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Abstract:
Two separate studies were conducted to investigate the impact of coccidiosis in

young calves. In one study calves were reared to weaning (100kg liveweight)
by feeding meal with or without monensin added. The oocyst counts were low
in both groups up to weaning and there was no statistically significant (p<0.05)
improvement in terms of body weight or a decline in oocyst counts in the
monensin-treated group At weaning a single dose of toltrazuril (20mg/kg) was
given to half the calves in both groups. A similar treatment regime was given in
a second study where calves had been raised to weaning by commercial calf
rearers. Half of these were treated with toltrazuril (20mg/kg) and half not. In
both studies there was a statistically significant (p<0.001) reduction in oocyst
counts in treated calves which remained very low for 4-5 weeks post treatment.
The treatment also significantly increased (p<0.001) weight gains in treated
calves by 3-5kgs at 5-6 weeks post treatment. The coccidial status of other
calves on a variety of farms were also monitored including a group of organic
beef farms. High oocyst counts were noted on occasions where calves were not
on anti-coccidial treatment. Low oocyst counts were noted in adult cows where
they were examined. The two most prevalent species overall were Eimeria
zuernii (95%) and E. bovis (87%) followed by E. auburnensis (62%), E.
cylindrica (42%), E. canadensis (31%), E. wyomingensis (23%), E.
bukidnonensis (36%), E. ellipsoidalis (24%) E. alabamensis (12%), E.
brasiliensis (12%), and E. subspherica (27%). The most predominant species,
measured as the most numerous oocysts overall, were E. bovis (31%) followed
by E. zuernii (27%), E. auburnensis (13%), 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
prevalent species were also the most pathogenic species. On many occasions
calves were infected with more than one species, sometimes as many as 5-6
Eimeria species. A redescription of the 11 species of Eimeria in cattle identified

from New Zealand Farms was made.



Acknowledgements

From the inner depths of my heart | give all glory and praises to the god
almighty for this work has been accomplished by his ever lasting mercy and
abundant compassion.

| take this opportunity to extend my deep sense of gratitude to my supervisor
Dr. Bill Pomroy, Associate Professor, IVABS, Massey University , for his
academic guidance interns of constructive criticism, valuable suggestions,
patience and inspiration of ideas in bringing the thesis into a final shape.

I am immensely grateful to Co-supervisor, Dr. lan Scott, Senior Lecturer,
Parasitology, IVABS, Massey University for his valuable suggestions, and
support given in prosecution of these studies.

I am pleased to record my sincere thanks to, Professor Keith Thompson,
Pathobiology, IVABS, Massey for his encouragement to join this programme.

It gives me pleasure to acknowledge the elderly guidance and love given by
Assistant professor Maurice Alley and wife Dorothy, and Senior Lecturer Mark
G Collett and wife Jenny Collett.

| take it as a privilege to express my heartfelt thanks to Dr.Nicolas Lopez-
Villalobos, Statistician, IVABS, and Massey for timely help in analysis of data.

Sincere thanks are due to technicians Barbara Adlington, Anne Tunnicliffe and
Dianne Knight who created pleasant friendly atmosphere in the lab and their
prompt help every time. Special thanks to Brian Devantier AgResearch, who
helped in procuring samples from organic farms.

I wish to place on my record my feelings, heartfelt affection to my friends and
well wishers Chioma, Kalyani, Rao & Kavitha,Angraj&Lavanya,Ravi& Valli,
Sushanthi & Arun, Ruth, Sharma, Dipti, Lyla, Quais, Jerusha & Kiran, Satya, Yi,
Martin, Stuart, Mike, Pat, Evelyn and friends from church — Edith , Ramsay,
Kerry for their encouragement given to me.

I hereby acknowledge my sister Myna and Willy and daughter Kiwiana for their
affection and help.

| heartly express my earnest gratitude to my beloved Husband Jacob, parents
and my daughters —Annie, Jhansi and Margarette for their lasting love, care and
who have constantly been a great source of encouragement in my life.

At last it will be incomplete if | say no thanks to Purchasing officer Peter
Wildbore and computer staff Quentin, Andrew, and Andrea for their help.

The financial support provided through FRST by the Department of education,
New Zealand and Bayer’s Ltd is greatly acknowledged.

I thank ONE and ALL that made their contribution for my research work.



11

LIST OF CONTENTS

S ][R OO N US——————C S —— |
ACKNOWLEDGEMENTS ....coooiiiiiiieieieiiie ittt eas s |
LIST OF CONTENTS ... iiiiiiieee e ettt e e e e e e et aae e e e e e e e e enab e e e e e e e e e e e s s enssssssaeeeeeeas I
LISTRNOF TABRES . ... e . 5. . 50 . S s s« Moo s i VIl
LIST OF FIGURES . ....oti ettt ettt et e e b ta et sa e e e sbeeeraaeneesnnee s X
LR TR O P T e R e T - - - - - 3 ST B -« 5557 -+ Xl
ABREVIATIONS . ..ottt bt XIV
CHAPTER 1: REVIEW OF LITERATURE. ..t ttitttetee et 1
1 INITOAUCHION: oo 1
LI I - o] 0 o] 1 4|V U PRPUR PRI 1
1.2. Life cycCle of EiMeria: ..........ccccuuviiiiiiiiie e 1
1.2.1. ASEXUAI CYCI: oo 2

