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ABSTRACT 

I nfect i ou s  bovi n e  keratoconj u nc ti viti s ( I BK )  has  been recognised i n  
New Zea l and o n l y  in the pa s t  7 years  a nd there i s  l i t tl e i n forma t i o n  
a va i l a b l e concern i ng e p i demi o l ogi ca l  features  o f  the d i s ease  u nder  
l oca l cond i tions . There  wa s a n  urgent need  for  ra ti ona l control  
mea s u res  to be  formu l a ted a nd for a pre l i minary inve st i gati on  whi c h  
mi ght i ndicate particu l ar aspects  o f  t he  d i s ease  deserving more 
deta i l ed s tudy .  

The f i r s t  o f  two proj ects wa s a po s ta l  s u rvey i nvo l v i ng 400 beef 
farmers i n  the  Huntcrv i l l e  a nd G i s borne di s tric ts. A quest i onnaire 
wa s sent  o u t  to determi ne management pract.i ces v1hi eh rni ght i nfl uence 
the  occu r ren c e  of IBK and to obta i n a n  impression of the  i �pact of the 
d i sea se on the farming i ndustry . The survey res u l ts (72�� respo n s e  
rate ) showed tha t IBK i s  w ide spread in  both areas, appears  to have  
been noticed only within recent years and the annual inc i dence i s  
sti l l  r i s i ng (1% in 197 5  to 28% i n  1980 in the Gisborne area ) .  

Outbreaks fe l low a s ea sona l pattern with ma s t occurring i n  l ate 
summer . All age gro u p s  of ca ttl e may be affected , but morbi d i ty 
rates d i ffer (young  s tock 18%; adults 10%). A greater s u scept ­
i b i l ity of  the  Herefor·cl.breed to  the d·ist:a se wa s  obse rved onl y i n  
the Gi sborne d i strict  . . Di fficu l t i es wi th  stock ma n& gement and 

l ower sa l e  pri ces  were two maj o r  consequence s  of IBK reported a nd 
concern was expres s ed over control measures . On ly  11% of farmers  
rou tinel y  treated cattl e and yet they repo rted that treatment 
improved the recovery rate . 
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The  other proj ect  i nvol ved a s tudy o f  haemo l yti c stra i ns of 
Moraxe Ua bovis i so l a ted from cattl e eyes  a nd the rel a t i o n s h-i p 

o f  i nfect i o n  rates to c l i n i ca l  IBK case s . 

Three 1 oca 1 beef far·mi ng properti es  were chosen beca u s e  of the i r  
prev i ou s  h i s tory o f  IBK and over a 1 year per i od i dent i fi ed a n i ma l s 
were observed for c l i n i ca l  s i gn s  and conj u nct i va l  sac sampl es  were 
co l l ected for c u l ture. Mo�axe l la bovis wa s i dent i fi ed by i ts 
S - haemolys i s ,  co l o ny and orga n i sm  morphology , and Gram negat i ve 
s ta i n i n g c haracter i s t i cs , and  confi rmed b i ochemi call y u s i ng fi ve 
tes ts i nciud i ng a l ka l i ne pepton i za t i o n  of  l i tmus mi l k .  

On l y one farm exper i enced a n  ou tbreak  o f  IBK. The la tter property 
opera ted a feedlo t  system , and ear l y  resu l ts  i mp l i ca ted "carr i er 
ani ma l s" i r. the i n i tia t i on of a new outbreak . The prevalence of 
.�vJ.bovis i sol�ti ons increased approximately one month before any 
c l in i c�1 s i gns were apparent and in fecti o n s remained at  a h i gher level 
t hrou ghout the outbreak. A l arge number of  animal s wl1i ch became infected 
never deve l o ped signs of  the disease. (Peak figures i n  one pen 87% 
infected �nd 55% IBK). Seventy-ei9ht perce nt of those cattle were 

i n fected w i th M.bovis i n  both eyes a t  some t i me,  whereas  onl y 23% 
o f  the cases of IBK were bi latera l . Mcr�:r:el la bovis i nfec ti ons 

decreased s l owl y a fter the peak , but many cattle_ rema i ned infected 

for at  l ea s t  5 months.  

The  widespread nature of  M. bovis infec t i o ns indicated the des i rab i li ty 
for treatment of both eyes  of a l l animal s in a group i f  contro l of  an  
IBK outbreak i s  to  be  a ttempted , but such treatment i s·somet i mes  
impl�acti ca b 1 e. 

More deta i l ed i nv e s tigat ion i s  needed i nto the l oca l  fac tors that are 
responsi ble for converting a l a tent i nfect i on  of M.bovis i nto IBK. 
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GENERAL I NTRODUCT I ON 

I nfect i ous  bov i ne  keratoconj unct i v i t i s  ( I BK )  or P i n keye , i s  a n  
e s tab l i s hed wor l d w i de a n i ma l  h ea l th p robl em i n  catt l e ( B i l l i n gs�2 

1889 ) ,  b u t  i n  New Zea l and i t  has become apparent  a s  a matter  of  
concern on ly  i n  recent  yea rs . Vari ous  reports sugges t that the  
d i s ea se  f i rs t  became ev i dent about  1 973- 19 74 ( Cooper , pers.comm . ) ,  
a nd  s ubsequent l y there has  been a rap i d ri se  i n  the yea r l y  i nc i dence 
(Corri n�4 1980 ; Harri s � 1 1980 ) . 

The  i nves ti gat i on  i n to the IBK p robl �m i n  New Zea l and  upon wh i ch 
the fo l l owi n g  report i s  based , was a i med at  improv i n g  the e x i s ti n g  
knowl edge of t he  di sease  a s  i t  p erta i ns to th i s  cuu ntry and  to. 
i de nt i fy areas  where further  i nvest i gat i on s  cou l d  mos t  u seful l y  
be d i rected . 

To a c h i eve the broad objec t i ve of the i nves ti gati on , th i s  p roject  
was d i v i ded i n to two ma i n  s ections . Fi rs tly, a posta l s urv�y of  
fa rmers  wa s underta ken to  obta i n i nformat i on on  the  extent  of the  
I B K  p robl em and  to  i denti fy mana geme nt  factors a s so c i a ted wi th 
the occurrence  of o utbreaks of the d i sea se. Second l y ,  a more 
detai l ed s tudy of natural l y  occurri ng fi e l d ou tbt·ea k s  o f  I BK was 
conducted and s pec i a l  attent i on  was pa i d to the preva l ence of 
Moraxe Z Za bovis i nfect i o n s  as they rel ated to the a ppearance of 
cl i n i ca l  d i sease .  

I t  wa s ant i c i pated that from a fu l l e r u nderstandi ng  of the nature 
of  t he  d i sease  i n  New Zeal and , the  formu l a t i on of more rat i ona l 
methods  o f  contro l  woul d b e  pos s i b l e ,  and avenues for further 
resea rch  wou1d be determi ned . 
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I NTRODUCT I ON 

I nfec t i o us bov i ne kera toconj unct i v i ti s  ( I B K )  i s  the mo s t  i mporta nt  
ocu l a r  d i sease  of  ca ttl e becau se  of  i ts worl d w i de d i s tr i b uti o n ,  
h i gh morbi d i ty ra te and the economi c l o s ses  consequent u po n  pa i n 
and b l i ndnes s . The  syndrome i s  known co l l oq u i al l y  a s  i n fect i ous  
ophtha l m i a ,  i nfec t i ou s  kerati ti s ,  New Fore st  d i s ea se , bl i gh t  and  

( 59 15. 32 pi nkeye Jones  and L i ttl e ,  1 9 2 3 ; Brown , 1934 ; Forms ton ,  1 954 ; 
Gi l es ; 8 1975) . 

Chara cteri st i c s  of I B K  are i nfl amma tory c ha nges of the  conj u nc t i va 
and cornea , i n  e i ther one or both eyes . Such  c ha nges vary i n  their 
exte�t depend i ng on  the severi ty of  the infection. The invol vement 

of th� conjuncti va a nd cornea give rise to the ini t i a l  c l i n i cal 
si gns  associ ated w i th pain, namely, blepharospasm, photophobi a 
and cop io us lachrymation. The corneal lesions generally devel op 
i n  the next 48 hours, ini tially as an opacity progres s i ng i n  some 
i ns ta nce s  i nto an u l cet� of the cot·neal epithe1iu!n: a defect \vhi ch 

may be more read i l y  de tected by s tain i ng wi th  fluorescei n .  The 
extent  of  the cornea l l es i or. l a rge l y  deterrr.i nes the s ever ity of 
the disease i n  a ny i ndividua l . 

Temporary b l i ndne s s  i s  a common feature f:lecause of the corneal  
oedemd and va scu l ar izati on . The i nva s i o n of the cornea by 
cap i l l a r i e s i s  a s tr i ki ng feature of the heal i ng proces s i n  a l l 
bu t the very mi nor l es i ons, and slowl y  disappears a s  hea l i n g i s  
comp l eted b u t  i n  cases where the u l c era ti on ha s been exten s i ve ,  
some s ca rri ng  and cornea l opac i ty may rema i n .  I n  very s evere 
ca ses  the o utcome c a n  i nvo l ve permanent  b l i ndnes s as perforat i o n  
o f  a descemetoce l e  c a n  l ead  to the  pro l a pse  o f  the iri s and/or 
l en s  whi c h  resu l ts i n  i rreparab l e  damage to the eye . 
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THE CAUSE OF I NFECT I OUS BOV I NE KERATOCONJUNCT I V IT I S  

I nfecti ous bov i ne keratoconj unct i v i t1s wa s f i rs t recorded by 
B i l l i ngs�i n  1889 , a nd  a l though  no defi n i te cause  had  been 
i dent i fi ed , i t  was known that the d i sease  cou l d be transmi tted 
d i rectl y from one an i ma l  to another by the i ns t i l l a t i o n  of  eye 
secret i ons . 

