sourced from Massey U n ivers ity dai ry 

farms ,  raised under contract by com me rcial calf rearers unt i l  1 OOkg body weight 

and then retu rned to Tuapaka to be g razed unti l sold at 1 8-24 months of age . 

These com mercial calf rearers would general ly  fol low the same rearing practice 

as for those calves studied in  Chapter 3,  except they would use m i lk  replacer 
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rather than whole m i lk .  For this present study calves from two different calf 

rearers were used with some from a th i rd rearer arriving 1 week after the 

commencement of the study and being monitored as a form of add it ional control 

g roup. To ensure that this current experiment started with both groups of 

calves treated synchronously it was necessary to hold some calves after arrival 

at Tuapaka but in th is case all calves were m aintained on calf meal with 

coccidiostat as would have occu rred on the property of the calf rearer .  No 

calves were mon itored whi lst with the calf rearer .  

4.2.2.  Experimental Schedule:  

Two groups (Group A and B) of 30 calves each were selected , one from each 

of the two calf rearers . Half (n= 1 5) of both groups were treated once with 

20mg/kg body weight to ltrazur i l  ( Baycox Pig let Coccidiocide conta in ing 

to ltrazur i l  50g/L; Batch .  No . 1 848A2005; Expi ry Date , June 2003 ) .  A l l  treatments 

were given o ral ly with a 20ml syringe . The animals were randomly  selected in  

the order of the i r  arrival i n  the race at  the t ime of the fi rst sampl ing. A l l  the  

calves were faecal sampled, weighed and bled . From the second week 

onwards the th i rd group (Group C) of 2 1  calves arrived on the farm and were 

sampled as for Groups A and B but none of th is group was treated with 

toltrazuri l .  Each group o f  calves were grazed together as  a group but each 

group was g razed i n  a d i fferent paddock. Calves remained i n  these same 

paddocks for the durat ion of the experiment .  

Each calf  was faecal sampled and weighed once a week for 5 weeks post

treatment.  The techn ique for faecal col lection was rectal stimu lat ion of 

defaecat ion .  In add it ion ,  a 1 Oml b lood sample from the j ugu lar vein was 

col lected on the fi rst and last week of the experiment from half of the G ro ups A 

and B for recovery of serum and subsequent determinat ion of anti-coccid ia l  

antibodies ( see C hapter 6) .  

The experi ment com menced on the ih November 2002 (day of t reatment) and 

was com pleted 5 weeks later on 1 ih December (Week 5 post t reatment) . On 

arrival a l l  calves were t reated with an anthe lmintic to remove the compl ication of  

nematodes affecting l iveweight gain .  
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4.2.3 Oocyst counts : 

A total oocyst count was carried out on  a 2g sub-sample of faeces col lected as 

previous ly  described ( see Appendix 3 .3 . 1  ) . In addition ,  oocysts were recovered 

from a fu rther sub-sample for those ani mals with high oocyst counts and 

sporu lated as previous ly described (Appendix 3 .3 .2  and 3 .3 .3) . Each oocyst 

counted represented 50 oocysts per gram . A total of 51 6 faecal samples were 

screened for coccid ia throughout the exper iment and al l the positive samples 

with h igh counts were sporulated for species identif ication .  

4.2.4. Species prevalence: 

To determ i ne the prevalence of species with i n  an ani mal  30 oocysts were 

identif ied . This was on ly estimated from those an i mals with a reasonably h igh  

oocyst count to  make the observat ion practical ly feasible. These resu lts have 

been reported in Chapter 2 .  

4.2.5. Faecal consistency: 

A total of 1 28 faecal samples on two occas ions (3rd and 4th week post 

treatment - 26th Nov and 3rd Dec) were categorised based on the i r  consistency 

of faeces as sol id (1 ) , semi-sol id (2 ) ,  and l iqu id (3) and the faecal oocyst cou nts 

were compared to see whether there was any relationship between the faecal 

consistency and the oocyst counts . 

4.2.6. Statistical ana lysis of faecal oocyst counts : 

Faecal oocyst counts ( FOC) were analysed after square root transformation to 

normal ise the data ( Snedecor and Cochran , 1 980) .  Data were analysed us ing 

the M I X E D  procedu re of SAS (200 1 ) .  The l i near model i nc luded the fixed 

effects of week, treatment with toltrazuri l ,  the i nteraction between week X 

treatment ,  and the random effect of repl ication .  A repl icate comprised a group of 

1 5  an ima ls  that were treated with toltrazur i l  and 1 5  untreated animals .  

Using the Akaike's i nformation criterion (SAS 2001 ) ,  a compound symmetric 

error structure was determined as the most appropriate residual covariance 

structure for repeated measures over time with in animals (Appendix .  4 . 1 .2 ) .  
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4.2.7. Statistical analysis of Live Weights : 

Live weight was analysed us ing the M I X E D  procedure i n  SAS (200 1 ) .  The 

model inc luded the f ixed effects of week, treatment with tolt razuri l ,  the 

interact ion between week X treatment and the random effect of an imal with in  

treatment. lt a lso  i ncluded l iveweight a t  Week 1 to  standardise i n it ial d ifferences 

between groups.  Using the Akaike's i nformation criterion ,  a compound 

sym metry error structure was determined as the most appropriate res idual 

covariance structure for repeated measures over time with in an imals .  Least 

square means and their  standard errors (SE)  were obtained for each treatment.  

4.2.8. Statistical analysis of faecal consistency: 

The correlat ion between faecal consistency and oocyst counts was determ ined 

us ing SAS (200 1 ) after transforming the FOC by their  square root. 

4. 3. Results 

4.3.1 Faecal oocyst counts : 

Arith metic mean oocyst counts for Groups A ,  B and C are shown in  Figs 4 . 1 , 

4 .2  and 4.3 respectively.  The Least Square Mean (LSM) oocyst counts for 

Groups A and B are shown in F ig .  4 .4 and Fig. 4.5 respectively. The raw oocyst 

counts are recorded in Appendix 4 .4 . 1 .  The oocyst counts of Group A calves 

wh ich were treated with toltrazu ri l  were d ramat ical ly reduced by the fi rst week 

from a mean of 4 1 20 oocysts/g to 1 7  oocysts/g and the counts of these treated 

calves rem ained low for the duration of the experiment (Fig .  4 . 1  ). Oocyst 

counts remained lower than the untreated calves for 5 weeks post treatment.  

The counts for calves which were not treated with to ltrazur i l  remained as h igh  in 

Week 2 as pre-treatment, then increased a l ittle i n  Week 3 and reduced 

thereafter to be s im i lar to treated calves by the end of the experiment .  A s im i lar 

pattern was seen with calves in Group B .  However, by chance the oocyst 

counts of toltrazur i l -t reated calves were i n it ial ly lower than the non-treated 

calves. Regard less, they rem ained low for the duration of the experiment 

i ncreasing very s l ight ly in Week 5 .  The untreated calves in  G roup B averaged 

337 oocysts/g at the start of experiment in Week 0, increas ing to 1 1 96 

oocysts/g i n  Week 2 post-treatment and then reducing to be s imi lar to the 
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treated calves by Week 5 post-treatment .  The mean counts for Group C calves 

wh ich were not treated with to ltrazur i l  a lso increased s l ight ly after weaning fro m  

a mean o f  1 40 oocysts/g o n  arrival i n  Week 1 t o  460 oocysts/g in  Week 3 and 

then reducing to low levels  by  Week 5.  

The stat ist ical analysis of the oocyst variat ion of G roup A and B is shown in 

Table 4 . 1 . The effect of toltrazur i l  t reatment was h ig h ly s ign if icant (p<0.000 1 )  

i ndicat ing that to ltrazuri l was effective i n  reducing the oocyst counts. The effect 

of Group was also s igni ficant (p<0 .05) indicat ing a d ifference between calves 

from d ifferent rearers . Week was not s ign ificant (p>0 .05) ind icating oocyst 

counts overal l  d id not vary over t ime.  The interaction  of "G roupxTreatXWeek" 

was also s ignif icant (p<0 .00 1 )  indicat ing that there was a variat ion betwee n  

G roup and Treatment over t ime which i s  consistent with t h e  decl ine in  oocyst 

counts after treatment. 

Effect Num OF Den OF F Value Pr >F 

Week 5 278 1 . 90 0 .09 

Treatment 1 5 1 7 .88 0 .000 1 

G roup 1 57 5 .26 0 .025 

G roup*Treatment*Week 1 6  278 2 .56 0 .001  

Table 4. 1 :  Type 3 tests o f  f ixed effects o f  t ime series analysis for  oocyst counts 

for calves from Group A and B treated or  not treated at wean ing with toltrazur i l . 

Week = week of experi ment ,  Treat = toltrazur i l  t reat ment and Group = Group A 

o r  B .  
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Figu re 4. 1 :  Comparison of arithmetic mean oocyst counts of Group A calves 

treated at weaning (Week 0) with to ltrazur i l  20mg/kg body weight (AT) or  not 

treated with to ltrazu ri l  (ANT) . Each group comprised 1 5  calves. 
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Figure 4.  2 :  Comparison of  arithmetic mean oocyst counts of  Group B calves 

treated at wean i ng (week 0) with toltrazur i l  ( BT) or not treated with toltrazu ri l  

(BNT) .  Each group comprised 1 5  calves. 
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Figure 4. 3: Comparison of Means of Group A treated with toltrazuri l  (AT) , 

G roup A not treated with toltrazur i l  (ANT) , G roup B treated with toltrazur i l  ( BT) 

or  G roup B not treated with toltrazur i l  ( BNT) and Group C not treated with 

to ltrazuri l (CNT) Each group comprised 1 5  an imals except group C of 2 1  

calves . 
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Figure 4.  4 :  Comparison of Least Square Mean oocyst cou nt ( +/-) of Group A 

treated with to ltrazur i l  (AT) , Group A not treated with toltrazur i l  (ANT) . Each 

group comprised 1 5  animals .  Error bars represent Standard Error. 
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4.3.2. Liveweights o f  calves: 

Arith metic mean l iveweights for G roup A are shown in Fig 4 .6 ,  for Group B in 

Fig 4.7 and the Least Square Means for both Groups in  Fig 4.8 and Fig 4.9 

res pectively. The s u mmary of the statistical comparison of weight gains is 

shown in  Table 4.2 .  By 5 weeks post weaning there was >5-8kgs difference in  

weight ga in  between animals treated with toltrazur i l  or not. As shown i n  Table 

4 .2  the effect of week was s ign if icant at (p<0 .000 1 ) reflect ing the l iveweight 

increase over t ime. Treatment with toltrazuri l was not s igni ficant but the 

interact ion of GroupXTreatmentXWeek was significant (p<0 .0 1 ) i nd icating the 

relationsh ip  was not constant over the experiment but consistent with one group 

weigh ing more than the other at the end of the experiment .  

Effect Numerator Denominator F Value Pr>F 

DF DF 

G roup 1 56 0 .20 0 .6583 

Treat 1 56 1 . 1 3  0 .2932 

Week 5 279 3 1 5 . 55 0 . 0001 

G roup*Treatment*Week 1 6  279 2 .62 0 .0008 

Liveweight week 0 0 56 407 .92 0. 0001  

Table 4. 2 :  The repeated analysis variance of  l ive weights of calves adjusted for 

i n it ial l iveweight ( l iveweight week 0) showi ng the effect of treatment with 

to ltrazur i l  ( 'treat") , "group" (Group A and Group B), t ime by week post t reatment 

( "week") and the i nteraction of group, treatment and week ("group*treat*week) 

o n  the l ive weight .  
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Figure 4. 6: Comparison of ar ithmetic mean l ive weights of G roup A calves 

e i ther t reated with toltrazur i l  at wean ing (AT) or not treated with toltrazur i l  

(ANT) . E ach group comprised 1 5  an imals. 
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Figure 4. 7 :  Comparison of l ive weights of group B calves treated with toltrazur i l  

( BT) or  not treated with toltrazuri l  (BNT) . Each group comprised of 1 5  animals .  
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Figure 4. 8 :  Comparison of LSM l ive weights, of Group A calves treated with 

to ltrazur i l  (AT) and not treated with toltrazur i l  (ANT) . Each group comprised 1 5  

an imals 
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Figure 4. 9 :  Comparison of LSM l ive weights, of Group B calves not treated 

with toltrazur i l  ( BNT) and treated with toltrazur i l  ( BT) . Each g roup comprised 1 5  

animals .  E rror bars represent SE .  



1 04 

4.3.3. Faecal consistency and oocyst counts : 

A total of 1 28 faecal samples were categorised based on their  consistency of 

faeces as sol id ( 1  ) , semi  sol id (2 ) ,  and f lu id or l iqu id (3) and the faecal oocyst 

counts were compared to see whether there was any re lat ionsh ip  between the 

faecal consistency and the oocyst counts as shown in Table 4.3 (see Appendix 

4 .3 .  for raw d ata) . 

Consistency of faeces No. samples Faecal counts 

1 69 0-4550 (286) 

2 47 0-1 350 (236. )  

3 1 2  0-750 ( 1 75)  

Table 4. 3 :  Faecal consistency and the oocyst counts of  the calves.  

As shown in  Table 4 .4  and Fig .  4 . 1 0 ,  there was no relat ionsh ip observed 

between the faecal consistency and the oocyst counts in the faeces as all types 

(faecal consistency sol id ,  semi -sol id and l iquid) had min imum counts as low as 

zero as m in imum count and sol id faeces had h ighest counts up to 4 ,550 .  The 

average cou nts of l iqu id ,  semi - sol id and sol id were 1 75 ,  235 .5  and 286 .6 .  

Pearson Correlation Coefficients 

Fe Foe Sr_Foe 

Fe 1 .00000 -0 .06 1 93 -0 .00750 

p 0 .4909 0 .9336 

Foe -0 .061 93 1 .00000 0 . 90842 

p 0 .4009 <0.0001 

Fe Foe Sr Foe 

. . 
Table 4.  4 :  Correlat ion coeff 1c1ents of faecal oocyst counts . Note : Fe- faecal 

consistency,  Foc=Faecal oocyst counts,  Sr = Square root, P= Probabi l ity 
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Type 3 Tests of Fixed Effects 

Effect Nu m Den F Value Pr > F 

DF DF 

Fe 2 1 23 0 .49 0 . 6 1 4 1  

Table 4 .  5 :  Comparison o f  faecal consistency and faecal oocyst counts . 

As shown is  Table 4 .4 .  and 4 .5 . ,  there was no s ign if icant relat ionsh ip between 

faecal consistency and faecal oocyst counts as the correlat ion coeffic ient before 

square root t ransformation (S RT) of oocyst counts was -0.06 and after S RT was 

-0 .007. Analysis of variance of the f ixed effect was also not s ign if icant at 

(p=0.6 1 4) wh ich means that faecal consistency is not a true measure for the 

level of i nfection as the most l iqu id sample can have low oocyst counts and 

so l id samples with h igh counts may m is lead the level of infect ion of an imal .  
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Figure 4. 1 0 :  Comparison of faecal consistency sol id ( 1  ) ,  semi  so l id (2) and 

f lu id (3) and oocyst counts of 1 27 calves .  
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4.4. Discussio n :  

T h e  deve lopment o f  coccidiosis is affected b y  several facto rs of host and 

parasite ( Levine, 1 986)  such as host age, nutrit ional status and i m mune status 

of an an imal . Adul t  an imals are general l y  res istant to the disease compared to 

calves th is  could be because of previous exposure (Stockdale and Yates ; 

Senger, 1 95 9 ;  N i i lo ,  1 969) and severe i nfect ion results in  the development of 

good immu n ity that can last for at least 40 days (Hughes et a/, 1 989 ;  Ferron et 

al. ,  1 965 ; Faber, 2002) .  

M anagement condit ions and c l imatic cond it ions wi l l  i nf luence numbers of 

i nfective oocysts avai lable to the calves (Matj i la  & Penzhoru, 200 1 ; Hasbu l la  et 

al. , 1 990 ; C h ibundu et al. , 1 996 ; Sal isbury et al. ,  1 955 ; N i i l o ,  1 970) .  In th is  

p resent study,  bu l l  calves from th ree different rearers had d ifferent levels of 

i nfection before treatment although none would be considered to be very h igh ,  

suggest ing that management on the  farms h ad an inf luence o n  the  oocyst 

counts . G ro u p  A calves had the h ighest mean oocyst counts (343 to 4 1 20 

ocyst/g) whereas Group 8 were lower means (33 to 336 oocysts/g ) whi lst G roup 

C had mean counts of 0 to 760 oocysts/g . 

A l l  the groups were subjected to a s i m i lar degree of stress at the t ime of 

weaning.  The animals were transported to the Tuapaka farm ,  faecal sampled, 

weighed and half of the animals were b led and drenched with To ltrazur i l  oral ly 

(as descri bed) .  Toltrazur i l -treated an im als showed a reduction in the oocyst 

counts after one week of treatment, consistent with toltrazuri l  effectively ki l l ing 

the existing  i nfection .  However, although toltrazur i l  reduced the counts after 

t reatment there were st i l l  some oocysts were passed i n  treated calves . This 

study is i n  agreement with previous studies i n  goats where the oocyst counts 

were reduced almost to zero levels by to ltrazuri l  treatment and then kept very 

low for 30 d ays post treatment (McKenna, 1 988 ; Taylor and Ken ny,  1 988) . I n  

the present exper iment th is  reduct ion was seen up to  4 weeks post treatment .  

The oocyst counts of  untreated calves of  a l l  the groups rose s l ightly after the 

start of the exper iment with the peak being seen dur ing the second week. The 
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m ean counts remained relat ively h igh  u nt i l  the 41h week post treat ment. Both 

treated and u ntreated calves had s imi lar counts around Week 5 post t reatment .  

Overal l  there was no s ign ificant effect of t reatment on l iveweights (p>0.05)  

a l though the l iveweights of t reated an i mals were i mproved after t reatment with 

toltrazur i l .  Treated calves in  Group A gai ned >8kgs l ive weight in the 5 weeks 

after the treatm ent over the untreated calves . The increased l ive weight gain of 

treated an imals  started to be apparent after 3 weeks post treatment ( Fig . 4 .8)  

g iv ing an i mpression that the oocyst count reduction during these 3 weeks 

m ight have he lped the an imals to gain weight .  Treated calves i n  G roup B also 

h ad an i mproved weight gain of >4kgs over untreated calves. I n  a l l  untreated 

g roups the l ive weights were lower (Group A,  B, C)  when compared to treated 

an imals, and th is may be due to sub-c l in ical d isease process go ing on in the 

an imals. A lthough ,  the effect of  treatment was not  signif icant, the s ign if icant 

i n teract ion of l iveweight with t ime and t reatment (p<0.0 1 ) i s  i nd icative of a 

d ivergence in  l iveweight gain between treated and untreated an imals .  

In  th is  study the faecal samples were g raded as so l id ,  semi  so l id and runny 

based on the consistency and the oocysts counts of  the same an imals were 

ta l l ied with consistency to invest igate whether there is any re lat ionsh ip between 

d iarrhoea and oocyst counts. No re lat ionsh ip between faecal cons istency and 

oocyst counts was however observed. All types of faecal consistenc ies ("Sol id" ,  

" Semisol id" and" Runny") had counts as low as zero as a m in i m u m  count and 

h igh counts up to > 4 ,000 oocysts/g . The average counts of " l iq u id category" 

h ad the h ighest counts of 758 oocysts/g when compared to Semi  sol id (237 

o ocysts/g) and Sol id (287oocysts/g ) .  This is s im i lar to the resu lts of other 

studies (Oda and Nish ida, 1 990 ; E rnst ,  1 985) that also fai led to show any 

relationsh ip between counts and faecal consistency. 



Chapter 5 :  Study of coccidiosis and oocyst shedd ing on various 
beef farms 

5.1 . Introductio n :  
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The previous two chapters detail exper iments on coccidiosis pre- and post-

wean ing and the effect of to ltrazuri l  treatment at weaning. Studies in  th is chapter 

detai l  a series of investigations designed to be complementary to these by 

mon itoring the s hedding of coccidial oocysts in beef cows and their calves , calves 

raised by conventional dai ry calf rearers and cows with their calves on organic 

farms. The aim was to expand our l imited knowledge of the epidemio logy of 

bovine coccidiosis in New Zealand. In particu lar, to see how different rearing 

practices inf luence the coccidial burdens in  calves. 

5.2. Materials and methods : 

Cattle were sampled on several different farms as detai led below. Samples were 

either col lected per rectum or fresh faeces were col lected from the pasture after 

observing animals ,  defaecating. Oocysts counts were estimated with the 

McMaster oocyst cou nt technique as previously described (Appendix .  3 .3 . 1 ) . I f  

cou nts using this tech nique were al l  zero then a faecal float was usual ly performed 

as previously described (Appendix 3 . 3 . 1 )  and the resu lts were recorded as either 

positive or negat ive. 

Some of the positive samples were processed for oocyst sporu lat ion as previously 

described (Appendix 3 .3 .2)  and the sporu lated oocysts were speciated by 

measuring their  s izes and shapes as described in Chapter 2 (Section 2 .2) .  

5.2.1 Massey U n iversity calves : 

(a) Conventional calves raised on No.4. Dairy Farm that were the cohorts of the 

calves used in the experiment reported in  Chapter 3 ,  were sampled on two 

occasions in  October. These were two separate groups of calves. They were 

in it ia l ly fed on whole mi lk  and then meal contain ing monensin as for the calves 

used in the experiment in Chapter 3. In addition a group of 1 0  adu l t  cows was 

sampled from th is  same herd on one occasion in October. 
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(b) A group of 1 0  organically-reared calves were screened fou r  times prior to 

weaning and once after weaning by col lect ing faeces per rectum and est imat ing 

faecal oocyst counts. The organical ly-reared calves were reared on the Massey 

Un iversity Dairy Research Unit and were part of the organic dairy research 

prog ramme. They were raised without any coccidiostat in the meal that was fed to 

the m .  A group of 1 0  calves from the conventional ly-reared control group from th is 

research program me were also screened 4 t imes pr ior to weaning. 

5.2.2 Organic Beef Farms 

Calves from two farms were monitored . 

(a) Farm B was a fu l ly certif ied commercial organic farm located in  the Rangit ikei 

reg ion of New Zealand. lt had a m ixtu re of beef cows suckl ing calves and organic 

dairy beef. Faecal samples were col lected from adu lt cows, calves and autu mn 

born bu l l  calves on several occasions as detai led in  Table 5 .4 .  

(b)  Bal lantrae H i l l  Country Research Station :  Th is  farm is  owned by Ag Research 

and the animals sampled were from the organic farm research block. Th is organic 

farm compares cattle and sheep raised under organic farm ing criteria with other 

raised convent ional ly .  The animals sampled were from two organic (No Chemica l ;  

referred to as N C 1  and NC2) and two conventional (non-organic) farm lets (referred 

to as C01 and C02) .  Faecal samples were col lected from the same cows and 

calves on 3 occasions. Neither the conventional or organic calves had access to 

coccid iostats . 

5 .2.3 Commercial  Calf Rearers and Farmers : 

Calves from th ree different commercial calf rearers were sampled. 

(a) Apiti commercial  calf rearer: 

This farm is located near Apiti and rears 500 to 600 calves to wean ing per year. 

Calves are in it ia l ly fed in sheds with wooden floors and fed mi lk  replacer and 

i ncreasing quantities of calf pel lets conta in ing monensin unt i l  weaned off m i lk  and 

m oved to pasture at 3 weeks of age.  The shed contained 20 pens and each pen 

had 1 2  animals each.  Ten faecal samples were col lected randomly from several of 

these inside pens, another 1 0 samples from calves just weaned and moved 
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outs ide and a 3rd g roup of 1 0  samples from autumn born calves that were about 5-

6 months old but which were sti l l  being fed about 0 .5kg meal contain ing monensin 

per day. 

(b) Stafford com mercial farm : 

This farm reared a small number of dairy bu l l  calves . A sample of 1 0  calves was 

screened on one occasion to determ ine the coccid ial status of the calves. 

Samples were co l lected a week after weaning . 

(c) Al ley Com mercial farm : 

Th is is a h i l l  cou ntry farm in  the Manawatu . Both sheep and beef cattle were 

farmed. The calves (n= 1 0) were sampled once and were sti l l  suckl ing the i r  mothers. 

They varied in age from about 3 to 6 weeks o ld .  

5.2.4:  Statistical Analysis :  

Bal lantrae Farm data were analysed by AN OVA (SAS 200 1 ) ,  where the faecal 

oocyst counts were log transformed by us ing the fo l lowing formula :  

Ln Foc = Ln (Foe+ 1 ) .  

The model inc luded the effect of treatment, month, i nteraction between treatment 

and month ,  group nested with in the treatment, the animal and procedural error 

(See Detai ls in Appendix. 5 .3) .  

5.2.5. Preva lence and species identificat ion:  

To determine the prevalence of  species with in  an ani mal at least 30 oocysts were 

identified . Th is  was only estimated from t hose animals with a reasonably h igh 

oocyst count to make the observation practically feasible. The percentage of 

i nd ividual species in each study was then calculated to find out the prevalence of 

i ndividual species in that study. The overal l prevalence of species was calcu lated 

by pool ing all the studies to come up with an overal l prevalence . These resu lts 

were discussed in Chapter 2 .  
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5.3. Results : 

5.3. 1 Massey Un iversity Farm : 

The oocyst counts of calves described in  5 .2 . 1  (a) and (b) are shown in  Tables 5 . 1 a 

and 5 . 1 b and 5 .2 .  

S.No. Aug Sep Oct Jan 

1 0 50 0 POS ITIVE 

2 0 0 0 POSITIVE 

3 0 0 0 POSITIVE 

4 0 0 0 POS ITIVE 

5 0 0 0 POS ITIVE 

6 0 0 0 POSITIVE 

7 0 0 0 POSITIVE 

8 0 0 0 POSITIVE 

9 0 0 0 POS ITIVE 

1 0  0 0 0 POS ITIVE 

Ta ble 5. 1 a :  Counts (oocysts/g) of conventional calves (n=1 0) on Massey 
U niversity Dairy Research Uni t .  

Adult Calves Calves 

Cows Paddock A Paddock B 

1 0 positive positive 

2 50 Positive Positive 

3 0 Positive positive 

4 0 Positive Negative 

5 0 Positive Negative 

6 0 Positive Negative 

7 0 Positive Positive 

8 0 Positive Positive 

9 0 Positive Negative 

1 0  0 Posit ive Negative 

Table 5. 1 b :  Oocyst counts (oocysts/g) of conventional calves (n= 1 0) and cows 
( n= 1  0) on Massey No. 4 . Dairy Farm . 
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As shown in  Table 5 . 1  b the oocyst counts i n  the adult cows were low and the 

conventional ly reared calves on Massey Univers ity No.4 Dairy Farm were also low 

as oocysts were only detected by floatation and thus reported as positive ( oocysts 

seen) or negative (no oocysts seen) . The counts of the organical ly reared calves 

are shown in Table 5.2.  I n it ial ly these were low in September but showed a 

modest increase in  the month of October to a mean count of 529 oocysts/g before 

decl in ing to relatively low counts in November, December and January. Al l  the 

conventional contro l calves were negative to coccidia in  August but during 

September one calf was positive with a count of 50 oocysts/g then during October 

cou nts were n i l  but all the calves were positive in the month of January on faecal 

floatation. The data is shown in table 5. 1 a. 

Tag Sep Oct Nov Dec Jan 

20 50 0 250 300 POSITIVE 

1 0  0 1 400 1 00 1 50 POSITIVE 

1 5  50 1 50 250 800 POSIT IVE 

2 0 50 1 50 1 00 POSITIVE 

1 3  0 3800 0 200 POSIT IVE 

4 1 00 0 500 1 50 POSITIVE 

1 6  50 0 700 250 POSITIVE 

7 50 0 0 1 00 POSIT IVE 

1 9  50 50 250 0 POSIT IVE 

3 0 1 50 0 1 00 POSITIVE 

1 2  0 750 0 50 POSIT IVE 

1 4  0 0 50 1 50 POSIT IVE 

36 - - - 400 -

65 - - - 250 -

69 - - - 0 -

66 - - - 0 -

Average 29. 1 6  529. 1 6  1 87.5 1 40.62 -

Table 5.2: Oocyst counts of calves (n= 1 6) raised organical ly at Massey University 
Dai ry Research Un it .  
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5.3.2. Study of Organic Beef Farms: 

(a) Farm B: Oocyst counts for young calves on Farm B are shown in  Table 5 .3 .  

They were general ly low with only 6 samples in  both age groups being over 1 000 

oocysts/g and al l  were <5000 oocysts/g . Some cows were shedding oocysts but 

many had zero counts . The autumn-born calves had the highest counts amongst 

the 3 g roups, which was a mean of 1 567 oocysts/g in the month of November. 

ID 19 Nov 02 20 Dec 02 28 Mar 03 

Calves born 3rd week 

of October 

Calf 59 1 500 650 200 

Calf 54 0 800 -

Calf 45 50 250 50 

Calf 53 1 50 300 -

Calf 46 50 - -

Calf 60 0 - 500 

Mean 292 500 250 

Adult Cows 

Cow 36 0 0 -

Cow NT1 0 0 -

Cow 20 1 00 - -

Autumn born 

6 1 1 50 

5 450 

3 900 

2 700 

4 4850 

7 1 350 

Mean 1 567 

Table 5. 3 : Oocyst counts oocysts/g of calves , their dams and autumn born bu l l  
calves est imated on up to 3 occasions on Farm B. Note : ·- · means no sample is 
obtained. 



I D  1 9  Nov 02 20 Dec 02 28 Mar 03 

Calves born 1 st 

week of September 

Calf 32 2050 500 200 

Calf 1 5  950 0 300 

Calf 2 1  550 500 1 50 

Calf25 300 0 600 

Calf 27 50 1 350 350 

Calf 26 50 200 2750 

Calf1 2 350 200 -

Calf 1 1  1 500 200 -

Calf 30 250 - 1 50 

Calf 29 2250 - 600 

Mean 830 200 1 1 67 

Cow 25 0 0 600 

Little heifer 50 50 -

Cow Twinkle 50 0 -

NT2 0 - -

cow 4 0 - -

Table 5 .  3 : Oocyst cou nts oocysts/g of calves, their  dams and autu mn born bu l l  
calves est imated on up to 3 occasions on Farm B.  Note : '-' means no sample is  
obtai ned. 

( b) Bal lantrae H i l l  Cou ntry Resea rch Statio n :  

Sep Dec Mar 

NC-C 1 06 35 638 

CO-C 1 28 35 255 

NC-D 25 1 0  1 0  

COD 5 32 25 

1 1 4 

Table 5 .4 :  Arith metic Mean oocyst counts (ocysts/g)of No Chemical organic 
calves(NC-C) , the ir  dams (NC-O) and Conventional calves (CO-C) ,  and their dams 
(CO-D) from farmlets at Bal lantrae H i l l  Country Research Station. 
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As shown in  the Table 5.4 the oocyst counts of al l the calves from Bal lantrae 

Organic Unit were low men ranged ( 1  00 - 1 54) oocyst/g in September lower at 

the second sampl ing occasion in December (35 - 50) oocysts/g and rose s l ight ly to 

(638) oocysts/g in the month of March . See Appendix 5 . 1 . Fig. 5 . 1  and Fig . 5 .2  

show the detai ls of poo led status of the oocyst counts of the conventional and No

Chemical calf and dam groups. The No-Chemical organic groups had s l ightly 

h igher counts at the last col lection but th is was not so in  the f i rst col lect ion as the 

Conventional 1 group had h igher counts over the No-Chemical animals. 

DF Num DF Den D F  F Va l ue Pr>F 

Treatment 1 23 3 .01  0.0964 

Month 2 50 1 8 .60 0.000 1 

Treatment x month 2 50 2 .70 0.077 1 

G roup(Treatment) 2 23 0.24 0 .7862 

Table 5.5 :  Type 3 tests of fixed effects of t ime series analysis for oocyst 

cou nts of Calves on Bal lantrae Farm . Treatment is Conventional or No-Chemical . 

Effect Num D F  Den D F  F Value Pr>F 

Treatment 1 1 5  1 .34 0.2659 

Month 2 34 0 .88 0.4260 

Treatment x month 2 34 1 .6 1  0 .21 55 

G roup(Treatment ) 2 1 5  3. 1 5  0.07 1 9 

Table 5.6 :  Type 3 tests of fixed effects of t ime series analysis for oocyst counts of 
cows on Ballantrae farm.  

As shown in the Table 5 .5 there was no s ign ificant effect of  treatment, and 

i nteract ion of month and treatment in  calves at (p>0 .01 ) and no significant effect of 

group nested for treatment but a significant effect of the month (>0.000 1 )  was seen. 

That means the oocyst counts were different in d ifferent months but the there was 

no sign ificant d ifference in between oocyst counts of No-Chemical groups and the 

conventional groups. 
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Simi larly, i n  cows ( Dams) as shown in  Table 5 .6 there was no effect of treatment, 

month, interaction between treatment and the month and group at (p>0.0 1 )  that 

means the there was no difference between i n  oocyst counts of the cows of both 

groups. 
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Fig ure 5 .  1 :  Comparison of Mean oocyst counts of No Chemical organic calves 

(NC-C) , their dams(NC-0) and Conventional calves( CO-C) , their dams(C0-0 )  on 

3 sampl ing occasions ( 1 -Sep, 2-Dec, 3-Mar) . 
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Fig ure 5. 2 :Comparison of log-transformed oocyst cou nts of No Chemical o rganic 

calves (NC-C) , their dams (NC-O) and Conventional calves ( CO-C) , their dams 

(CO-D) on 3 sampl ing occasions ( 1 -Sep, 2-Dec, 3-Mar) . Note :Foc=Faecal oocyst 

count, Ln =log .  



5.3.3. Com mercial Calf Rearers and Farmers : 

(a) Apiti commercial calf rearer: 
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The you ng calves (n=1  0) i n  the calf-rearing shed that were being fed meal 

conta in ing monensin  and some milk replacer were al l negative for oocysts in  the i r  

faeces except 1 calf being positive on a float .  The second g roup (n=1 0) , which 

were grazing and just weaned were negative on counts. The autumn-born calves 

had 3 out of 7 calves positive for coccidia on a float. 

(b) Stafford commercial  farm : 

Young calves were sampled on one occasion (241h December) and these resu lts 

are shown in Table 5 .7  

Animal I D  Oocysts/g 

1 200 

2 550 

3 450 

4 21 50 

5 3370 

6 400 

7 1 50 

8 1 400 

9 950 

1 0  50 

Average 967 

Table 5 .7 :  Oocyst cou nts (oocysts/g) of calves on Stafford commercial farm 
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(c) Al ley commercial farm : 

A total of 8 calves of m ixed ages of 3-8 weeks o ld were sampled and the oocyst 

counts are shown in Table 5 .8 .  Calves were with their mothers. Oocyst counts 

were generally low. I n  addit ion, 3 cows examined were negative for oocysts . 

Calf no. Oocyst cou nts 

1 450 

2 1 300 

3 200 

4 300 

5 50 

6 700 

7 Negative 

8 2350 

Table 5.8:  Oocyst counts (oocysts/g ) of calves from Alley 

com mercial farm . 

5.4. Prevalence Species identified on other fa rms:  

A total of  1 0  species were identified in th is  study; detai ls are shown in  Table 5.9 .  

The most prevalent species was E. bovis (28. 9'%) fol lowed by 

E. zuernii (25. 8%), E. wyomingensis ( 1 1 .6%), E. auburnensis ( 1 1 . 1 %), 

E. bukidnonensis (8. 6%), E. brasiliensis (4.5%), E. canadensis (4. 0%), 

E. cylindrica (3. 0%), E. ellipsoidalis (2. 0%) and E. subspherica ( 1 . 0%). 
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078 4 1 7  0 0 0 0 3 0 1 0 1 1  

04Bal l  4 1 7  0 0 0 0 3 0 1 0 1 1  

06Bal l 1 2  0 0 2 0 1 0 0 1 5  0 0 

0 1 1 Bal l 1 1 0 0 0 8 0 0 0 0 0 

059Ba l l  1 7  1 4  5 0 0 0 0 0 0 0 0 

032Bal l  1 1  3 0 0 0 0 1 5  0 0 0 0 

Apiti 6 2 3 2 4 4 0 0 1 0 0 1 

Massey 0 1 1 0 0 0 1 1 0 0 0 

organic 

Total 5 1  56 8 6 4 9 22 2 1 7  0 23 

Percentage 2.8 28.9 4.0 3.0 2.0 4.5 1 1 . 1 1 .0 8.6 0 1 1 .6 

Table 5.9 : Total Counts of species identified from d ifferent animals on different 
farms. Note : B=Farm B, Bai i=Ballantrae 
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5.5. Discussion : 

Cows on al l  farms s howed mi ld  i nfections as observed in  earl ier studi es (Svensson,  

1 98 1 ; Faber, 2002 ; Marquardt 1 96 1 ; Balconi, 1 963; Fitzgerald ,  1 96 1  ) .  Th is  mi ld 

i nfection i n  the dams could  be the sou rce of infect ion to calves i n  a l l  farms. 