1.2.2. Sexual generation: .......ccccoooeiiiiiiii e 8

1.2.3. SPOrulation: ...t 3

1.2.4. Factors affecting the life cycle of Eimeria species:......................... 3

1.3, PathOgeniCIty: . oooiiiiieii i 4
1.4. Faecal consistency and oocyst numbers: .............ccoeeeeeiiiiiiiiiiiiiieee e 4
1.5.1. Environmental factors: . ... 9
1.5.1.1: Rate of sporulation and survival of oocyst: .........c..ccceeeiinnnnnn, 9

1.5, 2. HYQIBNE: o i 9

18 THEE FOMREEET . . coimmusr - mme e - === veeee o e o oo s+« + o 10

1.5.2. ANIMal FACIOrS ... e 10

1.5.2.1. Adult cattle serve as a source of infection: ........................... 10

1.5.2.2. Age and immune status of calves:...........cccoeeeeeieiiiiiiiiieie 10

1.6. Control of COCCIAIOSIS: .....ovvviiieiiiiiieieieieieeeee e 11

1.7. ANtiCOCCIAIAl DIUQGS: .. . 15
1.7.1. SUlpha drugs: ... 15

1.7, 2. IONOPNOIES: ..t 15
1.7.2. 0. MONENSIN: ... 16

1.7.3. TORIAZUIIL .o e 22
1.7.3.4. Single dose treatment of toltrazuril: ..............cooonn 22

1.7.3.5. Toltrazuril treatment and immunity:................o.ooiiiienno 23

1.7.3.6. Toltrazuril and weight gains: ............ccciiiiie 23

1.8. ImmuNity 10 COCCIAIA: ... oo 23
1.8.1. Role of maternal antibodies:...........ccoooeieiiiiiiiiiiiiiieieeeeeeeee e 23