The  bacte1Ai a l  nature o f  the i nfecti on wa s e stab l i s hed by Farl ey29 
( 1 950 )  who was ab l e to s how that the cau sa l  a gent colll d not pass  
through a fi ne or med i  ur.1  dens i ty f i  1 ter . Subsequent ly  Wa tt1 0 3 ( 1 9 5 1 )  
i solated a Gram negat i ve rod i dent i ca l to Haemophi lus bovis wh i ch 
had  been i s o l ated from cattl e eyes nearl y th i rty yea rs pre v i ou s l y  
( Jones and Li ttl e�0 1 924) but he wa s unab l e to transmi t the d i s ea se  
u sing  pure c u l tures of t he  organism . 

I n  1953, an improved method for i so l at i n g  H.bovis was des cr i bed and 
p u re cu l tu res of the organ i sm ,  obta i ned from naturally occurr i ng 
cases of IBK were u sed  to reproduce the s i gns  and l e s i on s  of  the 
d i sease  i n  suscept i b l e cattl e ( J ackson�81953; Fau l l�0 1 954; 

· Ga 1 1  agher �51954; Hen son�3 1960 )  . Haemophi lus bovis wa s 
re - c l as s if i e d and named Moraxe l la bovis ( B reed�5 1948 ) . 

Moraxe l la bovis i s  genera l l y  accepted a s  the defi n i t i ve aet i o l ogi ca l  
agent of I BK.  Al though M. bovis i s  v i ru l ent  i n  gnotob i o t i c  ca l ves , 
i nocul ati on of  the organ i sms i nto convent i onally reared ca l ves 
produces the c l i n i ca l  syndrome more readi l y .  Th i s ev i dence s upports  
the v i ew that add i t i ona l  m i crobi a l  pathogens  may p l ay ·some ro l e  i n  
the producti o n  of  I BK l es i on s  ( Chand l e r�0 1 980 ) . 

I SOLAT I ON OF MORAXE'LLA BOVIS 

Most  i nvestiga tors have u s ed s teri l e  cotton wool t i pped app l i ca tors  
to soak up conjunct i va l  fl u i ds  and  have  tran sferred thi s mate ri a l  
direct ly on t o  a g rowth med i um for i ncuba t i on . Vari abl e degrees  
of  success  have been repo�ted i n  attempts to i sol a te M. bovis from 
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d i s eased  s tock , s ucces s fu l  i so l at i on s  ran g i n g  from 66% to 90% 

( Ba l dwi n� 1 945 ; Fa u l l �0 1954 ;  Henson� 3 1 96 0 ;  \-Ji l cox:;u1970; 
Brya n�8 1973 ; Lepper�5 1980 ) . Al though M. bovis cou l d somet imes  be 
i so l a ted from the  c l i n i ca l l y  norma l eye i n  cattl e wi th un i l ate ra l 
I BK ( Fau l l �01954) , recove ry of the o rga n i sm from the eyes  of  catt l e 
bel i eved to be free of  I B K  was cons i de red  to be unusua l  ( Fa u l l �0 1954 ;  
Ga l l a gher�51954 ; Cooper�21960) . However , fo l l owi ng  natu ra l l y  
occurr i ng  and expe r imenta l  i n fecti on s  o f  I BK ,  ca ttl e can ha rbour  
M. bovis in  thei r eyes  for per i ods of u p  to e i ght  mon th s  wi thout  the 
orga n i sm caus i n g any v i s i ble effects ( Ba l dwi n� 1945 ; Far l ey�9 1950 ; 
Jack son  �81953 ; Ga 11 aghed5l954 ; Pu gh�81 975) . 

I DENTI FICAT I ON OF MORAXELLA BOVIS 

The characteri sti c s of  M.bovis have been w i dely s tudi ed us ing g ro s s  
a n d  u l tra-morpho l ogy, Gram sta i n i n g, and b i ochemi ca l a na l ys i s and 
the se  features are used as  means  of identi fi ca tion (Pugh�21966 ; 
Pedersen?11970; vJi l co.xl?9 1970;  Bovre;4 1974 ; Arora� 1 9 76 ; 
Fra serP 1979) . 

Mcraxe l la bovis i s  a Gram nAga ti ve , s hort , cap su l a ted d i plobaci l l u s 
which may appear s i n g l y ,  but more commo n l y  i n  pai rs , and  somet imes  
i n  the form of  s hort cha i ns . Aged cu l ture s  show marked pleomorph i sm .  
T he  organi sm i s  aerob i c  and  growth i s  opt i ma l  at  37°C ( P ugh�21966 ;  
Hi lco.>2-?9 1970) . On  pr i mary c u l tu re linm to 2mrn round , translucen t , 
greyis h-whi te fri ab l e colon i es appear after 24 hours and the co l ony 
s i ze i n crea ses to 3mm to 4�m after 48 hours i ncubat i on . Certai n 
strains  of M.bovis p roduce a cl ear zone o f  S - haemol ys i s  on s heep 
b l ood a gar . However , the proporti on of haemol yti c s tra i ns i so l ated  
from s urveyed g roups var i e s  con s i derabl y accord i ng to  the circum­
s ta n ce s  of the populati on under s tudy ( Tab l e I . I ) . 
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TABLE I .  I PROPORT I ON OF HAEMOLYT I C  MORAXELLA BOVIS 

STRA I NS I SOLATED  

TOTAL NUMBER  NUMBER  OF OF 
I SOLAT I ON$ HAEMOLYT I C  STRA I NS 

101  9 7  
264 83 

7 7 

B i  ochemi ea  1 pt·operti es  o f  MoraxeUa bovis 

% AUTHOR 

96  Pugh�2 1966  
3 1 . 4  A.rora 7 1976 

100  Fra s ed3 1979 

Bio chemi c3l i dent i ficati on  of M. bovis ha s been ba s ed o n  the no n­
fermenta ti on of a l l carbohydra tes, compl ete proteol ys i s  of l i tmu s 
mi l k  ( a l ka l i ne pepto niza ti o n )  a nd Loeffl er's serum , no growth on  
McConkey agar  and a pos i t i ve ox i dase  react�o n . These  reactions 
a re repea tabl e a nd are the mo s t  common ly  u sed  bas i s  of s pecific 
i denti fi cati on . Mos t stra i ns of M. bovis do not  reduce  n i tra te , 
and abo u t  ha l f produce cata l a s e  ( Pugh �21966 ; Wi l cox1� 1970 ; 
Pedersen ?11970; Bovre ;4 1974 ; Arora� 1976 ) . 

Other  methods of i dent i f i c at i o n  o f  Mor��el la bovis 

I dent i fi cat i o n  of M. bovis by i mmu nofl uorescence i s  a qu i c k and 
rel i ab l e method ( Nayar� 8 1973 ; Pugh�21 976; McDona l d � 1979) , and  
e l ongat i on of the  orga n i sm u nder the i nf l uence  of  penici l l i n ha s  
been  u s ed to d i s ti ngu i s h  i t  from the cocca l NeiserY'ia ovis ( Fra s er�3 
197 9 ) . 
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Var i a t i on i n  co l ony type 

D i s soc i at i o n  of col o ny type from 11rou g h 1 1 to 1 1 Smooth 1 1 i s  a s soc i a ted  
wi th  the l os s  of f i mbr i ae from the bacteri a and  occurs fo l l owi ng  
repeated s ubcu l ture of  M. bovis . Stud i es u s i ng e l ectron mi croscopy 
have i n d i ca ted that the l a rge , fl a t ,  smooth , non-co rrod i ng  co l o n i e s  
a re not a s  s trongly f i mbri ated a s  the sma l l e r ,  umbonate , rou gh ,  
corrodi n g  co l o n i e s  (Bovre ! 3 1 9 7 2; Sandhu �61 974 ; S i mpson�7 1 9 76 ) .  

Vi r u l ence of  Morr..:::.:3 l la bov·is 

V i r u l ent s tra i n s of M.bovis are u sua l l y  der i ved from fri abl e 
co l on i es wh i ch on  b e i ng  l i fted , l eave sma l l depres s i on s  i n  the s o l i d  
med i um (Jackson �81953) . There i s  al s o  a n  a ssoc i a t i on between the 
abi l i ty of the organ i sm tc colon i ze the bov i ne conj unct i va and  the 
occurrence of fimbri ae and  corroding colcn i es of M .bovis 

( Pedersen ?y 1972). However , the presence of  fi mbt·i ae a 1 one doe s 
not  seem to be a suff i c i ent rea so n  for the organ i sm to be v i ru l en t . 
I t  i s  the corrodi ng character i s t i c  of the ft·i a b l e col o n i es  on 
p r i mary c u l ture that i s  l i ke l y  to be the uTt i mate i nd i cator of 
v i r u l ence ( Pedersen?4 1 972 ) . 

Non-haemo l yt i c s tra i ns o f  M . bovis do not reproduce the symptoms of  
I BK when i nsti l l ed i n to ca l ves eyes,  a nd  bo th Pu g�C( 1 968 )  and 
S andhu9�1 9 7 7 )  have conc l uded that the haemo l yt i c c haracter i s ti c  of 
the  orga n i sm  contributes to i ts pathogen i c i ty. 