Massey No.4: 

The organ ic calves had h igher counts than the conventional calves in the Massey 

study, which is l ikely to be due to the use of monensin in  the feed of conventional 

calves even thoug h they were g razi ng in  separate areas . Several experiments 

have been conducted on calves and lambs infected with coccid ia to test the 

efficacy of  monensin i n  control l i ng  coccidiosis (Stromberg et a/, 1 986,  Gench i  et al. ,  

1 989, Fitzgerald and Stockdale ,  1 98 1  ) . Oocyst counts of conventional calves were 

lower than the organ ic calves as the coccidiostat suppresses parasite g rowth when  

i t  i s  present in the system,  when i t  i s  withdrawn , d isease can recur (Chapman 

1 999). 

Farm 8 :  

I n  Farm B ,  different age g roup ani mals had different levels of infect ion.  One month 

old calves had a mean oocyst count of 2 92 oocysts/g which rose to 500 when they 

were 2 months old and counts we re only 250 when the calves were 6 months o ld .  

In  thei r dams, the mean count was 33 oocysts I g,  but  only once did any of the 

cows s hed the parasite. The oocyst counts in  the autumn-born calves which were 

about 6months old were quite l ow. This i s  probably consistent wit h  the 

development of immunity i n  these calves. 

The calves born in  the fi rst week of September whi ch were two months old when 

sampled were shedding a mean of 830 oocysts/g . By the time they were 3 months 

they were shedding only 200 oocysts/g ; but at the age of 6 months they were 

shedding the highest count of 1 1 66 oocysts/g. This series suggests some changes 

over ti me but even at the h ighest mean count was not particularly h igh .  The i r  

dams s hed oocysts on al l occas ions but the  average counts were on ly  50,  50 and 

600 oocysts/g . Such low oocyst counts are expected in adult cattle. 
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Commercial  Farm s :  

Apiti farm had th ree calf groups of  which two groups were sti l l  being fed with meal 

contain ing monensin so the counts were predictably very low in these two g roups 

although they were sti l l  sheddi ng oocysts (detectable on f loat) . One group 

(autumn-born) showed moderate i nfection which was h igher than that noted for 

Farm B.  Stafford Farm had meal added with monensin unt i l  they were weaned. 

The animals were sampled 1 week after weaning and had relatively h igh counts 

rang ing from 50-3370 oocysts/g . This is consistent with resu lts from the two 

Massey studies reported in Chapters 2 and 3 where there was an increase i n  

oocyst counts i m mediately after weaning.  

Several studies have showed different percentages of prevalence i n  different age 

groups. I n  a study in Wisconsin ,  the calves of < th ree months, 3 - 6 month old and 

7- 1 2  months had 40-5 1 %, 46-27% and 1 1 - 1 6% prevalence (Harsche et al. ,  1 959) . 

Calves of 1 month old and up to weaning had the h ighest prevalence of 86.3% i n  

U SA (E rnst et  al. , 1 985) . The calves <3  weeks of age had lowest counts of oocysts 

i n  New Zealand reflecting the prepatent period of the parasites (Osborne and 

Ensor, 1 952) and in Wiscons in 40% prevalence was seen in 2 week to one month 

old calves. 

Several condit ions on farms such as contam ination of paddocks, stocking density, 

rearing with adu lt cows, use of coccidiostats and cl imate had i nf l uenced the 

i ntensity of the d isease in  previous studies (Matj i la  and Penzhorn, 200 1 ; N i i lo ,  1 970 ; 

Pavlaseck, 1 984 ; Chibunda et al. , 1 996) and wi l l  have i nfluenced the resu lts i n  the 

present study. 

The number of oocysts produced also depends on other factors as the inherent 

potential of each species to reproduce in a non- immune host, immun ity developed 

by the host, crowding factor, competit ion with other species, other i nfect ious agents , 

nutrit ion of the host, strain d i fferences of the host and parasite, stress factors and 

anticoccidial drugs (Fayer, 1 980). 
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Bal lantrae Farm : There are two different management systems compared on th is 

farm.  One is raised using conventional farming approach whi lst the other is farmed 

without the use of chemicals. There are two separate farm lets of each .  On the No

chemical farm lets there is alternative grazing of sheep and cattle to keep nematode 

parasite burdens low as only a few parasites of sheep cross i nfect catt le.  So 

neither the No-Chemical g roup nor Conventional groups have any access to 

coccidiostats which is consistent with usual management of beef catt le. Though 

these animals were not given any coccidiostat the coccidia burden was 

comparatively very low. There was a s l ight difference between NC and CO groups 

both in  calves and cows, but the differences were not signif icant statist ical ly. The 

cows of both groups were shedding coccidia on al l  occasions but cou nts were very 

low. 

5.6. Conclusions :  

This study revealed that al l conventional ly reared calves which were treated with 

monensin up to weaning had low coccidial burdens when compared to organical ly 

reared calves. The i nfect ion seems to recur when the calves were weaned and 

monensin feeding was withdrawn.  Adult cows were also infected most of the t ime 

and the i nfection was very mi ld .  The different condit ions between farms are l ikely to 

have a role on the status of infection .  There were about 1 0  Eimeria species 

isolated from th is  study. The most prevalent species was E. bovis (28.9%) fol lowed 

by E. zuernii (25.8%) . Of note is the fact that these are considered the two most 

pathogenic species. The next two most prevalent species were E. wyomingensis 

( 1 1 . 6%) and E. auburnensis ( 1 1 . 1 )  which are general ly considered to be the next i n  

order of pathogenicity . The least pathogenic species were general ly not very 

prevalent and inc luded E. bukidnonensis (8 .6%) , E. brasiliensis (4.5%) , E. 

canadensis (4 .0%) , E. cylindrica (3.0%) , E. ellipsoidalis (2 .0%) and E. subspherica 

( 1 .0%) . 



Chapter 6 :  Western blotti ng : 

6. 1 .  Introduction: 
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I n  the studies reported in  Chapters 3 and 4 calves were regu lar ly b led to 

mon itor the development of immune  response and there ant ibody l evels .  

Although it i s  wel l  accepted that catt le  deve lop an immune response to Eimeria 

there have been few attempts to measu re it . Th is  chapter wi l l  report an  attempt 

to measure th is immun ity us ing  the techn ique of Western b lott i ng .  Th i s  

technique is reviewed i n  Sect ion 1 .8 .9 .d .  Western blott ing has been used  i n  

pou ltry to  identify the ant igenic and immunogen ic  prote ins in  Eimeria maxima a s  

part o f  a project t o  produce a vacc ine in  ch icken (Wallach et al. ,  1 993 ,  1 989 ; 

Smith et a l. ,  1 994) .  The stage specif ic d ifferences in  su rface antigens produce 

d ifferent bands and the intens ity of the bands reflect the deg ree of  p rotect ion 

(Wallach , 1 994) .  

Simi lar  tr ials with E. bovis identif ied prote in  bands from merozo ites and 

sporozoites ranging from 1 5 , 000-2 1 5 , 00 0  kDa and the immuno-b lots  on 

n itroce l lu lose with i m m un ized calves had b ind ing proteins of  1 8 , 000 to 

1 80,000kDa for merozoites and 28 ,000 to 1 1 8 ,0 00kDa for  sporozoites. Both 

sporozoites and merozoites h ad common bands at 58 ,000 , 70 ,000,  83 ,000  and 

98,000kda but only the 1 83,000kda protein  e l i ci ted an lgG antibody response 

(Reduker and Speer,  1 986) . Ant ibodies peak i n  2 to 3 weeks after i nfect ion and 

remain detectable  for about 40 days i n  calves (Hughes et al. ,  1 989; Ferron et al. ,  

1 965;  Faber, 2002) . 

The aim of th is  study was to d evelop a western b lotti ng technique for use  with 

cattle  and use this to measure the immun ity of calves to Eimeria species in  the 

studies reported in  Chapters 3 and 4. 

6.2. Materials and methods: 

Calves of Massey No .4  study (Chap 3)  were b led every week for 1 8  weeks . 

The sera were extracted and kept at -20QC unt i l  used for test ing.  S imi larly, sera 

were col lected from calves of the  Tuapaka study (Chapter 4) at the  t ime of 

toltrazu ri l  treatment and once at 5 weeks post-treatment with toltrazur i l  and also 
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stored at -2ooc u nt i l  used.  These sera were used as a primary antibody i n  the 

Western b lott ing techn ique described below. 

6.2. 1 . Parasites:  

Oocysts of Eimeria were col lected from the faeces of calves from al l  studies 

when an i ndividual samp le had a reasonably high oocyst count .  These were 

sporu lated and then c leaned as described i n  Appendix 6 . 1 .  

6.2.2. Production of parasite antigens : 

Several d i fferent procedures were t ried to iso late parasite proteins from oocysts .  

After each procedure s amples were examined for  proteins by SDS- Page. See 

Append ix .6 .3 .  These i nc luded the fo l lowing :  

6.2.2.1  French pres s :  

A total o f  60,650 cleaned oocysts i n  2 m l  o f  P B S  were passed through a French 

Ce l l  press (French P ress is a ce l l  press wh ich uses pressu re to fracture the 

oocysts) (7 ,000psi) t h ree t imes i n  an attempt to fracture the oocysts . The who le 

vo lume of f lu id  which passed through the French P ress was used as a source of 

protei n  on the gels .  

6.2.2.2.  Vortex ing with glass beads:  

Vortexing with g lass beads was performed as described in Appendix 6 . 2 .  I n  

brief, c lean oocysts i n  a concentrated pel let were mixed with a n  equal vo l ume  of 

g lass beads (0 .5mm diameter) in 2ml hard plastic cryo-tubes . These were 

subject to vortexing  i n  a bench vortex mach ine for 5- 1 0 second i ntervals of 5 

cycles . After each vortex the suspension was examined u nder the m icroscope 

to see whether the o ocysts were fractured or not .  

6.2.2.3. Freezi ng and thawi n g :  

Th is  method i nvolves quick freezing o f  oocysts in  freeze resistant t ubes i n  l iqu id 

nitrogen and then t h awing the oocysts i n  boi l i ng  water. Th is was repeated for 1 2  

freeze-thaw cycles.  Samples were examined to see how many oocysts had 

fractured and then th is whole volume was used on gels for detecting protein .  
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6.2.2.4 Combination of vortexing with g lass beads ,  freezi ng and thawing, 

and son ication : 

As earl ie r  methods were u nsuccessfu l to produce enough p roteins on gels,  a 

comb inat ion of al l  3 above described methods together with son ication (2  cycles) 

was tried to get as many oocysts to fracture and release proteins as possible. 

Sonicat ion  was performed in 2m l  Ependorf tubes usi ng a [San ies- V ibra m Cel l  

-U ltrason ic  P rocessor- Code- S N  VCX 500] at 2 cycles of 25  seconds. Tubes 

were kept on ice wh i le sonicatio n  was performed. The whole vo lume of f lu id 

was used as a protei n  source for ge ls .  

6.2.2.5 Tissue culturi n g :  

The oocyst pel let was subjected to  combinat ion o f  a l l  3 procedures as  detai led 

i n  6 .2 . 2 .4 above (vortex ing with g lass beads,  freez ing with l iqu id n i trogen and 2 

cycles of sonication ) .  An attem pt was made to establ ish  a cel l  cu l ture l i ne us ing 

M D B K  cel ls to produce more parasites and hence more antigen for use in gels . 

M DB K  cel ls were establ ished i n  a monolayer with 4x1 04 cel ls i n  1 0  m l  of 

med i um as the i n it ia l  seed ing volume. Prepared oocysts were added when the 

number  of ce l ls  h ad increased to 5x1 05 cel ls/m I .  The cel l s  were g rown us ing 1 x 

M i n imum Essential Med ium (G ibco , l nvitrogen Corp . ,  Cat . N 0 . 1 2492-0 1 3) with 

1 %  g l utamax ( G I BCO, l nvitrogen Corp .Cat . N0.350350-06 1 ) ,  non-essential 

am ino  acids (G ibco, l nvitroge n  Cat .No . 1 1 1 40-050 -5m l ) ,  a combinat ion of 

1 O ,OOOiu pen ici l l i n  and 1 0 ,0001Jg streptomycin ( Penici l l i n-Streptomyci n Gibco , 

lnvitrogen Corp .No . 1 5 1 40- 1 22)  per 1 m l  and 25�-tg/m l photerici n  ( Fungizone

G ibco, l nvitrogen Corp .Cat . N o . 1 5290-0 1 8) ,  2% sod ium bicarbonate (sod ium 

bicarbonate 7 .5% Gibco- l nvitrogen-cat . No .25050-094) and  1 0% foetal calf 

serum (Foetal Bovine Serum - Gibco , l nvitrogen Corp. Cat. N o . 1 00093- 1 44) . 

After the i n it ia l  i nocu lat ion ,  t h i s  med ium was changed to a maintenance media 

which was s im i lar  except that ,  on ly 2% foetal calf  serum was inc luded . The 

media were changed every 3rd day. 

The cell cu ltu res were mon itored dai ly for at least two weeks to spot the f i rst 

mot i le merozoites. Moti le structures resembl ing merozoites were seen at the 

end of the second week and counted . After 2 weeks the who le cu lture was 
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h arvested by d isrupt ing the cel l  monolayer manual ly and the mediu m  was 

centr ifuged to concentrate any parasite stages present together with cel l  debris. 

Because suffic ient n umbers were not obtained for the use in Western blotting 

after 2 weeks, the original cu ltu re was spl i t  and put onto a new monolayer to 

i ncrease the numbers. 

The merozoites were centr ifuged , counted with cel l counter and treated with 2% 

sod i um dodecyl su lphate (SDS ,  BDH.  Code No. 1 08073) ,  1 0% glycero l ,  

6 .25x 1 o-2 M tr is  ( Hydroxymethyl) aminomethane ( l nvitrogen .  Code. No .  75504-

020) , 4% mercaptoethanol ( B D H  - Code . N o .75504-020) in  a boi l i ng  water bath 

for 1 0  m inutes at a rat io of 6x 1  06 merozoites per 1 0  11 1  of solut ion as described 

by Reduker and Speer ( 1 986 ) .  

6.2.3. Western B lott ing : 

The proteins obtained by the d ifferent procedures were quantif ied by optical 

dens ity to est imate protei n  concentrat ion using a spectrophotometer [Hel ios

U N I CAM-UV-V IS  Spectrometer-SI . N o . U VA070707, 1 999] . P rior to us ing the 

spectrophotometer a protein estimation kit (B io-rad) which binds to protei n  was 

added to the fractured oocyst preparat ion .  

The prote ins obtained by  the above procedure were run  every t ime on 1 0% 

S D S  PAG E [Sodium Dodecyl Sulphate - Po lyacrylamide Gel electrophoresis) .  

See Appendix 6 .3  for  the detai led Western blotti ng procedure. On each 

occasion to conf i rm some proteins were present the gels were stained with 

0 . 1 %  Coomassie blue stain and/or s i lver stain ing ( Bio- Rad ,  Catalog No. 1 6 1 -

0443) . I f  SDS PAG E  showed any bands then the blotti ng  procedure continued. 

P D F  [Bio- Rad- Ready Gel B lotting sandwiches- l m muno-Biot PVDF fi lter Papers] 

membrane or n itroce l lu lose membrane was then placed on the gel to transfer 

the  separated prote ins .  After transfer, the membrane was then incubated i n  1 %  

skim mi lk  powder solut ion for 1 hour to b lock non-specif ic proteins .  

The membranes were then probed with the test sera from the calves at  several 

concentrations  inc luding 1 : 1 0 ,  1 : 1 00 and 1 : 1 000 d i lut ions. Any bou nd antibody 

was detected with rabbit anti -bovine peroxidase - labe l led lgG as the secondary 
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antibody to identify any proteins specific to Eimeria. Several d i l ut ions of 

secondary antibody were used from 1 : 1 000 to 1 :80,000 . Westfemto was then 

added to the PDF wh ich  wi l l  react with the peroxidase and indicate the 

presence of bands. The PDF was then rad iographed to demonstrate the 

presence of bands. 

A posit ive control of Neospora antigen was used for detect ion of protein us ing 

Coomassie B lue and s i lver stain ing and also as a positive control fo r the 

Western Blotting procedure .  

6.3. Res u lts : 

Al l  attem pts to recover protein were frustrated by the smal l  number of oocysts 

avai lable.  

6.3. 1 .  French press cel l :  

The washed (cleaned) oocysts were passed th ro ugh the French ce l l  (7 ,000psi)  

and on ly 700 un-fractured oocysts were seen i n  the recovered 2ml vo lume 

suggesting most oocysts had been fractu red . H owever, no proteins were seen 

on S D S  gels after Coomassie Blue stain ing or s i lver stain ing .  

6.3.2.  Vortex i n g  with g lass beads : 

This  method fractu red few oocysts and separated of fractu red oocysts from the 

beads was d iff icu l t .  Th is method did not y ie ld suff icient prote in  to see on  a SOS 

gel .  

6.3.3. Freeze -thaw. 

The original oocyst pel let had 49, 1 50 oocysts and each 0 .5 111 had 273 oocysts 

before freezing and thawing .  The SDS gels showed no protei n  band on the  gel . 

6.3.4. Combination of Vortexi n g ,  freeze- thawing,  and sonication.  

Al l  remai n ing oocysts were subject to th is procedure .  N o  protei n  bands were 

seen .  
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6.3.5. Tissue culturi n g :  

When no bands were seen ,  t he  remain ing volume contain ing mot i le sporozoites 

was used for i nocu lating the cel l  culture monolayer .  After 2 weeks of cu l ture 

merozoites were harvested and counted and proteins were separated as 

detai led processed as described i n  6 .2 .2 .5  

The Figu re 6 .3  shows the detai ls of d i fferent proteins separated on the 

n itroce l l u lose membrane. Bands were visual ised by stain i ng with Ponceau S 

stai n i ng .  As s hown in  the Fig ure 6 .3 ,  t issue cultu re g rown Eimeria contained 

many bands on gels of different molecu lar weights.  There were faint bands 

above the level of 1 1  kDa and in between 1 7  and 24 there were two bands and 

another  at the level of  24kDa.  In  between 33 to 72kda 2 faint and 1 prominent 

bands were noted . I n  between 1 00 to 1 70kDa, a few faint bands were seen .  

When compared to un infected M DBK ce l ls  there are a smal l  n umber of  bands 

that were present in the i nfected cel ls  compared to the un infected as seen in  Fig 

6 . 1  and 6 .2 .  The gels showed several bands 1 -2 below 20 kda , 3 bands in 

between 20-30 one prominent band around 35 kda, 45 kDa and 55kDa and 

bands were a lso seen at 70,  80 and above 1 20kDa. The qual ity of the gels is 

poor as the avai lab i l ity of material to do repeats to improve the qual ity was low. 
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F igure 6 .2 

Figure 6. 1 :  S i lver stained S OS-PAGE gels .  Lanes 1 -3 contain proteins from 

M OBK cul ture conta in ing Eimeria protei ns loaded at vo l umes of 5�1 ,  1 0�1 and 

20�1 per lane . Lanes 4-6 contain proteins from un infected MOBK cu l tures at the 

same respective vo lumes 

Figure 6. 2: 0 . 1 %  Coom as sie stained S OS-PAG E gels .  Lanes 2-4 contai n 

p roteins from MOBK cu ltu re conta in ing Eimeria proteins loaded at volumes of 

20� 1 ,  1 0�1 and 5�1  per lane. Lanes 5-7 conta in  proteins from un infected M O B K  

c u ltures at t h e  same respective volumes .  
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Fig u re 6. 3 :  Different antigenic proteins of Eimeria on  N itrocel l u lose membrane 

from cel l  cu l ture g rown parasites after transfer from SOS- PAG E gels, stained 

with 0 . 2% Ponceau S.  

6.4.  D iscussion : 

Tissue cu ltu re h as been used to grow Eimeria and study the micro- structure of 

E. bovis (Hammond et a/, 1 966 and 1 969,  Fayer and Hamm ond, 1 967) .  

I n  th is  study, th is  procedu re h as been adopted to m ultip ly the n umbers in vitro 

as the  parasite n umbers obta ined otherwise were few to carry out the work. The 

oocysts were very tough and m any procedures tried in  th i s  study further wasted 

the few oocysts obtained. Al l  the methods were unsu itable for cracking the 

oocysts and each procedure h ad its own l im itations .  I m m une-blott ing was used 

in c h icken to estimate the antibody titers and isolate the immunogenic proteins 

wh ich  lead to the development of  vaccine to ch icken Eimeria. I m m une-blott ing 

to S OS- PAG E separated sporozoite antigen with sera of the birds  t reated with 

toltrazur i l  detected strong antibody response to th ree antigens of 1 4  to 20kDa 

m olecular weig ht which titre was a lso corresponded to the reduct ion of oocyst 

excretion and lesions (Grief, 2 000) . 
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I n  catt le on ly  a few studies have been conducted to identify the i m mu nogenic 

prote ins .  In such earl ier studies proteins were identified from E. bovis 

merozoites and sporozoites ( Reduker and Speer, 1 986) .  The merozoites and 

sporozoites had proteins which ranged from 4 7 to 1 25kDa.and cel l  lysate 

prote ins .  Merozoite specif ic prote ins were at 1 5 , 1 7 , 39, 1 52 and 1 80kDa. 

In th is  present study there were fa int bands above the level of 1 1  kDa (probably 

at 1 5  kDa) and in between the 1 7  and 24 there were two bands and one at the 

level of 24kDa. In  between 33 to 72kDa 2 faint and 1 prom inent band were 

noted . I n  between 1 00 to 1 70kDa there were also a few faint bands seen .  

These are s im i lar to  the proteins ident if ied earl ier from merozo ites ( Reduker and 

Speer, 1 986) .  

Smal ler s ized 1 4-20 kDa prote ins were recorded in  Eimeria of ch icken (Grief, 

2000) and cattle ( Redukar and Speer, 1 986) which are immu ne-dominant are 

also seen in th is study. 

The pr incip le reason for fai l u re to ut i l ise the western b lott i ng  techn ique for 

assessing  serological status of the calves was the l im ited n u m ber of avai lable 

oocysts from which to recover antigen .  No attem pt was made to probe the gels 

with calf sera. 

Concl usions:  The object of th is  study was to standerdise the Western blotting 

techn ique and estmate the i m m unity us ing it .  The protei n  extraction  from 

avai lab le oocysts us ing procedures l ike French press , freezing and thawi ng,  

vortex ing with g lass beads was unsuccessfu l .  So tissue cu l ture techn ique was 

used to mu lt iply the parasite n u m bers .  Though t issue cu l turi ng tech nique was 

t ime consuming d id it produce enough parasites for prote in  estimat ion .  Several 

parasite specific protein bands of d ifferent s izes (one at 1 5kda, two between 1 7-

24,  one  at 24kda, two faint and o ne prominent bands between 33-72kDa and 

few bands between 1 00 - 1 70kDa) were identif ied on nitrocel l u lose gels 

but p robing with calf  sera was not successfu l .  
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C ha pter 7:  Fi nal Discussion :  

7. 1 .  Pattern of oocyst shedding and monensin treatment: 

The research in th is  project has invo lved study ing oocyst shedd ing  by calves in  

a number of  different situat ions.  For  the study on Massey No .4  da i ry farm the  

earl iest born calves on the  farm were used and  as  a resul t  had on ly  a l im ited 

exposure to oocysts that were present  in  the calf  paddocks for pr ior to  calvi ng  

before arriving on the  experiment.  N evertheless oocysts were seen 2 weeks 

after arrival with a peak at 3-3.5 weeks indicat i ng they did not get i nfected.The 

relatively large size of the g razing ce l ls  meant that l ittle re- i nfection  p robably 

occurred over the cou rse of  the exper iment because the in it ia l  contaminat ion by 

d i lut ing any oocysts .  In addit ion , the experimental area was n ot p revious ly  used 

for calf rearing and had only been g razed by adu lt cattle wh ich  wou ld  h ave h ad 

genera l ly  low oocyst counts and h ence the area wou ld h ave on ly  had a l ow 

level of contamination with Eimeria oocysts. Consequently it i s  not su rpri s i ng 

that oocyst counts remained low i n  th i s  experiment. By contrast the calves at 

Tuapaka were raised under stan dard com mercia l  conditions and oocyst counts 

were h igher. 

Monens in  should contribute to l ower oocyst counts in t reated an ima ls  

(Stockdale 1 973 & 1 98 1 ; McDouga ld ,  1 978; F itzgerald 1 984) . The monens in

added meal-fed an i mals had comparatively lower counts but  u ntreated an ima ls  

a lso had low numbers, possib ly  because of good manageria l  practices in  the 

paddock. Commercia l  farms Api t i  and Stafford farm calves had oocyst counts 

very l ow when they were on monensin added feed but a week after the 

monens in  withdrawal ,  the oocyst count increased (200-3370 oocyst/g) as 

observed by others (Chapman ,  1 999) . 

The o rganic farms had h igher o ocyst counts than the conventional calves in  the 

Massey study, wh ich is l ikel y  due to the monensin in the feed of conventional  

calves suppressing the parasite g ro wth (Chapman, 1 999) .  

Several studies have showed d ifferent percentages of p revalence in d ifferent  

age g roups. I n  a study in  Wiscons in ,  the calves of  >3months , 3-6 months  o ld  

and 7- 1 2  months had 40-51  %,  4 6-67% and 1 1 - 1 6% prevalence (Harsche et  

al. ,  1 959) .  
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Calves of 1 mont h  old and up to weaning h ad the h ighest prevalence of 86 .3% 

in  USA (E rnst et al. , 1 985) . The calves >3weeks of age had lowest counts of 

oocysts in  New Zealand ref lecting the prepatent period of the parasite(Osborne 

and Ensor, 1 952)  and in  Wisconsin 40% prevalence was seen in  2 week to one 

m onth old calves .  

S im i lar ly, i n  th is  study on Farm 8 ,  d ifferent age g roups showed d iffer level of 

i n fection.  In two d ifferent groups from th is  farm the oocyst counts of 1 month  o ld  

calves were 292oocyst/g , two month o ld had 500 to 800 oocysts/g and s ix  

month old had oocyst cou nts of  250-1 1 66 oocysts/g . 

Cows on a l l  farms showed m i ld infect ions as observed in  earl ie r  stud ies 

(Svensson, 1 98 1 ; Faber, 2002 ; Marquardt, 1 96 1 ; Fitzgerald ,  1 96 1  ) .  Th is m i ld  

infection in  the dams could be the source of  infect ion to  calves in  a l l  farms. 

7.2. Wei g ht up to Weaning : 

I n  most of the experiments that have been reported monensin improved the l ive 

weight gain in lambs and calves ( Foreyt and Wescott, 1 984 ; Fitzgerald , 1 984 ; 

MacDouga ld ,  1 978 ; Goodrich ,  1 984 ; Stockdale ,  1 98 1  ) . But in  some studies 

monensin did not improve weight gai ns in  l ambs with natural ly acqu i red 

infect ions ( Ho rton and Stockdale ,  1 98 1 ; MacDougald, 1 978) . In th is present 

study monens in had no signif icant (p>0.05) effect on weig ht gains over 

untreated calves. Th is  may be because monensin consumption was not enough 

during in it ia l  per iod of 4 weeks as the amount of meal  eaten suppl ied less than 

the requ i red 1 mg/kg monensin (McDougald ,  1 978 ; Stromberg et al. ,  1 986) and 

the mi lk h ad no coccid iostats inc luded. l t  could also reflect the low oocyst 

counts in the g roup without monensin in the i r  feed , especia l ly after 4 weeks . 

When there was a developing immune response is also hard to determ i ne .  The 

immunity to the parasite depends on the previous exposure and the leve l of 

exposure ( Stockdale and Yates , 1 978;  Senger,  1 959; N i i lo ,  1 979) ,  which in th is  

experiment appeared to be low. A large dose of i nfect ion provides good 

immunity and the i m m un ity lasts for at least 40 days ( H ug hes  et al. ,  1 989; 

Ferron et al. ,  1 965 ; Faber, 2002) .  
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7.3. Single o ra l  treatment at weaning and oocyst s hedding after treatment: 

A s ing le treatment of the calves with toltrazur i l  s ignificantly reduced the oocyst 

counts for up to 4 weeks post t reatment in both Massey No .4  and Tuapaka) and 

the oocyst counts of the calves which were not treated were higher over th is  

period . Toltrazu ri l -treated calves showed a reduct ion i n  the oocyst counts 

with in  one week of t reatment consistent with to ltrazur i l  effectively k i l l i ng  a l l  the 

intracel l u lar stages of l i fe cycle and al l  the species of Eimeria ( Froyman and 

G rief, 2002) . This study is i n  agreement with previous studies in goats where 

the oocyst counts were reduced almost to zero levels by toltrazur i l  treatment 

and then kept very low for 30 days post treatment (McKenna, 1 988,  Taylor  and 

Ken ny ,  1 988) .  

However, although toltrazur i l  reduced the counts after treatment there were sti l l  

some oocysts were passed i n  treated calves . Hence, any effect on FOC is on ly 

l ikely to persist u nt i l  a new i nfection becomes patent. There have been several 

studies with various ruminants. In lambs weekly toltrazuri l t reatment (20 mg/kg) 

reduced their  oocyst counts to low levels for the 1 0  weeks of study and th i s  kept 

FOC low (Stafford et al, 1 994) .  In 3 d i fferent tr ials with goats , a s i ng le treatment 

with toltrazuri l  resu lted i n  rapid and sign if icant reduction  of oocyst counts i n  

treated goats (McKenna,  1 988) . A s ing le treatment to lambs with toltrazuri l  (20 

mg/kg) reduced oocyst counts for up to 34 days. 

7.4. Weight g a i n  with toltrazu ri l :  

The improvement i n  the weight gain i n  t h e  6 week period after weaning was 

s ign if icant with > 5kgs di fference between treated and u ntreated an imals i n  

Massey No .4  study. S imi lar ly, i n  Tuapaka study, treated calves i n  Group A 

gained >8kgs l ive weight i n  the 5 weeks after the treatment over the  u ntreated 

calves . The i nc reased l ive weight gain of treated an i mals started to be apparent 

3 weeks after t reatment g iving an impression that the oocyst count reduction  

during these th ree weeks m ight have helped the animals to  ga in  weight .  

Treated calves in  Group B also had an i mproved weight gain over 4kgs over 

u ntreated calves. Overa l l  there was no s ign if icant effect of treatment on l ive 

weights (p>0 .05)  although the l ive weights of treated an i mals were improved 

after treatment with toltrazur i l .  The s ign if icant i nteract ion of l iveweight with t ime 
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and treatment (p<0.0 1 )  is ind icat ive of a d ivergence in  l ive weight gain between 

t reated and u nt reated an imals .  

These g rowth rates occurred despite low counts i n  contro l calves during the 

im mediate post weaning t ime.  However, although the oocyst counts were low in 

these calves ,  the species predominat i ng i n  these calves were E. bovis and E. 

zuernii which are the most pathogenic species i n  cattle Eimeria (E rnst and 

Benz, 1 986) .  

7.5. Stress a round wea n i n g :  

There was a rise i n  the oocyst counts after weaning,  o f  the  an ima ls  which were 

not treated with the toltrazur i l  u nt i l  the 4th week post treatment. Both treated and 

untreated had s im i lar oocyst counts around Week 5 post treatment .  

The r ise in the untreated calves m ight  have been because of the stress of 

wean ing or else because of the withdrawal of monensin a l lowing i nh ibited 

stages to m ature. These two factors might both operate i ndependently or  

together,  but th is  study was not able to determine which the case was . These 

animals were subjected to several stressful condit ions at the t ime of wean ing 

such as vaccinat ion ,  change of  diet ( no  supplemental diet ) ,  b leeding ,  weigh ing ,  

drench ing (coccidiocide) and removal o f  shelter, (pens removed from the 

paddock) . 

The actual m ag nitude of the increase i n  oocyst count was not very g reat i n  the 

two Massey studies where it was fo l lowed none of the anim als developed 

c l i n ical d isease even though there was a difference between the toltrazur i l 

treated and untreated calves. 

Several condit ions on the farm such as contamination of paddocks, stocking 

density ,  rearing with adu lt cows, use of coccid iostats and c l imate had inf luenced 

the i ntensity of the disease in  previous  studies (Matj i la and Penzhorn ,  201 ; N i i lo ,  

1 970;  Pavlaseck, 1 984 ; Chibunda et al. , 1 996) and wi l l  h ave inf l uenced the 

resu lts i n  the present study. 

The n u m ber of oocysts produced also depends on other factors studied so far 

as the i nherent potential of each species to reproduce in a non- immune host, 

immunity developed by the host, crowding factor, competition with other 
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species ,  other i nfectious agents , n utrit ion of the host, stra in  d ifferences of the 

host and parasite, stress factors and anti-coccidial d rugs (Fayer, 1 980) . 

7.6. Management on farm : 

Management condit ions and c l imate condit ions wi l l  inf luence numbers of 

i nfective oocysts avai lable to the calves (Matj i la and Penzhorn , 200 1 ; Hasbul lah 

et al. , 1 990 ; Ch ibunda et al. , 1 996 ;  Sal isbury et al. , 1 955 ; N i i lo ,  1 970) . I n  the 

Tuapaka study, bu l l  calves from th ree d ifferent rearers were on  coccidiostats up 

to wean ing  and h ad different levels of  i nfect ion .  Th is  suggests that management 

on  the farms had an infl uence o n  the oocyst counts . Group  A calves had the 

h ighest mean oocyst counts (343 tO 4 1 20 oocysts/g) where as G roup B were 

lower means (33 to 336 oocysts/g) whi lst Group C had mean cou nts of 0 to 760 

oocysts/g . 

On Bal lantrae farm there are two different management system s  compared . 

One is  raised us ing conventiona l  farm ing approach whi lst the other is farmed 

without the use of chemicals. There are two separate farm lets of each .  On the 

No-chemical farm lets there is alternative g razing of sheep and catt le which is 

not usual ly the case on the conventional  farmlets . Neither  have any access to 

coccidiostats which is consistent with usual management of beef catt le .  Despite 

th is the coccid ia burden was comparatively very low in both treatments. There 

was a s l ight d i fference between NC and CO groups both in  calves and cows , 

but the d ifferences were not s ign if icant statistical ly .  The cows of both g roups 

were shedd ing coccidian on a l l  occasions but counts were very low. This wi l l  

ref lect the more extensive nature of  beef catt le farms.  

7.7.  Prevalence and Predom i nance of Eimeria species : 

I n  catt le 2 1  Eimeria species have been described ( E rnst, 1 980) and the 

prevalence's of the species differed g lobal ly. In New Zealand 2 studies 

descr ibed 1 1  Eimeria species (McKenna, 1 972 and 1 974 ; Arias, 1 993) .  In th is 

present study , 1 1  Eimeria species were isolated and de-described. The two 

m ost prevalent species over al l  farms were E. zuernii (95 .2%) and E. bovis 

(87%) fol lowed by E. auburnensis (62%) , E. cylindrica (42%) , E. bukidnonensis 

(36%) , E. canadensis (3 1  %) , E. subspherica (27%) , E. elipsoidalis (24%) . E. 

wyomingensis (23%) , E. alabamemsis ( 1 2%) and E. brasiliensis ( 1 2%) . 



1 37 

The most predominant species was E. bovis (3 1 . 1  %) fo l lowed by E. zuernii 

(26.5%) , E. auburnensis ( 1 2 .7%) , E. bukidnonensis (6 .8%) , E. cylindrica (6 .3%) , 

E. wyomingensis ( 5 .3%),  E. canadensis (4.4%), E. ellipsoidalis ( 1 .9%) , E. 

brasiliensis ( 1 .9%) , E. subspherica ( 1 . 5%) , and E. alabamensis ( 1  %) .  The most 

prevalent and predom inant species i n  New Zealand (Andrew, 1 954) ,  E. bovis 

and E. zuernii were reported to be the most pathogenic (Ernst and Benz, 1 986) .  

l t  is usual for mu lt iple species t o  be observed i n  any one faecal sample,  with an 

observed average of 3.5 and as many as 8 species present (Oda and N ish ida, 

1 989;  McKenna, 1 972) and a s im i lar pattern was observed in th i s  study. 

7.8. Western Bl ott ing : 

Disrupt ion of oocyst ce l l  wal l  us ing p rocedures l i ke the French press, Freezi ng 

and thawi ng ,  Overtaxing with g lass  beads was found to be unsuccessfu l .  

However, the  combi ned of Vortexing ,  gr ind ing after each Freeze-and -th aw 

cycle i n  l iqu id n itroge n  (5-7 cycles) ,  and Son ication was successfu l ly used to 

crack many oocysts . 