1.8.2. Role of sexual stages in development of immunity: .................... 24

1.8.3. IMmMUNity 10 E. DOVIS: ..o, 24

1.8.4. D0se Of INOCUIUM:.....oooiiiiiiiii e 24

1.8.5. Immunity to other species: E. zuernii:...............cccceeeeeeeeeeiiinnnnn... 24

1.8.5. a. Site of immune reaction:......................cco 25

1.8.5. b. Immune mechanism: ... 25

1.8.6. Duration of immunity: ... 28

1.8.7. Cell mediated immuNity: .........ccccooiiiiiii 28

1.8.8. Components of humoral immunity:.....................cc 29

1.8.9. Estimation of immunity: ..........ccccociiiiiiiie e 29

1.8.9. a. Neutralization and precipitation test:.................ccccoeneen. 29



1. 8.9, C. ELISA . e 29
1.8.9. d. Western blotting:........oooiiiiiiiiiieii e 30
1.9. Western blotting using E. BOVIS:.........cccovvvieiiiiiiiiiiiiiiiiieeeeeeeee 30
1.10. TISSUE CUIUIE:....oiiiiieii it e e e e e e e e e e e e e eeesaan e eeaenees 30
1.11. Prevalence of Eimeria speciesin cattle: ...........cccooiiiiiiiiiiiiiiiiiiiieiiiis 30
1.11.1. AQE PreValeNCe: ...oooiiiiiiiiieee e 30
1.11.2. The effect of climate on the disease prevalence: ....................... 31
1.11.3. World wide prevalence: ...........cooooiiieiiiiiiiiieeeeeine 31
1.11.4. Prevalence in New Zealand: ...............cooooiiiiiiiiiiiiiiiiiiiieeee 31
1.12. Multiple species in 0Ne SamMPIE: ........uuiiiiiiiiiiiiiie e L
1.13. Species DeSCriPtiONS: .....cuuviiiiiiiieceie e 35
1.13.1. Eimeria species without micropylar cap: .........ccceevvvviiiieeeeeeecenn, 36
1.13.1. a. Eimeria SUDSPRErICA: .............ccccoiiiiiiiiiiiiiiiiiiieeeeeeeeee 36
1.13.1. b. Eimeria ellipsoidalis: ...................ccccccoeeiiiiiiiiiiiiiiaeiieeeeee 37
1.13.1. c. Eimeria zuernii (Rivolta 1878) Martin, 1909 ........................ 37
1.13.1. d. Eimeria cylindrica Wilson, 19671 .........ccccoiiiiiiiieeieeieeeeein, 87
1.13.1. e. Eimeria alabamensis: ...................cccccceveeeeeceeeeeeeeeee e &7
1.13.2. Eimeria species with micropylar cap: .........cccooeeeiiiieiiiiiieicinnnns 38
1.13.2. @. EIMEria BOVIS: ..........oveiiiiiiiiiiiiiiiiiee e 38
1.13.2. b. Eimeria canadensis: ...........cccooceiuiieeieeeeiiaaiiiieeeeeeeenn 38
1.13.2. c. Eimeria auburnensis (Christensen and Porter, 1939): ........ 38
1.13.2. d. Eimeria buKidnonensis:................cccc.ccuuueuuiiieeaaaaaeeiiecieee 39
1.13.2. e. Eimeria wyomingensis (Huizinga and Winger, 1942):......... 39
1.13.2. f. Eimeria brasSiliensis:.............ccceeeiiiieeiiiiiiiiiiiiieeeeeeeeeeen 40
1,14, CryplOSPOMIQIUM: ........oeeeeiiee i, 46
CHAPTER 2: IDENTIFICATION OF EIMERIA SPECIES IN SEVERAL STUDIES AND A
REDESCRIPTION OF THEIR OOCYST MORPHOLOGY ...coovvviiiiiiieeeiieeeeeeeeeeeeeeeeeeeeeinnnens 48
2.3, RESUNS: ..o 50
2.3.1. Prevalence and predominance of species identified at Massey No.4 Farm
.......................................................................................................................... 50
2.3.2. Prevalence and predominance of Eimeria species identified at Tuapaka
Farm (See Chapter 4): .. ... oo 50
2.3.3. Prevalence and Predominance of Species identified in studies on other
farms (S€€ Chapter B): .. ..o 51
2.3.4. Prevalence and Predominance over the 3 studies...............ccoovvvvvvnnnnnn.. 52
2.4.5pecies DesCription: . ... 52
2.4.1. E. alabamensis, Christensen, 1941 . ... 55
2.4.2. E. auburnensis, Christensen and Porter, 1939............cccccevveeee. 55
2.4.3. E. bovis: (Zublin, 1908), Fiebiger, 1912.........ccccccvvvvrvrriiiiiiieeeeeeen, 55
2.4.4. E. brasiliensis: Torresand Ramos, 1969..........ccccoviiiiiiiiiniennnnnn. 56
2.4.5. E. bukidnonensis, Tabangui, 1931. ..o, 56
2.4.6. E. canadensis, Bruce, 1921, . ..o, S
2.4.7. E. cylindrica, Wilson, 19671, .......ccoooiiiiiiiiiiieee e 58
2.4.8. E. ellipsoidalis, Becker, Frye, 1929. ......cccooiiiiiiiiiiiiiiiiiee e, 58
2.4.9. E. subspherica, Christensen, 1941 ............ccccouuuieiiieeeeeeeen. 58
2.4.10. E. wyomingensis, Huizinga and Winger, 1942, .......................... 89
2.4.11. E. zuernii, (Rivolta, 1878) Martin, 1909. ............ccooviiiiieeeeeien, 59
CHAPTER 3. STUDY AT MASSEY NUMBER 4 DAIRY FARM. .....covviiiiiiiiiiiiiiiiiiiieee e 69
I I [ 0] (oo [V T3 { 1] o NSO PP PP PP PP PP PR PPPRPPPPP 69
3.2. Materials and Methods:..........oooiiiiiiiiiii e 69

3.2. 2. Paddock preparation and sub division:.............c.ccc.oeeeeieeiiiiinnnnnn. 70



3.2.3. Husbandry practiCes:..........oouvuiiiiiiiiiiiiiiiiieeeeeeee 70

3. 2.4. Sample COIECHION: ..........uuiiiiiiie e 71
3.2.5. Examination of individual samples: ............cccoveiieeeiiiiiiiiiiiie e 71
3.3 Statistical @NalYSiS:.......uuiiiiiiiiiiiiiii e 72
3.3.1. Faecal 00CYySt COUNES:.........ooimiiiiicece e 72
3.3.2. LIVe WEIGNT: ...t 74

3.3.3. Combined effect of two anti-coccidial treatments on oocyst counts
UP 10 WBANING: ...ttt et e e e e e e e e e e e e e 73
3.4 RESUNS . i et e e e e e e e e %3
3.4.1. Oocyst counts up to weaning: .............ceeoeeeiiiiiii 73
3.4.2. Oocyst counts after weaning: ..........ccc.ooeeviviiiiiiiiiieeee e 77

3.4.3. Live weight of the calves up toweaning:..............oooovvvvieiieennnn. 81
3.4.4. Live weights after weaning: ...........ccccooooeeiiiiie 83
3.4.5. Cryptosporidium and Giardia reSultS: ..........ccccovvvvieeeeieeeiiiiinen... 85
3.5, DS CUSSION ....e ittt e e e e e e e e e e e e e 88
CHAPTER 4: EXPERIMENT AT TUAPAKA: «..ii ittt e e e e e e eaaaa e 93
i I 0] { fe o [F o3 (o o NN PO UUUURR PP 93
4.2 Materials and MethOdS:...........ooiiiiiiiiiiiie e 93
4.21. Farmand AniMals .......coooooiiiiiie e 93
4.2.2. Experimental Schedule: ............iiiiiiiieiiiiii 94
4.2.3 O0CYSt COUNES: ..ot e S1S)
4.2.4. SpeCies PrevalencCe: ........coooovvviiiiiiiiii e 95
4.2.5. Faecal CONSIStENCY: . ....u i 95
4.2.6. Statistical analysis of faecal oocyst counts:................oovvvveeeeennnn. 95
4.2.7. Statistical analysis of Live Weights:............ccvviiiiiiiiiiiiceeen. 96
4.2.8. Statistical analysis of faecal consistency:..............cccccovvevvviiee.. 96
4. 3. RESUIS ... 96
4.3.1 Faecal 00CYSt COUNTS ......oiiiiiiiiiiiiii e, 96