7 



E P I DE�1 I OLOGY OF MORAXELLA BOVIS I NFECT I ONS 

Dur i n g  an  o utbreak of  I BK ,  the Gram pos i t i ve cocci  norma l l y  pre sent  
i n  eye secre t i on s  a re rep l aced by M. bovis and  Neiserria catarrhalis 

O�i l cox�ll1970 ) ,  and s tra i ns of both these s pec i es  a re found  more 
common ly  i n  cattl e affected wi th  I BK than i n  i n - contact s tock 
( l�i 1 cox� 19 70 ) . t�ore recent l y  however ,  duri ng I BK outbreaks , 
M. b ovis has  been i s o l a ted  from 72% to 100% of  cl i n i ca l l y  norma l eyes  
( B ryan ; 8 1973 ; Lepper� 5 1980 ) . Hence du ri ng  a n  outbreak  of I BK there 
a re many more a n i ma l s  i nfected by M. b cvis than a re a ffected 
c l i n i ca l l y .  The proport i on of an i ma l s  i n fected by M. bovis as we l l  
a s  be i ng  a ffected by IBK ,  a p pears to depend on the extent of  the  
outbreak of IBK  and the age group  o f  cattl e i nvo l ved ( Table I . I I )  
( Hughes  and  Pught;7 1970; B ryan;8 1973; Arora\ 1976; Leppefi; 1980) . 

TABLE  I . I I 

AGE GROUP 
OF  CATTLE 

Ca l ves 
Ca l ves 
Calves 
He i fers 
CO\.·JS 
Cows 

THE I NFLUENCE OF AGE ON THE PEAK PREVALENCES OF 
MORAXELLA BOVIS INFE.CT I ONS AND C L I NICAL I i�FECTIOUS 
BOVI NE  KERATOCONJUNCT I V I T I S  DUR I NG  OUTBREAKS OF THE 
DI SE.L\SE 

% M.BOVIS % IBK AUTHOR I SOLAT I ONS 

75  58  Hug hes and  Pu gW7( 1 970 ) 
9 9  89  B ryan18( 1 973 ) 
68 26 Arora 4 ( 1 9 76)  
66 33 Leppe 05( 1980 ) 

63 1 6  Hughes a n d  Pugh47( 1 970 )  
2 1  4 . LepperP5( 1980 ) 

There i s  a s easonal 1ncrea se  i n  the preval ence of  M.bovis i so l at i ons  
i n  the  s ummer and  autumn ( Hughes and Pugh t�7 1 9 70; �li l cox1;1 1 970 ; 
B ryan�8 19:'3; Aror·a � 1 9713) , although th i s  i s  not nece s sar i l y  
a s soci ated wi th the  devel opment  of  the d i sease  ( W i l cox�1 1970 ) . T h e  
i nci dence of i nfect i on var i e s  from yea r t o  year b u t  the h i ghe s t  
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di s ease rates corre s pond to the years i n  whi ch the h i ghe s t  i nc i dence 
of M. b ovis occurs  ( Hu ghes and Pugh�7 1 9 70 ) . 

I n  a fi e l d  ep i zoot i c ,  the pea k occurrence of I BK corres ponds to the 
peak preva l ence of  M. bovis i nfect i on i n  the herd . Thi s peak of 
i nfecti ons  i s  cha racte ri sed  by a change from excl u s i ve l y  non­
haemo l yti c M. b ovis i s o l at i o n s  pr i or  to the e p i zooti c to predomi nant ly  
haemo l yti c s tra i ns . Once the epi zoot i c ha s passed , M. bovis s tra i n s  
ten d  to  revert to the ori g i na l  non-haemo l yti c form ( Bryan 1 ,8 1973;  
Arora� 1976 ) .  

Carr i er  s ta te of Moraxe l la bovis 

I n  cattl e ,  t he  ca rri er s tate of M. b ovis enab l es the d i s s em i na t i on of  
the d i sease  to  be cont i nued by  apparently unaffected a n i mals a s  we l l 
a s  by ca ttl e hav i ng c l i n i cal IBK. Therefore , the v i s ua l  a pprai s a l  
of  eyes for le s i ons  is not a re l i a bl e method of i de nt i fying an i ma l s 
car;�yi ng  M.bovis (3CI.ldvJiil� 1945; Farle_0,9 1 95Cl; Jackson�8 1953; 
Ga l l agher �6 1954; Adi narayanan,1 1961; Lepper�5 1980 ) . 

Ca l ves a re mos t  prone to the d i sease , and  the concurrent M. b ovis 

i nfec ti o n  of these yo ung an i mals pers i s ts for l o�ger  peri ods than 
it does in  mature cattl e (\� i lcoxP1 1970; 1:3ryan�8 1973;  Pugh�8 197 5 ) . 
The exact  mechani sm that may account for the apparent  i n creased  
res i s ta nce wi th age i s  not known , but both i nmunogl ob u l i n - G  i n  the 
tears ( Pederseni3 1973 )  and  a sys temi c s e ro l og i cal re s ponse  ( Pugh�3 
19 7 1 )  a re two of the po s s i b l e factors i n vol ved . Furthermore, ca l ves 
w i th severe c l i n i ca l  symptoms have M.bovis i nfecti on s  of shorter 
dura t i o n  than those wi th a m i l der form of  the d i sease  ( Kopecky�4 1980 ) . 
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OCCURRENCE OF I NFECT I OUS BOV I N E KERATOCONJUNCT I V I T I S  

I nfect i o u s  bov i ne keratoconjunct i v i ti s  has  a season a l  occur rence 
co i nci d i ng wi th  max i mum s u n l i gh t  i n  the s ummer months  

(Hughes  and  Pugh;7 1 970 ; Wi l coxfU1970 ; Bapti s ta? 1 9 7 9 ) . I t  can , 
however , occur i n  any season  o f  the year , depend i n g  on the p re sence 
o f  other pred i spos i ng factors s uch a s  h i gh  den s i ty s tock i ng and 
eye dama ge , wh i ch can be cau s ed  by 
rad i at i on or  d u s t  from the  feed i n g 
1970 ; Pugh?7 1 9 72 ; Thri ftl�21 974; 

Pred i spo s i ng factors  

s uch factors  as  u l tra - v i o l et 
o f  hay ( Wi 1 coxl�8 196 8 ; H ubbert';6 
Dodt� 1 977 ; Kopecky� 1980) . 

T he  pos s i b l e  i mportance o f  u l tra - v i o l et rad i a t i o n  a s  a p red i s posing 
factor i n  the i ni t i ati on of I BK outbreaks i s  i ndica tRd by meteorol og­
i ca l  records wh i ch s how that the  h i ghest  i nci dence of  M. bovis 

infec t i o n s fol l ow close ly  the a nnu�l peak of solar ultra-violet 
rad i a ti o n  ( Hu ghes and Pug�3, 4J965, 1 970) . The opt i ma l  u l t ra-vi o l et 
radia t i on for reproduction of  the  di s ease i s  known to be between 
2700 and  3 200A ( Hughes ;5 1968 ) , and  rad i at i on of ca1ves 1 eyes before 
a rt i fi ci al i nfection  advances the t i me of onset  of the  d i s ea se  and  
i ncre a se s  the  s ever i ty o f  the cornea l  damage  ( Kopecky�3 1980) . 

Moraxe l la bovis can s urv i ve on the l e g s , body and wi n g s  of the face 
f l y  (Musca autwmzalis) for u p  to 3 days , and  i t  i s  con side red 
p os s i bl e  that the fl y acts as a mechan i ca l  ca rr i er  of  M. bovis 

(Steve�l965) . There i s  a d i rect re l at i on s h i p between the n umber 
o f  face fl i es per cow and  the percentage of  a n i ma l s i n  a herd 
a ffected w ith I BK ( T i en H s i  Cheng�1 1967 ) . The  peak f l y  popu l at i o n s  
i n  t h e  s ummer coul d be a factor a s soci ated w i t h  the i ncreased 
preva l ence of the d i sea se  at  th i s  t i me ( B rown� 1972 ) , a l though  the 
p roporti on of fl i es curry i n g  M. bovis i s  not part icu l a r l y  h i gh 
( Be rkebi l e;0 1 981 ) . The refore , i n  the U . S . A . , the control of  fl y 
popu l a t i ons i n  order to mi n i m i s e  their i nfluence a s  mecha nical 
carr i ers  of M.bovis i s  a n  i mporta nt  adjunct to treatment ( BeugV 1 9 76 ; 
McNu tt�7 1976 ) . 
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Eye l i d  pi gmentat i on of cattl e i nf l uences  the i nc i dence  of  I BK .  Both 
the preva l ence and severi ty of I B K  decrea ses  as the amount  of 

pi gmentati on i ncreases  ( Fr i schf51976;  Ca s par i  f9 1979; Ward�419 79; 
Pugh(31982 ) . B u t  desp i te th i s  decreased s u scepti b i l i ty ,  i n  one  
s tudy 68% of  the  a n ima l s wi th ful l y  p i gmented eye l i d s  s t i l l  s u cc umbed 
to I B K  by 1 5  month s  of age ( Fri s c h ,35 1 976 ) . 

Severa l  other fac tors have been i mpl i cated a s  pred i s po s i n g c a u s e s  
i n  I B K ,  name l y :  tall gra s ses, d u s t  and wi nd , any of  wh i ch may cause 
the  i n i t i a l  eye tra uma tha t a l lows M.bovis to become e s ta b l is hed a s  . 
a n  i n fecti o n  of t he cot·nea  ( Ba l dwi n� 1 945; ,Jackson�81953; W i lccxfl3 
1 968; Arora� 1 9 76 ) . I n  Queensla nd , h i g h  ra i nfall i s  a s soci ated wi th 
ar.  i nc reased I B K  i nc i dence ( DodtfB1977 ) . E u ropean b reeds  of cattl e 
( Bos taurus) are more s u sceptib l e to I B K  and have s uffered mo re 
seve l�e i nfect i o n s  than the Zebu  breeds of cattl e (Bos indicus ) 

( F r i s c h ,341 9 7 5) . 