Th is  study identif ied t issue cultur ing techn ique as the best way to mu lt iply the 

parasite numbers to produce enough parasites for protein estim ation .  In th is  

study, several paras ite protei n  bands of  d ifferent s izes (one at 1 5kda, two 

between 1 7-24 , one at 24kda, two faint and one prominent bands between 33-

72kda and few between 1 00- 1 70kda) were identif ied on n itrocel lu lose gels 

which were s im i lar to  previous studies ( Reduker and Speer, 1 986) .  

U nfortunately it was not possible to pursue wi th th is procedu re to analyse 

col lected serum .  
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Appendix. 2.1 . Oocyst counts: 

A total oocyst count was carried out on a 2g-sub-sample of sample co l lected . I n  

addit ion ,  oocysts were recovered f rom a fu rther  sub-sample a n d  sporulated , and the 

species present identified i n  a random sample of  1 00 oocysts. The detai ls of  the 

procedures are shown i n  appendix 3.3.  1 . 

I n  brief, oocysts were counted u sing a modified McMaster techn ique ,  using salt 

saturated as the flotation media and where each oocyst cou nted represented 50 

oocysts per gram . Oocysts were recovered from positive samples as described in 

Appendix 3 .3 .2 In bri ef a 5g sample of faeces was homogen ized in  water, subjected to 

flotat ion in saturated salt and sporu lated at 27°C for 7 days in 2% H2S04. 

Appendix. 2.1 . 1 . Method of identification of species : 

Most samples contained mixed infections .  Identification of u nsporulated oocysts is 

d iff icu lt .  Many species have specific structu ral characteristics that can on ly be seen 

c learly in  fu l ly sporu lated oocysts . I n  the present study, therefore , species were on ly 

ident ified after sporulation .  

Species were identified accord ing  to  descriptions given by the fol lowing authors. Lev ine 

( 1 985) and Lev ine & lvens ( 1 986) .  

Species were identified on the characteristics considered i n  the fo l lowing order:  

1 .  Presence and absence of m icropylar cap and its characteristics. 

2 .  The oocyst s ize and shape. 

3.  Characteristics of the micropyle if present (d isti nct or  i ndistinct ) .  

4 .  Number o f  polar granules.  

5 .  Size and shape of sporocysts .  

6 .  P resence or absence of  sporocyst residuum and its characteristics,  i f  present. 

7. Presence or absence of stieda body. 

8 .  Posit ion o f  sporozoites i n  t h e  sporocyst. 

9 .  Number and s ize of  refracti le globule in  each sporozoite. 

To determ ine  oocyst and sporocyst d imensions for comparative purposes and 

statistical analysis, 1 00 oocysts of each species were measured us ing an Olympus 

BH2 microscope with apochromatic objectives and a d igital micrometer. The oocysts 

measured for each species were from samples col lected from d ifferent farms o n  

d ifferent days. 



Appendix.  2.2. Table s h owing m u lt iple species present in  calves: Note : Numbers fo l lowed by T are a n i ma l  no.s 

-t -t 0 0 
- -Q) � 

OT 
E.zuern i i  7 
E . canadensis 1 3  
E . bovis 4 
E .cy l indrica 4 
E .e l l ipsoidal is 2 
1 1 T 
21 -Nov 1 4-Nov 29-Nov 
E .zuern i i  3 E . zuern i i  E .zuerni i  5 
E . bovis 2 1  E . bovis E .bovis 9 
E .brasi l iensis 6 E. brasi l iensis E .cy l indrica 7 

E .au burnensi  
E .auburnensis 3 s 4 
56 
24-Sep 24-0ct 29-0ct 
E.bovis 8 Un  sporulated E .zuerni i  1 5  

E .subspheric 
E .zuern i i  1 a 4 
E .auburnensis 1 E .cy l indr ica 9 
4T 
1 8-Nov 26-Nov 
E .bras i l iensis 3 E . zuern i i  1 7  
E .auburnens is 8 E . bovis 1 3  
25 
25-Nov 1 8-Nov 26-Nov 

E. bukidnonen E . alabamens 
E .bovis 6 s is  9 is 2 
E .zuern i i  1 7  E .bovis 5 E .zuern i i  20  
E .subspherica 8 E .auburnensis 1 6  E.bovis 6 

w 
\0 



E .wyomingensis 1 
29 
1 8-Nov 5-Nov 
E .bukidnonensi 
s 1 2  E.zuern i i  6 
E .bovis 3 E .alabamensis 9 

E.canadensis 1 6  E.subspherica 3 
E.auburnensis 8 E .cyli ndrica 3 
1 8  
26-Nov 1 8-Nov 
E .alabamensis E .auburnensis 

E .bukidnonen 
E .zuerni i  sis 
E .bovis E .bovis 
57 
26-Nov 5-Nov 

E .bovis 1 E.canadensis 9 

E .cylindrica 4 E .cyli ndrica 1 9  
E .canadensis 3 E.zuern i i  3 

E .wyomingensis 6 E.subspherica 2 

1 5  
29-Nov 24-Sep 
E. bukidnonensi 
s 23 E .zuerni i 
E .zuerni i 3 E.canadensis 

E .bukidnonen 
E .el l ipsoidalis 7 sis 

32 
24-Sep 26-Nov 
E.canadensis E .zuern i i  9 
E .zuerni i E .bovis 1 1  

1 1 -Nov 1 4-Nov 
E.auburnensi 
s 27 E.zuern i i  
E .bovis 3 E.bovis 

5-Nov 1 2-Dec 
Unsporulated E .bovis 

24-Sep 1 8-Nov 

E.zuern i i  4 E.canadensis 

E .canadensis 5 E.cyl indrica 
E.bovis 3 

e .cylindrica 1 
E .  
subspherica 2 

Dec-05 24-Sep 

E.canadensis 1 E.canadensis 
E .zuerni i 1 E.bovis 

E .bovis 2 
E.cyl indrica 2 

24-Sep 
E.bovis 
E .auburnensis 6 

1 3  
1 7  

29-0ct 
E.aburnens 

1 1  is 

E .bovis 
E .zuern i i  

21 -0ct 
E.canaden 

1 0  sis 
8 

5-Nov 1 1 -Nov 

1 3  E.canadensis 30 E.zuern i i  4 
E.bukidnonen 

2 E.cyl indrica sis 1 
5 E.zuerni i  1 9  

E .subspheric 
a E.canadensis 6 

2 

.j:>. 
0 



E . buk idnonen 
E .subspherica s is 5+3 
E . bovis 1 E . auburnensis 2 
E .e l l ipsoidal is 
61 T 68T 
29-Nov 5-Dec 
E .zuern i i  1 3  E . auburnensis 3 
E .cyl i ndrica 1 7  E .zuern i i  
E .wyoming ensis E .subspherica 9 

E . bovis 1 2  
67T 67T 
29-Nov 21 -Nov 1 4-Nov 1 2-Dec 
E .zuern i i  1 1  E . bovis 3 E . el l ipsoidal is 1 0  E .bovis 1 2  
E . bovis 1 0  E .zuern i i  2 E . bovis 2 E .e l l ipsoidal is 5 
E .e l l ipsoidal is 9 E . el l ipsoidal is 5 E .zuern i i  1 2  E .zuern i i  6 

E .auburnensis 6 E.aburnensis 8 
8T 66T 
3-Nov 4-Nov 5-Dec 
E .zuern i i  1 2  E . bovis 1 5  E .zuern i i  8 
E . bovis 1 8  E .zuern i i  1 4  E .bovis 1 3  

E . auburnensis 1 E .aburnensis 9 
1 6  
1 8-Nov 1 2-Sep 5-Nov 1 1 -Nov 
E.auburnensis 40 E .zuern i i  E .zuern i i  E .zuern i i  1 0  
E . zuern i i  3 E .canadensis E .cyl ind rica E .e l l i psoidal is 8 

E . bukidnonen 
E .cyl i ndrica 1 E .e l l i psoidal is s is 1 8  

E .canadensis 
E .auburnensis 

1 1 7 1 7  1 1 8 
1 8-Nov 
E .zuern i i  5 E .zuern i i  3 Un  sporu lated 
E .wyomingensis 25 E .cy l indrica 3 
39 20 
6-Nov 29-0ct 1 1 -Nov 29-0ct 
E . bovis 9 E .zuern i i  3 E .bovis 1 1  E .zuern i i  2 

E . bukidnonen 
E .e l l ipsoidal is 1 0  sis 1 E . zuern i i  1 3  

� 



E.zuern i i  6 

E .cy l indrica 3 

1 1 6 
5-Nov 
E.zuern i i  1 1  
E .cy l indrica 9 
E .e l l ipsoidal is 8 
E.aburnensis 2 
38T 
1 4-Nov 
E. zuerni i  1 4  
E .bovis 1 
E .canadensis 9 
E .bukidnonensi 
s 2 
1 8T 
1 4-Nov 
E . bovis 25 
E.zuern i i  5 

29T 
1 4-Nov 
E .zuerni i  
E . bovis 

20T 
7-Nov 
E. zuerni i  1 
E .canadensis 5 
E . bovis 7 
1 2T 
7-Nov 

E.aburnensis 1 

9 
24-Sep 
E.zuern i i  5 
E .auburnensis 2 
E . bovis 24  
E. bukidnonen 
s is 

21 -Nov 
E.zuern i i  3 
E . bovis 1 3  
E .wyomi ngens 
is 8 
E .auburnens is  6 

1 2-Dec 
E . bovis 7 
E .auburnensis 1 
E .alabamensis 2 

E .aburnensis 
E . alabamensi 
s 

1 2-Dec 
E.zuern i i  
E . bovis 
E .wyominge 
nsis 

2 

2 

4 
3 

1 7  
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E.zuerni i  
E .bovis 
E .cyl indrica 
1 3T 

7-Nov 
E .zuerni i  1 0  

E .bovis 1 3  
E .auburnensis 8 
E .subspherica 2 
71 T 
7-Nov 
E .bovis 2 1  
E .zuerni i  9 

22T 
3-Nov 
E.zuerni i  9 
E.bovis 2 1  
E.canadensis 1 

38T 

E.zuern i i  3 
E.bovis 27 
1 0T 
7-Nov 
E .bovis 27 
E.zuern i i  3 
3 1 T  
21 -Nov 
E.zuern i i  6 
E.canadensis 7 
E .wyomingensis 5 
E .auburnensis 7 
E .bovis 5 
1 9T 

21 -Nov 
E .zuern i i  2 1  

1 3-
E .bovis Jan 
E .auburnensis 1 

5-Dec 
E.bovis 
E .zuern i i  

25 
5 

""" w 



27-Nov 1 2-Dec 
E.zuerni i  E .bovis 1 2  
E .bovis 20 E.cyl indrica 9 
E.canadensis 6 E.alabamensis 5 
E .bukidnonensi 
s ? 1  E.auburnensis 5 

E.zuern i i  3 

S7T 
21 -Nov 
E.zuerni i  25 
E .bukidnonensi 
s 5 
SOT 
29-Nov 21 -Nov 
E.zuerni i 5 E .bovis 28 
E .auburnensis 1 E.zuern i i  5 
E .bovis 1 
S 1 T  S1 T 
2 1 -Nov 29-Nov 
E .bovis E . zuerni i 3 E .bovis 24 
E .zuerni i 1 4  un sporulated E .zuern i i  7 

E.wyominge 
E .wyom ingensis 7 nsis 
E .alabamensis 3 
E.auburnensis 6 
39T 
21 -Nov 
E.zuern i i  2 
E.aburnensis 28 
72T 72T 
21 -Nov 29-Nov S-Dec 
E.zuerni i  6 E.bovis 2 E .bovis 1 2  
E .bovis 2 1  E.zuern i i  20 E.brasi l iensis 5 

E.auburnensi 
E .wyom ingensis 4 E.cy l indrica 8 s 2 

E.zuern i i  1 8  
1 ST 

t 



29-Nov 
E.bovis 1 8  
E.zuerni i  7 
E.auburnensis 7 
6T 
29-Nov 
E.zuerni i  1 3  
E.bovis 1 7  

29-Nov- 44 T 
E .bovis 2 1  
E.zuerni i  5 
E .wyomingensis 1 
74T 
29-Nov 
E .bovis 1 5  
E .cyl indrica 6 
E .subspherica 2 
E.zuerni i  7 
63T 
1 2-Dec 
E.auburnensis 2 
E .bovis 8 
E.zuerni i  1 
59T 
29-Nov 

E.zuerni i  1 1  

E.bovis 1 3  
E.cylindrica 6 

07 08 
1 9-Nov 
E.bovis 1 7  
E.zuern i i  4 
� -6UR�nensis . 

. u 1 nonens1 � 

5-Dec 
E.bovis 1 9  
E.zuerni i 9 
E.bukidn 5 

5-Dec 
E .bovis 23 
E.zuerni i 8 
E.auburnensis 3 

5-Dec 
E .bovis 7 
E.zuern i i  2 

5-Dec 

E.auburnensis 3 

E.bovis 1 8  
E.zuerni i  8 
E.cyl i ndrica 2 

.p.. Ul 



s 
E .wyomingensis 1 1  
048 
1 9-Nov 
E .bovis 26 
E.zuerni i  4 
E .brasi l iensis 1 6  
E .cyli ndrica 1 
068 

1 9-Nov 
E .bukidnonensi 
s 1 5  
E.zuerni i 1 2  
E .cyli ndrica 2 
E .brasi l iensis 1 
01 1 8  
1 9-Nov 

E .brasi l iensis 8 

E.zuerni i  
E .bovis 

0598 

��ii 1 1  
E .bovis 1 4  
E:�Y�mfilensis 1 �  
E.bovis 3 

t7T .cyl indrica 5 
t .augurnensjs 23 

.au urnens1s 1 

0328 

1 9-Nov 

E .aburnensis 

E .canadensis 

E. cyl indrica 

1 5  

1 1  

2 

-1>-
0\ 
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Appendix.  2. 3. Species measurements : Note : L=Length,  W:width, R= Ratio of L /w 

no �- zuerni E.subsperi E.auburnen E. bukidnon E.eanaden E. bovis E.eylindrie E. ellipsoid E. wyoming E.brasillien E.alabame 

ea sis ens is sis a at ensis sis nsis 

No L w R L w rati L w R L w R L w R L w R L w R L w R L w R L w R L w R 

0 
1 .0 1 9. 1 5 . 1 .3 1 4. 9 .0 1 .6 28. 22. 1 .3 36. 48.  1 .3 21 . 26. 1 .2 25. 1 7. 1 .5 28. 1 5. 1 .8 24 . 1 7 . 1 .4 4 1 . 28 . 1 .5 37.  32. 1 .2 1 8. 1 2. 1 .5 

5 1 3 4 0 2 0 8 0 6 4 4 6 8 7 5 7 1 0 4 2 

2 .0  2 1 . 1 6 . 1 .3 1 4 . 9 .0  1 .6 33. 20.  1 .6 30. 44. 1 .5 1 8. 25. 1 .4 28. 1 6 . 1 .8 20. 1 5 . 1 .4 24. 20. 1 . 2 36. 27. 1 .3 39.  32. 1 . 2 1 7. 1 1 .  1 .5 

4 2 3 2 8 0 3 9 7 9 5 5 0 9 4 2 8 4 0 4 4 

3 .0  22. 1 6 . 1 .4 9 .0  8 .2 1 . 1  32. 2 1 . 1 .5 45. 52. 1 .2 21 . 27. 1 .3 28. 1 7. 1 . 7 28. 1 6 . 1 .8 25. 1 9. 1 .3 37. 26. 1 .4 33.  32.  1 .0 1 8. 1 4. 1 .3 

0 0 0 0 2 2 0 4 5 0 7 0 8 6 5 1 2 5 9 6 

4 .0  20. 1 4 . 1 .4 9 .0  8.6 1 . 1  28. 28. 1 .0 32. 44. 1 . 4 21 . 28. 1 .3 20. 1 7 . 1 . 1  20. 1 3 . 1 .6 24. 20. 1 . 2 39. 3 1 . 1 .3 3 1 . 26. 1 .2 1 9. 1 2. 1 .5 

7 7 7 7 0 0 6 3 0 8 1 0 2 2 4 1 0 4 2 6 

5 .0  20 .  1 8 . 1 . 1  9 .7  8 .6  1 . 1  48. 28. 1 . 7 29. 48. 1 .6 1 9. 28. 1 . 5 24 . 20. 1 . 2 2 1 . 1 3 . 1 .6 25. 23. 1 . 1  37. 29. 1 .3 27. 23. 1 .2 1 8. 1 3 . 1 .4 

9 2 0 0 4 0 2 5 5 0 3 4 5 9 6 6 2 1 6 3 

6.0 1 9 . 1 5. 1 . 2 1 1  . 1 1  . 1 .0 43. 30. 1 .4 30. 35.  1 .2 26. 28 . 1 . 1  29. 1 8. 1 .6 1 8 . 27. 0 .7  27. 20. 1 .3 32. 22. 1 .4 28 . 20. 1 .4 1 9 . 1 2. 1 .6 

3 9 7 3 2 6 6 4 6 3 3 2 8 0 2 8 0 4 8 6 7 2 

7.0 1 6. 1 4. 1 . 1  1 4. 1 1  . 1 . 2 43. 29. 1 . 5 32. 4 1 . 1 .3 24. 24 . 1 .0 25. 1 7. 1 .5 24. 1 7. 1 .4 26. 1 9 . 1 . 4 3 1 . 21 . 1 .5 28 . 25. 1 . 1  1 6 . 1 1  . 1 .5 

6 6 4 8 5 9 4 8 0 9 6 4 9 4 4 2 0 4 6 7 8 5 

8 .0 1 7. 1 5. 1 . 1  1 4. 1 1  . 1 .3 48. 25. 1 .9 4 1 . 53. 1 .3 20. 24 . 1 . 2 23 . 1 4. 1 . 7 24. 20. 1 . 2 24 . 20. 1 .2 32.  24. 1 .3 45. 29. 1 .5 20.  1 4. 1 .4 

3 3 5 2 0 0 6 8 6 2 9 0 9 9 4 7 5 6 1 5 2 4 

9 .0  20 .  1 4. 1 .4 1 4 . 1 4. 1 .0 46. 3 1 . 1 . 5 32. 45. 1 .4 28. 26 . 0 .9  22. 1 7. 1 .3 22. 1 6 . 1 .4 26. 1 8 . 1 .4 46.  25. 1 .8 42. 32.  1 .3 2 1 . 1 6. 1 .3 

3 4 7 2 6 2 7 5 2 2 0 3 5 1 8 6 4 2 2 6 8 2 

1 0 . 22. 1 8 . 1 . 2 1 4 .  1 4. 1 . 1  45. 26. 1 . 7 37. 51 . 1 .4 30. 35. 1 . 2 23 . 1 6 . 1 .5 27.  1 8 . 1 .5 26 . 20. 1 .3 47. 3 1 . 1 .5 36. 30. 1 . 2 1 8 . 1 5 . 1 .2 I 

0 2 4 9 0 4 3 2 0 6 4 4 0 5 9 4 4 7 8 0 6 7 9 I 
1 1 .  1 7. 1 6 . 1 . 1 1 4 .  1 3 . 1 . 1  45. 32. 1 .4 33.  50. 1 . 5 1 7 . 25. 1 .4 23 . 1 6 . 1 .4 1 6. 1 4. 1 .2 27. 20. 1 .3 39.  26.  1 .5 38. 30. 1 .3 2 1 . 1 4. 1 .5 

0 6 0 0 0 6 8 0 8 9 0 0 4 4 1 2 8 2 9 6 2 0 4 

1 2. 1 8 . 1 5. 1 .2 1 2. 1 2. 1 .0 48. 27. 1 .8 32. 45. 1 .4 1 6 . 28. 1 .8 27. 20. 1 .4 23. 1 9 . 1 .2 27. 1 1  . 2 .5 46.  26.  1 .8 39.  30.  1 .3 23. 1 5. 1 .5 

0 2 9 8 8 0 2 2 1 0 8 2 0 8 5 7 0 9 2 5 2 5 4 

1 3 . 1 9. 1 5. 1 .3 1 3 . 1 2. 1 . 1  48. 26. 1 .8 36. 55. 1 .5 24. 27. 1 . 2 24. 1 6. 1 .5 20. 1 7. 1 .2 25. 1 7. 1 .5 34. 27. 1 .3 35.  24. 1 .4 20. 1 3. 1 .5 

0 4 0 4 2 8 7 4 0 0 8 7 3 5 1 5 2 0 0 0 3 8 5 

1 4 . 21 . 1 6 . 1 .3 1 3. 1 0. 1 .3 40. 3 1 . 1 .3 35.  50.  1 .4 2 1 . 29. 1 .4 25. 1 9. 1 .3 25. 1 8 . 1 .3 25. 1 9. 1 .4 34. 29. 1 .2 40 .  24. 1 .6 1 5. 1 2 . 1 . 2 

0 4 0 4 3 0 0 4 0 6 5 0 1 2 8 9 2 4 1 8 9 1 2 

1 5. 20. 1 4. 1 .4 1 3. 1 0. 1 . 2 32. 1 7. 1 .9 3 1 . 48. 1 .5 1 8 . 29. 1 .6 29. 1 7. 1 .6 23. 1 7. 1 .4 21 . 1 8. 1 .2 46. 29. 1 .5 40 . 28. 1 .4 1 8 . 1 7 . 1 . 1  

0 8 8 0 7 8 6 6 6 8 1 2 8 7 6 5 7 1 8 8 7 3 2 

no �- zuerni E.subsperi E.auburne E. bukidno E.eanaden E. bovis E. eylindrie E. ellipsoid E. wyomin E.brasillie E.alabame 

ea nsis nensis sis a a/ gensis nsis nsis 

---

-
.j>.. 
00 



1 6 . 2 1 . 1 6. 1 .3 1 2 . 1 2. 1 . 1  37.  27 . 1 .4 30. 50. 1 .6 26. 35. 1 . 3 
0 2 2 6 0 6 8 8 1 2 0 
1 7. 2 1 . 1 7. 1 .2 1 3 . 1 1  . 1 . 1  45. 28. 1 .6 30. 48. 1 .6 24. 36. 1 . 5 
0 2 4 4 7 6 7 0 2 0 0 
1 8  1 9  1 7  1 . 1  1 4  1 3  1 . 1  40 24 1 .6 3 1 . 5 1  1 .6 21 . 29 1 .4 

4 
1 9 . 2 1 . 1 6. 1 .3 1 3 . 1 3 . 1 .0 48. 29 . 1 .6 32. 50. 1 .5 32. 35. 1 . 1  
0 3 2 0 0 0 4 6 2 8 0 
20. 1 9. 1 4 . 1 .4 1 4. 1 3 . 1 .0 32. 22. 1 .4 30. 48. 1 .6 26. 33. 1 .3 
0 7 5 1 8 0 7 4 6 3 7 
2 1 . 2 1 . 1 3 . 1 .5 1 4 . 1 3. 1 . 1  30. 30. 1 .0 29. 43. 1 .5 20. 24. 1 .2 
0 0 8 2 2 4 4 4 0 3 6 
22. 1 9 . 1 8 . 1 . 1  1 4 . 1 1  . 1 .2 43. 28. 1 .6 30. 49. 1 .6 1 4. 25. 1 . 7 
0 9 9 4 6 3 0 5 8 4 0 
23. 1 9 . 1 5. 1 .3 1 1  . 1 1  . 1 . 1 37.  25. 1 .5 31 .  46. 1 .5 21 . 29. 1 . 4 
0 0 2 7 1 3 2 3 3 0 5 
24. 1 6. 1 5 . 1 . 1  1 3 . 1 2. 1 . 1  43. 28. 1 .5 36. 49. 1 .4 21 . 30. 1 .4 
0 3 2 6 0 0 2 0 6 4 1 
25. 1 9. 1 3 . 1 .5 1 0 . 8 .9 1 . 1  34. 25. 1 .4 33. 49. 1 .5 1 9 . 30. 1 .6 
0 2 2 2 6 6 4 4 2 0 
26. 1 8. 1 4 . 1 .3 1 0 . 1 0 . 1 .0 3 1 . 1 9 . 1 .6 28. 33. 1 .2 27. 38. 1 .4 
0 4 4 0 0 9 6 8 4 8 7 
27. 20. 1 9 . 1 .0 1 5. 7 .2 2 . 1  43. 28. 1 .5 32. 50. 1 .6 25. 30. 1 .2 
0 0 9 2 0 1 9 9 3 3 
28. 1 9. 1 6. 1 .2 1 5 . 1 3 . 1 . 1  3 1 . 25. 1 .2 38. 53. 1 .4 22. 25. 1 .2 
0 0 0 1 5 0 0 9 7 2 6 
29. 21 . 1 7 . 1 .2 1 4 . 1 3. 1 . 1  28. 1 9 . 1 .5 36. 5 1 . 1 .4 24. 28. 1 . 1 
0 0 0 4 6 6 5 9 7 8 0 
30. 1 5. 1 4. 1 .0 1 4. 1 2 . 1 .2 29. 26. 1 . 1  33. 49. 1 .5 20. 33. 1 .6 
0 0 4 4 0 9 8 8 4 6 7 
3 1 . 1 4 . 1 0 . 1 .4 9 .8 9 .4  1 .0 28. 1 6 . 1 .8 37. 51 . 1 .4 22. 24. 1 . 1  
0 1 3 5 0 8 6 2 6 
32. 20. 1 4 . 1 .4 1 5 . 1 4 . 1 .0 47. 26. 1 .8 34. 4 1 . 1 .2 26. 29 . 1 . 1  
0 2 2 0 4 3 8 1 6 6 1 
33.  2 1 . 1 3 . 1 .6 1 4 . 1 2. 1 .2 32. 24. 1 .3 27. 47. 1 . 7 2 1 . 3 1 . 1 .5 
0 0 0 4 4 0 0 2 3 6 4 
34. 1 6. 1 3 . 1 .2 9 .8 9 .4  1 .0 3 1 . 3 1 . 1 .0 33. 48. 1 .4 22. 29 . 1 .3 
0 0 9 6 0 4 2 4 4 
35.  1 7. 1 2. 1 .4 1 5 . 1 4. 1 .0 33.  22.  1 . 5 27. 47. 1 . 7 22. 30. 1 .3 
0 4 8 0 4 6 4 2 3 8 0 

27. 1 8 . 1 .4 2 1 . 1 6 . 1 .3 28. 20. 
0 8 2 8 8 0 
27. 1 9 . 1 .4 25. 1 9 . 1 .3 28. 1 7. 
2 2 6 7 2 4 
23 20 1 . 1  24 1 7 . 1 .4 27 22. 

25. 21 . 1 .2 25. 1 7 . 1 .5 24. 1 8 . 
1 0 9 2 7 6 
23. 1 9. 1 .2 28. 1 7. 1 . 7 25. 1 8 . 
0 6 3 2 6 0 
24. 1 7. 1 .4 24. 1 7. 1 .4 23 . 20. 
2 0 7 3 9 5 
23 . 1 9 . 1 .2 24. 1 7. 1 .4 27. 1 6. 
4 8 7 2 9 8 
27. 1 8. 1 .5 1 7. 25. 0 .7  20. 1 7 . 
4 5 8 0 3 0 
23. 1 7. 1 .4 26. 1 8 . 1 .4 28. 2 1 . 
0 0 8 6 8 0 
22. 1 6 . 1 .4 28. 20 . 1 .4 23. 1 8 . 
3 3 2 0 8 4 
24. 1 9 . 1 .3 27. 20. 1 .4 27. 1 7. 
6 2 1 0 0 6 
24. 24. 1 .0 20. 1 6 . 1 .3 26. 20. 
4 4 9 2 3 8 
22. 1 7. 1 .3 23. 1 8 . 1 .3 25. 1 9. 
4 0 4 2 0 0 
23. 1 8 . 1 .3 23. 1 5 . 1 .5 27. 1 8. 
1 4 1 4 0 0 
23. 1 7. 1 .4 24. 1 8 . 1 .4 25. 1 8. 
5 4 4 0 2 7 
24. 20 . 1 .2 2 1 . 1 3. 1 .6 25. 1 8 . 
6 3 8 8 2 7 
26. 1 6. 1 .7 1 9 . 1 2 . 1 .5 22. 1 8 . 
7 0 2 9 0 0 
25. 1 5. 1 .6 23. 1 6 . 1 .4 20 . 1 8 . 
6 6 0 0 2 9 
28. 1 6. 1 . 7 27. 1 3 . 2 .0 24. 1 5. 
0 2 4 6 8 0 
23. 1 6. 1 .4 22. 1 2. 1 .8 22. 1 6. 
0 9 4 7 8 0 

1 .4 48. 24. 2 .0 48 . 
2 0 0 

1 .6 47. 27. 1 .7 37. 
3 2 6 

1 .2 49 27 1 .8 40 

1 .3 4 1 . 29 . 1 .4 38. 
2 6 2 

1 .4 46. 27. 1 .7 37.  
3 6 8 

1 .2 34. 24. 1 .4 4 1 . 
2 0 1 

1 . 7 48. 28. 1 .7 37. 
7 8 1 

1 .2 46. 25. 1 .8 39.  
4 2 5 

1 .4 47. 3 1 . 1 .5 33. 
7 8 2 

1 .3 46. 26. 1 .8 3 1 . 
9 2 0 

1 .5 39. 26. 1 .5 
2 9 

1 .3 34. 27. 1 .3 
0 0 

1 .3 34. 29 . 1 .2 
4 1 

1 .5 36. 27. 1 .3 
2 8 

1 .4 4 1 . 28. 1 .5 
5 7 

1 .4 37. 26. 1 .4 
5 2 

1 .2 39. 3 1 . 1 .3 
4 1 

1 . 1 46.  34. 1 .3 
2 4 

1 . 7 36. 29. 1 .2 
2 3 

1 .4 42. 30. 1 .4 
6 2 

4 1 . 1 .2 24. 
4 0 
30. 1 .2 1 9. 
2 8 
28 1 .4 24. 

28. 1 .3 2 1 . 
6 8 
27. 1 .4 26. 
5 0 
33 .  1 .2 1 7. 
4 0 
32. 1 .2 20. 
0 2 
32. 1 .2 1 9. 
0 2 
32. 1 .0 1 8. 
5 6 
26. 1 .2 1 9. 
4 9 

24. 
0 
2 1 . 
2 
2 1 . 
6 
2 1 . 
0 
22. 
4 
2 1 . 
7 
2 1 . 
0 
1 8 . 
0 

1 5. 
2 
1 7. 
6 
1 9  

1 7. 
6 
23 . 
2 
1 5 . 
0 
1 5 . 
6 
1 6 . 
2 
1 8 . 
5 
1 5. 
9 
1 5. 
8 
1 3 . 
0 
1 4. 
8 
1 6 . 
4 
1 5. 
8 
1 7 . 
6 
1 6. 
0 
1 3 . 
0 

1 .6 

1 . 1  

1 .3 

1 .2 

1 . 1 

1 . 1 

1 .3 

1 .2 

1 .0 

1 .3 

1 .5 

1 .6 

1 .5 

1 .3 

1 .4 

1 .2 

1 .3 :  

1 .4 
' 
' ' ' ' ' 

� 'Cl 



no g. zuerni E.subsperi E.auburne E.bukidno E.canaden E. bovis E. cylindric E. ellipsoid E. wyomin E.brasillie E.alabame 
ea nsis nensis sis a at gensis nsis nsis 

36. 1 5 . 1 1  0 1 .3 1 7 . 1 7. 1 . 1  39.  24. 1 .6 34. 55. 1 .6 2 1 . 28. 1 .4 24. 1 6. 1 .5 1 8 . 1 4 . 1 .3 22. 25. 0.9 36. 26.  1 .4 
0 6 8 8 0 4 2 8 2 0 8 8 2 5 5 9 0 5 0 
37. 1 8 . 1 3 . 1 .4 1 6 . 1 5. 1 . 1  34. 32. 1 . 1 3 1 . 46. 1 .5 2 1 . 29. 1 .4 25. 1 7 . 1 .5 23. 1 2 . 1 .8 26. 1 7. 1 .5 34. 28 . 1 .2 
0 6 4 0 0 8 0 2 2 2 9 1 2 2 8 0 6 8 0 
38. 22. 22.  1 .0 1 6 . 1 4 . 1 . 1  29. 23. 1 .3 28. 48. 1 . 7 20. 27. 1 .3 25. 1 8 . 1 .4 1 9. 1 4 . 1 .3 23.  1 8 . 1 .2 30. 24. 1 .3 
0 7 7 0 4 9 4 8 7 5 1 5 9 2 9 0 8 6 6 

39.  2 1 . 1 3 . 1 .6 1 4 . 1 3 . 1 . 1  32. 23. 1 .4 24. 34. 1 .4 1 9 . 27. 1 . 5 24 . 1 6 . 1 .5 1 9 . 1 2 . 1 .6 26. 1 8 . 1 .4 37. 30.  1 .2 
0 0 3 9 2 3 0 0 2 0 7 6 9 7 2 4 6 9 9 
40. 1 8. 1 7 . 1 . 1  1 0 . 1 0 . 1 .0 34. 23 . 1 .5 27. 46. 1 .7 20. 3 1 . 1 .5 32. 1 9 . 1 . 7 1 8 . 1 4 . 1 .3 24 . 1 4 . 1 .7 36. 29. 1 .3 
0 6 6 3 2 7 3 6 3 6 4 0 2 9 9 2 4 4 1 
4 1 . 24. 20. 1 .2 1 6 . 1 5. 1 . 1 3 1 . 21 . 1 .5 37.  53. 1 .4 2 1 . 26.  1 .2 22. 22. 1 .0 22. 1 6 . 1 .4 24 . 1 8 . 1 .4 44.  29. 1 .5 
0 0 9 0 2 9 6 8 4 8 0 2 2 6 5 8 3 4 0 
42. 1 9. 1 7 . 1 . 1  1 4 . 8 .7  1 .6 3 1 . 24. 1 .3 37.  48. 1 .3 21 . 30. 1 .4 23. 1 7. 1 .4 1 9. 1 2 . 1 .5 25. 1 9 . 1 .3 37.  30.  1 .2 
0 5 5 0 3 5 0 6 4 6 6 2 3 7 1 7 0 0 
43. 1 9. 1 7 . 1 . 1  1 5. 1 1  0 1 .3 32. 22. 1 .5 37.  48. 1 .3 1 9. 26. 1 .4 23. 1 8 . 1 .2 1 5. 1 1 .  1 .3 24. 1 9 . 1 .3 34. 27. 1 .3 
0 4 8 0 8 9 2 6 4 0 0 1 9 5 8 2 2 9 1 
44. 1 8 . 1 8 . 1 .0 1 6 . 1 3 . 1 .2 34 . 24. 1 .4 32. 45. 1 .4 26. 27. 1 .0 22. 1 7. 1 .3 27. 1 9 . 1 .4 24. 1 4. 1 .7 36. 25. 1 .4 
0 2 7 0 5 4 9 5 6 3 2 7 9 8 8 2 4 0 0 
45.  2 1 . 1 7 . 1 .2 1 0 . 9 .0  1 . 1  33. 26.  1 .3 3 1 . 42 .  1 .4 23. 32.  1 .4 24 . 1 6. 1 . 4 24. 1 2 . 2 .0 29 . 1 4. 2.0 35.  27. 1 .3 
0 3 3 2 0 0 2 2 0 0 3 9 0 2 6 8 4 6 
46.  22 .  1 8 . 1 .2 1 6 . 1 4 . 1 . 1  32. 2 1 . 1 .5 26. 46. 1 .7 2 1 . 26 . 1 .3 23 . 1 8 . 1 .3 20. 1 6 . 1 .3 22. 1 6 . 1 .4 32. 25. 1 .3 
0 8 6 0 2 9 6 8 4 3 6 5 7 0 0 9 3 0 0 
47. 1 9. 1 9 . 1 .0 1 3 . 1 1  0 1 .2 3 1 . 20.  1 .6 27. 46. 1 .7 20. 30. 1 .5 22. 1 9 . 1 .2 28. 20. 1 .4 22.  1 3 . 1 .6 34. 23. 1 .5 
0 4 4 5 8 7 0 2 8 4 5 4 0 8 8 1 9 0 1 
48.  20. 1 7. 1 .2 32. 24 . 1 .3 25. 4 1 . 1 .7 20. 3 1 . 1 .6 23. 1 9. 1 .2 25. 1 6 . 1 .6 26.  1 9 . 1 .4 30. 23.  1 .3 
0 8 0 0 8 0 9 0 5 8 8 0 0 1 2 0 1 
49. 20. 1 6 . 1 .3 30.  20. 1 .5 23.  39.  1 .7 26.  34 . 1 .3 23. 20. 1 .2 20. 1 3 . 1 .5 23 . 1 8 . 1 .3 33.  26.  1 .3 
0 8 2 4 4 5 6 8 3 8 2 5 9 7 0 6 0 
50.  20. 1 6 . 1 .3 33. 20. 1 .6 25. 37. 1 . 5 1 7. 27. 1 .6 24 . 20. 1 .2 1 8 . 1 4 . 1 .2 28. 1 8. 1 .6 46 .  25 .  1 .8 
0 2 0 2 8 0 2 0 4 2 7 0 9 0 0 4 5 
5 1 . 2 1 . 1 6 . 1 .3 32.  24 . 1 .4 24 . 3 1 . 1 .3 26. 38. 1 .4 25. 2 1 . 1 .2 23. 1 3 . 1 .8 25. 1 9 . 1 .3 37. 28. 1 .3 ' 