4.3.2. Liveweights of calves: ..........ccccccovvveiii 101
4.3.3. Faecal consistency and oocyst cCounts:................ccoevviiiieeeeennn, 104
4.4, DISCUSSION. ...ttt 106
CHAPTER 5: STUDY OF COCCIDIOSIS AND OOCYST SHEDDING ON VARIOUS BEEF FARMS
........................................................................................................................ 108
5.1 INrOAUCHION: ..o e 108
5.2. Materials and methods:...........oooiiiiiiiii i 108
5.2.1 Massey University Calves: .........coooioiiiiiiiiiiiiiieeee e 108
5.220rganic Beef Farms ... 109
5.2.3 Commercial Calf Rearers and Farmers:...............ccooovvvvvvieennnnnnn.. 109
5.2.4: Statistical AnalysisS:............coooiii 110
5.2.5. Prevalence and species identification: .................ccccoiieeee 110

Ba3. ROBUINS: ... covmmamsms s mwmmms s am o wwwwssweanmsess 5 8 ST SRRl < ST 5 0 o e o 111
5.3.1 Massey University Farm:...........cccoooiiiiiiiiiee e 111
5.3.2. Study of Organic Beef Farms: ............cooooeiiieii 113
5.3.3. Commercial Calf Rearers and Farmers:............cccc.cooooeiv 117
(@) Apiti commercial calf rearer:...........ccooeeieeiiiiiiiiiie e 117
(b) Stafford commercial farm: ... 117
(c) Alley commercial farm:..........cccoooiiiiiiii 118
5.4. Prevalence Species identified on other farms:............cccoeeoeieiiiiiiiiiiiien, 118
5.0, DISCUSSION .. et e e e e e e e e e e e e e 120
5.6, CONCIUSIONS: ..ot 122

CHAPTER 6: WESTERN BLOTTING: .eeittvtiiiiiieieieeeeeeeeeeeeeeesesseeeeseaseasaeassssassaseseeeees 123



\%

B.1. INtrOAUCTHION: . ettt e e e e eeeas 123
6.2. Materials and methodS:..........coooiiiiiiiiiiiiie e 1128
B.2.1. Parasites: .....uui e 124
6.2.2. Production of parasite antigens:..........cccccoeeeeeieeiiiieeee 124
6.2.2.1 FreNCN PreSS: .ceuiiiiiiiiiiiiieieie et 124
6.2.2.2. Vortexing with glass beads: ...............ccoooiviiiiiiieeiiie 124
6.2.2.3. Freezing and thawing: ... 124

6.2.2.4 Combination of vortexing with glass beads, freezing and
thawing, and SONICAtION: ........cooiiiiiiiiiiieee e 25
6.2.2.5 Tissu€ CUUIING: . ..coiiiieiiiieiee e, 125
6.2.3. Western Blotting: ........oooviiiiiiiieee e 126
B.3. RESUIS: .. e 27
6.3.1. French press Celli...........uuuuiiiiiiiiiiiiiiiiiiiiieiee e 127
6.3.2. Vortexing with glass beads:..........cccccooviiiiiiiii 127
6.3.3. Freeze -thaw. .......cooociiiiiiiiiiiiiiecrec s e 127
6.3.4. Combination of Vortexing, freeze- thawing, and sonication........ 12%
6.3.5. TISSUE CUIUINING: ..o 128
B.4. DiSCUSSION ...ttt 130
CHAPTER 7: FINAL DISCUSSION: ... ettt e et 132
7.1. Pattern of oocyst shedding and monensin treatment:.............................. 132
7.2. Weight up 10 Weaning:......coooiiii oo 133
7.3. Single oral treatment at weaning and oocyst shedding after treatment:... 134
7.4. Weight gain with toItrazuril: ............ooveeiiiiiiiiie e 134
7.5. Stress around WeaNING: .....oooiiiiiiiiiiie e 135
7.6. Management On farm. ... 136
7.7. Prevalence and Predominance of Eimeria SpPeCi€S:.............ccccovvveeeeernnnnns 136
7.8. Western BIOtiNG: ... ...ooiiiiiiiiii e 137