SURVE YS OF CATTLE FARMING POPULATIONS 

S u1·veys of  cattl e farmers i n  North Amer i ca ,  Aus trali a and New Zea l and 

have been conduc ted i n  an  attempt to i dent i fy the extent and na ture of  
the I BK prob l em in  these  countr i e s . 

Between the years  1975 and 1979 the annua l  p reval ence of  I BK i n  New 
Zea l and Hereford beef herd s  i nc rea s ed from 1% to 18% ( Harri s�1 
1 980 ) : whereas a wi der s urvey of New Zea l and bee f and da i ry farmers  
over  the same per iod  s ho�ied an I BK preva l ence i n crea s i ng from 1% to 
9% ( Corri n�41980 ) . I n  both s u rveys the occurrence of  I BK was l e s s  
i n  the  South I s l and than i n  the North I s l and ( Tabl e I . I I I) . 
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TAB LE I .  I I I  

NORTH 
I SLAND ( %) 

6. 75 
33 . 1 2 

I NCI DENCE* OF I NFECTI OUS BOVI NE KERATOCONJUNCTI VI TI S 
I N  NEW ZEALAND 

SOUTH 
ISLAND ( %) 

0 . 7  
12 . 28 

NE\� ZEALAND ( %) 

1 0 . 7  
24 . 0  

AUTHOR 

Corri n24( 1 980) 
Harris41 ( 1980) 

* farms experiencing at least one episode of I BK during the period 
197S-1979 inclusive 

I n  contrast, a recent Australian survey has shown that 8 1.3% of the 
national cattle herds have been affected by I BK at least once in 
the five year period from 1 975 to 1 979 ( Slatter�81982) . The IBK 
protlem is also widespread in the United States of America, where 
it is estimated that nearly sm; of beef herds are affected annually 
( Webber�061 98 1 ). 

The disease in all three countries follows a sedsonal pattern with 
a peak in prevalence during the summer. Forty-seven per cent of the 
respondents1 herds in Australia had been affected by I BK during 
January 1 979, and 4 5%  of ea ttl e herds in Mi ssou1·i during the summe1· 
of 1 978 ( Webber�61981; Slatter�81982) .  Both the Australian and 
American surveys indicated a higher prevalence of I BK in Hereford 
and Hereford-cross cattle than in other breeds, and a lower 
prevalence in Bos indicus breeds than in Bos tau�us. 
Young stock were more frequently affected and the range of clinical 
signs was closely similar. 

The mean morbidity rates were similar in all three countries with 
approximately 5%  of adult cattle and 1 0% of calves affected. Since 
1 976 there has been a rise in the number of severe outbreaks in New 
Zealand involving up to 50% of the cattle on the properties ( Harris�l 

1980). Yet despite this, only 54% of New Zealand farmers 
routinely treated cattle affected by I BK, whereas up to 97.5% of 
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dairy farmers in Australia employed some method of therapy 
( Slatter�91982).  

The majoiity of Australian farmers ( 75%) and many in New Zealand 
considered that the disease caused a reduction in liveweight gain 
in affected cattle and was associated with significant financial 
losses . The conclusion derived from all three surveys is that 
more investigational work is needed before effective control methods 
against IBK can be formulated. 

TREATMENT OF INFECTIOUS BOVINE KERATOCONJUNCTIVITIS 

Early treatments of IBK relied on the local instillation of 
antiseptic solutions on to the structures of the eye, and the 
results of specific treatments were not recorded until 1951. 

Effective therapies included cfiloromycetin eye oir.tment (Ha1l-Patch,40 
19 5 1), a 2% zinc sulphate solution (Faul1 � 19 54) and sulphur 
preparations (Wutt;3195 1) .  

Antibiotic sensitivHy of M. bovis 

In vitro antibiotic sensitivity testing of M.bovis has shovm that 
the organism is susceptible to a wide range of antibacterial agents 
( Barner,8195 2; Faull� 01 954; Ga1lagher;; 1954; Pugh�01977;  ��ebber ;07 
1981) namely; bacitracin, chloramphenicol, penicillin, 
dihydrostreptomycin and tetracycl ines, many of which are al t·eady 
found in commercial ocular preparations. Recent studies in America 
on M.bovis strains recovered from field epizootics, have shown all 
isolates to be susceptible to penicillin but resistant to cloxacillin,· 
and a high frequency of resistance to streptomycin occurred amongst 
the haemolytic strains (�lebber-1�71981) .  In many parts of England the 
chemotherapeutic agent ethidium bromide proved to be equally as 
effective as many antibiotics, when applied locally twice daily for 
4 to 5 days ( Cooper�31 960). 
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Methods ·  of treatment 

Treatment using the pl acement of oxytetracyc l ine pel l ets into the 
l ower conjunctival s ac was fou nd to be effective, and minimum 
inhibitory concentrations ( M . I . C. ) of the d rug against M. bovis were 
maintained in the tears for up to 3 1  hours ( H awl ey �2 1 954).  

The  intravenous adminis tration of sul phad imidine at a dose  rate of 
100mg/ kg bodyweight maintained the M . I . C. agai ns t M. bovis in 
conjunctival fl uids for 24 hours and was cons idered the treatment 
of choice by Peders en7� 1 9 73) . 

The s uccessful techniq ue of using subco�junctival injections of 
antibi otics has been adopted in many cl inica l  practices ( Bed ford � 
1 9 76; Cryer�5 1 9 76; Da 1 ton�6 1 9 76 ; Gi 1 es�9 1 9 7 6). I t  has been 
suggested that the us e of steroids in con junc tion with an antibi oti c 
cover gives significantl y better res ul ts in cases s howing 
panoph thal mid ( P�gh� 1�77 ) .  

A further devel opment has been the use o f  a pol yvinyl tubing ring 
d evice that once pl aced o ver the gl obe of the eye c an be retained 
in pos i tion by the eyel id s .  After l oading with an antibiotic 
s ubs tance,  these rinqs del iver a prol onged and continu ous rel ease 
of a n tibioti cs over the conjunctiva and cornea for up to 19 days 
( H ughes and Pugh ;1 1975). 

A s urgical approach to treatment using a modified thi rd eyel id fl ap 
technique, seems particul arl y  suitabl e for cases where u l ceration 
of the cornea is extensive and there is a high risk of rupturing 
the cornea. This method phys icall y protects the cornea from 
further damage whil e aiding the heal ing of the corneal defect 
( Andersen� 1976) .  
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The commencemen t of treatment early, when eye damage is stil l 
superficial , is essen tial to appreciabl y shorten the course of the 
disease ( B arned 1952; Gallagher� 1954 ; Cooper;3 1 960; \�il cox;081968; 
Pugh�0 1977). However, any eval uation of the effectiveness of a 
treatmen t regime is difficul t because I BK shows a marked propen sity 
to abate spon taneousl y ( Pugh?5 1 979). 

An tibacteria l treatment as a method of con trol of in fectiou s bovine 
keratoconj un ct i viti s 

An attempt to avoid outbreaks of I BK by el iminating the carrier state 
of M. bovis in l arge groups of ca ttle with a sin gle administration of 
an an tibiotic, met with l ittl e s uccess ( Pugh ;31982 ) . But further 
trial s using an adequate treatmen t sche dul e to ensure removal of 
M. bovis might poss i bl y  be successft J l . 

I MMUNOLOGI CAL ASPECiS OF 1'lORAXE'LLA BOVIS I NFECT I ONS 

I t  has been known for approxi mately 30 years ( J ackson :81953) that 
antibodies are produced by spon taneous o r  artificia l infecti ons of 
M. bovis an d that cattle rarely succumb to a s econd outbreak of the 
disease ( Barner � 1952 ) . The first investigations in to the production 
of a vaccine against I BK using a systemicall y administered inactivated 
bacterial product were reported in 196 0  ( Henson ;4 1 960). I nsufficient 
immunity resul ted from the vaccination to protect agains t  an 
artificial or a natural chal l enge, but on ce the calves had recovered 
from the initial disease they did not become infected a s econ d time. 

The standard gel diffusion precipitin test ( Ouchterl ony?01968) has 
been modified to detect a ntibodies against M. bovis in the sera of 
cattl e affected by I B K ,  thus demon strati ng  that a systemi c 
serol ogical response does occur at the ti me of i nfecti on ( Pugh� 197 1). 
Studies have al so i l l ustrated that there is a sel ective tran sfer of 
immunoglobulin-G-1  from the blood to tears ( Pedersen�3 1 973) during 
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M. bovis i nfecti on, a nd more i mporta ntly, a n  i ncrease i n  loca l ly 
synthesi sed i mmu noglobuli n-A ( Naya r �9 1 975).  The presence of  these 
i mmunogl obul i ns may be res pons i b 1 e for the a ge a ssoc i a ted acqu ·i red 
resi sta nce to re-i nfec ti on wi th M. bovis . 

Vacc i nes u sed aga i nst Mor>axe Ua bovis i nfec ti ons 

I n i t i a l studi es u si ng a vi able vacc i ne showed a mea surable i nc rea se  
i n  serum a nti bodi es di rectly rela ted to the number of i nocu l a ti ons, 
and  the resi stance amongst the vac c i na ted cattle compared favourably 
wi th tha t of a grou p  recently recovered from the di sease ( Hu g hes a nd 
Pugh�8 1 971).  A formali n- k i lled vacc i ne proved to be equall y a s  
effec ti ve ( H ughes and Pu gh�9 1 972) a nd the i mmun i ty provoked by the 
vacc i ne could b e  further enha nc ed by admi n i s teri ng  the i nocu la t i o ns 
at  14  day i ntervals ( Hughes  a nd Pugh�0 1 9 7 5 ) . 