0 6 3 5 0 2 8 6 4 7 8 8 0 2 4 2 2 
52. 20. 1 6 . 1 .2 3 1 . 21 . 1 .5 24. 37.  1 .5 26. 35. 1 .3 27. 22. 1 .2 30. 1 5 . 1 .9 28 . 1 8 . 1 .6 40. 30. 1 .3 
0 0 2 8 0 8 9 3 2 2 4 1 8 6 3 2 9 
53. 1 8. 1 3 . 1 .4 3 1 . 22. 1 .4 30. 42. 1 .4 22. 35.  1 .6 26. 1 8 . 1 .4 25. 1 4 . 1 .7 22. 1 8 . 1 .2 35.  24.  1 .5 
0 8 7 7 2 3 2 5 2 4 6 2 6 8 4 7 3 --

-
Ul 
0 



no g_. zuerni E.subsperi E.auburne E.bukidno E.canaden E. bovis E.cylindric E. ellipsoid E. wyomin E.brasillie E.alabame 
ea nsis nensis sis a a/ gensis nsis nsis 

54. 1 9. 1 5. 1 .3 45. 26. 1 .7 35. 48. 1 .4 1 7. 28. 1 .6 22. 1 6. 1 .4 23. 1 7. 1 .4 24. 1 8 . 1 .4 37.  26.  1 .5 I 
0 7 4 4 3 2 2 6 2 0 2 8 0 8 0 8 0 I 
55. 20. 1 6 . 1 .2 45. 32. 1 .4 26. 45. 1 .7 1 8 . 24. 1 .4 24. 1 6 . 1 .5 22. 1 4 . 1 .6 23. 1 8 . 1 .3 32. 27. 1 .2 i 
0 8 8 6 8 5 4 3 8 3 0 9 1 5 0 6 0 I I 
56. 2 1 . 1 6 . 1 .3 43. 28. 1 .5 28. 40. 1 .4 1 8 . 26. 1 .4 26. 20. 1 .3 24. 1 6 . 1 .5 24. 1 7. 1 .4 38. 28. 1 .4 I 0 3 2 5 7 4 8 6 4 0 6 8 6 4 7 0 0 
57.  2 1 . 1 5. 1 .4 48. 28. 1 . 7 24. 40. 1 .7 1 9. 25. 1 .3 23 . 1 5. 1 .5 26. 1 4 . 1 .8 2 1 . 1 5 . 1 .4 35. 27. 1 .3 ' 

I 
0 8 6 0 0 2 4 2 1 2 2 0 4 8 9 8 0 ! 
58. 22. 1 8 . 1 .2 43. 29 . 1 .5 25. 48.  1 .9 22. 30. 1 .4 24. 1 8 . 1 .3 23. 1 4 . 1 .6 24. 2 1 . 1 . 1  43 .  28 . 1 .5 
0 0 6 5 9 0 0 2 1 0 8 6 6 0 9 4 4 
59. 1 9. 1 2 . 1 .5 48. 24. 1 .9 35. 52. 1 .5 23. 3 1 . 1 .3 22. 1 8 . 1 .2 25. 1 3 . 1 .8 26. 1 7. 1 .5 39.  3 1 . 1 .3 
0 3 7 0 7 4 6 9 1 4 4 4 9 5 2 4 1 
60. 1 6. 1 4. 1 .2 46. 3 1 . 1 . 5 36. 49. 1 .4 25. 30. 1 .2 21 . 1 6. 1 .3 1 7. 1 3 . 1 .3 28. 20. 1 .4 4 1 . 28. 1 .5 
0 3 0 0 2 0 8 9 6 0 8 8 5 0 2 5 7 
61 . 1 5. 1 5. 1 .0 42. 22. 0 .5  31 . 56. 1 .8 22. 3 1 . 1 .4 22. 1 6 . 1 .4 2 1 . 20 . 1 . 1  26. 20. 1 .3 37.  26.  1 .4 
0 5 5 0 4 8 0 0 0 4 4 4 0 6 2 5 2 
62. 1 7. 1 5 . 1 . 1  29. 20 . 1 .4 32. 44. 1 .4 20. 27. 1 .4 22. 1 6 . 1 .4 25. 25. 1 .0 25. 2 1 . 1 .2 37. 28. 1 .3 
0 0 9 9 8 6 6 0 4 2 0 4 4 3 0 0 0 
63. 1 5. 1 3 . 1 . 1  45. 26. 1 . 7 33.  47.  1 .4 20. 27. 1 .4 22. 1 7 . 1 .3 27. 1 4 . 1 .9 27. 1 9. 1 .4 38. 30. 1 .3 
0 2 8 4 3 3 6 6 8 7 1 0 3 4 2 0 0 
64. 1 7. 1 7. 1 .0 45. 32. 1 . 4 28. 42. 1 .5 1 6 . 22. 1 .4 25. 1 7. 1 .5 1 8 . 1 8 . 1 .0 21 . 1 8. 1 .2 4 1 . 28. 1 .5 
0 0 0 6 8 0 2 6 6 4 1 4 4 1 3 8 0 
65. 1 4. 1 4 . 1 .0 43. 28. 1 .5 24. 45. 1 .9 22. 25. 1 . 1 22. 22. 1 .0 27. 1 5 . 1 .8 27. 1 9 . 1 .4 38. 26. 1 .4 
0 9 3 5 7 3 8 6 6 0 0 0 4 0 2 0 3 
66.  1 5. 1 3 . 1 . 1  48. 28. 1 .7 33. 49.  1 . 5 20. 30. 1 .5 24. 1 9 . 1 .3 20. 1 5 . 1 .3 2 1 . 1 8 . 1 .2 35. 26. 1 .3 
0 3 4 0 0 8 0 3 9 7 2 0 0 1 3 6 7 
67. 1 6 . 1 3 . 1 .2 43. 30. 1 .4 28. 48. 1 . 7 21 . 26.  1 .2 22. 1 7. 1 .3 22. 1 5 . 1 .5 27. 1 9 . 1 .4 40. 32. 1 .3 
0 9 7 2 6 6 3 8 0 9 8 4 0 0 2 2 0 
68 . 1 9. 1 8 . 1 . 1  24. 22. 1 . 1  33. 46. 1 .4 1 8 . 25. 1 .4 22. 1 7 . 1 .2 25. 1 7 . 1 .5 23 . 1 8 . 1 .2 40. 30. 1 .3 
0 4 4 8 3 5 6 9 7 0 8 0 0 0 9 0 1 
69. 1 8 . 1 7. 1 . 1  43 .  29. 1 .5 3 1 . 47. 1 .5 21 . 27. 1 .3 21 . 1 6 . 1 .4 25. 1 7 . 1 .5 24. 1 9 . 1 .3 37. 27. 1 .4 
0 8 6 5 9 4 6 0 2 6 0 0 0 6 6 5 0 
70. 21 . 1 5 . 1 .4 48. 25. 1 .9 3 1 . 50. 1 .6 21 . 28. 1 .3 22. 1 6 . 1 .3 24. 1 5 . 1 .6 2 1 . 1 8. 1 .2 40. 3 1 . 1 .3 
0 6 0 0 0 2 2 6 3 0 8 5 0 1 3 0 6 
7 1 . 24. 1 8 . 1 .3 46. 3 1 . 1 .5 35. 52. 1 . 5 1 9 . 28. 1 .5 22. 1 8 . 1 .2 25. 1 7. 1 .5 22. 1 6. 1 .4 39.  30. 1 .3 
0 6 9 6 2 '-- 0 2 2 5 2 4 9 4 0 0 2 1 

-
Ul 



no g. zuerni E.subsperi E.auburne E.bukidno E.canaden 
ea nsis nensis sis 

72. 1 9 . 1 9 . 1 .0 32. 21 . 1 .5 29. 45. 1 .5 21 . 34. 1 .6 24. 
0 0 0 0 0 6 6 9 0 0 
73. 1 6 . 1 1  . 1 .5 34. 24. 1 .4 24. 48. 2.0 23. 30.  1 .3 23. 
0 1 1 0 0 0 0 0 3 0 
74. 1 7 . 1 0 . 1 .6 40. 24. 1 .7 34. 49. 1 .5 1 9 . 32. 1 .7 23 . 
0 0 9 4 2 2 6 2 3 4 
75. 20. 1 3 . 1 .6 48. 25. 1 .9 33. 53. 1 .6 1 9. 27. 1 .4 24. 
0 9 4 0 0 4 6 2 6 0 
75. 20. 1 3 . 1 .6 48. 25. 1 .9 33.  53. 1 .6 1 9 . 27. 1 .4 24. 
0 9 4 0 0 4 6 2 6 0 
76. 1 8. 1 4 . 1 .2 3 1 . 21 . 1 .5 34 . 50. 1 .5 23. 30. 1 .3 23 . 
0 2 8 7 0 9 6 1 9 0 
77. 1 6. 1 6 . 1 .0 32. 24. 1 .3 36. 51 . 1 .4 22. 30. 1 .4 23 . 
0 8 8 0 0 4 0 1 6 0 
78 . 22. 21 . 1 .0 34. 1 5. 2 .2 31 . 47.  1 .5 1 9 . 32. 1 .7 24. 
0 4 9 2 5 4 0 2 3 7 
79 . 20. 1 7 . 1 . 1  33.  20.  1 .6 31 . 45. 1 . 4 24. 26. 1 . 1  22. 
0 0 8 0 8 6 1 0 0 2 
80. 2 1 . 1 5 . 1 .5 33. 24. 1 .4 29. 48. 1 .7 22. 35. 1 .6 21 . 
0 8 0 3 3 4 6 6 2 9 
8 1 . 1 5. 1 5 . 1 .0 39. 24. 1 .6 32. 49. 1 .5 1 7 . 28. 1 .6 20. 
0 0 0 4 2 8 0 6 2 0 
82. 2 1 . 1 9 . 1 . 1  34. 23 . 1 .5 34 . 50. 1 .5 25. 30. 1 .2 21 . 
0 0 2 8 2 0 9 2 1 8 
83. 1 8. 1 5. 1 .2 29. 23 . 1 .3 3 1 . 37. 1 .2 23. 31 . 1 .3 24. 
0 9 8 9 4 0 6 9 1 0 
84. 1 7. 1 5 . 1 . 1  32. 23. 1 . 4 29. 36. 1 .3 24. 31 . 1 .3 24. 
0 1 4 3 0 2 5 0 8 2 
85. 20. 1 7 . 1 .2 34. 23. 1 .5 29. 38. 1 .3 25. 30. 1 .2 24. 
0 5 6 7 3 5 4 9 6 0 
86. 22. 20 . 1 . 1  3 1 . 23. 1 .4 35. 48. 1 .4 21 . 26. 1 .2 23. 
0 6 0 9 3 8 8 8 0 9 
87. 1 9 . 1 6 . 1 .2 30. 2 1 . 1 .4 35. 40. 1 . 1  1 8 . 25. 1 . 4 22. 
0 9 5 9 6 4 0 9 7 0 
88. 1 7. 1 6 . 1 . 1  3 1 . 32. 1 .0 31 . 48.  1 .5 2 1 . 27. 1 .3 23 . 
0 8 4 3 9 6 6 0 2 9 

E. bovis E.cylindric 
a 

1 6. 1 .5 28. 1 5 . 1 .9 22. 
0 4 4 6 
1 6. 1 .4 1 8. 1 5 . 1 .2 20. 
0 8 9 5 
1 7. 1 .3 25. 1 4 . 1 . 7 24. 
8 0 4 3 
1 6 . 1 .5 28. 1 5 . 1 .9 23. 
2 4 4 5 
1 6. 1 . 5 28. 1 5. 1 .9 23 . 
2 4 4 5 
1 8 . 1 .3 23. 1 5 . 1 .5 23 . 
0 6 8 8 
1 7. 1 .3 23. 1 4 . 1 .6 22. 
3 0 0 4 
1 6 . 1 .5 27. 1 6 . 1 .7 26. 
2 7 0 2 
1 6 . 1 .4 27. 1 7 . 1 .6 23. 
0 4 6 1 
1 6 . 1 .4 25. 1 9 . 1 .3 24. 
2 1 7 3 
1 6 . 1 .2 24. 1 9 . 1 .3 25. 
2 2 2 0 
1 6. 1 .4 24. 1 4 . 1 .7 22. 
0 2 4 6 
1 6 . 1 .5 29. 1 4 .  2.0 22. 
6 6 8 7 
21 . 1 . 1  22. 1 6 . 1 .4 20. 
8 9 3 2 
1 6 . 1 .5 22. 1 3 . 1 .6 26. 
6 1 9 0 
1 7 . 1 .4 26. 1 8 . 1 .4 23. 
7 4 6 1 
1 7 . 1 .3 24. 24. 1 .0 24 . 
5 8 8 6 
1 8 . 1 .3 27. 1 5 . 1 .7 23. 
9 0 7 0 

E. ellipsoid E. wyomin 
a/ gensis 

20. 1 . 1  33. 28. 1 .2 
0 0 0 
1 7. 1 .2 39. 3 1 . 1 .2 
6 4 7 
1 6. 1 .4 4 1 . 28. 1 .5 
9 5 7 
1 8 . 1 .3 37. 26. 1 .4 
5 5 2 
1 8 . 1 .3 37. 26. 1 .4 
5 5 2 
1 9 . 1 .2 36. 27. 1 .3 
8 2 8 
20. 1 . 1  45. 24. 1 .9 
2 8 3 
1 7. 1 .5 47. 32. 1 .5 
7 2 0 
1 8. 1 .2 49. 33. 1 .5 
9 6 8 
22. 1 . 1  48. 28. 1 .7 
7 3 6 
1 7. 1 .4 42. 27. 1 .5 
9 2 5 
1 6 . 1 .4 45. 27. 1 .7 
0 4 4 
1 8 . 1 .3 48. 29. 1 .6 
0 0 6 
1 5. 1 .3 45. 29. 1 .5 
2 6 6 
1 6. 1 .6 48. 29. 1 .6 
4 6 9 
1 9 . 1 .2 42. 28. 1 .5 
5 2 0 
1 9 . 1 .3 36. 29. 1 .2 
2 8 9 
1 7 . 1 .3 38. 29. 1 .3 
6 9 5 

E.brasillie 
nsis 

E.alabame 
nsis 

Ul 
N 



no f. zuerni E.subsperi E.auburne E. bukidno E.canaden E. bovis 
ea nsis nensis sis 

89. 1 8 . 1 8 . 1 .0 3 1 . 24 . 1 .3 27. 50. 1 .9 21 . 28 . 1 .3 22. 1 7. 1 .3 
0 4 4 3 5 0 0 6 3 9 7 

tgo. 1 8 . 1 6 . 1 . 1  32. 22. 1 .5 36. 55. 1 .5 1 9. 28 . 1 .5 20. 1 6. 1 .2 
0 0 3 8 2 4 0 2 5 2 6 
9 1 . 20. 20.  1 .0 34. 25. 1 .4 35. 5 1 . 1 .5 26. 28. 1 . 1  23. 20 . 1 . 1  
0 3 0 4 0 0 6 6 3 0 5 
92.  25. 1 8 . 1 .4 3 1 . 21 . 1 . 5 32. 45. 1 .4 24. 24 . 1 .0 21 . 1 7 . 1 .2 
0 2 7 6 7 7 5 0 9 0 0 
93. 20. 1 8 . 1 . 1 38. 30. 1 .2 4 1 . 53. 1 .3 20. 24. 1 .2 25. 1 9 . 1 .3 
0 2 1 2 8 6 8 6 7 6 0 
94. 25. 1 8 . 1 .4 36. 28 . 1 .3 34 . 55. 1 .6 26. 28 . 1 . 1  24 . 1 9 . 1 .2 
0 2 7 0 2 8 2 2 2 0 4 
95. 22. 1 8 . 1 .2 35. 25. 1 .4 33. 48. 1 .4 30. 35.  1 .2 23 . 1 9 . 1 .2 
0 0 0 0 6 4 2 6 4 6 8 
96. 2 1 . 1 7. 1 .2 32. 20. 1 .6 34 . 4 1 . 1 .2 1 7. 25. 1 .4 20. 1 9 . 1 . 1  
0 0 5 6 5 1 6 9 0 0 1 
97. 1 9. 1 8 . 1 .0 32. 20 . 1 .6 30. 49. 1 .6 24. 27. 1 .2 23 . 1 9 . 1 .2 
0 5 9 0 0 5 8 0 8 5 5 
98. 20. 1 4 . 1 .4 32. 25. 1 .3 3 1 . 46. 1 .5 1 6 . 28 . 1 .8 24 . 2 1 . 1 . 1  
0 2 2 0 0 3 3 0 8 9 8 
99.  1 9. 1 7 . 1 . 1  32. 23. 1 .4 36. 49. 1 .4 1 7. 23 . 1 .4 23 . 1 9 . 1 .2 
0 4 8 4 4 0 6 4 7 6 2 
1 0  1 8. 1 8 . 1 .0 3 1 . 25. 1 .3 33. 49. 1 .5 1 7. 32.  1 .9 22. 1 7. 1 .3 
0.0 7 2 1 0 3 4 6 8 9 9 
M a 25. 22. 1 .6 1 7 . 1 7. 1 .0 48. 32. 2 .2  45. 56. 2.0 32. 38. 1 .2 32. 24. 1 .8 
X 2 7 8 0 8 9 2 0 8 7 0 4 
M in 1 4. 1 0 . 1 .0 9 .0  7 .2  1 .2 24. 1 5 . 0 .5  23. 3 1 . 1 . 1  1 4. 22. 1 .6 20. 1 4. 1 .0 

1 3 8 5 5 8 4 6 0 0 
Tot 1 9  1 6  1 2  63 55 54 . 36 25 1 4  3 1  4 7  1 4  2 1  29 1 3  23 1 8  1 3  
al 51 . 1 9 . 1 .9 2 .7  5 .6 4 95.  1 3 . 7 .0  95.  06. 9.0 93. 1 2 . 5 .0 98. 08. 4.0 

2 3 8 8 9 9 2 9 1 1 
S/. f. zuernii Esubsperic E.auburnen E.bukidnon E. canaden E. bovis 
no. a sis ensis sis 

E.cylindric E. ellipsoid E.wyomin 
a a/ gensis 

24. 1 3 . 1 .8 23 . 1 9 . 1 .2 36. 29. 1 .3 
0 6 4 8 5 2 
25. 1 7 . 1 .5 27. 1 8 . 1 .5 37.  30.  1 .2 
6 6 4 8 6 9 
24 . 1 7 . 1 .4 22. 1 7. 1 .3 42. 29. 1 .4 
0 6 6 2 4 5 
25. 1 6 . 1 .5 23. 1 8 . 1 .3 37.  3 1 . 1 .2 
1 3 2 2 5 1 
28. 1 6 . 1 .7 25. 1 7 . 1 .5 39. 3 1 . 1 .3 
0 4 1 4 4 1 
1 9 . 1 5 . 1 .3 20.  1 6 . 1 .3 33.  26.  1 .3 
2 2 0 0 2 6 
21 . 1 5 . 1 .4 21 . 1 9 . 1 . 1  32. 2 1 . 1 .5 
9 5 6 8 0 6 
24. 1 8 . 1 .3 22. 1 7 . 1 .3 32. 22. 1 .4 
7 6 6 2 7 9 
22. 21 . 1 .0 22. 1 8 . 1 .2 36. 28. 1 .3 
0 2 9 7 6 0 
23. 1 5. 1 . 5 25. 1 7. 1 .5 32. 27. 1 .2 
6 8 3 0 3 6 
27. 1 7 . 1 .5 26 . 1 8 . 1 .4 32. 25. 1 .3 
4 8 6 7 0 6 
25. 1 9 . 1 .3 25.  1 9 . 1 .4 46. 25. 1 .8 
1 7 8 0 4 2 
30.  27. 2 .0 29. 25. 2.5 49. 34. 2.0 
1 0 6 0 6 4 
1 5 . 1 1 .  0 .7 20 . 1 1  . 0 .9 30. 2 1 . 1 .2 
5 8 0 0 0 4 
23 1 6  1 4  24 1 8  1 3  39 27 1 4  
73. 51 . 7 .0 63 . 48. 5 .0 36.  86.  2.0 
0 8 0 5 7 8 
E E. ellipsoid E. wyoming 
.cylindrica a/ ensis 

E.brasillie 
nsis 

48. 4 1 . 1 .6 
0 4 
27. 20. 1 .0 
2 6 
96 76 33. 
4 . 1  4 . 8  0 

E. brasillien 
sis 

E.alabame 
nsis 

26. 23. 1 .6 
0 2 
1 5. 1 1  . 1 .0 
1 4 
7 1  53 47. 
0.6 4.1  2 

E.alabame 
nsis 

Vl 
VJ 
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Appendix 2.4.1 . Oocysts identified to species from the study o n  Massey 

University No. 4 Dairy Farm. 

Ul 
.!!! 

CV ·u; Ul Ul 
Ul .!!! Ul (J c: c: ·u; Ul 

·;: Q) Q) 
Ul CV ea Ul c: c: 
c: (J "C 1: Ul Q) 0 

Cl Q) 
Q) ·;:: ·cs .9:! c: � c: 

E · - '0 '0 Q) c. c: 
E c: .!!! Ul c: � CV 

Q) .... CV 1: c. Ul .... 1/) 
0 .D - Q) > c: CV ::J .0 .::t! 

CV > CV 
c :J 0 CV > .... .D ::J ::J 
-- � .0 (J <-? G.! .0 ::J Cl! .D 3: CV 
'0 w w u..i w w u..i et w u..i u..i u..i 

58 
1 6  8 0 9 0 0 4 0 0 0 

25 
Nov 7 1 5  0 0 1 0  0 0 0 5 0 0 0 

Nov 1 8  0 5 0 0 0 0 1 6  0 9 0 0 

Nov 25 1 7  6 0 0 0 0 0 8 0 1 

29 
NOv5 6 0 0 3 0 0 0 3 0 0 9 

Nov 1 1  0 3 0 0 0 0 23  0 0 0 0 

Nov 1 4  1 3  1 7  0 0 0 0 0 0 0 0 0 

1 8  
Nov 1 8  0 7 0 0 0 0 7 0 1 6  0 2 

Nov 26 1 8  8 0 0 0 0 0 0 0 0 0 

Dec 1 2  0 6 0 0 0 0 0 0 0 0 0 

57 
Oct 29 5 2 0 0 0 0 1 3  0 1 0 0 

Nov 5 3 0 9 1 9  0 0 0 2 0 0 

Nov 1 1  4 0 6 1 9  0 0 0 0 0 0 0 

Nov 26 0 1 3 4 0 0 0 0 0 6 0 

1 5  
Sep 24 2 8 1 0  0 0 0 0 0 0 0 0 

Nov 26  3 0 0 0 7 0 0 0 2 3  0 0 

Dec 5 1 2 1 2 0 0 0 0 0 0 

32 
Sep 24 1 1 1 3  0 0 0 7 0 0 0 0 

Nov 26 9 1 1  0 0 0 0 2 0 8 0 0 

1 6  
1 3  0 0 8 0 40 0 1 8  0 0 

39 
Oct 3 0 0 0 0 0 1 0 1 0 0 

Nov 6 6 9 0 3 1 0  0 0 0 0 0 0 

Nov 1 1  1 3  1 1  0 0 0 0 3 0 1 0 2 

1 1 6 
Nov 5 1 1  0 0 9 8 0 3 0 0 0 0 

1 1 7 
Nov 1 8  5 25 0 0 0 0 0 0 0 0 0 

1 1 3 
Nov 26 1 6  7 0 0 1 0  0 0 0 0 0 0 

No. 1 2 1 80 1 37 42 79 43 0 1 1 6 22 77 7 1 3  

1 2  1 0/1  3/1 2 8/1 2 5/1 2 0 9/1 2 4/1 2 7/1 2 2/1 2 3/25 

2 
preval 1 00 83 .3  25  66 .6  4 1 .6 0 75 3 3 . 3  5 8 . 3  1 6.66 25 

ence% 3 3 
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Appendix 2.4.2. Oocyst identification from calves from Tuapaka Farm. I n  

total 2 3  faecal  samples were exam ined 
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0 0 0 0 0 0 0 
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Dec 8 23 0 0 0 0 3 0 0 0 0 

5 

29 63T 

Dec 2 7 0 0 0 0 0 0 0 0 0 

5 

Dec 8 0 0 0 0 0 0 0 0 

1 2  

30 59T 

Nov 1 1  1 3  0 6 0 0 0 0 0 0 0 

29 

Dec 8 1 8  0 2 0 0 3 0 0 0 0 

5 

31 27T 

N ov 0 2 1 1  2 0 0 1 5  0 0 0 0 

29 

Dec 0 0 0 0 0 0 30 0 0 0 0 

1 2  
32 30T 

Dec 2 0 0 0 0 0 0 0 0 

1 2  

33 43T 

N ov 8 1 0  0 0 0 0 2 0 0 0 1 0  

1 1  

total +ve/t 32/33 30/33 6/33 1 1 /33 2/33 3/33 20/33 3/33 4/33 5/33 2/33 
:33 otal 

prev No.3 96.97 90.0 1 8. 1 8  33.33 6.06 9.09 60.6 9.09 1 2. 1 2 1 5. 1 5  9.09 
a lenc 3 
e 
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Appendix 2.4.3 : Identification of oocysts i n  faeces of calves from other 

Fa rms. 

.!!! .!!! 
1/) CO 1/) 1/) .!!! 

1/) 1/) 1/) 
'iii (..) c: c: 1/) 

CO eo 1/) ·� Q) Q) c: 1/) c: c: Cl Q) c: (..) '0 c: Q) Q) 0 
Q) ·� '(5 .� c: ..c: c: 

c: E 
c: 1/) "C '0 1/) 

... Q, '0 E CO 
Q) ... 

·:;; 
CO c: Q, 1/) :::::1 1/) 

0 .0 - Q) c: .0 .0 ..11:: � CO CO 
:::::1 0 CO >. ... :::::1 :::::1 :::::1 > 

c N .0 (..) � Q) .0 � "l .0 � CO 

=c u.i u.i u.i w u.i w w w w w w 
Blakies 
07  DB 
N ov 1 9  4 1 7  0 0 0 0 3 0 1 1  0 
5 9  
N ov 1 9  1 7  1 4  5 0 0 0 0 0 0 0 0 
0 1 1 DB 
N ov 1 9  0 0 0 8 0 0 0 0 0 
032DB 
Nov 19 1 1  3 0 0 0 0 1 5  0 0 0 0 
Bal lentrae 
04B(NC1 ) 
N ov 1 9  4 1 7  0 0 0 0 3 0 1 1  0 
0 6 B(NC2) 
N ov 1 9  1 2  0 0 2 0 0 0 1 5  0 0 
Apiti 6 
Sep 23 2 3 2 4 4 0 0 0 0 
massey 
organic(po 
o led) 

0 1 1 0 0 0 1 1 0 0 0 
Maurice 0 1 1 0 0 0 0 2 0 0 0 
Farm 
N o.8 51 56 8 6 4 9 22 2 1 7  23 0 
Prevalence 87.5 87.5 50 25 1 2.5 25 50 35.5 37.5 0 0 
0/o 



Appendix 3.1 . Calf treatment : 
Appendix 3. 1 .a.  Calf performance 20% pel lets 
S uppl ied by Denver Stock Feeds 
Barley meal 60% 
Soya bean meal 20% 
Copra Meal 1 0% 
Mo lasses 2 .5% 
Li m estone 
Salt  
Soya bean oi l  
Ca l f  premix 
Total 

2% 
2% 
0 .5% 
0 .25% 
1 00 . 1 5% 

Monensin 0 . 1 0% 
Batch No .  02 1 1 4000 1 1 Suppl ied by : Denver Stock Feeds 
Expi ry date : Apr i l  2004 . 
Fi n al monensin concentrat ion of feed was 1 OOmg/kg of calf meal 

Appendix 3. 1 .  b. Baycox (Toltrazuri l)  specifications :  
T rade name: Baycox 
Concentratio n :  Baycox (p ig let coccidiocide - to ltrazuri l  50g/L) 
Batch No :  1 848A2005 
Expiry Date : June 2003 

1 59 

To ltrazur i l  200ml  contai ned active constituent of Toltrazuri l  50g/l . batch . 
N o . 1 848A2005 .  Expiry Date : June 2003 and the an imals were dosed us ing 
20ml  syringe.  
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Appendix 3.2. Feeding Schedule of the calves. 

Day Date Activity. M i l k  l iter Meal Dose of Required 
Fed monensin 

monensin dose to 

Am Pm Am Pm per day achieve 
1 00mg/kg 
feed 
(mean calf 
weight) 

1 1 4/8/ 02 F/S, B/S and 2 .5 2.5 50g - 5mg 
Weighed. 

2 1 5 /8/02 Calves had 2 .5 2 .5 50g - 5mg 
coats on. 

3 1 6/8/02 - 2 .5 2 .5 50g - 5mg 
4 1 7/8/02 2 .5  2 .5 50g - 5mg 
5 1 8/8/02 - 2 .5 2.5 50g - 5mg 
6 1 9/8/02 - 3.5 1 .5 50g - 5mg 
7 20/8/02 F/S, B/S, 3 .5  1 .5 50g - 5mg 47.66mg/ 

Weighed 47.66kg 

8 2 1 /8/02 - 3 .5 1 .5 50g - 5mg 
9 22/8/02 - 4 . 0  1 .0 50g Pe l lets, 5mg 

H ay 
1 0  23/8/02 - 4 . 0  1 .0 50_g_ - 5mg_ 
1 1  24/8/02 - 5 . 0  1 00g - 1 0mg 
1 2  25/8/02 - 5 . 0  - 1 OOg - 1 0mg 
1 3  26/8/02 - 5 . 0  - 1 00 - 1 0m g  

G 
1 4  27/8/02 F/S, B/S, 5 . 0  - 1 00g - 1 0m g  547mg/ 

Weighed. 54.70kg 

1 5  28/8/02 - 5 . 0  - 1 00g - 1 0mg 
1 6  29/8/02 - 5 . 0  - 1 00g 1 0mg 
1 7  30/8/02 - 5 . 0  - 1 00g 1 00g 20mg 
1 8  3 1 /8/02 - 5 . 0  - 1 00g 1 OOg ,Ha 20mg 

y. 
1 9  1 /9/02 - 5 . 0  - 1 00g 1 00g 20mg 
20 2/9/02 - 5 . 0  - 1 00g 1 00g 20mg 
2 1  3/9/02 - 5 . 0  - 1 00g 1 00g 20mg 59.5mg/ 

59 .45kg 

22 4/9/02 - 5 .0  - 1 OOg 1 50g 20mg 

23 5/9/02 - 5 . 0  - 1 00g 1 50g 25mg 
24 6/9/02 - 5 . 0  - 1 00g 1 50g 25mg 
25 7/9/02 - 5 . 0  - 1 00g 1 50g 25mg 
26 8/9/02 - 5 . 0  - 1 50g 1 50g 30mg 
27 9/9/02 - 5 . 0  - 1 50g 1 50g 30mg 
28 1 0/9/02 F/S, B/S, 5 .0  - 1 50g 1 50g 30mg 64.0mg/ 

Weighed 64.04kg 

29 1 1 /9/02 - 5 . 0  - 1 50g 200g 35mg 
30 1 2/9/02 - 5 . 0  - 200g 200g 40mg 
31  1 3/9/02 - 5 . 0  - 200g 200g 40mg 
32 1 4/9/02 - 5 .0  - 200g 200g 40mg 
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33 1 5/9/02 - 5 .0 - 200Q 200g 40mQ 
34 1 6/9/02 - 5 .0 - 200g 200g 40mg 
35 1 7/9/02 F/S,B/S, 5 .0 - 200g 200g 40mg 70mgl 

Weighed 70.45kQ 
36 1 8/9/02 - 5 . 0  - 200g 250g 45mg 
37 1 9/9/02 - 5 .0 - 250g 250g 50mg 
38 20/9/02 - 5 .0 - 250g 300g 55mg 
39 2 1 /9/02 - 5 .0 - 300g 300g 60mg 
40 22/9/02 - 5 . 0  - 300g 300g 60mg 
41  23/9/02 200 cows 5 .0 - 350g 350g 70mg 

were allowed 
to graze the 
grass for one 
day. 

42 24/9/02 F/S, B/S, - - 350g 350g 70mg 74.5m g/ 
Weighed. 74.5 kg 

43 25/9/02 Cows were 4 .0  - 350g 400g 75mg 
al lowed to 
graze 
overnight. 

44 26/9/02 - 4 . 0  - 400g 400g 80mg 
45 27/9/02 - 3 .0  - 400g 450g 85mg 
46 2 8/9/02 - 3 . 0  - 450g 450g 90mg 
47 29/9/02 - 2 . 0  - 500g 500g 1 00 mg 
48 30/9/02 - 2 .0 - 500Q 500g 1 00 mg 
49 1 /1 0/02 F/S, B/S, 2 .0 - 500g 500g 1 00mg 80.2mg/ 

Weighed. 80.29kg 

50 2/1 0/02 - 2 .0 - 500g 500g 1 00 mg 
5 1  3/1 0/02 - - - 500g 500g 1 00mg 
52 4/1 0/02 - - - 500g 500g 1 00 mg 
5 3  5/1 0/02 - - - 500g 500g 1 00 mg 
54 6/1 0/02 - - - 500Q 500g 1 00 mg 
55  7/1 0/02 - - - 500g 500g 1 00 mg 
5 6  8/1 0/02 F/S, B/S, - - 500g 500g 1 00mg 

Weighed. 
57 9/1 0/02 - - - 500g 500g 1 00 mg 
5 8  1 0/1 0/02 - - - 500g 5 00g 1 00mg 95 .0 m g/ 

95kg 
5 9  1 1 /1 0/02 Grazing - - 500g 5 00g 1 00mg 

paddock with 
cows 

60 1 2/1 0/02 - - - 500JJ 500g 1 00 mg 
6 1  1 3/1 0/02 - - - 500g 500g 1 00 mg 
62 1 4/1 0/02 - - - 500g 500g 1 00 mg 
63 1 5/1 0/02 F/S, B/S, - - 5 00g 500g 1 00mg 

Weighed. 
64 1 6/1 0/02 Debudding - - 500g 500g 1 00mg 

33calves 
bleed. 

65 1 7/1 0/02 - - - 500g 5 00g 1 00 mg 
66 1 8/1 0/02 - - - 500g 5 00g 1 00 mg 
67 1 9/1 0/02 - - - 500g 500g 1 00mg 
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68 20/1 0/02 - - - 500Q 500q 1 00 mg 
69 2 1 /1 0/02 - - - 500g 500g 1 00 mg 
70 22/1 0/02 F/S, B/S, - - 500g 500g 1 00mg 1 022m g/ 

Weighed. 1 02.25kg 

71  23/1 0/02 - - - 500g 500g 1 00mq 
72 24/1 0/02 Weaned. - -

F/S,B/S, 
Drenched 
with 
Toltrazuri l ,  
Vaccinated 
with 7 in one. 

73 25/1 0/02 - - - -

74 26/1 0/02 - - - -

75 27/1 0/02 - - - -

76 2 8/1 0/02 - - - -

77 29/1 0/02 - - - - 96.0mg/ 
96 .00kg 

78 30/1 0/02 - - - -

79 3 1 /1 0/02 - - - -

80- 1 /1 1 /02 - - - -

82 3/1 1 /02 
83 4/1 1 /02 Gate open 

between last 
twopaddocks 
and calves 
were allowed 
all together 
in the first 
two 
paddocks 

84 5/1 1 /02 F/S, B/S , - - - 97.5kg 
Weighed. 

85- 6/1 1 /02- - - - - 1 06.8kg 
90 1 1 /1 1 /02 
9 1  1 2/1 1 /02 F/S, B/S, - - -

Weighed. 
92- 1 3/1 1 /02 
95 to 

1 6/1 1 /02 
96 1 7/1 1 /02 - - - - 1 1 6 .87kg 

97 1 8/1 1 /02 F/S, B/S, - - -
Weighed. 