VI

LIST OF APPENDICES
Appendix. 2.1. O0CYSt COUNTS:......ciiiiiiiiitiiiiie et 138
Appendix. 2.1.1. Method Of Identification Of Species:...........cccccccoiiiiinnn.n. 138
Appendix. 2.2. Table Showing Multiple Species Present In Calves: Note:
Numbers Followed By T Are Animal NO.S ... 139
Appendix. 2. 3. Species Measurements : Note: L=Length, W=Width, R= Ratio
o U R 148
Appendix 2.4.1. Oocysts Identified To Species From The Study On Massey
University NO. 4 Dairy Farm. ... 154
Appendix 2.4.2. Oocyst Identification From Calves From Tuapaka Farm. In
Total 23 Faecal Samples Were Examined..............cccceeeiiiiiiiiiiiiee e 1566
Appendix 3.1. Calf Treatment: ... 159
Appendix 3.1.A. Calf Performance 20% Pellets ..........cccccoviiiiiiiiiiiiiiii. 159
Appendix 3.1. B. Baycox (Toltrazuril) Specifications:.............ccceeeeeeeeeeeennen.n. 159
Appendix 3.2. Feeding Schedule Of The Calves. ........cccovvvvvveviiiiiiiiiiiin 160
APPENAIX 3.3, SOPS ittt s 163
Appendix 3.3.1.00CYSt COUNtING .. ciiiiiiiiiiiiiiiii e 163
Appendix 3.3.2. Separation Of Oocysts For Sporulation For Samples > 100 Opg:
........................................................................................................................ 164
Appendix 3.3.3. Recovery Of Sporulated Oocysts:........cccoeeeeeeeeeeeeieeeeeeeeeenn. 164

Appendix 3.3.4. Staining Of Cryptosporidium Oocysts By A Modified Zeihl
NEIISON TECANMIQUE: ....eeeiiiiieiee e e e 164

Appendix 3.3.5. Merifluor (Meridian Diagnostics) Cryptosporidium/ Giardia,
Direct Immunofluorescent Detection Procedure For The Simultaneous Detection

Of Cryptosporidium Oocysts And Giardia Cysts In Faecal Material. ............... 166
Appendix 3.4.1. Oocyst Counts Up To Weaning:..........ccocevuvieeiiiiiiiieanniinneennn 167
Appendix 3.4. 2. Weekly Average Oocyst Counts Of Calves Up To Weaning
(GFOUP WIS i ittt e ae e 168
Appendix 3.4.3. Statistical Analysis For Group Wise Oocyst Counts Up To
WeaANING: ... 169
Appendix 3.4.4. Oocyst Counts Up To Weaning (Treatment Wise): ............... 171
Appendix 3.5.1. Oocyst Counts After Weaning Showing The Status Of Two
(Anti-Coccidials Treatment) .o 172
Appendix 3. 5. 2. Weekly Average Weights After Weaning ............cccccccceeee.n. 172
Appendix 3.5.3: Statistical Analysis Of Oocyst Counts After Weaning:........... 173
Appendix 3.5.4. Statistical Analysis Of Oocyst Counts With Two Anti -

(O oloTe] o |- 1 £ 174
Appendix 3.6.1. Live Weights Of Individual Calves Up To Weaning (Group
WIS e 176

Appendix 3.6.2. Group Mean Weekly Live Weights Up To Weaning: ............ 176



VII

Appendix 3.6.3.Statistical Analysis Of Live Weights Up To Weaning (Treatment

LT LSY=) PPN W47
Appendix 3.6.4. Statistical Analysis Of Weight Group Wise Up To Weaning:.178
Appendix 3.6.5. Weight Of Calves After Weaning:.........c.cocccccovniiiiiiiiiniineenn. 180
Appendix 3.6. 6. Weekly Average Weights After Weaning ............cccccceeeeeee. 180
Appendix 3.6.7.Statistical Analysis Adjusted Live Weights: ........................... 181

Appendix 3.7. Comparison Of Monensin Concentration Of Feed Actually
Recquired (100/Kg Feed) And Supplied Based On The Weekly Average

Weights Of The ANIMalS. .....cooveiiiiiiiii e 182
Appendix 4. 1. 1: Oocysts Counts Of Calves: Bc Means Treated With Toltrazuril
And Nbc Means Not Treated With Toltrazuril..............ccoooiiiiiii, 183
Appendix 4.1.2. Statistical Analysis Of Oocyst Counts: ............ccccvveiieeieeennns 185
Appendix 4.2. 1. Live Weights Of Calves:.........ccccccoviiiiiiiiiiiiieeiieeee 187
Appendix 4.2.2 Average Weekly Weight Of Calves: ........c..cccccoviiiiiiiiinnnn, 188
Appendix 4.2.3. Statistical Analysis Of Liveweights: ...........cccccoviiiiiiiiiiiinnn.n. 189
Appendix 4.2. 1. Live Weights Of Calves Treated With Toltrazuril At Weaning:

........................................................................................................................ 194
Appendix 4.2.2 Average Weekly Weight Of Calves: ............ccceeeeeiiiiiiiiiiinnn, 196
Appendix 4.2.3. Statistical Analysis Of Live Weights: ...........ccccooiiiiiiiiiinnn.n. 196
Appendix 4.3. Faecal Consistency And Oocyst Counts:..........cccccuvvviieiennnnnnn. 199
Appendix 4.4 Statistical Analysis Of Faecal Consistency: .............ccoccoceeee... 200

Appendix. 5.1: Oocyst Counts From Ballantrae Hill Country Research Station.