Fi eld tri a ls u s i ng the formali n- k i l led vacc i ne produced some 
equ i voca l results a t  a time when other stud i es ( Pugh�9 197 5 )  were 
i ndi cat i ng the t vacc i na tion of ca ttl e us i ng a vacc i ne made from one 
s tra i n o f  M. bovis may not prove to be very effec ti ve  aga i nst o ther 
s tra i ns ( Hughes a nd Pugh �7 1 9 76) .  Although very li ttl e was kno wn at  
thi s ti me of the na ture of the s tra i n  d i fferences, si gni fi cant  
di fferences i n  the extracell u lar a nti gens of  organ i sms from rou gh 
a nd smooth colo ny types of one stra i n  of M . b ovis had been 
demonstra ted ( Sa ndhu �6 1974 ) . 

Agglu ti na ti on tests appli ed to a number of M. bovis stra i ns i so la ted 
from Braz i l a nd Amer i ca have i ndi cated  di sti nct a nti geni c di fferences 
a nd tha t the stra i ns cou ld be  c l a ssi fi ed i nto � groups ( G i l-Turnes�7 
1 982) .  

Despi te these stra i n  d i fferences , a vacc i ne produced from one 
non-haemolyti c  M. bovis stra i n  proved to be a s  effec ti ve i n  terms 
of protec ti on a fforded aga i nst cha ll enge as prev i ous  vacc i nes  
deri ved from haemolyti c M. bovis strai ns ( Pu gh� 7 1 982). 
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I n  a ttempts to improve the immunogenicity of a vaccine, various 
fra cti ons of the M. bovis bacterium have been used, but to date 
vacci nes compri sed of either pi l i  fractions or ribosomes have 
been unsuccessful ( Pugh,79 81 91 1976, 1977, 1 98 1). 

Adjuvants have been us ed in successful a ttempts to improve the 
i mmunogenicity of a formal in kil l ed vaccine ( Hughes and Pugh� 2 1977), 
but potentiation of an experimental M. bovis pil us vaccine using 
Mycobacteriwn paratubercu "losis was not successful ( Pugh� 81978) .  

The i mmunomodu l ator . l evamisol e has been shown to enha nce the 
i mmune response to vaccines when administered simul taneousl y 
( Hogarth-Scott;51980). However, it did not enha nce the immune 
response to a M. bovis vacc ine ( Pugh�5 1981). 

Site of vacci nation 

I mprovements in the resporse to vaccination have been attempted by  
va rying the si te of inocul a tion. The l ocal ised nature of I BK a nd 
the possibl e rol e of immunogl obul ins in the" tears have encou raged 
i nvestigations i nto l oc al l y  admin i stered vacci nes a nd the potentia l 
for l ocal immunity. Fol l owi ng the administration of a commei'cial l y  
prepared autogenous va cc ine into the third eyel id, fewer ca ttl e were 
i nfected by M. bovis and vaccina tion a fforded some protecti on against 
cl i nical signs , but the incidence of the disease was not suffi cie ntl y 
reduced for this vaccine to be considered a practica l means of 
contro 1 ( Arora ;+ 1976) . 

Vaccination by i njectio n i n to the subconj unctiva appears to have no 
a dvantage over the subcutaneous route of a dministrati on ( Webber�5 
1 981). 
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Effect of age on  vacc i na t i on 

The age  of  ca l ves  at  the t ime of  vacc i nat i on i s  not a determ i nant  
i n  the  deve l o pment of  an  i mmune  respons e , a s  mea sured by the  h umora l 
ant i body respon se , but  very young  ca l ves  show more s evere c l i n i ca l  
s i g n s  than e i ther o l der ca l ves  o r  adu l t s , regard l es s  of  thei r 
vac c i nat i on s tatu s  ( Pugh�4 1979 ) . De s p i te thi s apparent  
s u s cept i b i l i ty of  the  very young , some protecti o n  aga i n s t  I BK can  be 
a c h i eved i n  new born ca l ves by the feed i ng of co l ostrum from 
vacc i nated cows ( Pugh�0 1980 ) . 

Vac c i nati on  i n  i ts present s ta te does not  prov i de adequate protecti o n  
a ga i n s t  i nfec t i o n  wi th M. bovis o r  aga i n s t  the devel o pment o f  c l i n i ca l  
I BK .  However , vacc i nat ion  does br i n g  about  a reduct i on i n  the · n umber  
of  a n i ma l s s howi ng  c l i n i ca l  s i gns  ( Aro ra � 1 976 ; l.Jebberl�5 1 981 ; Pugh;3 

1982 ) , a decrea se  i n  the severi ty of d i s ea s e  ( Webber�� 198 1 ) , and  a 
redu cti on  i n  the peak i nfec ti o n  rates  ( fl.rora ,4 1 9 76 ) . There i s  no 
effect on the durati o n  of the M. bavis i n fecti on  and therefo re 
vac c i nat i on doe s not remove  the r i s k  o f  the " carri e l� "  s tate  · 
( Pu g h ,8� 9 80) . 

One compa ri son  of  vacc i na t i on a n d  treatment i n  contro l l i n g n atura l l y  
occurr i n g  I BK i nd i ca ted t h a t  week l y  treatments  appeared to be more 
effect i ve i n  reduc i ng  the i nc i dence of d i sease  ( H ughes  a nd Pug�,5 
1 9 79 ) . 
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PRODUCT! ON LOSS ES DUE TO I NFECTI OUS BOVI NE KERATOCONJUNCTI VI TI S  

I nfectious bovine keratoconjunctivitis has been recognised for as 
l ong as 40 years ( Baldwin� 1 945) as a cause of depressed profitability 
in animal production by decreasing milk production and growth rates. 

Cal ves which have contracted I BK prior to weanin g can have signifi­
cantly reduced liveweight gains ( Table I . I V). The e ffect can 

TABL E  I .  I V  

AGE OF CALVES 
AT WEI GH I NG 

3 months 
7 months 
7 mcnths 
7 months 

THE I NFLUENCE OF I NFECT I OUS BOVI NE KERATOCONJUNCTI VI TI S 
B EFORE WEANI NG ON THE LI VEWEI GHT OF CALVES 

MEAN REDUCTI ON I N  
LI VEWEI GHT O F  I BK CALVES 

- 3  kg 
-17 kg 
·-5 kg ( one eye affected) 
- 16 kg ( both eyes affected) 

AUTHOR 

Frisch35( 1976) 
Thrift102 ( 1 974) 
Killi nger£1( 19 77) 
K i l l i n g e r51( J 9 77 ) 

con tinue past weaning a nd has been still evident at 1 5  months of age 
( 1 hrift ;0219 74 ; Fri sch ,351 976;  Hughes and Pugh ;7 1976; Kill i nger�1 1977; 
Thomas�m 1 978; vJard1?4 1 979) .  The reduction in livev1eight gain is 
infl uenced by the severity of the clinical syndrome and is dependent 
on  whether one or both eyes arE: affected ( Thrift1�2 1 9 74 ;  Kil linged1 
1977). 

Although the presence of I BK is firmly believed to be a cause of 
reduced milk yields, there is no published data to c onfirm the se 
l osses in dairy production . 

Affected bulls may have reduced fertil ity lt·ihi eh h a s  been attributed 
to reduced libido res ulting from the discomfort of I BK  ( Thriftl� 1974). 
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CHAPTER 2 

EP I DEM I OLOG I CAL AS PECTS OF I NFECT I OUS BOV I NE KERATOCONJUNCT I V I T I S  
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I NTRODUCTION 

A pos ta l  survey of New Zea land farmers was con sidered to be an  
i mportant  extension to any practical field work undertaken with 
I BK in New Zealand .  The a im of the survey was to iden tify the 
epidemiological  factors which might be in fluenced by mana gemen t 
procedures and  which may be significant in determinin g the 
occ urrence of I BK .  To achieve this aim ,  two farmin g districts 
were chosen , namely , Huntervi1 le and Gisborne,  for the distribution 
o f  a questionnaire to enable comparison of managemen t procedures 
wh i ch ma y in fluence_ I BK. The dis tricts were sel ected beca use they 
were similar hill country sheep and beef farmi ng  areas .  Both were 
known to have I BK as a problem and  li sts of Veterin a ry Club members 
i n  each locality wer.e rea dily avail a ble . I t  was en visa ged tha t such 
an  in tensive compa ra tive approach mi gh t provide s ome lead in 
determining  key mana gemen t fa ctors tha t p redispose towards I BK 
outbreaks .  

MATERIALS AND METHODS 

The survey ques tionnaire form was designed to be easi1 y un derstood , 
straightforward to complete and struc tu�ed so tha t answers could be 
coded and  readily transferred for computer ana lysis ( Appendix I ) . 

The Hunterville Veterina ry Club has a membership of approximately 
200 fa rmers and the Gisborne  Veterinary C lu b  has 800 members .  To 
s elect a simila rly sized population in Gi sborne,  a preliminary 
card ( Appen dix I I ) was sen t  to a ll members with �n explanatory 
letter . From the rep lies to this card,  200 fa rms were selected 
to receive the full qu�stionnaire form.  An equal n umber of forms 
were sen t to farmers r2 portin g they had or had not experienced 
outbreak s  of I BK amongst their cattle during the p eriod 1977  to 
1981 . 