98 1 9/1 1 /02 - - - -

99- 20/1 1 /02- - - - -

1 04 25/1 1 /02 
1 05 26/1 1 /02 F/S, B/S, - - -



Weighed. 
1 06- 27-30 - -
1 09 /1 1 /02 
1 1 0 1 /1 2/02 - -

1 1 1  2/1 2/02 1 4  calves -

were 
coughing 

1 1 2 3/1 2/02 F/S, B/S, -

Weighed. 
1 1 3 4/1 2/02- End of the 

9/1 2/02 work. 

Appendix 3.3. SOPs:  

Appendix 3.3.1 .0ocyst counting :  
a. Equipment used: 
1 . McMaster chamber. 
2. Fi l ter (Coffee Stra iner) .  
3 .  Stee l  bowl ans spoons. 
4 .  Cover s l ips .  
5 .  P ipettes . 
6 .  U n iversal Glass bottle (28m l) .  
7 .  Centrifuge Tubes. 

b. Solutions : 

-

- -

- -

- -

1 .  Satu rated salt solut ion. ( Specific g ravity 1 .2) 
c.Technique used 
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-

- -

- -

- - 1 25 .29kg 

Al l  the s amples were col lected d i rectly from the rectum and store d  at 4 oc u nti l  used.  
Oocysts were counted using a modif ied McMaster techn ique as fol lows: 
1 .  Two g ram faeces were weighed and 28ml satu rated NaCI solution (specific g ravity 
1 .2) measu red out. The feces were homogenized i n  some of the salt solut ion in a bowl. 
The suspension was then pou red through a 500um -apertu re s ieve and the rema in ing  
sa l t  solu tion was used to wash the bowl and the material retained o n  the s ieve.  
1 .  Samp les were withdrawn us ing a Pasteur  pipette and run into two count ing 

cham bers .  The total number of oocysts counted,  m ult ipl ied by 50, and represente d  
t h e  n umber of oocysts contained i n  one gram of faeces (OPG) .  



Appendix 3.3.2. Separation of oocysts for sporu lation for samples > 1 00 Opg : 

a. Equ ipment : 
1 . Stee l  bowls 
2. 2. Fi lter (tea stra iner) 
3. 1 00 S ieve and water jet .  
4 .  Centrifuge tubes (50ml and 20m l ) .  
5. 'J' p ipette and Pasteu r  pipette . 
6 .  Suct ion pump and  a jar. 
7. Test tube stands. 
8. Centrifuge. 
9. Petrid ishes.  

b. Solutions: 
1 .  Satu rated salt  solut ion 
2 .  2% H 

2
So4 

C. Technique : 
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1 .  5g faeces from e ach sample were homogen ized with 50ml  tap water and f i l tered 
through  a 500u m-sieve.The res idue in each s ieve was washed with a jet of tap 
water from a wash- bott le .  

2 .  Approx imately 50m l s  fi ltrate was centrifuged at 800g for 6 m inutes. 
3 .  Two th i rds of the s upernatant was d iscarded. The sediment was re suspended in  tap 
water and re- centrifuged as i n  step2 . 
4. The resu ltant sed iment was re-suspended in NaCI sol ution (specific g ravity 1 .2 )  and 
al low to stand for 1 0  minutes to al low coarse m aterial to s ink  with l itt le chance of 
trapping oocysts .  The suspension was then centrifuged at 400g for 6 m inutes . 
5. The tube was removed gently fro m  the centrifuge and al lowed to stand for a further 
1 0  m i nutes in o rder to compensate for any d isturbance of the oocyst band at the top. 
6. Approx imately 5mls  was sucked from the top using a "J" t ip p ipette attached to a 
suct ion pump and co l lected in  a 50m l centrifuge tube. 
7 .  The oocysts were washed free of salt  solution by suspension and centrifugation in  
d isti l led water twice . 
8 .  The washed sed iment was transferred to a 1 5m l  graduated con ical centrifuge tube 
and centrifuged at 1 50g for 6 minutes. 
9.  The supernatant ( appoximately 1 2m ls) was d iscarded and the sed i ment re
suspended in 2% H 2 So4 solut ion .  The total vo lume was not > 5m l .  The suspension 
was the placed in a 35mm petrid i sh .  
1 0 .  The petridish was placed in  a 2JCC room for 7 days. lt was checked regu larly to 

avoid drying out .  Further 2% of H2S04 was added as needed . 

Appendix 3.3.3. Recovery of sporu lated oocysts:  
P etrid ishes were removed from the 2JDC room and the oocysts were recovered as 
fol lows : 
1 . The oocyst suspension was stirred thorough ly i n  order to free the oocysts, which 

usua l ly adhere to the bottom .  
2 .  The suspension was washed i nto micro tubes and stored a t  4°C unt i l  used for 

species identif icat ion .  

A ppendix 3.3.4. Staining of Cryptosporidium oocysts by a modified Zeih l  Nei lson 
technique:  
The fol lowing procedure was used 
1 . Dry s mear at roo m  temperature 
2.  Fix i n  96% methanol  for 2 to  5 m i n utes 



3 .  Dry a t  room temperatu re 
4 .  F ix  briefly i n  f lame 
5 .  Sta in  with concentrated Carbol fuchsin 20 to  30 m inutes without heating 
6 .  R inse in  tap water 
7. D ifferentiate with H2S04 for 20 to 60 minutes (concentrations 5 - 1 0% )  
8 .  R inse i n  tap water 
9. Cou nter stain  with 5% malach ite g reen for 5 minutes 
1 0 . R i nse in  tap water 
1 1  . D ry at room temperatu re 
1 2 . Mount in  eukitt 
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I n  s mears stained by th is tech nique Cryptosporidium appear as 3 to 6 Jlm in  
d iameter, densely stai ned red bodies clearly d ist ingu ishable against a g reen 
background .  Some of the paras ites however are rather stai ned , these are probably 
oocysts or their  precursors. The  cryptosporid ium contain a vary ing number of 
darker blue or  brownish internal bodies.  The parasites are easily detected at 
m ag n ifications of 200 to 400 x .  

The  propert ies o f  the  carbol fuchs in  dye may vary ,  and with certain preparat ions 
step 5 in  the stai n i ng procedure m ay have to be extended to 1 hour even overnight. 
For d ifferentiat ion (step 7) H2S04, 1 0% may be used in  concentrat ions from 0.25% 
to 1 O%.The most appropriate concentrat ion of the acid and length of the 
d ifferentiat ion procedure wou ld seem to depend on the propert ies of the carbol 
fuchs in  dye . So before adopt ing the techn ique,  it is  advisable to make a few 
exper iments with pos itive control smears , in order to adjust steps 5 and 7 to the dye 
preparation avai lable .  
In s mears from fecal samples o r  i leal mucosa scrapings, yeasts were found to be 
sta ined by the Giemsa method , but not by the Ze ih l  Neilsen m ethod . 



1 66 

Appendix 3.3.5. M ERIFLUOR ( Meridian diagnostics) Cryptosporidiuml Giardia, 
di rect immunofluorescent detection procedure for the simultaneous detection of 
Cryptosporidium oocysts and Giardia cysts in  faecal material .  

1 . Use a transfer loop to transfer a d rop of fecal sample to a treated s l ide wel l .  Spread 
the s pecimen over the ent ire wel l .  Do  not scratch the treated surface of the sl ide . 
2 .  U se a new transfer loop to transfer a drop of posit ive control to a separate treated 
s l ide we l l .  Spread the positive control over the ent ire wel l .  Do not scratch the treated 
surface of the wel l .  
3 .  Use  a new transfer loop to transfer a drop o f  negative control to  a separated treated 
s ide we l l .  
4 .  A l low the sl ides to  a i r  dry completely at room temperatu re (usual ly requ i res 30 
m inutes) .  
5 .  P l ace  one drop of detection reagent  in each wel l .  
6 .  P l ace one drop o f  counterstain i n  each wel l .  
7 .  M i x  t he  reagents w ith an  applicator stick and spread over the entire wel l .  Do  not 
scratch the treated su rface of the wel l .  
8 .  I ncubate the sl ides in  a humid if ied chamber for  30 minutes at  room temperatu re . 
Note : P rotect from the l ight .  
9.  Use a wash bott le to rinse the s l ides with a gentle stream of 1 x wash buffer unt i l  
excess detection reagent and cou nterstai n  is removed. 
Note : Do not submerge the s l ides during ri ns ing.  Avoid disturb ing the specimen or 
caus i n g  cross contamination of the specimens .  
1 0 .  Remove excess buffer by tapping the long edge of  the s l ide o n  a clean paper towel . 
Note : Do  not al low the sl ide to dry .  
1 1 .  Add one drop of mounting med i u m  to each we l l  and apply a cover s l ip .  
1 3 . S can each wel l  thoroughly us ing 1 00-200X magn ification .  The presence of oocysts 

shou ld be conf irmed at h igher magnificat ion .  
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Append ix 3.4. 1 .  Oocyst counts up to wean ing:  

1 4  20 23 27 30 3 6 1 0  1 3  1 7  20 24 1 st 8th 1 5th 22 
Aug Aug Aug Aug Aug Sep Sep Sep Sep Sep Sep Sep oct oct oct Oct 

No.  Treat rep 1 2 3 4 5 6 7 8 9 1 0  1 1 1 2  1 3  1 4  1 5  1 6  
43 R 1 0 0 0 0 0 30 1 700 200 2650 0 1 00 0 0 0 0 0 
1 7  R 1 0 0 0 0 0 30 1 850 450 750 0 1 00 50 0 0 0 0 
1 1 6  R 1 0 0 0 30 50 0 0 300 0 50 0 0 0 0 0 0 
1 1 8  R 1 0 0 0 30 1 00 1 00 50 50 400 0 0 0 0 0 0 0 
Mean 1 0 0 0 1 5  37.5 40 900 250 950 1 2.5 50 1 2.5 0 0 0 0 

6 R 2 0 0 0 0 30 0 0 50 0 200 450 50 1 00 0 0 0 
1 6  R 2 0 0 0 0 30 0 300 650 50 0 0 0 0 0 0 0 
1 5  R 2 0 0 0 0 0 30 1 050 6300 2200 1 000 1 250 200 0 0 0 0 
1 1 7  R 2 0 0 0 30 0 0 8250 0 650 250 1 50 0 200 0 0 0 
Mean 2 0 0 0 7.5 1 5  7.5 2400 1750 725 362.5 462.5 62.5 75 0 0 0 
32 R 3 0 0 0 0 0 0 0 30 0 0 0 1 00 0 0 50 0 
28 R 3 0 0 0 0 30 824014900 0 0 550 0 0 1 00 0 0 0 
9 R 3 0 0 0 30 50 50 0 1 850 1 50 50 50 0 50 0 0 0 
29 R 3 0 0 IO 0 0 30 4200 0 0 1 50 50 50 400 0 0 0 

0 0 0 7.5 20 2080 2275 470 37.5 187.5 25 37.5 1 37.5 0 1 2.5 0 
25 N R  1 0 0 0 0 30 0 0 0 800 650 1 00 0 250 50 250 0 
57 N R  1 0 0 0 0 0 0 0 30 550 1 50 950 450 1 00 0 300 350 
39 N R  1 0 0 0 0 1 50 1 50 1 650 650 2250 1 00 0 50 1 50 0 0 0 
1 1 3 N R  1 0 0 0 30 7550 300 450 750 2700 350 1 50 0 1 1 00 0 0 '0 
Mean 0 0 0 7.5 1 933 1 1 3  275 358 1 575 313 300 1 25 400 1 3  1 38 88 
3 N R  2 0 0 0 0 0 0 1 1 00 30 2850 0 0 0 0 50 0 0 
33 N R  2 0 0 0 0 0 0 0 30 750 500 1 00 1 00 0 0 50 0 
1 8  N R  2 0 0 10 0 50 30 350 0 1 50 300 50 1 00 1 50 50 0 0 
56 N R  2 0 1 0 0 iO 0 0 250 30 0 300 250 200 0 0 0 0 

-

Mean 0 0 0 0 1 2.5 7.5 425 22.5 937.5 275 1 00 1 00 37.5 25 1 2 .5 0 
3 1  N R  3 0 0 0 1 0 1850 30 200 350 0 0 0 0 0 0 0 0 
20 N R  3 0 0 0 0 350 30 1 1 5500 1 00 0 50 0 0 0 0 0 0 
1 4  N R  3 0 0 0 30 0 0 0 0 50 0 0 0 0 0 0 0 
47 N R  3 0 0 0 0 0 0 0 30 0 0 0 0 0 0 50 0 

0 0 0 7 .5 300 1 5  28925 1 20 1 2. 5  1 2.5  0 0 0 0 1 2 .5  0 
Mean 0 0 0 6.2 647 1 66 7393 277 753 1 99 125 72 1 63.2 1 1 .02 48 26 

The second col umn  of the above table represents the "treatment " R means 
monensin added to pel lets and NR means monensin is not added to pel lets . 
Rep represents 3 d i fferent g ro ups ( 1  to 3) u nder each g roup that is Monensin 
treated and non-treated groups .  Rest of the co lumns are d ifferent occasions of 
sample col lect ions .  

I 

I 

I 

I 

I 



T 

R 

R 

R 

N 
R 

N 
R 

N 
R 
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Appendix 3.4. 2. Weekly average oocyst counts of calves up to weaning 
(Group wise) : 

G 
ro 
u 
p 1 2 3 4 5 6 7 8 9 1 0  

1 5 . 
1 0 0 0 40.0 250 .0  1 2 . 5  1 2 .5  0 .0  0 .0 0 . 0  

2 0 0 7 .5  7 .5  1 750.0 362.5 62.5 75.0 0.0 0.0 

1 1  

0 .0  

0 .0  

3 0 0 7 .5  2080.0 470 .0  1 87 .5  37 .5  1 37.5 0.0 1 2 .5  87 .5 

1 0 0 7 .5  1 1 2 .5 357.5 31 2 . 5  1 25 .0  400.0 1 2 .5  1 37 .5  

2 0 0 0 . 0  7 .5 22.5 275 . 0  1 00 .0  37.5 25.0 1 2 .5  

3 0 0 7 .5  1 5 .0 1 20.0 1 2 .5  0 .0  0 .0  0 .0  1 2 .50 

The f i rst col u m n  of the above table represents the "treatment " R means 
m on ensin added to pel lets and NR means monensin is not added to pel lets .  
G roup represents 3 diffe rent  g roups ( 1  to 3) under each g roup that is Monensin 
t reated and non-treated groups.  Rest of  the columns  are,  d ifferent weeks on 
M o n ens in treatment. 

0 .0  

0 .0  

0 .0  
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Appendix 3.4.3. Statistical  analysis for gro u p  wise oocyst cou nts up to 
wean ing : 

Type 3 Tests of Fixed Effects 
Effect DF DF F Value Pr > F 

Week 1 0  78.00 5 .90 < .000 1 
Treat 1 20 0 .26 0.67 
Rep 2 20 0 . 3 1  0 .73 
Rep*treat*week 52 1 78 .00 1 .28 0 . 1 209 
Least mean square means 

Standard 
Effect rep week Estimate Error DF t Value Pr > lt l 

Treat N R  4 .71 04 0 .7506 20 6 .28 < .000 1 
Treat R 5 .2499 0 .7506 20 6.99 < .000 1 
Week 1 1 .0000 1 .7786 1 78 0 . 56 0 . 5747 
Week 2 1 .0000 1 .7786 1 78 0 . 56 0 . 5747 
Week 3 2 . 1 4 1 9 1 .7786 1 78 1 . 20 0 . 2301 
Week 4 7 .8576 1 .7786 1 78 4.42 < .000 1 
Week 5 1 4 .003 1 1 .7786 1 78 7 .87 < .0001 
Week 6 1 0 .4798 1 .7786 1 78 5 .89 < .0001 
Week 7 5 .0961  1 .7786 1 78 2 . 87 0.0047 
Week 8 6 .6289 1 .7786 1 78 3 . 73 0 .0003 
Week 9 1 . 7677 1 .7786 1 78 0 .99 0 .32 1 6 
Week 1 0  3 . 0674 1 .7786 1 78 1 .72 0 .0863 
Week 1 1  1 .7390 1 .7786 1 78 0 .98 0 .3295 

Standard 
Effect rep week Estimate Error DF t Value Pr > l t l  

rep*treat*week N R  1 1 1 .0000 4.3566 1 78 0 .23 0 .8 1 87 
rep*treat*week N R  1 2 1 .0000 4 .3566 1 78 0.23 0 .8 1 87 
rep*treat*week N R  1 3 2 . 1 4 1 9  4 .3566 1 78 0.49 0 .6236 
rep *treat*week N R  1 4 7.9094 4.3566 1 78 1 .82 0 .071 1 
rep *treat*week NR 1 5 1 4 .871 7 4.3566 1 78 3 .41  0. 0008 
rep *treat*week N R  1 6 1 6.6469 4 .3566 1 78 3.82 0 .0002 
rep *treat* week N R  1 7 7.5945 4 .3566 1 78 1 .74 0 .0830 
rep *treat*week N R  1 8 1 7 .8406 4 .3566 1 78 4 . 1 0 < .0001 
rep *treat*week N R  1 9 2 .5354 4 .3566 1 78 0.58 0 .56 1 3  
rep *treat*week N R  1 1 0  8.7981 4 .3566 1 78 2.02 0 .0449 
rep *treat*week N R  1 1 1  5 .4337 4.3566 1 78 1 .25 0 .2 1 39 
rep *treat*week R 1 1 1 .0000 4 .3566 1 78 23 0 .8 1 87 
rep*treat*week R 1 2 1 .0000 4 .3566 1 78 0.23 0 .8 1 87 
rep*treat*week R 1 3 3.2839 4 . 3566 1 78 0 .75 0 .4520 
rep *treat*week R 1 4 5.5464 4 .3566 1 78 1 .27 0 .2046 
rep *treat*week R 1 5 1 4.9762 4 .3566 1 78 3 .44 0 .0007 
rep *treat*week R 1 6 2 .5354 4 .3566 1 78 0 .58 0.561 3 
rep *treat*week R 1 7 2 .5354 4 .3566 1 78 0 .58 0 .56 1 3  
rep *treat*week R 1 8 1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep*treat*week R 1 9 1 .0000 4 . 3566 1 78 0 .23 0 .8 1 87 
rep *treat*week R 1 1 0  1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep *treat*week R 1 1 1  1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep *treat*week N R  2 1 1 .0000 4 .3566 1 78 0.23 0 .8 1 87 
rep *treat*week N R  2 2 1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep *treat*week N R  2 3 1 .0000 4 . 3566 1 78 0 .23 0 .8 1 87 
rep*treat*week N R  2 4 2. 1 4 1 9  4 .3566 1 78 0.49 0 .6236 
rep * treat*week N R  2 5 4.4258 4 . 3566 1 78 1 .02 0 .3 1 1 1  
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rep*treat*week N R  2 6 1 4.5204 4 .3566 1 78 3 .33 0.00 1 0 
rep*treat*week N R  2 7 8.81 93 4 .3566 1 78 2 .02 0 .0444 
rep*treat*week N R  2 8 3.8221 4 .3566 1 78 0 .88 0 .381 5 
rep*treat*week N R  2 9 4 .0707 4 .3566 1 78 0 .93 0 .35 1 4  
rep*treat*week NR 2 1 0  2 .5354 4 .3566 1 78 0 .58 0 .561 3 
rep*treat*week NR 2 1 1  1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep*treat*week R 2 1 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week R 2 2 1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep*treat*week R 2 3 2 . 1 4 1 9  4 .3566 1 78 0 .49 0 .6236 
rep*treat*week R 2 4 2 . 1 4 1 9  4 .3566 1 78 0 .49 0 .6236 
rep*treat*week R 2 5 28.2587 4 .3566 1 78 6 .49 < .0001 
rep*treat*week R 2 6 1 5.6648 4 .3566 1 78 3 .60 0 .0004 
rep*treat*week R 2 7 5.8297 4 .3566 1 78 1 .34 0 . 1 826 
rep*treat*week R 2 8 6.5568 4 .3566 1 78 1 .51 0 . 1 341 
rep*treat*week R 2 9 1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep*treat*week R 2 1 0  1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week R 2 1 1  1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week N R  3 1 1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep*treat*week N R  3 2 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep *treat*week N R  3 3 2 . 1 4 1 9  4 .3566 1 78 0 .49 0 .6236 
rep*treat*week NR 3 4 3 .2839 4 .3566 1 78 0 .75 0 .4520 
rep*treat*week NR 3 5 8 .8382 4 .3566 1 78 2 .03 0 .0440 
rep*treat*week NR 3 6 2 .5354 4 .3566 1 78 0 .58 0.561 3 
rep*treat*week NR 3 7 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week NR 3 8 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week NR 3 9 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week NR 3 1 0  2.5354 4 .3566 1 78 0 .58 0 .561 3 
rep*treat*week NR 3 1 1  1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
rep*treat*week R 3 1 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week R 3 2 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week R 3 3 2 . 1 4 1 9  4 .3566 1 78 0 .49 0 .6236 
rep*treat*week R 3 4 26.1 223 4 .3566 1 78 6 .00 < .000 1 
rep*treat*week R 3 5 1 2.6478 4 .3566 1 78 2 .90 0 .0042 
rep*treat*week R 3 6 1 0.9758 4 .3566 1 78 2 .52 0 .0 1 26 
rep*treat*week R 3 7 4.7978 4 .3566 1 78 1 . 1 0  0 .2723 
rep*treat*week R 3 8 9 .5541 4 .3566 1 78 2 . 1 9  0 .0296 
rep*treat*week R 3 9 1 .0000 4 .3566 1 78 0 .23 0 .81 87 
rep*treat*week R 3 1 0  2.5354 4 .3566 1 78 0 .58 0 .56 1 3  
rep*treat*week R 3 1 1  1 .0000 4 .3566 1 78 0 .23 0 .8 1 87 
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Appendix 3.4.4. Oocyst counts up to weaning (Treatment w ise) : 
Type 3 Tests of Fixed Effects 

N u  m Den 
E ffect O F  OF F Value Pr > F 
week 1 5  330 4 .6 1  < .0001 
treat 1 22 0.20 0.6578 
treat*week 1 5  330 0 .33 0 .9927 

Least Squares Means 
Standard 

Effect treat week Est imate Error OF t Value Pr > lt l  
treat N R  8.44 1 4  1 .5898 22 5 .31  < .0001 
treat R 7 .43 1 8 1 .5898 22 4.67 0 .0001 
week 1 1 .0000 4 . 1 734 330 0.24 0 .8 1 08 
week 2 1 .0000 4 . 1 734 330 0 .24 0 .8 1 08 
week 3 1 .0000 4 . 1 734 330 0 .24 0 .8 1 08 
week 4 2. 1 4 1 9  4 . 1 734 330 0.51  0 .6081 
week 5 8 .8682 4 . 1 734 330 2. 1 2  0 .0343 
week 6 7 .8576 4 . 1 734 330 1 .88 0 .0606 
week 7 35 . 1 823 4 . 1 734 330 8.43 < .0001 
week 8 1 4 .0031 4 . 1 734 330 3 .36 0 .0009 
week 9 1 8 .7998 4 . 1 734 330 4.50 < .0001 
week 1 0  1 0 .4 798 4 . 1 734 330 2.51 0 .0 1 25 
week 1 1  8 .3537 4 . 1 734 330 2.00 0 .0461 
week 1 2  5 .0961 4 . 1 734 330 1 .22 0 .2229 
week 1 3  6 .6289 4 . 1 734 330 1 .59 0 . 1 1 32 
week 1 4  1 .7677 4 . 1 734 330 0.42 0 .6722 
week 1 5  3 .0674 4 . 1 734 330 0.73 0.4629 
week 1 6  1 .7390 4 . 1 734 330 0.42 0 .6772 
treat*week N R  1 1 .0000 5.9021 330 0 . 1 7 0.8656 
treat*week N R  2 1 .0000 5.9021 330 0 . 1 7  0.8656 
treat*week N R  3 1 .0000 5.9021 330 0 . 1 7  0.8656 
treat*week N R  4 1 .761 3 5.9021 330 0.30 0 .7656 
treat*week N R  5 1 3 .81 67 5.9021 330 2.34 0 .01 98 
treat*week N R  6 4.4451 5.9021 330 0 .75 0.451 9 
treat*week N R  7 39.46 1 9  5.9021 330 6 .69 <.0001 
treat*week N R  8 9.3786 5.9021 330 1 .59 0 . 1 1 30 
treat*week N R  9 21 .2850 5.9021 330 3 .61  0.0004 
t reat*week N R  1 0  1 1 .2342 5.9021 330 1 .90 0.0579 
t reat*week N R  1 1  7 .6842 5.9021 330 1 .30 0 . 1 938 
t reat*week N R  1 2  5 .8046 5.9021 330 0 .98 0.3261 
treat* week N R  1 3  7 .5542 5 .9021 330 1 .28 0.201 5 
t reat*week N R  1 4  2 .5354 5.9021 330 0 .43 0 .6678 
t reat*week N R  1 5  4 .6229 5 .9021 330 0 .78 0.4340 
t reat* week N R  1 6  2.4779 5 .9021 330 0 .42 0.6749 
treat*week R 1 1 .0000 5.9021 330 0 . 1 7 0 .8656 
t reat*week R 2 1 .0000 5.9021 330 0 . 1 7  0.8656 
t reat*week R 3 1 .0000 5.9021 330 0 . 1 7  0.8656 
t reat*week R 4 2.5226 5 .9021 330 0 .43 0 .6694 
treat*week R 5 3 .9 1 97 5 .9021 330 0 .66 0 .5071 
t reat* week R 6 1 1 .2702 5.9021 330 1 .9 1  0 .0571 
treat*week R 7 30 .9028 5.9021 330 5 .24 <.0001 
treat*week R 8 1 8 .6276 5.9021 330 3 . 1 6  0.001 7 
treat*week R 9 1 6 .3 1 47 5.9021 330 2.76 0 .0060 
t reat*week R 1 0  9 .7253 5.9021 330 1 .65 0 . 1 004 
treat*week R 1 1  9 .023 1  5.9021 330 1 .53 0 . 1 273 
t reat*week R 1 2  4 .3876 5.9021 330 0.74 0.4578 
t reat*week R 1 3  5 .7036 5.9021 330 0 .97 0.3346 
t reat*week R 1 4  1 .0000 5 .9021 330 0 . 1 7  0.8656 
t reat*week R 1 5  1 .5 1 1 8  5.902 330 0 .26 0.7980 
t reat*week R 1 6  1 .0000 5 .901 330 0 . 1 7  0.8656 
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A ppendix 3.5.1 . Oocyst counts after weaning showing the status of Two (anti-coccid ials 
treatment) : 

No. Treatment 29th 5th 1 1 th 1 8th 26th 3rd 
Oct Nov Nov Nov Nov Dec 

4 3  R 
1 1 6 R 

6 R 
1 5  R 
28  R 

9 R 

1 4  N R  
3 1  N R  
5 6  N R  
3 3  N R  

1 1 3 N R  
2 5  N R  

1 7  R 
1 1 8 R 
1 1 7 R 

1 6  R 
3 2  R 
29  R 

39  
5 7  

3 
1 8  
4 7  
2 0  

N R  
N R  
N R  
N R  
N R  
N R  

To I 
To I 
To I 
To I 
To I 
To I 

Average 

BC 
BC 
BC 
BC 
BC 
BC 

Average 

N BC 
N BC 
N BC 
N BC 
N BC 
N BC 

Average 

0 
0 
0 
0 
0 
0 

0 

0 
0 

50 
0 
0 
0 

8 .33 

0 
0 
0 
0 
0 
0 

0 

N BC 50 
N BC 800 
N BC 1 50 
N BC 0 
N BC 0 
N BC 5 0  
Average 1 75 

0 
0 
0 
50 
0 
0 

8.33 

0 
0 
0 

50 
50 

1 350 

24 1 .67 

300 
400 

0 
600 
1 50 
550 

500 

650 
21 00 

550 
600 

0 
250 
69 1 .67 

0 
0 
0 
0 
0 

1 00 
50 

0 
1 00 
250 

50 

8.33 

0 
0 
0 
0 

50 
0 

8 .33 

600 
800 
250 

4550 
750 
550 

1 250 

1 00 

0 
0 

1 50 
0 

350 
50 

91 . 67 

350 
350 
950 
350 

50 
550 

433.33 

500 1 50 
1 200 1 00 

300 250 
700 400 
1 00 1 00 
400 50 
533 .33 1 75 

0 
1 50 

0 
650 

0 
1 00 

1 50 

1 00 
0 

200 
0 

650 
600 

258 .33 

200 
0 

50 
50 

450 
0 

1 50 

1 00 
400 

0 
350 

0 
50 

1 50 

1 50 
1 00 
500 

0 
1 50 
1 00 

1 66 .67 

250 
0 

1 00 
400 
1 00 

0 

1 41 .67 

0 
50 

0 
0 

50 
0 

1 6 .67 

1 00 
0 

50 
0 

1 50 
1 00 

66.67 

Note: N R= meal with out monensin,  R =  meal with monensin , BC= treated with toltrazu ri l  and N BC= 
not treated with toltrazuri l .  

A ppendix 3 .  5.  2. Weekly average weights after weaning 
Week 1 2 3 4 5 6 

Treated 95.41 96.75 
U ntreated 96.58 98.25 

1 06.66 
1 07.5 

1 1 7.58 
1 1 5.33 

1 26.75 
1 23.83 

133.25 
1 29.42 
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Appendix 3.5.3 : Statistical analysis of oocyst counts after weaning : 
Type 3 Tests of Fixed Effects 

N u  m Den 
Effect D F  DF F Value Pr > F 

week 6 1 32 7 . 1 3  < .0001 
be 1 22 20.90 0 .0001 
bc*week 6 1 32 1 0.96 < .0001 

Least Squares Means 
Standard 

Effect be week Estimate Error DF  t Value Pr > l t l  
week 1 3 .3756 1 .6463 1 32 2 .05 0 .0423 
week 2 1 3 .4439 1 .6463 1 32 8 . 1 7 <.0001 
week 3 1 4.2592 1 .6463 1 32 8 .66 < .0001 
week 4 1 1 .6377 1 .6463 1 32 7 .07 < .0001 
week 5 1 0 . 1 208 1 .6463 1 32 6 . 1 5  < .000 1 
week 6 7 .7433 1 .6463 1 32 4 .70 < .000 1 
week 7 4.383 1 .6463 1 32 2 .66 0 .0087 
be BC 5. 993 1 .0 1 56 22 5 .91  < .0001 
be N BC 1 2 .5638 1 .0 1 56 22 1 2.37 < .000 1 
bc*week BC 1 1 .5 1 1 8  2.3283 1 32 0 .65 0 .5 1 73 
bc*week BC 2 5 .5 1 50 2.3283 1 32 2.37 0 .0 1 93 
bc*week BC 3 2 .0236 2.3283 1 32 0 .87 0 .3864 
bc*week BC 4 7 . 1 874 2.3283 1 32 3.09 0 . 0025 
bc*week BC 5 1 0.5925 2.3283 1 32 4 .55 < .000 1 
bc*week BC 6 1 0 .5022 2.3283 1 32 4 .51  < .000 1 
bc*week BC 7 4 .6487 2.3283 1 32 2.00 0 .0479 
bc*week NBC 1 5 .2394 2 .3283 1 32 2.25 0 .0261 
bc*week N BC 2 2 1 .3727 2.3283 1 32 9 . 1 8  < .0001 
bc*week N BC 3 26.4948 2.3283 1 32 1 1 .38 < .0001 
bc*week NBC 4 1 6 .0880 2.3283 1 32 6.91  < .0001 
bc*week N BC 5 9 .6491 2 .3283 1 32 4 . 1 4  < .000 1 
bc*week N BC 6 4 .9844 2.3283 1 32 2 . 1 4  0 .0341 
bc*week N BC 7 4 . 1 1 82 2.3283 1 32 1 . 77 0 .0792 
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Appendix 3.5.4. Statistical analysis of oocyst counts w ith two anti - coccidials: 
Nu m Den 

Type 3 Tests of Fixed Effects 
Effect OF OF F Value Pr > F 

Week 5 1 00 5.97 <.0001 
rum 1 20 0 . 1 9 0 .6696 
be 1 20 22.24 0 .0001  
rum*bc 1 20 0 . 33 0 .5740 
rum*bc*week 1 5  1 00 4 .62 < .000 1 

Least Squares Means 
Standard 

Effect rum be week Estimate Error OF t Value Pr > ltl  

week 1 3 .3756 1 .7 1 8 1  1 00 1 .96 0 .0522 

week 2 1 3 .4439 1 .7 1 8 1  1 00 7.82 < .000 1 

week 3 1 4.2592 1 . 7 1 8 1  1 00 8.30 < .000 1 

week 4 1 1 .6377 1 .7 1 8 1  1 00 6.77 < .000 1 

week 5 1 0. 1 208 1 . 7 1 8 1  1 00 5.89 < .0001 

week 6 7.7433 1 .7 1 8 1  1 00 4 .51  < .0001  

rum N R  1 0.4526 1 . 1 620 20 9.00 <.0001 

rum R 9 .7409 1 . 1 620 20 8.38 <.0001 

be BC 6 . 2221 1 . 1 620 20 5 .35 <.0001 

be N BC 1 3 .97 1 4  1 . 1 620 20 1 2 . 0 2  < . 0 0 0 1  

rum*be N R  B C  7 .0475 1 .6433 20 4.29 0 .0004 

rum*be N R  NBC 1 3 .8576 1 .6433 20 8 . 43 <.0001 

rum*be R BC 5 . 3966 1 .6433 20 3 .28 0 .0037 

rum*be R NBC 1 4.0852 1 .6433 20 8 . 57 <.0001 

Standard 
Effect rum be week Estimate Error OF t Value Pr > l t l  
ru m*bc*week N R  BC 1 2 .0236 3 .4362 1 00 0.59 0 .5573 
ru m*bc*week N R  BC 2 9 .0065 3.4362 1 00 2.62 0 .0 1 0 1  
ru m*bc*week N R  BC 3 2.0236 3 .4362 1 00 0.59 0 .5573 
rum*bc*week N R  BC 4 6.8608 3 .4362 1 00 2.00 0 .0486 
ru m*bc*week N R  BC 5 1 2.7096 3 .4362 1 00 3 .70 0 .0004 
ru m*bc*week N R  BC 6 9.661 3 3 .4362 1 00 2.8 1 0 .0059 
ru m*bc*week N R  NBC 1 9 .4788 3 .4362 1 00 2 .76 0 .0069 
ru m*bc*week N R  N BC 2 22.6972 3 .4362 1 00 6 .61  < .0001 
ru m*bc*week N R  NBC 3 21 .8232 3 .4362 1 00 6.35 < .0001 
ru m*bc*week N R  NBC 4 1 2 .5662 3 .4362 1 00 3 .66 0 .0004 
ru m*bc*week N R  N BC 5 9 .6585 3 .4362 1 00 2 .81  0 .0059 
ru m*bc*week N R  N BC 6 6 .92 1 6  3 .4362 1 00 2 .01  0 .0467 
rum*bc*week R BC 1 1 .0000 3 .4362 1 00 0.29 0 .77 1 6  
ru m*bc*week R BC 2 2 .0236 3.4362 1 00 0 .59 0.5573 
ru m*bc*week R BC 3 2 .0236 3 .4362 1 00 0 .59 0.5573 
rum*bc*week R BC 4 7.51 40 3 .4362 1 00 2 . 1 9 0 .03 1 1 
rum*bc*week R BC 5 8 .4755 3 .4362 1 00 2.47 0 .0 1 53 
ru m*bc*week R BC 6 1 1 .3432 3 .4362 1 00 3.30 0.00 1 3  
rum*bc*week R N BC 1 1 .0000 3 .4362 1 00 0 .29 0.771 6 
rum*bc*week R N BC 2 20.0482 3 .4362 1 00 5.83 <.0001 
rum*bc*week R N BC 3 3 1 . 1 665 3 .4362 1 00 9.07 < .0001 
rum*bc*week R N BC 4 1 9 .6097 3 .4362 1 00 5 .71  <.0001 
rum*bc*week R N BC 5 9 .6397 3 .4362 1 00 2.81  0 .0060 
rum*bc*week R N BC 6 3 .0471  3 .4362 1 00 0.89 0 .3773 