Appendix 5.2: Table Showing The Details Of Combined No Chemicals
(Nc1+Nc2 And Combined Conventional (Co1+Co2) Of Calves And Dams At

Ballantrae . ..o e 204
Appendix 5.3: Statistical Analysis Of Ballantrae Farm: ..........ccccocooeiiiiiiinn. 204
Appendix 6.1. Cleaning Of OOCYStS: .....ccooiiiiiiiiiiiiee e, 209
Appendix 6.2. VOMEXING: . ...oouu i 209
Appendix 6.3.Western BIotting: .......ooooiiiiiiii 210
Appendix 6.4.Tissue Culture Technique For Eimeria.............ccccccccoouiiiaiennnn.n. 213

R EFERENCES MM ool Bl s o o s’ St B e 215



VIII

LIST OF TABLES

1.5. Factors influencing the epidemiology:...........cooviiiiiiiiiiiiiiiiiiiee e 9
Table1.1: Life cycle of different bovine Eimeria species: Note: LG=low Grade,
HG= High Grade, PP= Prepatent Period ...........cceeviiiiiiiiiiiii e 8
Table 1.2: A summary of some experiments investigating the pathophysiology
of different bovine Eimeria SPeCIES: ..........uuviiieiiiiiiiiiiiiiiiieeeee e 14
Table 1.3 : Summary of trials where monensin has been used to control
(o] Lole] [ |- WA P PP P PURPPPRUPRRRR 21
Table 1.4: Summary of various reports on the development of immunity to E.
DOVIS. ettt e e e e e e e e e e e e e e e aaaaaaaas 27
Table 1.5: summary of various reports on the Percent prevalence of bovine
EMEeria SPECIES. ....eeeiiiiiiiieee et e e 34

Table 1.6: Morphological characteristics 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. ................... 45

Table 4. 1: Type 3 tests of fixed effects of time series analysis for oocyst counts
for calves from Group A and B treated or not treated at weaning with
toltrazuril. Week = week of experiment, Treat = toltrazuril treatment and
Group = GroUP A Or B oo 97

Table 4. 2: The repeated analysis variance of live weights of calves adjusted for
initial liveweight (liveweight week 0) showing the effect of treatment with
toltrazuril (‘treat”), “group” (Group A and Group B), time by week post
treatment (“week”) and the interaction of group, treatment and week
("group*treat*week) on the live weight. ..........cccoiiiiiiiiiiiiii e 101

Figure 4. 6: Comparison of arithmetic mean live weights of Group A calves
either treated with toltrazuril at weaning (AT) or not treated with toltrazuril
(ANT). Each group comprised 15 animals. ......cccceeeiveviiiiieineeceeiee e 102

Table 4. 3: Faecal consistency and the oocyst counts of the calves............... 104

Table 4. 4: Correlation coefficients of faecal oocyst counts. Note: Fc- faecal
consistency, Foc=Faecal oocyst counts, Sr = Square root, P=Probability

................................................................................................................. 104
Table 4. 5: Comparison of faecal consistency and faecal oocyst counts. ....... 105
Figure 4. 10: Comparison of faecal consistency solid (1), semi solid (2) and fluid

(3) and oocyst counts of 127 CalIVES. ....ccceeeiiiiiiiiiiiieeeecei e, 105
Table 5. 1a: Counts (oocysts/g) of conventional calves (n=10) on Massey

University Dairy Research Unit. ... 111
Table 5. 1b: Oocyst counts (oocysts/g) of conventional calves (n=10) and cows

(n=10) on Massey No. 4 .Dairy Farm...........cooovviiiiiiieiiiiiicieee e, 111
Table 5.2: Oocyst counts of calves (n=16) raised organically at Massey

University Dairy Research Unit. ..o 112

Table 5. 3 : Oocyst counts oocysts/g of calves, their dams and autumn born
bull calves estimated on up to 3 occasions on Farm B. Note: *-* means no
sample is obtained. ...........coooiiiiiiiii e 3

Table 5. 3 : Oocyst counts oocysts/g of calves, their dams and autumn born
bull calves estimated on up to 3 occasions on Farm B. Note: *-* means no
sample IS obtained. .........oooiiiii e 114

(b) Ballantrae Hill Country Research Station: ............ccccoevveviiiiiiiieeeeiiiiinnn, 114

Table 5.4: Arithmetic Mean oocyst counts (ocysts/g)of No Chemical organic
calves(NC-C), their dams (NC-D) and Conventional calves (CO-C), and



IX

their dams (CO-D) from farmlets at Ballantrae Hill Country Research

SHAION. ..o 114
Table 5.5: Type 3 tests of fixed effects of time series analysis for oocyst....... 115
Table 5.6: Type 3 tests of fixed effects of time series analysis for oocyst counts

of cows on Ballantrae farm. ... 116
Table 5.7: Oocyst counts (oocysts/g) of calves on Stafford commercial farm.117
Table 5.8: Oocyst counts (oocysts/g) of calves from Alley...........cc.evvvvvvvvnenee. 118