2 1  



Two hundred farmers in each region received the questionnaire form 
by post and were informed of the obj ectives of the survey in an 
explanatory letter . Far�ers who had not replied with a completed 
questionnaire form within six week s were sent a reminder letter. 

All the survey questionnai re d ata were transferred to a compu ter 
and analysed u si ng the Mi nitab Statisti cal compu ti ng system 
( Rya n'f 1 976 ) , and stand ard statistical methods ( Fischedl 1 928 ; 
Bailey� 1959 )  ( Chapter 3,  pg 62 ) . 

RESULTS 

Response rate 

A response rate of 35% ( 283/800) was achieved from the prel i mi nary 
card sent to G i sborne farmers . However, there was a rep l y  response 
o f  83. 5% from the farmers receiv i ng the fu l l  survey form . 
Huntervil l e  farmers returned 6 1% of  the q u esti onnai res, g i ving an 
overall response rate o f  72% for the 400 forms sent out .  

General Farm I nformation - - -

Farm si ze  and stock numbers 

The mean fa rm size in G i sborne was approxi mately twice the size of 
farms in Huntervill e ( Tab le I I . I ) .  

There was a si gnificant ( p  < 0 . 05) difference in the mean farm size 
between the farms on which I BK did O l" did not occur durin g the 
period 1977  to 1981. 
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I n  k eeping with the difference in farm size between the two regions . 
i t  was found that mean stock numbers per farm differed ( Table I I . I I ) .  
The figures demonstrate a lower sheep to cattle ratio in Gisborne. 
However, in each region the stock ratios remained the same whether 
the farm had I B K  in its cattle or not ( Table I I . I I I ) .  

Age structure of the cattle populations 

Each district has a distinct difference in the age structure of the 
catt1 e populations and this refle cts the different emphasis in the 
region ' s  farm production. Ninety-one per cent of the farms i n  
Gisborne had a bree ding herd o f  cattle as compared with 64% in 
Hun terville; consequently there is more fattening of stock in 

· Hun tervi lle an d there fore a predominance of male cattle over two 
years of age ( Tab l e I I . I V) .  

Calvi ng an d wean i ng data 

Calving dates in the two regi ons were s� mil"ar : the mon ths o f  
August. September and October being the mai n perio d, but with a 
slightly longer ca lving spread in Gisborne. Calves were weaned 
earlier in Gi s borne : 87% of fa rms wean by the en d of April a s  
c ompared with 6 5% of farms in Huntervil le .  

Breed distribution of cattl e 

There was a similar proportion of farms with Aberdeen Angus an d 
Aberdeen Angus- Hereford cross cattle in the two districts. but there 
was a higher pro portion of farms running purebre d He reford in 
Gi sborne ( p < 0 . 05 ) ( Tabl e I I . V) .  
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Purchase of cattle 

Although the same proportion of farmers in each region b uy- in cattle, 
Gisborne farmers are mainly concerned with breeding enterprises, 
hence most of their purchases ( 61 %) are bulls only ( Table I I . V I ) . 

These purchases average 2 . 6  bulls per annum. This difference in 
farming style i s  also reflected in mean stock numbers purchased : 
the figure is substantially lower in Gisborne than Hunterville. 

Sixty-o ne per cent of the farmers in Hunterville and 86% in Gis borne 
purchase their cattle from within their home district . The remaini ng 
farmers buy their cattle from a variety of areas with no one district 
being predomi nan t. 

I nforma t i on Rel ating to I nfect-i ous Bovine Ke ratoconj unc tiv i t i s 

I ncidence of infectious bov i ne  kera toco njunct i v i t i s  

The yearly i nc i dence  of I BK s howed a marke d  ri se i n  both di stri cts 
during the period from 1 9 7 7  to 1981  ( Table I I . V I I ) , and 
conseq uently a high proportion of farms have been affected by I BK 
at least once du r i ng this period : 38% i n  Huntervil le and 52% in 
Gisborne . 

During the same period, other unspecifi ed eye problems i n  c at tle as 
reported by farmers, have remained constant at a comparatively low 
level ( Table I I . V I I I ) . 

Occurrence of outbreaks  of  infectious bovine keratoconjunc tivitis 

A definite seas ona l  pattern was observed in the occ urrence of 
o utbreaks o f  I BK  in both distric ts during 1980 ( Fig. I I . l ) . 
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I nfluence of breed on the occurrence of i nfec ti ous bovi ne 
kera toconjunc ti vi ti s  

A b reed di fference i n  the occ urrence of I BK wa s evi dent i n  the 
Gi sborne di stri c t  but not i n  Huntervi lle. I n  the former, a hi gher 
proporti on of I BK outbreaks occ urred on farms tha t carri ed 
Aberdeen Angus -Her eford cross or purebred Hereford ca ttle tha n on 
farms that  carri ed Aberdeen Angus ca ttle ( p  < 0. 05) ( Table I I .  1 X). 

Age groups a ffec ted by i nfec ti ous bovi ne keratoco nj u nct i vi ti s  

I n  both reg i on s, a ll age groups of ca ttle were affec ted by I B K ,  bu t 
i n  Huntervi lle fa tteni ng stock ha d the h i ghest occurrence of the 
di sea se ( Table I I . X) .  Most repli es were not deta i led enough  to 
e sti mate an  accurate morbi di ty ra te for eac h  a ge group ,  but there 
was a trend towa rds a h i gher ra te i n  younger cattle : 18% of ca lves 
a nd 10% of adult ca ttle were esti ma ted to be affec ted duri ng 
ou tbreaks o f  I BK .  

Cli ni cal  signs fi rst noti ced by fa rmers 

nwatery eyes" and  " wh i teness o f  the eyeball" were the two most 
commonly noti ced i ni ti a l si gns of a n  I BK outbrea k .  Mi sa dventure 
was common beca use of the di ffi cult terra i n  i n  both di stri cts 
( Table I I . X I ). 

Veteri nary d i agnosi s 

The number of farmers currently seek i ng veteri nary di a gnosi s of 
I B K  i n  thei r ca ttle i s  low : 26% i n  Huntervi lle a nd 38% i n  
Gi sborne. 
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Treatment of  i n fecti o u s  bov i ne keratoconj u n ct i v i t i s  

Treatment o f  I BK was genera l l y  regarded by farmers to be too 
d i ffi cu l t a nd t ime-co n s umi ng for the debatab l e  benefi ts  they fe l t 
i t  mi ght have ( Tab l e I I .X I I ). Des p i te the doubt  expre s sed  a bou t 
the benefi t s  o f  treat i n g  cases  of I BK, re s u l ts  demons trate that  
o n  farms tha t  regu l ar l y treat the cattl e there were fewer an i ma l s 
whose  eyes took l o nger than 4 weeks  to hea l  and  a g rea te r  number 
o f  cattl e hea l i ng i n  1 to 2 weeks  ( p  < 0 . 0 1 )  ( F i g .  1 1 . 2 ) .  

Types of trea tment  used  by fa rmers  

Of the fa rmers  that reg u l a r l y  treated the i r  cattl e ,  637� u sed 
ant i b i oti c powder puffers , 2 3?; u sed s u bconj unct i va l  i nj ec t i o n s  
a n d  14% u sed o i ntments  o r  aerosol s .  

E ffec!_? on ma n a gemen t o f  i nfecti ous bov i ne kera toconj unct i v i t i s  

F i fty-four per  cent o f  farmers  i n  both d i s tri cts fe l t that  catt l e 
affected by I BK were d i ffi c u l t to move around  the farm beca u se of 
the a s soc i ated b l i ndnes s .  Spec i f ·i c commen t s  from ma ny fa r-mer s  
i nc l uded the s tatement  that i t  wa s p rude n t  to  l eave affected s tock 
a l one and i so l at i on from other cattl e wa s a p r ime con s i derat i o n . 
However , desp i te thi s i nconven i ence , on l y  1 7% of farmers i n  
G i s borne and  4% i n  H untervi l l e fel t that I BK i nterfe red  wi th the 
ma t i ng management  of the i r cattl e .  

A majori ty o f  farmers  i n  Hunte r-v i l l e  con s i d e red that a n  outbrea k 
of  I B K  on the i r farms was a s soc i a ted wi th the i ntroduct i on  o f  new 
cattl e ( Tab l e I I . XI I I ), and herd data s u bsequentl y confi rmed that 

a g reater proporti on  of  fa rms wh i ch d i d  not buy- i n cattl e rema i ned 
free of  I BK ( Ta b l e I I . X I V).  The s i tua t i o n  d i d  not ar i s e  i n  G i s borne 
where , on  average , farmers b uy- i n  fewer ca tt l e than i n  H unterv i l l e .  
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Howeve r ,  many farmers from that area cons i dered tha t the pract i ce  

of  d rov i ng ca ttl e pa s t  the i r propert i es  was a s i gn i fi cant  fac tor  
i n  the  i ntroduct i on  of  I BK  on  to the i r farms . I n  both reg i on s  
more cattl e a re bought  on to I BK- pos i t i ve farms ( Tabl e I I . XV ) . 

Effects  on produ c t i o n  of  i nfect i o u s  bov i ne keratuconj unc t i v i t i s  

Many farmers were u nder the i mpres s i on  tha t I B K  cau sed a c heck  i n  
the growth of the i r young s tock ( 53% ) . However , op i n i o n wa s u l mo s t  
eq ua l l y  d i v i ded a s  to whether I BK cau sed a d e l ay i n  the f i n i s h i n g 
of  fa tten i ng s tock  ( Ta b l e  I I . XV I ) . 