Differences of Least Squares Means 
Standard 

Effect rum be week -rum -be _week Estimate Error OF t Value 
Pr > l t l  
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Week 1 2 - 1 0.0683 2 .3375 1 00 -4. 3 1  < . 0001 
Week 1 3 - 1 0 .8836 2 .3375 1 00 -4.66 < .0001 
Week 1 4 -8.2621 2 .3375 1 00 -3.53 0 .0006 
Week 1 5 -6.7452 2 .3375 1 00 -2.89 0 .0048 
Week 1 6 -4.3677 2 .3375 1 00 - 1 .87 0 .0646 
Week 2 3 -0.81 53 2 .3375 1 00 -0.35 0 .7280 
Week 2 4 1 .8062 2.3375 1 00 0 .77 0 .44 1 5 
Week 2 5 3 .3230 2 .3375 1 00 1 .42 0 . 1 583 
Week 2 6 5.7006 2.3375 1 00 2.44 0 .0 1 65 
Week 3 4 2.621 5 2 .3375 1 00 1 . 1 2  0 .2648 
Week 3 5 4 . 1 384 2 .3375 1 00 1 .77 0 .0797 
Week 3 6 6 .5 1 59 2 .3375 1 00 2 .79 0 .0064 
Week 4 5 1 .5 1 68 2.3375 1 00 0 .65 0 .51 79 
Week 4 6 3.8944 2 .3375 1 00 1 .67 0 .0988 
Week 5 6 2 .3775 2.3375 1 00 1 .02 0 .31 1 6  
ru m N R  R 0 .71 1 6  1 .6433 20 0 .43 0 .6696 
be BC N BC -7.7493 1 .6433 20 -4.72 0 .000 1 
rum* bc N R  BC N R  N BC -6.8 1 0 1  2 .3240 20 -2.93 0.0083 
rum*bc N R  BC R BC 1 .6509 2 .3240 20 0 .7 1  0 .4857 
rum*bc N R  BC R N BC 7 .0377 2.3240 20 -3.03 0.0066 
ru m*bc N R  N BC R BC 8.4609 2.3240 20 3 .64 0.00 1 6 
ru m*bc N R  N BC R N BC -0. 2276 2 .3240 20 -0. 1 0  0 .9229 
ru m*bc R BC R N BC -8.6886 2 .3240 20 -3.74 0 .00 1 3  
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Appendix 3.6.1 . Live weights of individual calves up to weaning (Group wise): 

Animal Treat Rep 14th 20th 27th 3rd 
Aug Aug Aug Sep 

1 Oth 17th 24th 1 st 8th 1 5th 22nd 

43 R 
1 7  R 
1 1 6  R 
1 1 8  R 
Average 
6 R 
1 6  R 
1 5  R 
1 1 7  R 

32 R 
28 R 
9 R 
29 R 
Average 
25 N R  
57 NR 
39 NR 
1 1 3  NR 
Average 
3 NR 
33 NR 
1 8  NR 
56 N R  
Average 
3 1  NR 

2 
2 
2 
2 

3 
3 
3 
3 

2 
2 
2 
2 

3 

54 52 
49 46 
45 44 
48 46 
49 47 
52 52 
49 49 
43 43 
47 49 

59 65 
54 60 
52 57 
54 59 
54.75 60.25 
59 65 
55 54 
49 54 
55 59 

47.75 48.25 54.5 58 
52 52 58 63 
48 45 54 59 
46 49 56 60 
39 41  49  54 
46.25 46.75 54.25 59 
52 50 57  61  
49 47 56 62 
42 49 6 1  6 1  
54 52 57  65  
49.25 49.50 57.75 62.25 
52 5 1  57  62 
49 49 5 5  60 
46 47 54 59 
36 38 44 56 
45.75 46.25 52.5 59.25 
50 53 59  63 

Sep Sep Sep Oct Oct Oct Oct 

70 76 80 85 92 97 1 00 
65 70 73 78 87 90 98 
64 70 7 4 78 89 96 1 01  
64 71 74 82 90 97 1 03 
65.75 71 .75 75.25 80.75 89.5 95 1 00.50 
59 78 82 89 98 1 04 1 1  2 
66 72 75 85 88 96 1 0 1 
57 63 67 69 76 83 89 
63 69 73 80 89 84 99 
61 .25 70.50 74.25 80.75 87.75 91 .75 1 00.25 
69 
62 
65 
60 
64 
67 

73 78 
69 74 
71  75 
66 69 
69.75 74 
72 76 

84 93 99 1 05 
72 87 97 1 01 
82 88 96 98 
84 87 95 99 
80.5 88.75 96.75 1 00.75 
82 92 97 1 00 

67 7 4 77 84 93 93 1 06 
67 73 75 83 91 95 1 05 
72 78 83 89 98 87 1 1 1  
68.25 74.25 77.75 84.5 93.50 92.83 1 05.5 
66 72 75 81  90 99 97 
66 73 77 81  94 96 1 01 
63 70 7 4 79 88 95 99 
54 59 64 70 78 76 88 
62.25 68.5 72.5 77.75 87.50 91 .52 96.25 
66 71  76 80 91  94 1 02 

20 NR 3 48 51 57 61 67 7 1  77 80 9 1  97 1 02 
1 4  N R 3 48 49 5 5  59 65 71 77 82 92 99 1 04 
47 N R  3 39 40 47  49 53 59 63 68 74 82 85 
average 46.25 48.25 54.50 58.00 62.75 68.00 73.25 77.50 87.00 93.03 98.25 

Note: NR= fed with meal not added with monensin,  R= fed with monensin added meal 

Appendix 3.6.2. Group mean weekly l ive weights up to weaning : 

Treat- Rep 1 4th 20th 27th 3rd 1 mh 1 nh 2Mh 1 �  8th 
Oct ment Aug Aug Aug Sep Sep Sep Sep Oct 

R 

R 

R 

N R  

N R  

N R  

49.00 47.00 54.75 60.25 65.75 71 .75 75.25 80.75 89.50 

2 47.75 48.25 54 .50 58.00 61 .25 70.50 74 .25 80.75 87.75 

3 46 .25 46.75 54 .25 59.00 64.00 69.75 74 .00 80.50 88.75 

49 .25 49 .50 57.75 62.25 68.25 74.25 77.75 84.50 93.50 

2 45.75 46.25 52.50 59.25 62.25 68.50 72.50 77.75 87.50 

3 43.25 48.25 54 .50 58.00 62.75 68.00 73.25 77.50 87.00 

1 5th 22nd 

Oct Oct 

95 .00 1 00 .50 

9 1 .75 1 00 .25 

96.75 1 00 .75 

92.83 1 05 .5  

9 1 .56 96.25 

93 .03 98.25 
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Appendix 3.6.3.Statistical analysis of l ive weights up to weaning (treatment wise):  
Note= treat=treatment NR= No Monensin feed, R= Monensin added feed 

Type 3 Tests of Fixed Effects 
Nu m Den 

Effect DF  D F  F Value Pr > F 

week 1 0  220 276.31 < .000 1 
treat 1 22 0 .02 0.8884 
treat*week 1 0  220 0 . 1 4  0.9990 

Least Squares Means 
Standard 

Effect treat week Estimate Error DF t Value  Pr  > lt l  

treat NR 70.9773 0.4530 22 1 56.68 < .000 1 
treat R 7 1 .0682 0.4530 22 1 56.88 < .0001 
week 1 47.3750 0.9901 220 47.85 < .0001 
week 2 47.6667 0 .8535 220 55.85 < .000 1 
week 3 54.7083 0.8460 220 64 .67 < .000 1 
week 4 59 .4583 0 .81 72 220 72.76 < .000 1 
week 5 64.04 1 7  0.9669 220 66.24 < .000 1 
week 6 70 .4583 0.9990 220 70.53 < .000 1 
week 7 74 .5000 1 .0075 220 73 .94 < .000 1 
week 8 80 .29 1 7  1 . 1 674 220 68.78 <.000 1 
week 9 89 .0000 1 .221 1 220 72.88 < .000 1 
week 1 0  93 .5000 1 .35 1 2  220 69.20 < .000 1 
week 1 1  1 00 .25 1 .3020 220 77.00 < .000 1 

Standard 
Effect treat week Estimate Error DF  t Value Pr > lt l 

treat*week N R  1 47.0833 1 .4002 220 33 .63 < .0001 
treat*week NR 2 48.0000 1 .2071 220 39 .76 < .000 1 
treat*week NR 3 54.9 1 67 1 . 1 965 220 45 .90 < .000 1 
treat*week N R  4 59.8333 1 . 1 557 220 5 1 .77 < .000 1 
treat*week N R  5 64.4 1 67 1 .3673 220 47 . 1 1 < .0001 
treat*week N R  6 70.2500 1 .4 1 28 220 49 .73 < .000 1 
treat*week N R  7 74 .5000 1 .4249 220 52 .28 <.0001 
treat*week N R  8 79 .91 67 1 .651 0 220 48 .41  < .000 1 
treat*week N R  9 89.3333 1 .7269 220 5 1 .73 <.0001 
treat*week N R  1 0  92.5000 1 .9 1 09 220 48.41 < .0001 
treat*week N R  1 1  1 00.00 1 .841 2 220 54 .31  < .000 1 
treat*week R 1 47.6667 1 .4002 220 34 .04 < .000 1 
treat*week R 2 47.3333 1 .2071 220 39.21  < .000 1 
treat*week R 3 54.5000 1 . 1 965 220 45 .55 < .0001 
treat*week R 4 59.0833 1 . 1 557 220 5 1 . 1 3  < .000 1 
treat*week R 5 63.6667 1 .3673 220 46.56 < .000 1 
treat*week R 6 70.6667 1 .4 1 28 220 50 .02 < .000 1 
treat*week R 7 74.5000 1 .4249 220 52 .28 < .000 1 
treat*week R 8 80.6667 1 .65 1 0  220 48.86 < .000 1 
treat*week R 9 88.6667 1 .7269 220 5 1 .34 < .000 1 
treat*week R 1 0  94.5000 1 .9 1 09 220 49.45 < .000 1 
treat*week R 1 1  1 00.50 1 .84 1 2  220 54.58 < .000 1 



Appendix 3.6.4. Statistical analysis of weight group w ise up to weaning: 
treat= Treatment, rep:replicate, 
Note: NR= fed with meal not added with monensin,  R= fed with monensin added meal ,  

Type 3 Tests of Fixed Effects 
Nu m Den 

Effect DF  DF F Value Pr > F 
week 1 0  1 78 1 21 7.32 < .000 1 
treat 1 20 0.00 0.9628 
rep 2 20 1 .03 0.3737 
rep*treat*week 52 1 78 0.90 0.6693 

Least Squares Means 
Standard 

Effect treat rep week Estimate Error O F  t Value Pr > ltl 
treat N R  70.9773 1 .3623 20 52. 1 0  < .000 1 
treat R 7 1 .0682 1 .3623 20 52. 1 7  <.000 1 
week 1 47 .3750 1 .0848 1 78 43.67 < .000 1 
week 2 47.6667 1 .0848 1 78 43.94 < .0001 
week 3 54.7083 1 .0848 1 78 50.43 < .0001 
week 4 59.4583 1 .0848 1 78 54 .81 <.0001 
week 5 64.04 1 7  1 .0848 1 78 59.03 <.0001 
week 6 70.4583 1 .0848 1 78 64.95 < .000 1 
week 7 74.5000 1 .0848 1 78 68.67 < .0001 
week 8 80.291 7 1 .0848 1 78 74.01  < .0001 
week 9 89 .0000 1 .0848 1 78 82.04 < .0001 
week 1 0  93.5000 1 .0848 1 78 86. 1 9  < .0001 
week 1 1  1 00.25 1 .0848 1 78 92.41 <.0001 

Standard 
Effect treat rep week Estimate Error DF t Value Pr > ltl 
rep*treat*week N R  1 1 49.2500 2.6573 1 78 1 8.53 < .0001 
rep*treat*week N R  1 2 49.5000 2.6573 1 78 1 8.63 < .0001 
rep*treat*week N R  1 3 57.7500 2.6573 1 78 21 .73 < .0001 
rep*treat*week N R  1 4 62.2500 2.6573 1 78 23.43 < .0001 
rep*treat*week N R  1 5 68.2500 2.6573 1 78 25.68 < .0001 
rep*treat*week N R  1 6 74.2500 2.6573 1 78 27.94 < .0001 
rep*treat*week N R  1 7 77.7500 2.6573 1 78 29.26 < .0001 
rep*treat*week N R  1 8 84.5000 2 .6573 1 78 31 .80 < .000 1 
rep*treat*week N R  1 9 93.5000 2.6573 1 78 35 . 1 9  < .0001 
rep*treat*week N R  1 1 0  93.0000 2.6573 1 78 35.00 < .0001 
rep*treat*week N R  1 1 1  1 05.50 2.6573 1 78 39.70 < .000 1 
rep *treat*week R 1 1 49 .0000 2.6573 1 78 1 8.44 < .000 1 
rep*treat*week R 1 2 47.0000 2.6573 1 78 1 7.69 < .000 1 
rep*treat*week R 1 3 54.7500 2.6573 1 78 20.60 < .0001 
rep *treat*week R 1 4 60.2500 2.6573 1 78 22.67 < .000 1 
rep *treat*week R 1 5 65.7500 2.6573 1 78 24.74 < .000 1 
rep*treat*week R 1 6 71 .7500 2.6573 1 78 27.00 < .000 1 
rep*treat*week R 1 7 75.2500 2 .6573 1 78 28.32 <.0001 
rep *treat*week R 1 8 80.7500 2.6573 1 78 30.39 <.0001 
rep *treat*week R 1 9 89.5000 2.6573 1 78 33.68 < .000 1 
rep*treat*week R 1 1 0  95.0000 2.6573 1 78 35.75 < .000 1 
rep*treat*week R 1 1 1  1 00.50 2 .6573 1 78 37.82 <.0001 

Standard 
Effect treat rep week Estimate Error DF t Value Pr > l t l  

rep*treat*week N R  2 45.7500 2.6573 1 78 1 7.22 < .0001 

1 78 
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rep*treat*week N R  2 2 46.2500 2 .6573 1 78 1 7.40 < .0001 
rep *treat*week N R  2 3 52.5000 2 .6573 1 78 1 9.76 < .0001 
rep*treat*week N R  2 4 59.2500 2.6573 1 78 22.30 < .0001 
rep *treat*week N R  2 5 62.2500 2.6573 1 78 23.43 < .0001 
rep*treat*week N R  2 6 68 .5000 2.6573 1 78 25.78 < .0001 
rep *treat*week N R  2 7 72.5000 2.6573 1 78 27.28 < .0001 
rep *treat*week N R  2 8 77.7500 2.6573 1 78 29.26 < .0001 
rep *treat*week N R  2 9 87 .5000 2.6573 1 78 32.93 < .0001 
rep *treat*week N R  2 1 0  91 .5000 2.6573 1 78 34.43 < .0001 
rep *treat*week N R  2 1 1  96 .2500 2.6573 1 78 36.22 < .0001 
rep *treat*week R 2 1 47.7500 2.6573 1 78 1 7.97 < .000 1 
rep *treat*week R 2 2 48.2500 2.6573 1 78 1 8. 1 6  < .000 1 
rep *treat*week R 2 3 54.5000 2.6573 1 78 20.51 < .0001 
rep *treat*week R 2 4 58.0000 2.6573 1 78 2 1 .83 <.0001 
rep *treat*week R 2 5 6 1 .2500 2.6573 1 78 23.05 <.0001 
rep *treat*week R 2 6 70.5000 2.6573 1 78 26.53 <.0001 
rep*treat*week R 2 7 74.2500 2.6573 1 78 27.94 <.0001 
rep*treat*week R 2 8 80.7500 2.6573 1 78 30.39 < .000 1 
rep*treat*week R 2 9 87.7500 2.6573 1 78 33.02 < .000 1 
rep*treat*week R 2 1 0  9 1 .7500 2.6573 1 78 34.53 < .000 1 
rep*treat*week R 2 1 1  1 00.25 2 .6573 1 78 37.73 < .000 1 
rep*treat*week N R  3 1 46.2500 2 .6573 1 78 1 7.40 <.0001 
rep *treat*week N R  3 2 48.2500 2.6573 1 78 1 8 . 1 6  <.0001 
rep*treat*week N R  3 3 54 .5000 2.6573 1 78 20.51 < .0001 
rep*treat*week N R  3 4 58.0000 2.6573 1 78 2 1 .83 <.0001 
rep*treat*week N R  3 5 62. 7500 2 .6573 1 78 23.61 < .0001 
rep*treat*week N R  3 6 68.0000 2.6573 1 78 25 .59 < .0001 
rep*treat*week N R  3 7 73.2500 2.6573 1 78 27.57 < .000 1 
rep*treat*week N R  3 8 77.5000 2.6573 1 78 29. 1 6  < .000 1 
rep*treat*week N R  3 9 87.0000 2.6573 1 78 32 .74 < .000 1 
rep*treat*week N R  3 1 0  93 .0000 2 .6573 1 78 35.00 <.0001 
rep*treat*week N R  3 1 1  98.2500 2.6573 1 78 36 .97 < .0001 
rep*treat*week R 3 1 46.2500 2.6573 1 78 1 7 .40 < .0001 
rep*treat*week R 3 2 46 .7500 2.6573 1 78 1 7 .59 < .0001 
rep*treat*week R 3 3 54 .2500 2.6573 1 78 20.42 <.0001 
rep *treat*week R 3 4 59.0000 2 .6573 1 78 22.20 <.0001 
rep*treat*week R 3 5 64.0000 2.6573 1 78 24.08 <.0001 
rep *treat*week R 3 6 69.7500 2 .6573 1 78 26 .25 <.0001 
rep*treat*week R 3 7 74.0000 2.6573 1 78 27.85 < .0001 
rep*treat*week R 3 8 80.5000 2.6573 1 78 30 .29 < .000 1 
rep*treat*week R 3 9 88.7500 2.6573 1 78 33 .40 <.0001 
rep*treat*week R 3 1 0  96.7500 2 .6573 1 78 36.41 <.0001 
rep*treat*week R 3 1 1  1 00.75 2.6573 1 78 37.91  <.0001 



1 80 

Appendix 3 .6.7.Statistical analysis adjusted live weights: 
Type 3 Tests of Fixed Effects Appendix 3.6.5. Weight of calves after weaning: 

Nu m Den 
Effect O F  O F  F Value Pr > F Weights after treating with toltrazuri l  @ 20mg/kg weight 
ru m 1 20 0 .97 0.3356 
be 1 20 5.65 0.0275 Animal Treatment 29th 5th 1 1 th 18th 3rd 1 0th 

week 4 79 374.28 < .000 1 No: Oct Nov Nov Nov Dec Dec 

bc*week 4 79 2.81 0 .0308 
ru m*bc*week 9 79 0.33 0.9628 43 R BC 91 92 1 0 1  1 09 1 22 1 28 

lw1 1 20 1 32.90 <.000 1 1 1 6 R BC 92 97 1 08 1 1 6 1 3 1 1 39 

Least Squares Means 6 R BC 1 05 1 07 1 1 7 1 25 1 37 1 45 

Standard 1 5  R BC 84 85 94 1 1 2 1 07 1 1 1  

Effect rum be week Estimate Error OF  t Value Pr > lt l 28 R BC 95 93 1 04 1 1 2 1 22 1 30 

rum NR 1 1 6.08 0.7840 20 1 48 .06 < .000 1 9 R BC 94 94 1 07 1 1 5 1 26 1 32 

ru m R 1 1 4.99 0 .7840 20 1 46.66 < .0001  
be BC 1 1 6.86 0.7850 20 1 48.86 < .0001 1 1 3 N R  BC 1 05 1 06 1 1 7 1 3 1  1 4 1 1 5 1 

be NBC 1 1 4 .21 0 .7850 20 1 45.49 < .000 1 25 N R  BC 99 1 00 1 06 1 1 7 1 3 1 1 38 

week 2 97.50 0.8386 79 1 1 6.27 <.0001 56 N R  BC 87 86 96 1 1 4 1 1 2  1 1 6 

week 3 1 07.08 0.8386 79 1 27 .70 <.000 1 33 N R  BC 95 97 1 08 1 20 1 3 1  1 36 

week 4 1 1 6.46 0.8386 79 1 38.88 <.000 1 1 4  N R  BC 1 0 1  1 07 1 1 4 1 24 1 35 1 43 

week 6 1 25 .29 0.8386 79 1 49 .41  < .0001 3 1  NR BC 97 97 1 08 1 1 6 1 26 1 30 

week 7 1 3 1 .33 0.8386 79 1 56 .62 <.000 1 
bc*week BC 2 97.40 1 . 1 873 79 82.04 <.000 1 Average 95.42 96.75 1 06.67 1 1 7.58 1 26.75 1 33.25 

bc*week BC 3 1 07.32 1 . 1 873 79 90.40 < .0001 1 7  R N BC 92 94 1 0 1 1 09 1 1 5  1 23 

bc*week BC 4 1 1 8.24 1 . 1 873 79 99.59 <.000 1 1 1 8 R N BC 98 1 0 1  1 05 1 1 3 1 22 1 25 

bc*week BC 6 1 27.41 1 . 1 873 79 1 07 .31  < .000 1 1 1 7 R NBC 98 96 1 09 1 1 7 1 1 6 1 1 8 

bc*week BC 7 1 33 .91  1 . 1 873 79 1 1 2 .79 <.0001 1 6  R NBC 1 00 1 02 1 1 1  1 1 9 1 3 1  1 38 

bc*week NBC 2 97.59 1 . 1 873 79 82.20 <.0001 32 R NBC 1 03 1 04 1 1 5 1 24 1 29 1 33 

bc*week NBC 3 1 06.84 1 . 1 873 79 89.99 <.000 1 29 R N BC 95 93 1 08 1 1 6 1 29 1 37 

bc*week NBC 4 1 1 4 .68 1 . 1 873 79 96.59 <.0001 39 N R  N B C  1 02 1 03 1 1 1  1 1 9 1 3 1  1 37 

bc*week NBC 6 1 23. 1 8  1 . 1 873 79 1 03 .75 <.0001 57 N R  NBC 99 1 03 1 1 0 1 1 8 1 30 1 37 

bc*week NBC 7 1 28.76 1 . 1 873 79 1 08.45 <.000 1 3 N R  NBC 95 95 1 06 1 1 4 1 29 1 35 

rum*bc*week N R  BC 2 97.33 1 .682 1 79 57.86 < .0001 1 8  N R  NBC 98 98 1 1 0 1 1 8 1 25 1 34 

rum*bc*week NR BC 3 1 06.67 1 .6821 79 63.41 < .0001 47 N R  N BC 81 88 93 98 1 07 1 09 

rum*bc*week N R  BC 4 1 1 8.83 1 .682 1 79 70.64 < .0001 20 N R  NBC 98 1 02 1 1 1  1 1 9 1 22 1 27 

rum*bc*week NR BC 6 1 27.83 1 . 6821 79 75.99 <.0001 Average 96.58 98.25 1 07.50 1 1 5.33 1 23.83 1 29.42 

rum*bc*week N R  BC 7 1 34. 1 7  1 .6821  79 79.76 < .000 1 
rum*bc*week NR NBC 2 98.72 1 .6778 79 58.84 < .0001 
rum*bc*week NR N BC 3 1 07.40 1 .6778 79 64 01 < .0001 Note: N R= fed with meal not added with monensin ,  R = fed with monensin added meal , BC= treated with 

rum*bc*week NR N BC 4 1 1 4 .90 1 .6778 79 68.48 < .0001 toltrazur i l  and N BC= not treated with toltrazuri l .  
rum*bc*week NR NBC 6 1 24 .56 1 .6778 79 74.24 < .0001 
rum*bc*week NR N BC 7 1 30 .40 1 .6778 79 77.72 < .0001 
rum*bc*week R BC 2 97.48 1 .6948 79 57.52 < .0001 
rum*bc*week R BC 3 1 07.98 1 .6948 79 63.71 < .000 1 
rum*bc*week R BC 4 1 1 7.65 1 .6948 79 69 .42 <.0001 Appendix 3.6. 6. Weekly average weights after weaning 
rum*bc*week R BC 6 1 26.98 1 .6948 79 74.92 < .000 1 Week 1 2 3 4 5 6 
rum*bc*week R BC 7 1 33.65 1 .6948 79 78.86 < .0001 
rum*bc*week R N BC 2 96.45 1 .6850 79 57.25 < .000 1 
rum*bc*week R NBC 3 1 06 .29 1 .6850 79 63.08 < .000 1 
rum*bc*week R N BC 4 1 1 4.46 1 .6850 79 67.93 < .0001 Treated 95.41  96.75 1 06.66 1 1 7.58 1 26.75 1 33.25 

rum*bc*week R NBC 6 1 21 . 79 1 .6850 79 72 .28 < .000 1 
rum*bc*week R NBC 7 1 27. 1 2  1 .6850 79 75.45 <.0001 untreated 96.58 98.25 1 07 .5  1 1 5 .33 1 23 .83 1 29.42 

Note: NR = fed with meal not added with monensin ,  R or Rum= fed with monensin added mea 
treated with toltrazuri l  and NBC= not treated with toltrazur i l .  
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Appendix 3.7. Comparison of Monensin concentration of feed actually recquired (1 00/kg feed} 
and supplied based on the weekly average weights of the animals. 

Weeks Required Actual 
treatment Dose Received 

on average Dose mg 
weight 
mg 

1 47.66 5 
2 54.7 1 0  
3 59.45 20 

4 64.04 30 
5 70.45 70 
6 74.5 74 

7 80.29 80 
8 95 95 
9 98 98 

1 0  1 00 1 00 



1 83 

Appendix 4. 1 .  1 :  Oocysts counts of calves : BC means treated with to ltrazuri l  

and NBC means not treated with toltrazu ri l  
Group Treatment 7th Nov 1 4'" Nov 21 5( Nov 26'"Nov ara Dec 1 2m Dec 

A. No 
75 BC 0 0 1 50 0 1 00 200 

1 9  BC 4550 0 0 1 00 1 50 1 50 

1 7  BC 0 0 0 0 0 0 

64 BC 50 0 0 50 1 00 0 

22 BC 53000 50 0 0 350 50 

1 6  BC 1 50 50 50 0 0 0 

20 BC 700 0 200 0 0 1 1 50 

7 BC 500 0 0 0 0 0 

62 BC 0 50 0 0 0 500 

77 BC 0 0 0 50 0 0 

3 BC 200 0 0 0 0 0 

2 BC 250 0 0 1 00 0 0 

60 BC 0 1 00 0 200 0 0 

66 BC 0 0 0 50 650 1 50 

1 2  BC 2400 0 0 0 200 500 

Average 4 1 20 1 6 .66 26.66 36.66 1 03.33 1 80 

1 8  N BC 0 1 000 1 50 350 0 0 

65 N BC 0 50 550 200 250 0 

8 N BC 800 1 050 1 450 200 0 0 

1 3  N BC 500 700 3450 50 0 0 

1 0  N BC 850 50 3350 0 0 1 00 

63 NBC 0 50 1 200 1 350 800 650 

5 N BC 50 450 1 500 350 200 1 50 

4 N BC 600 0 850 950 250 50 

2 1  N BC 50 250 300 0 0 0 

68 N BC 250 0 0 1 00 650 0 

59 N BC 50 0 900 700 500 0 

74 N BC 50 0 1 000 2 1 50 91 50 200 

71 N BC 900 0 1 00 1 00 0 500 

69 N BC 50 1 000 400 600 200 200 

76 N BC 0 1 00 500 300 0 0 

Average 343 .33 3 1 3 .33 1 046.66 493.33 800 1 23 .33 

Group B 
36 BC 0 0 0 0 0 300 

34 BC 0 0 0 0 0 50 

52 BC 0 0 0 50 50 250 

40 BC 0 0 0 0 0 0 

42 BC 50 50 0 . 0 50 0 

54 BC 0 0 250 50 1 50 0 

48 BC 50 0 1 00 0 0 0 

55 BC 0 0 0 0 0 1 50 

53 BC 0 0 0 50 1 50 0 

32 BC 0 0 0 0 0 0 

45 BC 0 50 50 0 0 200 

35 BC 1 50 0 0 0 0 50 

28 BC 0 50 0 0 0 50 
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46 BC 1 00 0 0 0 250 1 50 
25 BC 50 50 0 50 250 250 

Average 33.33 1 3 .33 26.66 1 3 .33 60 96.66 
58 NBC 0 0 1 00 1 5 .2381 1 00 50  
47  N BC 50 0 1 00 1 50 1 00 250 
50 NBC 0 50 1 3 1 00 450 0 50 
23 NBC 1 00 1 50 450 0 0 50 
37 NBC 0 750 0 900 1 00 0 
56 NBC 1 00 300 0 0 0 1 50 
26 NBC 1 00 200 200 0 1 50 800 
5 1  NBC 0 0 2000 450 0 1 50 
43 NBC 1 00 50 50 0 0 50 
38 NBC 250 700 200 0 0 0 
57 NBC 50 50 200 400 0 0 
6 1  NBC 50 50 600 7750 200 1 00 
49 NBC 0 950 0 500 50 1 50 
33 NBC 1 00 50 50 1 50 0 0 
39 NBC 1 50 000 900 1 00 0 50 

Average 337 353 1 1 97 724 47 1 23 
Group C 
73 NBC No 0 0 0 0 0 

Sampl ing 
1 1  NBC 2950 3500 1 1 00 200 250 
1 NBC 0 300 250 0 0 
6 NBC 700 200 4550 400 350 
67 NBC 1 1 50 3800 1 250 300 1 00 
1 4  NBC 21 50 250 2250 0 0 
1 5  NBC 200 1 900 950 0 1 50 
71 NBC 0 50 1 00 0 500 
70 NBC 0 1 450 0 0 250 
9 NBC 50 0 1 00 50 50 
72 NBC 0 4750 1 350 750 0 
57 NBC 50 200 400 0 0 
39 NBC 000 900 1 00 0 50 
30 N BC 550 3300 250 1 00 400 
3 1  NBC 950 400 0 0 1 00 
50 NBC 50 1 3 1 00 450 0 50 
61 NBC 50 600 1 1 50 200 1 00 
44 NBC 950 50 1 200 1 00 1 00 
24 NBC 350 1 00 200 0 0 
4 1  NBC 1 50 250 250 200 250 
29 NBC 900 1 700 650 1 50 1 00 
Average NBC 760 2340 827.5 1 22.5 1 40 



Appendix 4.1 .2. Statistical analysis of oocyst counts: 
not considering group C 
The Mixed Procedure 

Model Information 

tfec Dependent Variable 
Covariance Structure 
Subject Effect 
Estimation Method 

Compound Symmetry 
anim(group*treat) 

REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Between-Within 

Class Level Information 
Class Levels Values 
ani m 60 2 3 4 5 7 8 1 0 1 2 1 3  1 6  1 7 1 8 

1 9 20 2 1 22 23 25 26 28 32 33 
34 35 36 37 38 39 40 42 43 45 
46 47 48 49 50 5 1 52 53 54 55 
56 57 58 59 60 6 1  62 63 64 65 
66 68 69 71  74 75 76 77 

group 2 A B  
treat 2 be nbc 
week 6 1 2 3 4 5 6 
Animal -calves, Treatment-BC= treated with toltrazuril ,  NBC= not treated with toltrazuri l  

Dimensions 
Covariance Parameters 
Columns in X 
Columns in Z 
Subjects 
Max Obs Per Subject 
Observations Used 
Observations Not Used 
Total Observations 

35 
0 

60 

2 

6 
359 

1 
360 

Iteration History 

Iteration Evaluations -2 Res Log Like 

0 1 291 6 .0257848 1 

Criterion 

1 2 29 1 5.99265897 0 .00000000 

Convergence criteria met. 

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

CS anim(group*treat) 1 .8434 
Residual 289 .03 

F it Statistics 
-2 Res Log Likelihood 
AIC (smal ler is better) 
AICC (smal ler is better) 
BIC (smaller is better) 

29 1 6 .0 
2920 .0 
2920 .0 

2924 .2 

1 85 
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Nul l  Model Likelihood Ratio Test 

OF  Chi-Square Pr > ChiSq 
1 0 .03 0 .8556 

Type 3 Tests of Fixed Effects 

Nu m Den 
Effect OF  O F  F Value Pr > F 

week 5 278 1 .90 0 .0937 
treat 57 1 7 .88 < .0001 
group 57 5.26 0 .0256 
group*treat*week 1 6  278 2 .56 0.00 1 0  

Least Squares Means 
Standard 

Effect group treat week Estimate Error OF  t Value Pr > l t l  

week 1 1 4.8298 2.201 8 278 6 .74 < .000 1 
week 2 8. 1 902 2.201 8 278 3 . 72 0 .0002 
week 3 1 3 .8848 2.221 3 278 6 .25 < .0001 
week 4 1 0 .57 1 0  2.20 1 8  278 4 .80 < .0001 
week 5 8 . 1 836 2.20 1 8  278 3 .72 0.0002 
week 6 8.2050 2.201 8 278 3 . 73 0.0002 
treat be 6. 777 1 .2949 57 5 .23 < .000 1 
treat nbc 1 4 .51 06 1 .29 1 2  57 1 1 .24 <.0001 
group A 1 2.7404 1 .2949 57 9.84 < .0001 
group B 8.547 1 .291 2 57 6.62 < .0001 

Effect group treat week Estimate Error OF t Value Pr > l t l  
group*treat*week A be 1 30.0660 4.4036 278 6 .83 < .0001 
group*treat*week A be 2 2 .83 1 6  4.4036 278 0 .64 0 .5207 
group*treat*week A be 3 3 . 1 773 4 .5581 278 0 .70 0 .4863 
group*treat*week A be 4 4 .3 1 34 4 .4036 278 0 .98 0 .3282 
group *treat*week A be 5 6 .6543 4.4036 278 1 . 5 1  0 . 1 3 1 9  
group*treat*week A be 6 8 .8392 4 .4036 278 2 .0 1  0 .0457 
group *treat*week A nbc 1 1 3 . 5860 4 .4036 278 3 .09 0 .0022 
group*treat*week A nbc 2 1 3 .0484 4 .4036 278 2.96 0 .0033 
group*treat*week A nbc 3 28.3679 4 .4036 278 6 .44 < .000 1 
group*treat*week A nbc 4 1 8 .4920 4 .4036 278 4 .20 < .0001 
group*treat*week A nbc 5 1 5 .9268 4 .4036 278 3 .62 0 .0004 
group*treat*week A nbc 6 7 .582 4.4036 278 1 . 72 0 .0862 
group*treat*week B be 1 4 . 1 875 4 .4036 278 0 .95 0 .3425 
group*treat*week B be 2 2 .6377 4 .4036 278 0.60 0 .5497 
group*treat*week B be 3 3 . 0023 4.4036 278 0 .68 0 .4959 
group*treat*week B be 4 2.6377 4.4036 278 0 .60 0 .5497 
group*treat*week B be 5 5.3030 4.4036 278 1 .20 0.2295 
group*treat*week B be 6 7.6809 4.4036 278 1 .74 0 .0822 
group *treat*week B nbc 1 1 1 .4796 4.4036 278 2 .6 1  0 .0096 
group*treat*week B nbc 2 1 4 .243 1 4 .4036 278 3 .23 0 .00 1 4  
group*treat*week B nbc 3 20.991 7 4.4036 278 4 .77 < .000 1 
group*treat*week B nbc 4 1 6 .8409 4.4036 278 3 .82 0.0002 
group*treat*week B nbc 5 4.8504 4.4036 278 1 . 1 0  0 .27 1 6  
g roup*treat*week B nbc 6 8 .7 1 78 4.4036 278 1 .98 0.0487 
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Appendix 4.2. 1 .  Live weights of calves : 
Group A "  BC calves treated with toltrazuri l  and NBC calves not treated with toltrazuri l  

7'" 1 4'" 215  28'" 3'0 1 2tn 

NO. Treatment Nov Nov Nov Nov Dec Dec 
75 BC 1 02 1 1 3 1 09 1 1 6 1 23 1 20 
1 9  BC 1 30 1 34 1 4 1 1 46 1 54 1 57 
1 7  BC 1 1 1  1 09 1 1 7 1 24 1 29 1 35 
64 BC 1 03 1 1 0 1 1 4 1 1 8 1 21 1 40 
22 BC 1 1 3 1 1 7 1 29 1 33 1 40 1 45 
1 6  BC 1 24 1 07 1 36 1 4 1  1 51 1 56 
20 BC 1 21 1 24 1 22 1 28 1 36 1 45 

7 BC 1 20 1 28 1 29 1 29 1 42 1 46 
62 BC 1 01 1 07 1 1 2 1 21 1 1 9 1 20 
77 BC 1 08 1 1 2  1 1 7 1 21 1 26 1 29 

3 BC 1 25 1 24 1 35 1 39 1 44 1 54 
2 BC 1 24 1 28 1 29 1 44 1 45 1 52 

60 BC 1 07 1 2 1 1 1 5 1 22 1 25 1 30 
66 BC 1 01 1 06 1 1 0 1 1 6 1 21 1 23 
1 2  BC 1 1 3 1 1 6 1 2 1 1 25 1 34 1 38 
Arithmetic mean 1 1 4 1 1 7 1 22 1 28 1 34 1 39 

U ntreated group: Group A 
1 8  N BC 1 1 8 1 26 1 23 1 30 1 38 1 46 
65 NBC 1 09 1 1 4  1 22 1 20 1 24 1 32 