Table 5.9: Total Counts of species identified from different animals on different
farms. Note: B=Farm B, Ball=Ballantrae ............ccoovveeieiioeiiieiieeee 119



LIST OF FIGURES
Figure 3. 1: Comparison of arithmetic mean oocyst counts of groups of calves
up to weaning fed meal containing monensin (M) and calves fed meal
without monensin (NM). Each group (G1-3) comprising 4 calves. ............. 74
Figure 3. 2: Comparison of least square mean oocyst counts of groups of calves
up to weaning fed meal containing monensin (M) and calves fed meal
without monensin (NM). Each group (G1-3) comprising 4 calves.............. 75
Figure 3. 3: Comparison of arithmetic mean oocyst counts of calves up to
weaning fed meal containing monensin (M) and calves fed meal without
monensin (NM) by sampling occasion. Calves were sampled twice a week
for the first 3 weeks and then once a week. Each group consisted of 12
=Y o1 00 F= £ PP e
Figure 3. 4. Comparison of least square mean oocyst counts of calves up to
weaning either fed meal containing monensin (M) or fed meal without
monensin (NM). Each group consisted of 12 animals. The error bars
represent the standard error. ..........ooiiiiiiiiiii e 76
Figure 3. 5: Monensin consumption (mg/kg feed) compared to required
consumption by calves preweaning based on their weekly average live
WeIGNES 77
Figure 3. 6: Arithmetic mean of oocyst counts for calves after weaning either
treated with toltrazuril 20 mg/kg body weight or not treated with toltrazuril,
each group consisting 12 animals. Treatment on Week Zero. ................... 78
Figure 3. 7: Least square mean oocyst counts for calves after weaning, either
treated with toltrazuril or not treated with toltrazuril, each group consisting
of 12 animals. Note : Treatment given at 0 Week. ..........ccccccoiiiiiiiiiiiininnee. 78
Figure 3. 8: Comparison of the arithmetic mean oocyst counts of 4 groups
treated with both anticoccidials ( toltrazuril+ monensin = T+M), not treated
with either drugs (NM +NT), treated with only one anticoccidial at least
(NM+T) = treated with toltrazuril only; treated with monensin only( M+NT).

Figure 3. 9: Comparison of arithmetic mean live weights of calves fed pellets
containing monensin (MG1, MG2, and MG3) and calves fed pellets without
monensin (NMG1, NMG2, NMG3). Each group comprised 4 calves........ 82

Figure 3. 10: Comparison of Least square mean live weights of calves (Error
bars represent SE) either fed pellets containing monensin (M) or fed pellets
without (NM). Each treatment consisting of 12 animals...................cccc...... 83

Figure 3. 11: Arithmetic mean live weights of calves after weaning either treated
with toltrazuril 20mg /kg at the time of weaning (T) or not treated (NT).
Each group consisted of 12 animals. ............eeeiiieiiiiiiiiiii 84

Figure 3. 12: Least square mean weights for a ccomparison of 2 groups of
calves either treated at weaning with toltrazuril (T) or not treated with
toltrazuril (NT) with live weights adjusted for initial weights. Each group

consisted Of 12 anNIMalS. ........uuuuiiiiiieiii e 85
Figure 3. 13: Status of Cryptosporidium infections in calves up to 5 weeks of
ODSEIVAtION. ..o 86

Figure 4. 1: Comparison of arithmetic mean oocyst counts of Group A calves
treated at weaning (Week 0) with toltrazuril 20mg/kg body weight (AT) or
not treated with toltrazuril (ANT). Each group comprised 15 calves. ........ 98



X1

Figure 4. 2: Comparison of arithmetic mean oocyst counts of Group B calves
treated at weaning (week 0) with toltrazuril (BT) or not treated with
toltrazuril (BNT). Each group comprised15 calves. .........cccooeeeeeeiiiiiiieeennnnn. 98

Figure 4. 3: Comparison of Means of Group A treated with toltrazuril (AT),
Group A not treated with toltrazuril (ANT), Group B treated with toltrazuril
(BT) or Group B not treated with toltrazuril (BNT) and Group C not treated
with toltrazuril (CNT) Each group comprised 15 animals except group C of
271 CAIVES . . 99

Figure 4. 4: Comparison of Least Square Mean oocyst count (+/-) of Group A
treated with toltrazuril (AT), Group A not treated with toltrazuril (ANT). Each
group comprised 15 animals. Error bars represent Standard Error. ........ 100

Figure 4. 5: Comparison of Least Square Mean oocyst count (+/-) of Group B
treated with toltrazuril (BT) or Group B not treated with toltrazuril (BNT).
Each group comprised 15 animals. Error bars represent Standard Error.100

Figure 4. 6: Comparison of arithmetic mean live weights of Group A calves
either treated with toltrazuril at weaning (AT) or not treated with toltrazuril
(ANT). Each group comprised 15 animals. .........ccccovveiieiiiiiiiniiiiieeen. 102

Figure 4. 7. Comparison of live weights of group B calves treated with toltrazuril
(BT) or not treated with toltrazuril (BNT). Each group comprised of 15
ANIMAIS. e 102