D I S CUSS I ON 

The excel "l en t  rep l y  t'e sponse  ( 7 2% ) to the s u rvey enab l ed n9w 
i nformat ion  regard i ng I B K  i n  New Zea l and to b e  col l ated and 
i nc reased the rel i ab i l i ty of  conc l u s i on s  dra�m from the rep l i es .  
The  response rate compares more tha n favoura b l y  wi th the rates o f  
o ther S t1rveys o n  the s ame s ubjec t ;  44% ( Ha rr i s �1 1980 ) , 
43 . 4% ( �Jebber1,06 1 98 1 )  a nd 29 . 8% ( S l a tter ,98 1982 ) .  The exce l l ent  
response  t o  the s urvey i s  probab l y  a ref1 ect i on  o f  farmer  concern 
wi th  the recent  i ncrea se i n  th i s  d i sease  wh i c h  was a l l but u n known 
a few years ago . Other factors contri but i ng to the good response  
were t he  persona l  a pproac h  to the s urvey , w i t h  adequate expl a na t i on  
o f  the  objecti ve s , a nd fo l l ow-up remi nders to  farmers who  had not 
returned the forms . 

The  s urvey demo n s trated that J BK i s  s t i l l  a n  i ncreas i ng ca ttl e hea l t h  
prob l em i n  both d i s tr i cts , wherea s other eye prob l ems have rema i ned 
cons tant  at a muc h  l ower preva l ence over the same peri od . I f  the  
ra te o f  i ncrea s e  does  not abate , then  New Zea l a nd cou l d  wel l 
exper i ence preva l enc e s  of  I BK s i mi l ar to tha t found i n  parts of  
Amer i ca  where a n  e s t imated 50% of  a l l beef  h e rd s  are  a ffected 
a n n ua l l y  ( Webber�6 198 1 ) .  
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The resul t s  confi rmed the seasona l nature o f  ou tbreaks  o f  I B K  i n  
New Zea l and , the pea k occurrence be i n g observed i n  February ,  d ur i ng 
l ate s ummer , wh i ch fo l l ows the peak i n  s u n s h i ne ho urs  i n  Janua ry 
( DS I R  Meteoro l o g i ca l  servi ce , 1981 ) . The  same seasona l  a s so c i a t i o �  
ha s been demon strated by Hughes  and Pugh47( 1 9 70 ) over a f i ve year 
peri od , and they s howed a pos i t i ve correl a t i on between pea k s u n s h i ne 
( UV radi a t i o n )  and  onset  of  ou tbrea k s . 

I n  contra s t  to the  f i nd i ngs of  Marri s4 1  ( 1 980 ) , there was  a 
s i gni fi cant ( p  < 0 . 05 )  d i fference i n  the mean fann a rea a ccord i n g 
to the farm h i s tory of I B K :  farms on  \-Jh i c h outbrea ks  of  I B K  
occurred were approxi ma te ly  twi ce the a rea o f  the farms that 
rema i ned u naffected . I t  therefore fol l ows that I B K  affected fa rms 
wh i ch are l a rger and  ca rry more sto c k  ( Ta b l e I I . ! I I )  wou l d  p rov i de 
a greater re servo i r  of i nfecti on . Howeve r , the  hi gher  ca ttl e 
n umbers are not at  the expense of sheep  a s  shown by s i mi l a r s heep  
to  catt l e r·a t i os  on  both categor i e s  of fa rm . 

The  as soci a t i on between an outbreak of I B K  and the purcha s e  o f  new 
s tock wa s apparent c n l y  i n  Huntervi l l e ,  and i t  appea rs that i t  may 
\-Je l l be cl o s e l y re l ated to the number of  an ima l s bou gh t .  Th i s  i n  
turn v.JO u l d b e  de termi ned by the type o f  fa rmi ng  enterpri s e ; 
l a rger properti e s  a re l e ss  l i ke l y  to run a breed i n g  herd and a re 
therefore more dependent o n  buyi ng- i n  s to c k . The c l a s s  of  s tock  
p urcha sed , name l y  weaners , bu l l s  or s tore s teers , wou l d p resent  
a vari ab l e r i s k  o f  i ntroduc i n g i n fect i o n . As  wel l a s  there be i ng 
a n  i ncrea sed  chance of  expos ure to i nfect i on  among st  a l a rge 
n umber of  ca ttl e ,  c l i n i ca l l y  affected catt l e a re l es s  l i ke l y  to be 
noti ced among st  l arge groups  of  a n ima l s .  

A h i gher proporti on  of  farmers i n  G i sborne  wi th  Herefo rd o r  
Aberdeen Angu s - He re ford cross  cattl e have exper i enced I B l( i n  the i r  
s tock than farmers  vJho carry Aberdeen Angu s  cattl e .  Th i s  a pparent 
breed s u s cepti b i l i ty wou l d  tend to s u pport overseas o bs ervati ons  
o f  the greater s u scepti b i l i ty o f  Hereford cattl e ( VJebber1�JG 1 98 1 ; 
S l atter �81982 )  wh i ch h a s  been s uggested to be a s soc i a ted  wi th  a 
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l a c k  o f  eye l i d  p i gmentat i on ( Fr i s ch ,35l 9 76 ; Ca s par i1� .1979 ; Ward �04 

1 9 79 ; P u gh ,931982 ) . A po s s i b l e  exp l anat i on for the breed d i fference 
not be i ng ev i dent i n  Huntervi l l e  i s  the muc h  l ower n umber o f  purebred 
Herefords i n  the reg i o n . There i s  a h i gher  l eve l  of UV  rad i at i on i n  
G i sborne wh i ch cou l d p robabl y pred i s pose to a greater su scept i b i l i ty 
o f  the Hereford breed i n  that reg i on ( H ug he s  and  Pugh f3 1 966 ) .  

The  age s tructure o f  the cattl e popul a t i o n  i n  each  reg i on refl ects  
the type of furmi ng enterpri se s  be i ng underta ken ; ma i n l y  breed i ng  
i n  G i s borne , and fatten i ng i n  Hunterv i l l e . I t  a l so offers a 
po ss i b l e exp l anat i o n  for the h i gh pro po rt i on of  outbreaks i nvol v i n g 
fa tten i n g ca ttl e i n  H u ntervi l l e  ( ·ru bl e I I . X ) ,  a s  they form the 
l argest  s i ng l e age grou p i n  that reg i on . 

I n  contra s t  to overseas  outbreaks  i n  wh i c h i t  i s  ma i n l y  the  youngest  
catt l e that  become a ffec ted ( Webber�6 1 98 1 ) , New  Zea l a nd weaners  
( 1 1youn�  cattl e " ) appear not  to  be s ubs tant i a l l y  mo;�e s u sce pt i b l e 
than e t h e r  age  grou p s . Th i s  pa ttern of  d i sease  tE:n d s  to su pport 
the concept tha t I BK has  been i n troduced i n to New Zeal and q u i te 
recent ly  and that before hand , the cattl e popul a t i on was compl etel y 
s u scept i b l e .  As I B K  becomes more wi despread t h roughout New Zea l and , 
the overa l l res i s tance to i nfec t i on co u l d be expected to r i se , i n  
wh i ch  case  i t  cou l d  re s u l t  i n  a change i n  the pattern of the d i s ea s e . 
Thereafter ,  the annua l  crop  of  ca l ves  wo u l d  become the l a rgest  
s uscept i b l e g ro u p  w i th i n  the popu l a t i on .  

I ns uf f i c i ent  data were ava i l ab l e to ca l c u l a te a n  accurate morb i d it y  
rate for eac h  age group .  Howeve r ,  observa t i ons i nd i cate that 
the mo rb i d i ty ra tes i n  New Zea l and are a ppro x i mate l y  twi ce tho s e  

o bserved overseas i n  both young  and adu l t s tock  ( Webber\ffi l981 ; 
S l atte r ,981982 ) . 
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· Des p i te the fac t  tha t on l y 1 1 %  of farmers regu l ar ly  treated the i r 
cattl e for I B K ,  there wa s a general  fee l i ng that treatment res u l ted 
i n  a · s l i ght  s peedi ng up of recovery ( Fi g .  1 1 . 2 ) .  The s ho rter 
reso l u t i o n  t ime mi ght  be attr i bu tabl e to treatment at an ea r l y  s tage , 
a t  wh i c h t ime hea l i ng wou l d  proceed wi thout  any need for the l engthy 
process  of  cornea l vascu l ar i zati on . I n  s u c h  cases s u pe rfi c i a l  
u l cerat i o n  wou l d commence to res o l ve i mmed i a te l y  M. bovis i n fecti on  
wa s overcome . Accord i ng to farmer o p i n i o n , treatment  d i d  not  a ppear  
to  i nfl uence t he preva l ence of b l i ndnes s . When corneal  damage i s  
advanced , tJ�ea tment w i l l  o n l y  remove M. bovis and heal i ng wi l l  s ti l l  
have to occur by va scu l ari zati o n , and  a ny exten s i ve eye damage wi l l  
rema i n .  Improved r·es u l  ts from treatment  may yet be a c h i eved beca u s e  
of t h e  growi ng  farmer acceptance o f  s ubconj u ncti va l  a nt i b i o ti c  
i nject ions  a s  a more sati s factory form of treatment .  I n  parti cu l a r , 
the concept of  mas s  treatment  can  be a ppl i ed to l arge groups  of  
ca ttl e .  I n  s uch  a trea tment reg i me t he  a im  wou l d  be  to  treat  a l l 
cases  o f  I 5 K  a t  the earl i es t  po s s i b l e s tage , and to e l i mi na te 
M. bovis , thereby removi ng the reservo i r f or  re- i nfecti o n . 