8 NBC 1 1 2 1 2 1  1 1 7 1 24 1 27 1 3 1  
1 3  NBC 1 22 1 26 1 30 1 3 1  1 39 1 43 
1 0  NBC 1 02 1 08 1 08 1 1 4 1 1 6 1 23 
63 NBC 96 1 03 1 06 1 1 5 1 1 1  1 2 1 

5 NBC 1 1 6 1 23 1 2 1 1 34 1 3 1 1 40 
4 NBC 1 08 1 08 1 23 1 1 7 1 30 1 38 

21 NBC 1 1 9 1 23 1 25 1 29 1 34 1 47 
68 NBC 1 03 1 06 1 1 4 1 1 0 1 1 9 1 1 9 
59 NBC 1 1 0 1 1 0 1 1 8 1 2 1 1 28 1 26 
74 NBC 1 02 1 1 9  1 1 6 1 1 7 1 1 6 1 1 9 
71 NBC 1 1 2 1 25 1 1 8 1 25 1 28 1 26 
69 NBC 1 09 1 23 1 23 1 29 1 30 1 34 
76 1 09 1 1 8 1 1 1  1 1 6  1 20 1 24 
Arithmetic mean 1 1 0 1 1 7  1 1 8  1 22 1 26 1 31 
Group B 
36 BC 1 23 1 23 1 26 1 32 1 40 1 46 
34 BC 1 08 1 1 4 1 26 1 23 1 34 1 38 
52 BC 99 1 07 1 08 1 1 2 1 2 1 1 28 
40 BC 1 02 1 0 1 1 04 1 08 1 1 3  1 1 9 
42 BC 1 03 1 05 1 07 1 1 4 1 20 1 26 
54 BC 96 1 01 1 06 1 1 3 1 1 8  1 24 
48 BC 1 06 1 04 1 08 1 1 5  1 21 1 27 
55 BC 1 07 1 1 3  1 2 1 1 1 5 1 22 1 25 
53 BC 99 1 08 1 1 9 1 1 0  1 22 1 26 
32 BC 1 39 1 1 0 1 38 1 46 1 5 1 1 62 
45 BC 1 04 1 1 3  1 1 5  1 24 1 34 1 40 
35 BC 1 1 2 1 1 8 1 3 1 1 34 1 38 1 45 
28 BC 1 22 1 24 1 28 1 35 1 34 1 47 
46 BC 1 05 1 09 1 1 9 1 1 7  1 25 1 32 
25 BC 1 08 1 1 0 1 1 8 1 25 1 35 1 37 
Arithmetic mean 1 09 1 1 0  1 1 8 1 21 1 28 1 35 
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58 N BC 1 03 1 07 1 1 0 1 1 5 1 1 9 1 25 
47  N BC 1 06 1 04 1 06 1 1 3 1 20 1 26 
50  N BC 98 1 01 1 1 1  1 1 4 1 1 4 1 22 
23 N BC 1 20 1 26 1 37 1 3 1  1 34 1 44 
3 7  N BC 1 20 1 28 1 39 1 38 1 47 1 53 
56 N BC 1 07 1 09 1 1 0 1 1 4 1 22 1 26 
26 N BC 1 32 1 35 1 4 1 1 47 1 53 1 64 
5 1  N BC 96 1 1 2 1 1 1  1 1  0 1 1 7  1 24 
43 N BC 1 02 1 05 1 1 5 1 1 7 1 1 9 1 26 
3 8  N BC 1 00 1 04 1 08 1 1 1  1 1 3 1 1 8 
57 N BC 1 04 1 05 1 1 0 1 1 4 1 22 1 24 
6 1  N BC 1 04 1 00 1 08 1 00 1 06 1 08 
49 N BC 1 00 1 1 0 1 23 1 1 3  1 1 8 1 23 
3 3  N BC 1 07 1 1 5 1 1 9 1 27 1 33 1 37 
3 9  N BC 1 06 1 07 1 1 7 1 1 6  1 24 1 3 1 

1 07 1 1 1  1 1 7  1 1 8 1 24 1 30 
Group C no 

sampli 
73 N BC ng 1 2 1 1 1 7 1 23 1 25 1 30 
1 1  N BC 1 36 1 32 1 39 1 47 1 55 

1 N BC 1 2 1 1 24 1 20 1 26 1 35 
6 N BC 1 37 1 34 1 33 1 46 1 45 

67 N BC 1 25 1 24 1 30 1 32 1 37 
1 4  N BC 1 20 1 2 1 1 26 1 3 1  1 45 
1 5  N BC 1 24 1 30 1 32 1 42 1 45 
7 1  N BC 1 1 0 1 1 8 1 25 1 28 1 33 
70 N BC 1 04 1 07 1 08 1 1 2 1 1 3  

9 NBC 1 1 7 1 29 1 35 1 40 1 47 
72 N BC 1 07 1 1 4 1 2 1 1 1 9 1 25 
57 or 27 N BC 1 00 1 1 0 1 23 1 22 1 24 
39 NBC 1 07 1 1 7 1 1 6 1 24 1 3 1  
30 N BC 1 08 1 1 0 1 1 8 1 26 1 3 1  
3 1  N BC 1 04 1 04 1 1 1  1 1 8 1 23 
50 N BC 1 01 1 1 1  1 1 4 1 1 4 1 22 
6 1  NBC 1 00 1 08 1 00 1 06 1 08 
44 N BC 1 1 4 1 24 1 2 1 1 27 1 35 
24 N BC 1 1 0 1 1 4 1 1 3  1 1 7 1 25 
4 1  N BC 1 09 1 1 4 1 22 1 28 1 34 
29 N BC 1 1 3 1 24 1 24 1 27 1 37 
Arithmetic Mean 1 1 4  1 1 9 121  1 27 1 32 

Appendix 4.2.2 Average weekly weight of calves: 
Group Group 
A B 

Week BC NBC BC NBC 
1 1 1 4 1 1 0 1 09 1 07 
2 1 1 6 1 1 7 1 1 0 1 1 1  
3 1 22 1 1 8  1 1 7 1 1 7 
4 1 28 1 22 1 23 1 1 8 
5 1 34 1 26 1 28 1 24 
6 1 39 1 3 1 1 35 1 30 

BC calves treated with toltrazuri l  and NBC calves not treated with toltrazuri l  



Appendix 4.2.3. Statistical analysis of Liveweights: 
The Mixed Procedure 

Model Information 
Dependent Variable lw 
Covariance Structure Compound Symmetry 
Subject Effect an im 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Between-Within 

Class Level Information 
Class Levels Values 
ani m 60 2 3 4 5 7 8 1 0 1 2 1 3  1 6  1 7 1 8  

1 9  20 2 1  22 2 3  25 26 28 32 33 
34 35 36 37 38 39 40 42 43 45 
46 47 48 49 50 51 52 53 54 55 
56 57 58 59 60 61  62 63 64 65 
66 68 69 71 74 75 76 77 

gr 2 a b  
treat 2 be nbc 
week 6 1 2 3 4 5 6 

1 89 

Note: gr= Group A, B, Treat= Treated with toltrazuri l  (BC), Not treated with toltrazur i l  (NBC),  
Week= weeks post treatment. 

Dimensions 
Covariance Parameters 
Columns in X 
Columns i n  Z 
Subjects 
Max Obs Per Subject 
Observations Used 
Observations Not Used 
Total Observations 

36 
0 

60 

2 

6 
360 

0 
360 

Iteration History 
Iteration Evaluations -2 Res Log Like 

2088 . 37648425 

Criterion 

0 
1 20 1 8 .2 1 081 582 0.00000000 

Convergence criteria met. 
Covariance Parameter Estimates 

Cov Parm Subject Estimate 
CS anim 8.886 1 
Residual 1 5 .0825 

Fit Statistics 
-2 Res Log Likel ihood 201 8.2 
AIC (smal ler is better) 2022.2 
AICC (smaller is better) 2022.2 
BIC (smaller is better) 2026.4 

Null Model Likelihood Ratio Test 
OF Chi-Square Pr > ChiSq 
1 70. 1 7  < .000 1 

Solution for Fixed Effects 

Standard 
Effect gr treat week Estimate Error OF  t Value Pr > lt l 



Intercept 
g r  
gr 
treat 
treat 
week 
week 
week 
week 
week 
week 

a 
b 

be 
nbc 

1 
2 
3 
4 
5 
6 

28.4651 
-0.9468 
0 
2.9043 
0 

-22.8667 
- 1 8 .9667 
- 1 2.4667 
- 1 1 .4333 

-6.0000 
0 

5 . 1 773 
1 .7925 

1 .7898 

1 .4 1 81  
1 .4 1 8 1 
1 .4 1 8 1 
1 .41 81 
1 .41 81 

56 
56 

56 

279 
279 
279 
279 
279 

5 .50 
-0.53 

1 .62 

- 1 6. 1 2  
- 1 3.37 
-8.79 
-8.06 
-4.23 

< . 000 1 
0 .5994 

0 . 1 1 03 

< .000 1 
< .000 1 

< .0001 
< .0001 
< . 0001 

Effect 
Standard 

gr treat week Estimate Error D F  t Value Pr > lt l  

be 
be 
be 
be 
be 
be 
nbc 
nbc 
nbc 
nbc 
nbc 
nbc 
be 
be 
be 
be 
be 
be 
nbc 
nbc 
nbc 
nbc 
nbc 
nbc 

1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 

- 1 .61 57 
-2.71 57 
-3.4 1 57 
1 .3843 
1 .7843 
0 .81 77 
1 .0933 
4 .0267 

- 1 . 1 067 
1 .7267 
0 . 1 600 

0 
-2.8067 
-5. 1 733 
-4.0733 
- 1 .7067 
-0.2067 

0 
0 
0 
0 
0 
0 
0 

3.2282 
3.2282 
3.2282 
3 .2282 
3.2282 
2.5297 
2.0055 
2.0055 
2.0055 
2.0055 
2.0055 

2.0055 
2.0055 
2.0055 
2.0055 
2.0055 

gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week a 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
gr*treat*week b 
lw1 

6 
0.9477 0 .04692 56 

Type 3 Tests of Fixed Effects 
Num Den 

Effect DF DF F Value Pr > F 

gr 1 
treat 1 
week 5 
gr*treat*week 1 6  
lw1 1 

56 0.20 0.6583 
56 1 . 1 3  0 .2932 

279 3 1 5.55 < .000 1 
279 2.62 0.0008 
56 407.92 < .0001 

Least Squares Means 
Standard 

279 
279 
279 
279 
279 
279 
279 
279 
279 
279 
279 

279 
279 
279 
279 
279 

20.20 

-0. 50 0 .6 1 7 1 
-0.84 0 .4009 
- 1 .06 0 .2909 
0.43 0.6684 
0 .55 0 .5809 
0.32 0.7468 
0.55 0 .5861 
2 .01  0 .0456 
-0.55 0 .58 1 5 

0.86 0.3900 
0.08 0 .9365 

- 1 .40 0 . 1 628 
-2 .58 0 .0 1 04 
-2.03 0 .0432 
-0.85 0 .3955 
-0 . 1 0  0 .91 80 

< .0001 

Effect 
gr 

gr treat week Estimate Error DF t Value Pr > lt l 
< .000 1 
< .000 1 
< .0001 

gr 
treat 

a 1 21 .25 0 .6226 
b 1 20.85 0 .6226 

be 1 21 .52 0 .6 1 99 

56 1 94.74 
56 1 94 . 1 0  
56 1 96 .02 

1 90 



treat 
week 
week 
week 
week 
week 
week 

nbc 
1 
2 
3 
4 
5 
6 

1 20.58 
1 09.80 
1 1 3 .57 
1 1 8 .88 
1 22.42 
1 27.93 
1 33.70 

0 .6 1 99 
0.6320 
0.6320 
0.6320 
0.6320 
0 .6320 
0.6320 

Standard 

56 1 94 .51  
279 1 73 .72 
279 1 79 .68 
279 1 88 .09 
279 1 93 .68 
279 202.41 
279 2 1 1 .54 

<.000 1 
<.0001 
< .0001 
<.0001 
< .0001 
< .0001 
< .0001 

Effect gr treat week Estimate Error D F  t Value Pr > l t l  

gr*treat*week a be 
gr*treat*week a be 
gr*treat*week a be 
gr*treat*week a be 
gr*treat*week a be 
gr*treat*week a be 
g r*treat*week a nbc 
g r*treat*week a nbc 
gr*treat*week a nbc 
gr*treat*week a nbc 
gr*treat*week a nbc 
gr*treat*week a nbc 
gr*treat*week b be 
gr*treat*week b be 
gr*treat*week b be 
gr*treat*week b be 
gr*treat*week b be 
gr*treat*week b be 
gr*treat*week b nbc 
gr*treat*week b nbc 
gr*treat*week b nbc 
gr*treat*week b nbc 
gr*treat*week b nbc 
gr*treat*week b nbc 

Considering group C 

The Mixed Procedure 

1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 

Model Information 

Data Set WORK. FOUR 
tfec 

1 1 0.00 
1 1 2.80 
1 1 8.60 
1 24.43 
1 30.26 
1 35.30 
1 09 .80 
1 1 6.63 
1 1 8.00 
1 21 .87 
1 25 .73 
1 3 1 . 57 
1 09.75 
1 1 1 .28 
1 1 8.88 
1 22.28 
1 29.22 
1 35.42 
1 09.65 
1 1 3 .55 
1 20 .05 
1 21 .09 
1 26 .52 
1 32 .52 

1 .2762 
1 .2762 
1 .2762 
1 .2762 
1 .2762 
1 .2762 
1 .264 1 
1 .264 1 
1 .264 1 
1 .264 1 
1 .264 1 
1 .2641 
1 .2648 
1 .2648 
1 .2648 
1 .2648 
1 .2648 
1 .2648 
1 .2709 
1 .2709 
1 .2709 
1 .2709 
1 . 2709 
1 .2709 

Dependent Variable 
Covariance Structure 
Subject Effect 

Compound Symmetry 
an im(group*treat) 

Estimation Method 
Residual Variance Method 
Fixed Effects SE Method 

REML 
Profi le 

Model-Based 
Degrees of Freedom Method Between-Within 

Class Level Information 

Class Levels Values 

279 86. 1 9  
279 88.39 
279 92.93 
279 97. 50 
279 1 02.07 
279 1 06.02 
279 86 .86 
279 92.27 
279 93 .35 
279 96.41 
279 99.47 
279 1 04.09 
279 86.77 
279 87.98 
279 93.99 
279 96.68 
279 1 02. 1 6  
279 1 07.07 
279 86.28 
279 89.35 
279 94 .46 
279 95.28 
279 99.55 
279 1 04.27 

< .0001 
< .0001 
< .0001 
< .000 1 
< .0001 
< .0001 
< .0001 
< .0001 
< .0001 
<.0001 
< .0001 
< .0001 
<.0001 
< .0001 
<.0001 
< .0001 
< .0001 
< .000 1 
< .0001 
<.0001 
< .0001 
< .000 1 
< .0001 
< .0001 

1 9 1  



ani m 76 1 2 3 4 5 6  7 8 9 1 0  1 1  1 2  1 3  
1 4  1 5 1 6  1 7  1 8  1 9  20 2 1  22 23 
24 25 26 28 29 30 3 1 32 33 34 
35 36 37 38 39 40 4 1  42 43 44 
45 46 4 7 48 49 50 5 1  52 53 54 
55 56 57 58 59 60 6 1 62 63 64 
65 66 67 68 69 70 71 72 73 74 
75 76 77 

group 3 A B  C 
treat 2 be nbc 
week 6 1 2 3 4 5 6 

Dimensions 

Covariance Parameters 
Columns in X 
Columns in Z 
Subjects 
Max Obs Per Subject 
Observations Used 
Observations Not Used 
Total Observations 

4 1  
0 

81  

2 

6 
464 

22 
486 

Iteration History 

Iteration Evaluations -2 Res Log Like 

0 1 3807 .620 1 0841 

Criterion 

1 2 3806 .29249 1 66 0 .00000000 

Convergence criteria met. 

Covariance Parameter Esti mates 

Cov Parm Subject Estimate 

CS anim(group*treat) 1 1 .8383 
Residual 296 .50 

Fit Statistics 
-2 Res Log Likelihood 
AIC (smal ler is better) 
AICC (smaller is better) 
B IC (smal ler  is better) 

3806.3 
381 0.3 
38 1 0.3 

381 5. 1  

Nu l l  Model Likelihood Ratio Test 

OF Chi-Square Pr > C hiSq 

1 .33 0. 2492 

Type 3 Tests of Fixed Effects 

Effect 
Num Den 
OF O F  

1 92 

F Value  Pr > F 



1 93 

week 5 358 4.36 0.0007 
treat 1 77 1 4 .62 0 .0003 
g roup 2 77 4.55 0 .0 136 
group*treat*week 20 358 2.78 < .000 1 

Least Squares Means 
Standard 

Effect group week Estimate Error O F  t Value Pr > lt l 

week 1 Non-est 
week 2 Non-est 
week 3 Non-est 
week 4 Non-est 
week 5 Non-est 
week 6 Non-est 
treat be Non-est 
treat nbc Non-est 
g roup A 1 2.7372 1 .4325 77 8.89 < .000 1 
group B 8.5477 1 .4289 77 5.98 <.0001 
group c Non-est 
group*treat*week A be 1 30 .0660 4.5338 358 6.63 <.0001 
group*treat*week A be 2 2.83 1 6  4.5338 358 0.62 0 .5327 
g roup*treat*week A be 3 3 . 1 382 4.6920 358 0.67 0. 5040 
g roup*treat*week A be 4 4 .31 34 4.5338 358 0.95 0.3420 
g roup*treat*week A be 5 6 .6543 4.5338 358 1 .47 0. 1 43 1  
g roup*treat*week A be 6 8 .8392 4.5338 358 1 .95 0.0520 
group*treat*week A nbe 1 1 3 .5860 4.5338 358 3.00 0 .0029 
group*treat*week A nbe 2 1 3 .0484 4.5338 358 2.88 0.0042 
group*treat*week A nbc 3 28.3679 4.5338 358 6.26 <.0001 
group*treat*week A nbc 4 1 8 .4920 4.5338 358 4.08 < .0001 
group*treat*week A nbc 5 1 5.9268 4.5338 358 3 .51  0 .0005 
group*treat*week A nbc 6 7 .5821 4.5338 358 1 .67 0.0953 
group*treat*week B be 1 4 . 1 875 4 .5338 358 0.92 0.3563 
group*treat*week B be 2 2.6377 4.5338 358 0 .58 0 .561 1 
g roup*treat*week B be 3 3 .0023 4.5338 358 0.66 0 .5083 
g roup*treat*week B be 4 2.6377 4.5338 358 0 .58 0.56 1 1 
g roup*treat*week B be 5 5.3030 4.5338 358 1 . 1 7  0 .2429 
g roup*treat*week B be 6 7 .6809 4 .5338 358 1 .69 0.09 1 1 
g roup*treat*week B nbc 1 1 1 .4 796 4.5338 358 2 .53 0 .0 1 1 8  
g roup*treat*week B nbe 2 1 4.243 1 4.5338 358 3 . 1 4  0 .00 1 8  
g roup*treat*week B nbe 3 20.99 1 7  4.5338 358 4.63 < .0001 
group*treat*week B nbe 4 1 6.8409 4.5338 358 3 .71  0 .0002 
group*treat*week B nbe 5 4.8504 4.5338 358 1 .07 0.2854 
group*treat*week  B nbe 6 8 .71 78 4.5338 358 1 .92 0 .0553 
group*treat*week c nbe 2 20. 1 783 3 .83 1 8 358 5.27 < .000 1 
g roup*treat*week c nbc 3 34.2240 3 .83 1 8  358 8.93 < .0001 
g roup*treat*week c nbc 4 22.91 74 3 .83 1 8  358 5.98 < .0001 
g roup*treat*week c nbc 5 7 .51 62 3 .83 1 8  358 1 .96 0.0506 
g roup*treat*week c nbe 6 9.4588 3 .83 1 8  358 2.47 0 .01 40 



Appendix 4.2. 1 .  Live weights of calves treated with toltrazuril at weaning : 
Group A: B C  calves treated with toltrazuri l  and N BC calves not treated with toltrazuri l  

NO. Treatment 
Group A 
75 BC 
1 9  BC 
1 7  BC 
64 BC 
22 BC 
1 6  BC 
20 BC 

7 BC 
62 BC 
77 BC 

3 BC 
2 BC 

60 BC 
66 BC 
1 2  BC 
Arithmatic mean 
Group A 
1 8  N BC 
65 N BC 

8 N BC 
1 3  N BC 
1 0  N BC 
63 N BC 

5 N BC 
4 N BC 

2 1  N BC 
68 N BC 
59 N BC 
74 N BC 
7 1  N BC 
69 N BC 
76 
Ari thmet ic mean 
GrouJ> B 
36 BC 
34 BC 

52 BC 
40 BC 
42 BC 

54 BC 
48 BC 
55 BC 
53 BC 
32 BC 
45 BC 

71h Nov 

1 02 
1 30 
1 1 1  
1 03 
1 1 3 
1 24 
1 2 1 
1 20 
1 0 1 
1 08 
1 25 
1 24 
1 07 
1 0 1 
1 1 3 
1 1 3.53 

1 1 8 
1 09 
1 1 2 
1 22 
1 02 
9 6  
1 1 6  
1 08 
1 1 9 
1 03 
1 1  0 
1 02 
1 1 2 
1 09 
1 09 
1 09.8 

1 23 
1 08 
9 9  
1 02 
1 03 
9 6  
1 06 
1 07 
9 9  
1 39 
1 04 

1 4th Nov 

1 1 2. 5  
1 34 
1 08 . 5  
1 09 . 5  
1 1 6 . 5  
1 07 
1 24 
1 28 
1 07 
1 1 2 
1 24 
1 28 
1 20 .5  
1 06 
1 1 5 .5  
1 1 6.60 

1 25 .5  
1 1 4 
1 20 .5  
1 26 
1 08 
1 02 .5  
1 22 .5  
1 08 
1 23 
1 06 
1 1 0 
1 1 8 . 5  
1 24 .5  
1 22 .5  
1 1 8 
1 1 6.63 

1 23 
1 1 4 
1 07 
1 00 . 5  
1 04 .5  
1 00 .5  
1 03 .5 
1 1 2. 5  
1 07 .5 
1 1 0 
1 1 2 . 5  

21 5tNov 28thNov 

1 09 1 1 6 
1 41 1 45.5 
1 1 7 1 23.5 

1 1 3 . 5  1 1 8 
1 28 . 5  1 32.5 
1 35 .5 1 41 
1 2 1 .5 1 27.5 
1 28 . 5  1 29 
1 1 1 . 5 1 20.5 
1 1 7  1 2 1 
1 35 1 38.5 
1 29 1 44 
1 1 4 . 5  1 22 
1 1 0 1 1 5 .5 
1 20 .5  1 25 
1 22.1 3 1 27.96 

1 22 . 5  1 29.5 
1 2 1 .5 1 1 9 .5 

1 1 6. 5  1 24 
1 30 1 3 1 

1 07 .5  1 1 4  
1 06 1 1 4.5 
1 2 1 1 34 
1 23 1 1 7  
1 24 .5  1 28.5 
1 1 4 1 09.5 
1 1 7. 5  1 20.5 
1 1 5 . 5  1 1 6.5 
1 1 7. 5  1 25 
1 22 . 5  1 28.5 
1 1 0 . 5  1 1 6  
1 1 8  1 21 .86 

1 25 . 5  1 32 

1 26 1 22.5 
1 07 .5  1 1 2 

1 03 . 5  1 08 
1 07 1 1 4 

1 05 . 5  1 1 3  
1 07 . 5  1 1 5 
1 20 .5  1 1 5 
1 1 8 . 5  1 1 0 

1 38 1 46 
1 1 5 1 23.5 

3rd Dec 

1 22 .5  
1 54 
1 29 
1 2 1 
1 40 
1 50 .5 
1 36 
1 42 
1 1 8 . 5  
1 26 
1 44 
1 44 .5  
1 24 .5  
1 20 .5  
1 34 
1 33.8 

1 37 .5  
1 24 
1 27 
1 38 .5  
1 1 6 
1 1 0 . 5  
1 30 .5  
1 29 .5 
1 34 
1 1 8 . 5  
1 28 
1 1 5 .5  
1 27 .5  
1 29 . 5  
1 1 9 .5  
1 25.73 

1 40 
1 34 
1 21 
1 1 3 
1 1 9 .5  
1 1 7 . 5  
1 20 .5  
1 22 
1 21 .5 
1 5 1 
1 33 .5  

1 94 

1 2th Dec 

1 1 9.5  
1 57 
1 35 
1 39 . 5  
1 45 
1 56 
1 45 
1 45 . 5  
1 20 
1 28 . 5  
1 54 
1 5 1 .5 
1 30 
1 23 
1 38 
1 39.16 

1 45 . 5  
1 3 1 .5 
1 3 1  
1 42 . 5  
1 23 
1 20 .5  
1 39 . 5  
1 38 
1 47 
1 1 9  
1 25 . 6  
1 33 
1 34 
1 24 

1 32.43 

1 45 .5 
1 38 
1 28 
1 1 8 .5 
1 25 .5 
1 23 .5  
1 26 .5  
1 25 
1 25 .5  
1 62 
1 39 .5  



1 95 

35 BC 1 1 2 1 1 8 1 3 1 1 33 .5  1 37 .5 1 45 
28 BC 1 22 1 24 1 28 1 34.5 1 34 1 47 
46 BC 1 05 1 08 . 5  1 1 9 1 1 7  1 25 1 3 1 .5 
25 BC 1 08 1 1 0 1 1 7.5  1 25 1 35 1 37 
Arithmetic mean 1 08.86 1 1 0.4 1 1 8 1 21 .4 1 28.33 1 34.53 
58 N BC 1 03 1 07 1 1 0 1 1 5  1 1 9  1 25 
47 NBC 1 06 1 04 1 06 1 1 3  1 1 9 .5  1 25 .5  
50  N BC 98 1 00 . 5  1 1 0. 5  1 1 4  1 1 3 .5  1 2 1 .5 
23 N BC 1 20 1 25 .5  1 37 1 30.5 1 34 1 43 .5  
37 N BC 1 20 1 27 .5 1 39 1 38 1 47 1 53 
56 N BC 1 07 1 08 .5  1 09 . 5  1 1 3 .5 1 2 1 .5 1 25 .5  
26 N BC 1 32 1 34 .5  1 40 .5  1 46.5 1 53 1 64 
5 1  N BC 96 1 1 1 .5 1 1 0. 5  1 09 .5  1 1 6 . 5  1 23 .5  
43 NBC 1 02 1 04 .5  1 1 4. 5  1 1 7  1 1 8.5  1 26 
38 N BC 1 00 1 03 .5  1 07 .5  1 1 1  1 1 3  1 1 7 .5  
57 NBC 1 04 1 05 1 09 . 5  1 1 4  1 22 1 24 
6 1 NBC 1 04 1 00 1 08 99.5 1 06 1 08 
49 N BC 1 00 1 1 0 1 23 1 1 3  1 1 8  1 23 
33 NBC 1 07 1 1 4 . 5  1 1 9  1 26.5 1 32 .5  1 37 
39 NBC 1 06 1 07 1 1 6. 5  1 1 5 .5 1 24 1 3 1 

1 07 1 1 0 .9  1 1 7.4  1 1 8 .43 1 23 .86  
Group C 
73 N BC 1 20 .5  1 1 6 . 5  1 23 1 24 .5  1 30 
1 1  N BC 1 36 1 32 1 39 1 47 1 55 

1 N BC 1 20 .5  1 24 1 20 1 26 1 34 .5  
6 N BC 1 37 1 33 . 5  1 33 1 46 1 44.5 

67 NBC 1 24 .5  1 24 1 30 1 3 1 .5 1 36 .5  
1 4  N BC 1 20 1 2 1 1 25.5 1 3 1 1 45 
1 5  N BC 1 23 .5  1 29 . 5  1 32 1 42 1 44 .5  
71  NBC 1 1 0 1 1 7 . 5  1 25 1 27 .5 1 33 
70 N BC 1 04 1 07 1 08 1 1 2  1 1 3 

9 NBC 1 1 7  1 29 1 34.5 1 39 . 5  1 47 
72 N BC 1 06 .5 1 1 3 . 5  1 20.5 1 1 9 1 24.5 
57 o r  27 N BC 1 00 1 09 . 5  1 23 1 22 1 24 
39 NBC 1 07 1 1 6 . 5  1 1 5 .5  1 24 1 3 1 
30 N BC 1 08 1 09 . 5  1 1 7.5 1 25 .5  1 30 .5 
3 1  N BC 1 04 1 03 . 5  1 1 1  1 1 8 1 22 .5 
50 N BC 1 00 .5  1 1 0 . 5  1 1 4  1 1 3 . 5  1 2 1 .5 
6 1  N BC 1 00 1 08 99.5 1 06 1 08 
44 N BC 1 1 4 1 23 . 5  1 21 1 27 1 35 
24 N BC 1 1 0 1 1 3 . 5  1 1 3 1 1 6 . 5  1 24 .5  
41  N BC 1 09 1 1 4 1 2 1 1 .5 1 28 1 33 .5 
29 N BC 1 1 3 1 23 . 5  1 23.5 1 27 1 37 
Arithmetic Mean 1 1 8.07 1 73.33 1 26.35 1 32.1 4 



Append ix 4.2.2 Average weekly weight of calves : 

Week 
1 
2 
3 
4 
5 
6 

Group Group 
A B 

Be 
1 1  0 
1 1 2 .8 
1 1 8 .6  
1 24 .43 
1 30.26 
1 35 .3 

nbc 
1 09.8 
1 1 6.63 
1 1 8 
1 2 1 .87 
1 25.73 
1 3 1 .57 

be 
1 09 .75 
1 1 1 .28  
1 1 8 .88 
1 22 .28 
1 29 .22  
1 35 .42 

nbc 
1 09.65 
1 1 3 .55 
1 20 .05 
1 2 1  .09 
1 26 .52 
1 32 .52 

BC calves treated with toltrazuri l  and NBC calves not treated with toltrazuri l  

Appendix 4.2.3. Statistical analysis of Live weights : 
The Mixed Procedure 

Data Set 
Model Information 

WORK. TWO 
Dependent Variable 
Covariance Structure 
Subject Effect 
Est imation Method 

lw 
Compound Symmetry 

ani m 
REML 

Residua l  Variance Method Profi le 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Between-With in 

Class Level I nformation 
Class Levels Values 
anim 60 2 3 4 5 7 8 1 0 1 2 1 3 1 6 1 7 1 8 

1 9  20 2 1  22 23 25 26 28 32 33 
34 35 36 37 38 39 40 42 43 45 
46 4 7 48 49 50 51 52 53 54 55 
56 57 58 59 60 61 62 63 64 65 
66 68 69 71 74 75 76 77 

gr 2 a b  
treat 2 be nbc 
week 6 1 2 3 4 5 6 

D imensions 
Covariance Parameters 
Columns in X 36 

0 
60 

2 

Columns in Z 
Subjects 
Max Obs Per Subject 
Observations Used 
Observations Not Used 
Total Observations 

6 
360 

0 
360 

Iterat ion 
0 
1 

Iteration History 
Evaluations -2 Res Log L ike Criterion 

1 2088.37648425 
1 20 1 8 .2 1 081 582 0.00000000 

Convergence criteria met.  

Covariance Parameter Estimates 
Cov Parm Subject Estimate 

1 96 



1 97 

CS ani m 8 .8861 
Residual 1 5.0825 

F it Statistics 
-2 Res Log Likel ihood 201 8 .2  
AIC (smal ler is better) 2022.2 
AICC (smal ler is better) 2022.2 
BIC (smaller is better) 2026.4 

Nu l l  Model Likel ihood Ratio Test 
D F  Chi-Square Pr > ChiSq 
1 70. 1 7  < .000 1 

Solution for Fixed Effects 
Standard 

Effect gr treat week Estimate Error DF t Value Pr > l t l  
Intercept 28 .4651 5 . 1 773 56 5.50 < .0001 
gr a -0.9468 1 .7925 56 -0.53 0.5994 
gr b 0 
treat be 2 .9043 1 .7898 56 1 .62 0 . 1 1 03 
treat nbc 0 
week 1 -22 .8667 1 .41 8 1  279 - 1 6 . 1 2  < .0001 
week 2 - 1 8 .9667 1 .41 8 1  279 - 1 3 .37 < .0001 
week 3 - 1 2 .4667 1 .4 1 8 1  279 -8.79 < .0001 
week 4 - 1 1 .4333 1 .4 1 8 1  279 -8.06 <. 000 1 
week 5 -6.0000 1 .41 8 1  279 -4.23 < .0001 
week 6 0 
gr*treat*week a be 1 - 1 . 6 1 57 3 .2282 279 -0.50 0.6 1 71 
gr*treat*week a be 2 -2 .7 1 57 3 .2282 279 -0.84 0.4009 
gr*treat*week a be 3 -3 .4 1 57 3 .2282 279 - 1 .06 0.2909 
gr*treat*week a be 4 1 .3843 3 .2282 279 0.43 0.6684 
gr*treat*week a be 5 1 .7843 3 .2282 279 0.55 0 .5809 
gr*treat*week a be 6 0 .81 77 2 .5297 279 0.32 0.7468 
gr*treat*week a nbc 1 1 .0933 2 .0055 279 0.55 0 .5861 
gr*treat*week a nbc 2 4.0267 2.0055 279 2 .01  0.0456 
gr*treat*week a nbc 3 - 1 . 1 067 2 .0055 279 -0.55 0 .581 5 
gr*treat*week a nbc 4 1 .7267 2 .0055 279 0.86 0.3900 
gr*treat*week a nbc 5 0 . 1 600 2 .0055 279 0.08 0.9365 
gr*treat*week a nbc 6 0 
gr*treat*week b be 1 -2 .8067 2 .0055 279 - 1 .40 0 . 1 628 
gr*treat*week b be 2 -5 . 1 733 2 .0055 279 -2 .58 0 .01 04 
gr*treat*week b be 3 -4 .0733 2 .0055 279 -2.03 0.0432 
gr*treat*week b be 4 - 1 .7067 2 .0055 279 -0.85 0 .3955 
g r*treat*week b be 5 -0.2067 2 .0055 279 -0 . 1 0  0 .91 80 
gr*treat*week b be 6 0 
gr*treat*week b nbc 1 0 
gr*treat*week b nbc 2 0 
gr*treat*week b nbc 3 0 
gr*treat*week b nbc 4 0 
gr*treat*week b nbc 5 0 
gr*treat*week b nbc 6 0 
lw1 0.9477 0 .04692 56 20.20 < .0001 

Type 3 Tests of F ixed Effects 
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Nu m Den 
Effect DF DF F Value Pr > F 

gr 1 56 0 .20 0.6583 
treat 1 56 1 . 1 3  0 .2932 
week 5 279 3 1 5 .55 <.0001 
gr*treat*week 1 6  279 2 .62 0 .0008 
lw1 1 56 407.92 < .0001 

Least Squares Means 
Standard 

Effect gr treat week Estimate E rror D F  t Value Pr > l t l  
gr a 1 2 1 .25 0.6226 56 1 94.74 < .0001 
gr b 1 20.85 0 .6226 56 1 94. 1 0  < .000 1 
treat be 1 2 1 .52 0 .6 1 99 56 1 96.02 < .000 1 
treat nbc 1 20.58 0 .6 1 99 56 1 94.51  < .0001 
week 1 1 09.80 0.6320 279 1 73.72 < .0001 
week 2 1 1 3.57 0 .6320 279 1 79.68 < .0001 
week 3 1 1 8 .88 0.6320 279 1 88 .09 < .0001 
week 4 1 22 .42 0 .6320 279 1 93.68 < .0001 
week 5 1 27.93 0 .6320 279 202.41 < .0001 
week 6 1 33.70 0 .6320 279 2 1 1 .54 < .0001 

Least Squares Means 
Standard 

Effect gr treat week Estimate Error DF  t Value Pr > lt l 

gr*treat*week a be 1 1 1 0.00 1 .2762 279 86. 1 9  < .0001 
gr*treat*week a be 2 1 1 2 .80 1 .2762 279 88.39 < .0001 
gr*treat*week a be 3 1 1 8 .60 1 .2762 279 92.93 < .0001 
gr*treat*week a be 4 1 24.43 1 .2762 279 97.50 < . 0001 
gr*treat*week a be 5 1 30.26 1 .2762 279 1 02.07 < .0001 
gr*treat*week a be 6 1 35.30 1 .2762 279 1 06.02 < .0001 
gr*treat*week a nbc 1 1 09 .80 1 .2641 279 86.86 < .0001 
gr*treat*week a nbc 2 1 1 6 .63 1 .2641 279 92.27 < .0001 
gr*treat*week a nbc 3 1 1 8 .00 1 .2641 279 93.35 < .0001 
gr*treat*week a nbc 4 1 2 1 .87 1 .2641 279 96.41 <.0001 
gr*treat*week a nbc 5 1 25 .73 1 .2641 279 99.47 < .0001 
gr*treat*week a nbc 6 1 31 .57 1 . 2641 279 1 04.09 < .0001 
gr*treat*week b be 1 1 09.75 1 .2648 279 86.77 < .0001 
gr*treat*week b be 2 1 1 1 .28 1 .2648 279 87.98 < .0001 
gr*treat*week b be 3 1 1 8 .88 1 .2648 279 93.99 < .0001 
gr*treat*week b be 4 1 22.28 1 .2648 279 96.68 < .0001 
gr*treat*week b be 5 1 29.22 1 .2648 279 1 02 . 1 6 < . 0001 
gr*treat*week b be 6 1 35.42 1 .2648 279 1 07.07 < .0001 
gr*treat*week b nbc 1 1 09 .65 1 .2709 279 86.28 <.0001 
gr*treat*week b nbc 2 1 1 3 .55 1 .2709 279 89 .35 < .0001 
gr*treat*week b nbc 3 1 20.05 1 .2709 279 94.46 < .000 1 
gr*treat*week b nbc 4 1 2 1 .09 1 .2709 279 95.28 < .0001 
gr*treat*week b nbc 5 1 26.52 1 .2709 279 99.55 < .000 1 
gr*treat*week b nbc 6 1 32 .52 1 .2709 279 1 04.27 < .0001 
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Appendix 4.3. Faecal consistency and oocyst counts : 
Seria l .  An imal 1 Animal 2 Animal 3 
no number No. No.  