Figure 4. 8: Comparison of LSM live weights, of Group A calves treated with
toltrazuril (AT) and not treated with toltrazuril (ANT). Each group comprised
15 @NIMAIS e 103

Figure 4. 9: Comparison of LSM live weights, of Group B calves not treated with
toltrazuril (BNT) and treated with toltrazuril (BT). Each group comprised 15

animals. Error bars represent SE..............oooiiiiiiiiie e 103
Figure 4. 10: Comparison of faecal consistency solid (1), semi solid (2) and fluid
(3) and oocyst counts of 127 CalVES. .......oovvvvviiiiiiiiiiiiiieeeeeeeeeeeeeee 105

Figure 5. 1: Comparison of Mean oocyst counts of No Chemical organic calves
(NC-C) , their dams(NC-D) and Conventional calves( CO-C) , their
dams(CO-D) on 3 sampling occasions (1-Sep, 2-Dec, 3-Mar)................. 116

Figure 5. 2 :Comparison of log-transformed oocyst counts of No Chemical
organic calves (NC-C) , their dams (NC-D) and Conventional calves ( CO-
C) , their dams (CO-D) on 3 sampling occasions (1-Sep, 2-Dec, 3-Mar).
Note:Foc=Faecal oocyst count, Ln =10Q. ..........coooiiiiiiiiiiiiiiiiiiee e 116

Figure 6. 1: Silver stained SDS-PAGE gels. Lanes 1-3 contain proteins from
MDBK culture containing Eimeria proteins loaded at volumes of Sul, 10ul
and 20ul per lane. Lanes 4-6 contain proteins from uninfected MDBK
cultures atthe same respective VOIUMES.........cccoeeeeeiiiiiiiiiiiiiiie e, 129

Figure 6. 2: 0.1% Coomassie stained SDS-PAGE gels. Lanes 2-4 contain
proteins from MDBK culture containing Eimeria proteins loaded at volumes
of 20ul, 10ul and 5ul per lane. Lanes 5-7 contain proteins from uninfected
MDBK cultures at the same respective volumes.............ccococeieeiiinenrennne. 129

Figure 6. 3: Different antigenic proteins of Eimeria on Nitrocellulose membrane
from cell culture grown parasites after transfer from SDS-PAGE gels,
stained with 0.2% PONCeau S. ... 130



LIST OF PLATES
Plate1. 1. A structutre of Sporulated Eimeria oocyst - Page 36
Plate 2. 1. Species with Micropyle 1: 61
1. E. auburnensis
2. E. auburnensis
3. E.auburnensis
4. E. auburnensis
5. E. bovis
6. E. bovis
Plate2. 2. Species with Micropyle 2: 62
7. E. canadensis
8. E. canadensis
9. E. canadensis

10. E. wyomingensis
11. E. wyomingensis

Plate 2. 3. Species with Micropyle 3: 63
12. E. bukidnonensis (100 x)
13. E. bukidnonensis
14. E. bukidnonensis
15. E. bukidnonensis

Plate 2. 4. Species with Micropyle 4: 64
16. E. brasiliensis
17. E. brasiliensis
18. E. brasiliensis
19. E. brasiliensis

Plate 2. 5. Species with out Micropyle 1: 65
20. E. cylindrica
21. E. cylindrica
22. E. cylindrica
23. E. cylindrica
24. E. ellipsoidalis
25. E. ellipsoidalis
26. E. ellipsoidalis
27. E. ellipsoidalis



28.
29.
30.
g1.
Plate 2. 6.
32.
88
34.
<iok
36.
87.
38.
39.

E. subspherica
E.subspherica
E .subspherica

E. subspherica

Species with out Micropyle 2:

E. zuernii

E. zuernii

E .zuernii
.zuernii
. alabamensis

E
E
E. alabamensis
E. alabamensis
E

. alabamensis

page 66 & 67

XIII



Abreviations
Sr- Square root
IFAT- Indirect fluorescent antibody Test
DAI- Days After Infection
LG - Low grade
HG - High grade
S.l. - small intestine
P.l1. -Post infection
PP - pre patent
L.A - lasalocid
DEC -Decoquinate
MDBK -Madin-Darby Bovine Kidney
SDS - Sodium Dodecyl! Sulphate
ELISA- Enzyme linked immunosorbant assay
PAGE- polyacrylamide gel electrophoresis
PVDF-Polyvinylidene Fluoride
FOC- Faecal oocyst count
PBL- Peripheral blood Leucocytes
PMN — Peripheral mononuclear Cells
NK — Natural killer cells
|IEL- Intra Epethelial Lymphocytes
CMI- Cell mediated Immunity
IgG, IgA, IgM- Immunoglobulin G, A, M etc.
KDa- KiloDalton
Fc - Faecal Consistency
SE - Standard Error
VERO - African Monkey Kidney Cells
ANOVA - Analysis of variance
CO- Conventional
NC- No Chemical
IELs — Intraepithelial Lymphocytes
P- Probability
LSM- Least square mean

SRT- square root transformation

X1V



XV