1 42 0 58 1 50 56 0 
2 36 0 46 0 61 7750 
3 37 900 48 0 41 250 
4 31  0 1 5  950 43 0 
5 27 1 00 77 50 49 500 
6 23 0 40 0 38 0 
7 26 0 35 0 49 50 
8 24 200 32 0 37 50 
9 53 50 69 600 57 0 
1 0  1 9  1 00 1 0  1 0  50 0 
1 1  64 0 57 400 60 0 
1 2  51 450 50 450 72 750 
1 3  1 1  1 1 00 39 1 00 59 500 
1 4  1 3  50 4 950 23 
1 5  1 2  0 59 750 
1 6  47 50 9 1 00 
1 7  28 0 73 0 
1 8  22 0 20 50 
1 9  5 350 2 50 
20 67 1 250 62 0 
2 1  31  0 8 200 
22 76 300 34 0 
23 30 50 72 1 350 
24 25 50 44 1 250 
25 29 650 45 0 
26 1 4  2250 1 8  350 
27 7 1  1 00 65 200 
28 3 0 63 1 350 
29 55 0 2 1  0 
30 1 2  1 200 38 0 
3 1  75 200 61 200 
32 60 200 42 50 
33 52 50 32 0 
34 66 50 41 200 
35 1 7  0 58 1 00 
36 7 0 46 250 
37 68 1 00 33 0 
38 1 250 43 0 
39 70 0 53 1 00 
40 6 4550 54 1 50 
41 74 2 1 50 40 0 
42 35 0 36 0 
43 29 1 50 55 0 
44 52 50 56 1 50 
45 26 1 50 68 650 
46 51  0 1 0  0 
47 48 0 54 50 
48 3 1  0 
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49 33 0 
50 34 0 
5 1  45 0 
52 47 0 
53 25 250 
54 30 1 00 
55 4 1 50 
56 8 0 
57 1 5  0 
58 1 8  0 
59 2 0 
60 1 3  0 
61 1 7  0 
62 1 6  0 
63 22 350 
64 9 50 
65 3 0 
66 20 0 
67 1 2  1 200 

286 .56 238.51  757.69 

Append ix 4.4.Statistical analysis of faecal consistency: 
The CORR Procedure 

3 Variables :  fc foe sr foe FC-faecal consistency, Foc:Faecal oocyst 
counts, sr= square root 

Simple Statistics 

Variable N Mean Std Dev 

fc 1 27 1 . 57480 0. 67282 
foe 1 26 258.01 587 566. 54747 
sr_foc 1 26 1 0 .40687 1 2 .32553 

Pearson Correlation Coefficients 
P rob > l r l  under HO :  Rho=O 

N umber of Observations 

fc foe sr_foc 

fc 1 .00000 -0 .061 93 -0 .00750 

foe 

0 .4909 0 .9336 
1 27 1 26 1 26 

-0 .061 93 
0 .4909 

1 26 

1 .00000 0 .90842 
< .0001 

1 26 1 26 

Sum 

200 .00 
3251 0 
1 3 1 1  

Min imum 

1 .00000 
0 

1 .00000 

Maximum 

3 .00000 
4550 
67 .461 1 0  



sr_foc -0 .00750 
0 .9336 
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The SAS System 

0 .90842 1 .00000 
< .0001 
1 26 1 26 

The Mixed P rocedure 

Model I nformation 

Dependent Variable foe 
Covariance Structure Variance Components 
Group Effect fc 
Estimation  Method R EML 
Residual Variance Method None 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Between-Within 

Class Level I nformation 

Class Levels Values 

fc 3 1 2 3 
Dimensions 

Covariance Parameters 3 
Columns in  X 4 
Columns in  Z 0 
Su�ects 1 27 
Max Obs Per Subject 1 
Observations  Used 1 26 
Observations Not Used 1 
Total Observations 1 27 

Iteration H istory 

Iteration Evaluations -2 Res Log Like 

1 920.63780848 

Criterion 

0 
1 1 893.24809972 0 .00000000 

Convergence criteria met. 

Covariance Parameter Estimates 

Cov Parm Group Estimate 

Residual fc 1 
Residual fc 2 
Residual fc 3 

F it Statistics 

495347 
1 4 1 552 
693 1 8  

-2 Res Log Likel ihood 
AIC (smal ler is better) 
AICC (smal ler is better) 

1 893 .2 
1 899.2 
1 899.4 
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B I C  (smal ler is better) 1 907 .8 
Nu l l  Model Likel ihood Ratio Test 

O F  Chi-Square Pr > ChiSq 

2 27.39 < .0001 
Type 3 Tests of F ixed Effects 

Num Den 
Effect DF OF F Value Pr > F 

fc 2 1 23 0.49 0 .6 1 41 
Least Squares Means 

Standard 
Effect fc Est imate Error DF t Value Pr > l t l  

fc 1 286.57 85.9840 1 23 3 .33 0.001 1 
fc 2 238 .5 1  54 .8794 1 23 4.35 < .000 1 
fc 3 1 75 .00 76.0034 1 23 2 .30 0.0230 

Differences of Least Squares Means 
Standard 

Effect fc _fc Estimate E rror DF t Value Pr > l t l  
fc 1 2 48 .0565 1 02 .00 1 23 0.47 0.6384 
fc 1 3 1 1 1  .57 1 1 4 .76 1 23 0 .97 0 .3329 
fc 2 3 63 .51 06 93.7457 1 23 0 .68 0.4994 

202 
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Append ix. 5.1 : Oocyst counts from Ballantrae Hil l  Country Research Station. 

No-Chemical-1 (NC-1 ) Conventionai -1 (C0-1 ) 
Sep Dec Mar Calves Sep Dec Mar Calves 
1 00 50 1 00 4641 0 0 0 61 8 
500 200 1 750 4634 1 500 200 50 623 
0 50 600 4640 0 0 0 71 9 
0 50 200 4637 0 50 694 
0 0 1 50 4643 0 0 0 364 

Dams 0 0 0 467 
0 0 0 307 200 200 300 693 
0 0 0 41 4 1 50 50 1 300 673 
50 0 0 407 0 0 0 61 8 
200 0 0 351  Dams 
0 1 00 1 00 426 0 0 1 50 1 5  

0 0 0 1 2  
0 1 00 0 9 

No-Chemical- 2(NC-2) Conventionai-2(C0-2) 

Sep Dec Mar Calves Sep Dec Mar calves 
0 0 1 00 6526 0 0 350 2793 
1 50 0 3050 651 9 350 50 700 2796 
250 0 50 6535 0 0 350 2795 
50 0 400 6527 0 50 0 38 1 
0 0 400 6497 0 0 600 2792 
1 00 0 300 6504 0 0 0 2794 

0 0 250 279 1 
Dams Dams 

0 0 0 6 1 3  0 50 0 377 
0 0 0 608 0 50 0 381 
0 0 0 604 50 0 0 2 1 3 
0 0 0 6 1 5 0 0 0 2 1 2 
0 0 0 603 0 50 0 209 
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Appendix 5.2 : Table showing the details of combined no chemicals (NC1 +NC2 and 
combined conventional (C01 +C02) of calves and Dams at Ballantrae: 

sep Dec Mar 
N C 1 - C 
N C2-C 

1 20 .00 70.00 560.00 
9 1 .66 0 .00 7 1 6 .66 

NC- Calves 
C01 -C 
C02-C 

1 05.83 35.00 638.33 
205.55 56.25 1 88.88 
50.00 1 4.28 321 .42 

CO- calves 
NC 1 - D 
NC2- D 

1 27.77 35.26 255.1 5  

NC-Dams 
C01 - D  
C02-D 
CO-Dams 

50.00 
0 .00 
25.00 
0.00 
1 0 .00 
5.00 

20.00 
0 .00 
1 0.00 
33.33 
30.00 
31 .66 

Appendix 5.3: Statistical analysis of Bal lantrae farm : 
1 0 :36 Friday, February 1 3 , 2004 1 02 
Age=calf 
The M ixed Procedu re 

Model In formation 

Data Set WORK.TH R E E  
Dependent Variable ln_foc 
Covariance Structure Compound Symmetry 
Subject Effect anim 
Est imation Method R E M L  
R esid ual Variance Method Profi le  
Fixed Effects SE M ethod Mode l -Based 
Deg rees of Freedom Method Between-With in 

Class Level  I nformation 
C lass Levels Values 

treat 2 CO NC 
Mo 3 Dec Mar Sep 
gr 4 1 2 3 4 
an im 27 364 381  467 488 6 1 8  623 673 

693 694 7 1 9  279 1  2792 2 793 
2794 2795 2796 4634 4637 4640 
464 1 4643 6497 6504 65 1 9  6526 
6527 6535 

Dimensions 
Covariance Parameters 2 
Co l u m ns in X 1 6  
Columns in Z 0 
Su�e c� 27 
M ax Obs Per Subject 3 
Observations Used 8 1  
Observations Not Used 0 
Total  Observations 8 1  

Iterat ion History 
Iteratio n  Evaluat ions - 2  R e s  Log Like 

0 1 358 .755 1 0350 
Criterion 

20.00 
0 .00 
1 0.00 
50.00 
0 .00 
25.00 



346.021 49497 0 .00000000 

Convergence c riteria met. 

Covariance Parameter Estimates 
Cov Parm Subject Estimate 
CS ani m 2. 7362 
Residual  3 .4  723 

F i t  Statistics 
-2 Res Log Likel ihood 
A IC  (smal ler is better) 
A I CC (smal ler is better) 
B I C  (smal ler is better) 

346.0 
350.0 
350.2 

352.6 

Nu l l  Model Likelihood R at io Test 
O F  Ch i-Square Pr  > ChiSq 
1 1 2 .73 0 . 0004 
Type 3 Tests of Fixed E ffects 

N u  m Den 
Effect OF O F  F Value Pr > F 
treat 1 23 3 .0 1 0 .0964 
mo 2 50 1 8 .60 < .0001  
treat* mo 2 50 2 . 70 0.0771 
gr(treat) 2 23 0 . 24 0 . 7862 

Least Squares Means 
Standard 

Effect treat mo g r  Estimate Error 
treat CO 2 .0257 0.4972 
treat NC 3.3732 0.5974 
mo dec 1 .5000 0 .4897 
mo mar 4 .48 1 3  0.4897 
mo sep 2 . 1 1 70 0 .4897 
treat* m a CO dec 1 .4084 0 .6260 
treat*mo CO mar 3. 1 920 0 .6260 
treat* mo CO sep 1 .4767 0 .6260 
treat* mo NC dec 1 .591 6 0.7532 
treat* mo NC mar 5 .7706 0 .7532 
treat*mo NC sep 2.7573 0 .7532 
gr(treat) CO 3 1 .9598 0 .6577 
gr(treat) CO 4 2 .09 1 6  0 .7458 
g r(treat) NC 1 3 .7822 0.8825 
gr(treat) NC 2 2.9642 0 .8056 

Differences of Least Squares Means 

O F  
23 
23 
50 
50 
50 
50 
50 
50 
50 
50 

50 
23 

23 
23 
23 

Standard 
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t Value Pr > \ t \  
4 .07 0 .0005 
5 .65 < .0001 
3 .06 0 .0035 
9 . 1 5  < .000 1 
4 .32 < .0001 
2 .25 0.0289 
5 . 1 0  < .000 1 
2 .36 0 .0223 
2 . 1 1 0.0396 
7.66 < .0001 

3 .66 0.0006 
2 .98 0.0067 

2.80 0 .01 0 1  
4 .29 0.0003 
3 .68 0.00 1 2 

Effect treat mo g r  _treat mo _gr Estimate Error O F  t Value Pr > \ t \  
treat CO N C  - 1 .3475 0 . 7773 23 - 1 . 73 0 .0964 
mo dec mar -2 .98 1 3 0 .5 1 6 1  50 -5 .78 < .0001 
mo dec sep -0.6 1 70 0. 5 1 6 1  50 - 1 .20 0.2375 
mo mar sep 2 .3643 0 .5 1 6 1  50 4 .58 <.000 1 
treat*mo CO dec CO mar - 1 . 7836 0 .6588 50 -2.7 1  0 .0093 
treat*mo CO dec CO sep -0.06832 0.6588 50 -0. 1 0  0 .9 1 78 



treat* mo CO dec N C  dec -0. 1 833 
treat* mo CO dec N C  mar -4.3622 
treat* mo CO dec N C  sep - 1 .3489 
treat*mo CO mar CO sep 1 .7 1 53 
treat* mo CO mar N C  dec 1 .6004 
treat*mo CO mar N C  mar -2.5786 
treat*mo CO mar N C  sep 0 .4347 
treat*mo CO sep N C  dec -0 . 1 1 49 
treat*mo CO sep NC mar -4.2939 
treat*mo CO sep NC sep - 1 .2806 
treat* mo NC dec N C  mar -4. 1 790 
treat* mo NC dec N C  sep - 1 . 1 65 7  
treat* mo NC mar NC sep 3 .01 33 
gr(treat) CO 3 eo 4 -0 . 1 3 1 8  
g r(treat) CO 3 NC 1 - 1 .8224 
gr(treat) CO 3 NC 2 - 1 .0044 
gr(treat) CO 4 NC 1 - 1 .6906 
gr(treat) CO 4 NC 2 -0.8726 
gr(treat) NC 1 NC 2 0 .81 80 

age=dam 

The M ixed P rocedure 
Model Information 

D ata Set WORK.T H R E E  
D ependent Variable l n_foc 
Covariance Structure Compound Symmetry 
Subject Effect an i  m 
E st imation M ethod R E M L  
R esidual Variance Method P rofi le 
F ixed Effects SE Method Model-Based 
D egrees of Freedom Method B etween-With in 

Class Level I nformation 
C lass Levels Values 
treat 2 CO NC 
mo 3 dec mar sep 
gr 4 1 2 3 4 
an i  m 1 9  9 1 2  1 5  209 2 1 2 2 1 3  307 35 1  

377  381  407  4 1 4  426  603 604 
608 6 1 3  61 5 62 1 

D imensions 
Covariance P arameters 2 
Columns in X 1 6  
Columns in  Z 0 
S u�ects 1 9  
M ax Obs Per Subject 3 
Observations Used 57 
Observations Not Used 0 
Total Observations 5 7  

Iteration H istory 
Iteration Evaluations -2 Res Log Like 

204.77202938 

C riterion 

0 
1 203 . 8890490 1  0 .00000000 
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0. 9794 50 -0 . 1 9  0 .8523 
0 .9794 50 -4 .45 < .0001  
0 .9794 50 - 1 . 38 0 . 1 746 
0 .6588 50 2 .60 0 .0 1 2 1  
0 .9794 50 1 .63 0 . 1 085 
0 .9794 50 -2.63 0 .0 1 1 2  
0 .9794 50 0 .44 0 . 659 1 
0 .9 794 50 -0. 1 2  0 .9071  
0 .9 794 50 -4 . 38 < .0001  
0 .9794 50 - 1 . 3 1  0 . 1 970 
0 .7 946 50 -5 .26 < .0001  
0 .7946 50 - 1 .47 0 . 1 48 6  
0 .7946 50 3 .79 0 .0004 

0 . 9944 23 -0. 1 3  0 . 8957 
1 . 1 006 23 - 1 .66 0 . 1 1 1 3 
1 . 0400 23 -0.97 0 .3442 

1 . 1 554 23 - 1 .46 0. 1 569 
1 .0978 23 -0.79 0.4348 
1 . 1 948 23 0 .68 0 .5004 



Convergence criteria met. 

Covariance P arameter Estimates 
Cov Parm S u bject Est imate 
CS an im -0.3466 
Residual  3 .0065 

Fit Statistics 
-2 Res Log Likel ihood 203.9 
A IC (smal ler is better) 207.9 
AICC (smal ler is better) 208. 1 
B IG (smal ler is better) 209.8 

Nul l  Model Likel ihood R atio Test 
DF Chi -Square Pr > ChiSq 
1 0 .88 0 .3474 

Type 3 Tests of Fixed Effects 

Effect 
treat 
mo 
treat*mo 
g r(treat) 

Num Den 
D F  DF 
1 1 5  
2 34 

2 34 
2 1 5  

F Value Pr > F 
1 .34 0 .2659 
0 .88 0 .4260 

1 .6 1  0 .2 1 55 
3 . 1 5  0 .071 9 

Least Squares Means 
Standard 
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Effect treat mo gr Estimate Error DF t Value Pr  > l t l  

treat CO 1 .0594 0 .2956 1 5  3 .58 0 .0027 
treat NC 0 .6 1 55 0 .2451 1 5  2 . 5 1  0 . 0240 
mo dec 1 .2648 0 .3809 34 3 .32  0 . 0022 
mo mar 0.5527 0 .3809 34 1 .45 0 . 1 559 
mo sep 0 . 6949 0 .3809 34 1 .82 0 .0769 
treat* mo CO dec 2 .0540 0 .58 1 3 34 3.53 0 . 00 1 2  
treat* mo CO mar 0 .581 3 34 1 .08 0 .2862 
treat*mo CO sep 0 .4942 0.581 3 34 0 .85  0 . 40 1 2 
treat*mo N C  dec 0.4755 0 .4922 34 0.97 0 .3409 
treat* mo NC mar 0 .4755 0.4922 34 0.97 0 .3409 
treat*m o  NC sep 0 .8955 0 .4922 34 1 .8 2  0 . 0777 
g r(treat)  CO 3 1 .0703 0 .4675 1 5  2 .29  0 . 0370 
gr (treat) CO 4 1 .0485 0 .362 1 1 5  2 .90 0 . 0 1 1 1  
g r(treat) NC 1 1 .23 1 0  0 .3621 1 5  3.40 0 .0040 
g r(treat)  NC 2 -54E- 1 7 0 .3305 1 5  -0.00 1 .0000 

D ifferences of Least Squares Means 
Standard 

Effect treat mo g r  _treat -mo _gr Estimate E rror D F  t Value Pr > l t l  
treat CO NC 0 .4439 0 .3841 1 5  1 . 1 6  0.2659 
mo dec mar 0 .7 1 2 1  0 .5697 34 1 .2 5  0 .2 1 99 
mo dec sep 0 .5699 0 . 5697 34 1 .0 0  0 .3242 
mo mar sep -0. 1 422 0 .5697 34 -0.25 0 .8045 
treat*mo CO dec CO mar 1 .4242 0.8670 34 1 .64 0 . 1 097 
treat*mo CO dec CO sep 1 .5598 0 .8670 34 1 .80 0 .0809 
treat*mo CO dec NC dec 1 .5785 0 .76 1 7 34 2 .07 O.Ol'! 59 
treat*mo CO dec NC mar 1 .5785 0 . 76 1 7  34 2 .07 0 .0459 
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treat* me CO dec NC sep 1 . 1 58 5  0 .76 1 7  34 1 .52 0 . 1 375 
treat* me CO mar CO sep 0 . 1 35 7  0 .8670 34  0 . 1 6  0 .8766 
treat* me CO mar NC dec 0. 1 544 0 .76 1 7 34 0 .20 0 .8406 
treat* me CO mar NC mar  0 . 1 544 0.76 1 7  34 0 .20 0 . 8406 
treat* me CO mar NC sep -0.2656 0 .76 1 7  34 -0.35 0 . 7295 
treat* me CO sep NC dec 0 .0 1 869 0 .76 1 7 34 0.02 0 .9806 
treat* me CO sep NC mar  0 .0 1 869 0 .76 1 7  34 0 .02 0 .9806 
treat* me CO sep NC sep -0.40 1 3 0.76 1 7 34 -0.53 0 . 60 1 7 
treat* me NC dec NC mar  -278E- 1 8  0. 7394 34 -0 .00 1 .0000 
treat* me NC dec NC sep -0.4200 0 .7394 34 -0 .57 0 .5737 
treat* me NC mar NC sep -0.4200 0 .7394 34 -0.57 0 .5737 
gr(treat) CO 3 CO 4 0 .021 78 0 .59 1 3  1 5  0.04 0 .971 1 
gr(treat) CO 3 NC 1 -0 . 1 608 0 .59 1 3  1 5  -0.27 0 .7894 
gr(treat) CO 3 NC 2 1 .0703 0 .5725 1 5  1 .87 0 .08 1 2  
gr(treat) CO 4 NC 1 -0. 1 825 0. 5 1 2 1  1 5  -0.36 0 . 7265 
gr (treat) CO 4 NC 2 1 .0485 0 .4903 1 5  2. 1 4  0 .0493 
gr(treat) NC 1 NC 2 1 .23 1 0  0 .4903 1 5  2 .5 1  0.0240 
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Appendix 6.1 . Cleaning of oocysts: 
1 . The oocysts in  2% H2so4 were washed with PBS for 4 cycles at 830g last wash with 
double g lass d isti l led water. 
2. Ster i l ise the oocysts with 50% Janola (V/V) 5ml Janola+5ml water at room temperature 
for one hour. 
3 .  Wash with Double glass disti l led water twice and re-suspend them i n  PBS or Hanks 
balanced s so lution .  

Appendix 6.2. Vortexing: 
1 .  Take cleaned oocyst into a tube. 
2. Add 0 .5 ml  chi l led buffer and glass beads so they compose about half of the total 

result ing volume and place the tube on a Vortex mixer and turn to max imum speed and 
agitate the contents unti l  the most of the oocysts have been mechanically fractured 
their  sporocysts. 

3 .  Note: toughness varied with different species. 
For robust and xx 30 - 40 strokes. One stroke - holding the test tube on with mixer for a 
cou nt of one second . Check the process of the cracking by examin ing u nder a 
m icroscope. A very small sample at regular intervals after every 5 to 6 strokes unti l  
some experience is gained in  th is procedure. If too many strokes used a large 
proportion of the oocysts wi l l  be damaged . 
Remove sporocysts from g lass bel ls with repeated addition of PBS PH 7 .6  and 
resuspend the sporocyst in an appropriate vo lume. 20ml for 5 x1 06 sporocysts or 
200ml for 400mlx1  06 sporocysts. 

4. Wash sporozoites in  medium of PBS PH 7.6 resuspend in an appropriate volume of the 
med ium or PBS Hanks balanced solut ion with 5 ml  of MgCI2 ideal vo lume 



Appendix 6.3.Western Blotting : 

Equipment 
Mini-protean 1 1  Electrophoresis cell 
a) Min i  Trans-blot Electrophoretic transfer cel l 
b) Power Supply device 
c) PVDF membrane 
d)  3 MM Whatman paper 
e) Developing f i lm 

Reagents 
a) Sterile Water 
b) 0.5 M Tris HCI (pH 6.8) 
60.55 g Tris base in 800-ml  water adjust pH with 6N HCI then makeup 1 l iter. 
Store at 4 degree C 
(Or B iorad Cat no :  1 6 1 -0799) 
c) 1 .5 M Tris HCI (pH 8.8) 
1 8 1 .65 g Tris base in 800ml water, adjust pH with 6N HCI then make up to 1 l iter 
Store at 4 degree C 
(Or B iorad Cat no :  1 61 -0798) 
d) 10% SOS 
Dissolve 1 Og SOS in  1 OOml d isti l led water 
e) Acrylamide/bis 
Biorad agent 30% acrylamide/bis solution 37 .5 : 1  (2 .5%C) 
Cat No.  1 6 1 -01 58 
f) 1 0% Ammonium persulfate (APS) 
Make u p  fresh each time 
0 .05g APS in 0 .5m l  water 
Biorad Cat No. 1 6 1 -0700 
g) TEMED 
Biorad Cat No.  1 6 1 -0800 
h) Gel load ing buffer 
Deion ized water 
0 .5M Tris HCI 
Glycerol 
1 0%SDS 
2-Mercaptoethanol 
1 %( w/v) bromophenol blue 
Store at room temperature 

3 .8ml  
1 .0ml 
0 .8ml  
1 .6ml 
0.4ml 
0 .40ml 

i )  5X running buffer (pH 8.3) 
Tris base 1 5. 1  g 
Glyc ine 94.0g 
Dissolve in 900 ml deion ized water. 
Add 50ml SOS and adjust vo lume to 1 liter 
Store at 42C 
j) Transfer buffer 
Tris base 5 .82g 
Glyc ine 2 .93g 
Methanol 200ml 
PH should be between 9 and 9 .3-this is critical 
Store at 4 degrees C 
k) PBS-Tween 
NaCI 8g 
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KCI 0 .2g 
KH2P04 0 .2g 
Na2H P04 1 . 1 6g (or Na2HP04 . 1 2H20 2 .9g) 
Tween 20 0 .5ml  
Dissolve in  1 l iter deion ized water 
Store at 4 degrees C 
I) 5% milk powder 
Dissolve 2 .5g Pams Non-fat Mi l  powder in 50ml deion ized water 
Store at 4 degrees C 
m) Primary antibody 
Dog anti-Neospora antibody di luted 1 : 1  000 (1 Oul in 1 Oml) 
n) Secondary antibody 
Anti-bovine HRP d i luted 1 : 1 0000 (2ul  in 20ml) 
o) Westfemto 
Combine equal volumes of luminal and peroxide solutions immediately before use 
Separating (resolving) Gel (1 2%) 

( Makes 2 gels) 
Disti l l ed water 
1 .5M Tris HCI 
SOS 
Acrylam ide/bis 
(Degas 1 5  minutes) 
APS 
TEMED 
p)  Staking Gel 
Disti l led water 
0 .5M Tris HCI 
SOS 
Acrylam ide/bis 
(Degas 1 5  minutes) 
APS 
TEMED 
Procedu re 

3 .35ml 
2 . 5ml 
1 OOul 
4 .0ml 

50ul  
5u l  

6 . 1 ml 
2 .5ml 
1 OOul 
1 .3ml 

50ul 
1 Ou l  

1 )  Assembl ing the g lass plate sandwiches 
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a) Wipe the glass plates with ethanol and assemble on a clean su rface . Lay the longer 
plate down fi rst, and then place spacers along the short edges of the plate, Next place 
the shorter glass plate on the top of the spacers. 

b) Loosen the four screws on the clamp assembly and stand it in  the al ignment slot of the 
pouring tray so these screws are facing away from you .  P ick up the g lass plate 
sandwich so that the longer plate is facing from you and gently s l ide it in to the clamp 
assembly gently tighten both sets of screws. 

c) Ensure the rubber gasket (Grey) is on top of the red foam pads in the casting slots. 
Transfer the clamp assembly to the casting slots in the fol lowing way : Butt the acryl ic 
pressure plate against the wal l of the cast ing slot and the bottom ,  so the g lass plate 
rests on the rubber gasket. Snap the acryl ic plate underneath the overhang pushing 
with the white portion of the clamps. 

2) Casting the Gels 
a) Prepare the separating gel by combin ing al l  the reagents except APS and TEMED.  

Degas the  solution for least 1 5  m inutes. 
b) P lace comb into the glass plate assembly. Add APS and TEMED and pour the 

solution to 1 cm below the teeth of the comb. Remove comb. 
c) I mmediately overlay the monomer solution with water. 
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d )  Allow the gel to polymerize for 1 h r. Rinse off the overlay solution completely with 
disti l led water .  

e)  Prepare the staking as in  a)  
f )  Add APS and TEME D  to the stacking gel pour the solution to the top of the shorter 

glass plate and inset comb. 
g) Al low the gel to polymerize 45 min .  Remove the comb by pul l ing i t  up slowly and 

gently. 
h) Rinse the wel ls completely with disti l led water. 
3) Running Gels 
a) Remove gel sandwich from casting stand. 
b) Lay inner cool ing core f lat on bench . With the glass plates of the clamp assembly 

facing the cooling core (and the clamp screws facing o ut) careful ly sl ide the clamp 
assembly into the locator s lots at the top of the core and snap clamp assembly on to 
the cool ing core by presenting the bottom of the clamp assembly. Place entire 
assembly in  to the electrophoresis cel l  

c )  Pre 500ml off running buffer and fi l l  the inner chambers unti l  the buffer half way 
between the short and long plates. Pour the remain ing buffer in the outer chamber so 
that at least the bottom 1 cm of the gel is covered . 

d) Di lute the samples 1 :4 with gel leading buffer boi l  for 3 minutes and load into the wel ls .  
e)  Place l id on e lectrophoreses cell and run i t  to 1 00 V for approx . 45 min .  
4) B lotting 
a) Remove gel  f rom glass plates and place i n  transfer buffer for 1 0  m inutes. 
b) Place two fiber pads and two sheets of blotting paper cut to size into transfer buffer for 

1 0  minutes 
c) Cut PVDF membrane and vet in  methanol .  Rinse in transfer buffer unt i l  membrane 

sinks. 
d) Open blotting cassette . With black side down , first place 1 fiber pad , then 1 f i lter paper, 

then gel fol lowed by the membrane followed by a further layer of fi lter paper and fiber 
pad . Rol l ing out bubbles between each layer. Secure the b lott ing cassette closed . 

e) Place blott ing cassette in  the blotting un it black side fac ing .  Place blott ing un it and ice 
block in the electrophores is cel l .  

f )  Fi l l  tank with transfer buffer and transfer i t  to 1 00 V for 1 hour. 
5) Developing 
a) R inse membrane in two changes of PBS-Tween 
b) Block in 5% mi lk  powder for 1 hour at room temperature on a rocker. 
c) Rinse twice in PBS Tween .  
d )  Di lute primary antibody i n  5% milk powder, add to membrane and incubate overn ight at 

4 degrees C on a rocker. 
e) Rinse membrane in 6 changes of PBS Tween for 5 minutes each .  
f) Di lute secondary antibody in  5% milk powder, add to membrane and incubate 1 hour at 

room temperature on a rocker. 
g)  Rinse membrane in  6 changes of PBS-Tween for 5 minutes each . 
h) Make up westfemto . 
i )  Place membrane on 1 /2 a plastic sheet and covers with Westfemto . 
j) Fold other half of plastic sheet over top of membrane and spread Westfemto to get an 

even cover of the membrane .  
k)  Seal membrane into plastic and place in to a photographic cassette . 
I )  I n  a dark room place x-ray f i lm on to membrane sh iny side up. 
m)  Expose for 1 m inute and process. 



Appendix 6 .4.Tissue culture technique for Eimeria 
R EAGENTS R EQU I R E D :  

1 .  Foetal Bovine serum:  
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Heat inactivated steri le FBS is received i n  500ml  bottles .  Thaw bottle i n  37 o C  water 
bath or i ncubator .  Aseptical ly aliquot into 50 ml ,  1 Oml volumes to be added to 500ml  
MEM to g ive 1 0% and 2% . Ready made MEM from G IBCO needs 1 0% serum for ce l l  
cultures and  2% for parasite growth .  Whereas, advanced media requires only 2% for 
cell culture. Label centrifuge tubes with date and store at -20 oC. 
2. L_Giutamine: 
Glutamax is received in  1 OOml bottles .Thaw bottle at 37 oC and al iquot aseptical ly 
under laminar flow into 5ml volumes . Label l led and stored at - 20 o C to be added to 
500 ml  M EM.  
3.  Penci l l in  and Streptomycin (Pen strep) : 

Thaw at 37C and Al iquot into 5ml volumes to be added to 500ml MEM wh ich 
contai ns 1 O ,OOOunits of Penci l l in  and 1 0 ,000 ug of Steptomycin/ ml. Labelled and 
stored at -20oC . 

4. Fung izone: 
Aseptical ly  al iquot into 200ul  to be added to 500ml MEM,  label led and stored at - 20C. 
5. Non essential Amino Acids : 
Store the bottle at 4QC add 5ml aseptically to 500ml MEM .  
6. Sodium bicorbonate 
Store at 4QC and add 1 Oml to 500ml MEM.  
7.1 0x MEM: 
Add 50ml  to  400ml of ster i le  water and store at 4QC . 
Or else buy 1 x MEM.  
MEM made up  as fol lows : 
400 ml steri le water or 1 X M EM 
50ml- 1 OX MEM to 400m l  water to make up MEM. 
1 Oml-sod ium bicarbonate. 
5mi-Non essential med ium .  
5ml  -Giutamax.  
5mi-PenStrep 
200 � 1-Fungizone. 
Thaw al l  the requ i red chemicals at room temperature or at 37QC. Wipe al l  the 
contai ners with alcohol and make up the media in  a laminar flow and kept at 37QC for 
immed iate use or stored at 4QC for further use . 

Passage of Vero cel ls: 
Reagents Required : 

1 .  MEM with 2% (Advanced medium) or 1 0% Foetal calf serum.  
2 .  EDTA/ Trypsin ( 1 0X- al iquots of 2ml/ 1 8ml steri le water) . 
3 .  1 8  ml  sterile water in un iversals. 
4. Steri le PBS 1 x (1 0 ml of 1 OX in 1 OOml steri le water) . 

Equ ipment Required : 
1 .  Steri le work station or Biohazard cabinet. 
2 .  I ncubator 37QC, 5% C02. 
3 .  Water bath . 
4. Microscope. 
5 .  Centrifuge.  
6 .  Tissues Paper towels for wipe 
7 .  Cel l  counter 8 .  Cel l  culture F lasks (75ml ,  30ml ,  1 Oml) .  
9 .  Steri le Pipettes - 1 Oml ,  5ml ,  20ml .  



1 0. Gloves. 
1 1 .  Steri le  Un iversals (20ml} .  
1 2 . Discard bucket. 
1 3 . Neubauer Counting chamber. 
1 4. 70% ethanol . 
Trypsinising cel ls:  
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Check t he  cel l  the monolayer for bacteria l ,  fungal and foci of cel l necrosis which wi l l  be 
seen as turbid with bacteria, white demarcated foci sometimes hyphe for fung i .  Necrosis 
indicates cytopathic effect of virus. D iscard al l the flasks showing such lesions. 
When monolayer is healthy then proceed to the following steps. 
1 .  Warm m edia, 1 5  PBS , water in un iversals ( 1 8ml) and EDTA/ Trypsi n  to 37oC in water 
bath or incubator (wipe all the containers with 70% ethanol before use) . 
2 .  Careful ly decant old media from the flask into discarding bucket (Container with a funnel)  
and avoid splashing and cross contaminat ion) .  
3.  Wash monolayers with 1% PBS. 
4 .  Add 2m l  E DTA to 1 8m l  sterile water ( u n iversals) and add sufficient amount to flask (75 
ml/ 1 Oml ,  30ml/7ml ,  1 Oml/5ml ) .  Leave for 1 minute and d iscard leaving enough to cover 
the monolayer. 
5.  Leave the flasks at 37C unti l cells detach from the surface (Check u nder microscope 
and give a gentle tap on the flask) . 
6. When a l l  the cel ls are detached add 5ml of MEM to stop trypsin isation ( lengthy 
trypsin isat ion may be toxic to cel ls) .  
7 .  Optional (centrifuge the cel ls at 1 200rpm discard the supernatant and resuspend i n  5ml 
MEM.  
8.  Cel l counting :  
A. place cover s l ip on cel l  counting Chamber, add a drop of cell suspension to counting 
chamber with a steri le Pasteur pipette . Allow the fluid to flow under cover sl ip by capi l lary 
action . 
B. counts the cells in the large corner squares (WBC) each square has 1 6  cel ls . 
C. take the mean number of cel ls per square which gives cel ls x 1 0  4/m l .  
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