Mana gement o f  ca ttl e wi th I B K  conti nues to be a concern to farmers 
i n  both d i s tr i cts , ma i n l y  becau se  of the d iffi cu l ty encountered i n  
mov i ng s tock  o n  h i l l y terra i n ,  the need to i so l a te a ffected an i ma ls 
and the des i re to d im i n i s h  the s pread of  the di sease  by redu c i ng 
the s tock i ng ra tes . However , as I B K  tend s to occur at  a t i me of 
year when g ra z i ng needs to be ma na ged w i th some care , the 
confl i ct i ng farmi ng objecti ves  make such management dec i s i o n s  
d i ffi cu l t .  

The peak preva l ence o f  I B K  occurs  outs i de the ma i n  mati n g  peri od 
and therefore few farmers have reported a ny d i s rupti o n  to ma ti ng 
management on the i r  farms . Decrea s ed l i b i do i n  bu l l s  a ffected by 
I B K  ha s been demonstrated (T hr i ft�21974 ) a nd i f  thi s wa s to happen 
wi th  a free- range mat i ng syst2m a s  empl oyed on  the maj or i ty of  
New Zea l and beef farms , comb i ned wi th the  d i ffi cu l t terra i n ,  
ca l v i ng percentages coul d eas i l y s uffer i f  the d i sease  was 
u ndetected and the bu l l not rep l aced . 
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The produ c t i on l imi t i ng effects  of I BK were w i de ly  recogn i s ed by 
fa rmers . Many farmers  commented tha t i n  add i t i o n  to l os s e s  from 

decrea sed  growth rate s , some mob s  of a n i ma l s yi e l ded l e s s  than t he i r 
expec ted mrinetary va l ue because  o f  the need to be s l a u ghtered 
rather than d i s posed o f  pri vate l y  or  through  sa l e  ya rd s . C u l l i ng 
of s tock wh i ch wou l d o therwi s e  have been reta i ned , and death  of  
stock by mi sadventure were other  a s pects c i ted a s  major  concerns  by 
fa rmers . 

I t  ha s been i mpos s i b l e  to ga u ge whe the r fa rmers con s i der I BK cau ses  
a s i gn i f i cant  f i na nc i a l  l o s s  a s  there has  been no con sen s u s  of  
o p i n i on on t he  acceptabl e l evel of  l o s se s  i n  t he  norma l runn i ng o f  
a farm . Howeve r ,  a major i ty of  farmers  con s i der that the occurrence 
of  I B K  i s  a s u ffi c i en t l y  i mportant prob l em for some far more 
effect i ve control mea s ure to be i n ves t i ga t ed and devel o ped . 
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TABL E  I I .  I MEAN S I ZE OF FARMS I N  HUNTERV I L L E  AND G I SBORNE 

MEAN FARM S I ZE ( H ECTARES ) 
ALL FARMS FARMS \tJ I TH I BK FARMS W I THOUT I BK 

Huntervi l l e 4 10 884 

G i s borne 9 2 1  1400 

TABLE  I I . I I  MEAN STOCK NUMBERS AND STOCK RAT I OS I N  
HUNTE RV I L LE  AN D GI SBORNE 

3 1 6  

738 

MEAN STOCK NUMBERS 
SHEEP  TO PER  FARM 

CATTLE RAT I O  
SHE EP  CATTLE 

Hunterv i l l e  3262 3 1 4  1 0 . 4  1 

G i sborne 4330 7 18 6 . 0 1 
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TABLE I I .  I I I 

Hunterv i  l l  e 

G i sborne 

MEAN STOCK NUMBE RS AND STOCK RAT I OS RELAT I V E  
T O  THE OCCURRENCE OF I NFECT I OUS BOV I NE 
KERATOCONJUNCT I V I T I S  

FAR�1S W ITH I BK 
MEAN STOCK NUMBERS 

FARMS W I THOUT I BK 
MEAN STOCK NUMBE RS 

SHEEP  CATTLE  

5 142 506 

5539 92 1 

RAT I O  

10 . 2  

6 . 0  

1 
l 

SHEEP  CATTLE  

2 124 20 1 

2992 483 

RAT I O  

10 . 5  

6 . 2  
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TABL E  I I .  I V  AGE STRUCTURE O F  THE CATTLE  POPULAT I ONS I N  
HUNTERV I L LE  AND G I SBORNE 

AGE GROUP OF CATTLE 

Ma l e/Fema l e 

�la 1 e 1 to 2 

Femal e 1 to 

��a l e  o ver 2 

Fema l e over 

TOTAL 

under  1 

Year s  

2 Years 

Years 

2 Years 

Yea r 

% OF TOTAL CATTLE 
POPULAT I ON 

HUNTERV I L LE  G I SBORNE 

1 7  3 2  

20 10 

7 12 

34 7 

2 3  39 

100 100 
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TAB LE I I . V B RE E D  D I STR I BUTI ON OF CATTLE  I N  
HUNTERV I L LE AND G I SBORNE 

BREED  
HUNTERV I LLE  G I S80RN E  

% FARt�S % CATTL E  % FARMS % CATTLE  

Aberdeen Angu s  2 6  1 7  29  25  

Aberdeen Ang u s  x He�e ford 4 7  5 9  4 5  50 

Hereford 

Other  

TABLE I I . V I 

H u n tervi  l l  e 

G i s borne 

7 8 

20 16 

CATTLE PURCHASES  PER ANNU�,1 BY FARMERS 
I N  HUNTE RV I LLE AND G I SBORNE 

20  

6 

% FARMERS MEAN NUMB E R  % FARMERS 

20 

5 

BUY ING  CATTLE CATTLE PURCHAS E D  BUY I NG ONLY BULLS  

7 1  1 18 22  

7�- 45  6 1  
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TABL E  I I . V I I  YEARLY I NC I DENCE OF I N FECT I OUS BOV I N E  
KERATOCONJUNCT I V I T I S  OVER  THE PAST 

F I V E  YEARS 

% FARMS WITH  I B K  

1977  1978 . 1979  1 980 198 1  * 

H u r. tervi  1 1  e 1 1  1 4  2 2  2 3  ( 19 )  

G i s borne+ 1 0  14  25  28  ( 24 )  

+ 
re su l ts compi l ed from prel i m i nary card 

* s i x  month  peri od , january to J u ne , on l y 

TAB L E  I I . V I I I  YEARLY I N C I DENCE OF EYE P ROBL EMS I N  CATTLE : 
OTHE R  THAN I NFECT I OUS BOV I NE KE RATOCONJUNCT I V I T I S  

% FARMS W I TH E YE PROBLEMS 

1977 1 9 78 1 979 1 980 1981*  

H unte rv i l l e  2 2 3 6 ( 4 )  

G i s borne 8 7 6 7 ( 4 )  

-A· s i x  month per i od , J a nuary to J une , on l y  
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TABLE  I L I X  OCCURRENCE O F  I NFECT I OUS BOV I N E  KE RATOCONJUNCTI V I T I S  ACCORDI NG  TO BREED  
OF CATTLE I NVOLVED 

HUNTE RV I LLE  G I SBORNE 
BREED  NUMBE R FARMS NUMBER  FARMS NUMBER  FARMS NUMBE R  FARMS 

W I TH I B K  ( % )  W I TH N O  I B K  ( % )  W I TH I BK ( % )  W ITH N O  I B K  ( % )  

Aberdeen Angus  1 2  ( 37 )  20 ( 63 ) 20 ( 42 )  28 ( 5 8 )  

Aberdeen Angu s x Hereford 23  ( 40) 34 ( 60 ) 40 ( 53 )  36 ( 4 7 )  

Herefo rd 2 ( 22 )  7 ( 78 )  2 2  ( 6 7 )  1 1  ( 33 )  

Other 6 ( 32 ) 1J  ( 68 )  2 ( 33 )  4 ( 6 7 )  
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. TABLE I I . X  AGE GROUPS OF CATTLE AFFECTE D B Y  I NFECT I OUS 
BOV I NE KERATOCONJUNCT I V I T I S  

AGE GROUP % OF REPL I ES 
HUNTERV I L L E  GI SBORNE 

Ca l ves  8 1 2  

Wea ners 21 23  

Fat Stock  4 1  1 7  

He i fers 2 1 2  

Cows 15 19 

B u l l s  1 3  1 7  
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TABLE  I I .  X I  CL I N I CAL S I GNS F I RST NOT I CE D  B Y  FARMERS 
DUR I NG AN OUTBREAK OF I NFECT I OUS 
BOV I NE KERATOCONJUNCT I V IT I S  

(>I 
S I GN F I RST NOT I CED /o 

REPL I ES 

�Ja tery eyes 40 

Whi tenes s o f  eyeba l l  4 1  

Seek i ng s hade ? .... 

Lo s s  of  con d i t i o n  7 

�1i s a dventure  9 
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TABLE  I I . X I I  TREATMENT O F  CASES O F  I NFECT I OUS  BOV I NE 
KERATOCONJUNCT I V I T I S  BY FARME RS 

D I D  TREAT 
% REPL I ES 
D I D  NOT 
TREAT 

TREATED 
S OMET I MES 

Hunterv i l l e 7 64 29 

Gi sborne 1 3  3 9  48 

TABLE ! ! . X I I I  FARI�E R ' S  ASSOC I AT I ON OF AN OUTBREAK OF 
I NFECT I OUS BOV I NE KERATOCONJUNCT I V I T I S  
W I TH THE I NTRODUCT I ON O F  NEW CATTLE ON 
TO THE I R  FARMS 

Huntervi l l e  

G i s borne 

�; RE P L I  E$  
YES  NO SOMET I MES  

49  33 

26 6 7  

18 

7 
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TABLE I I .  X I V  CATTLE PURCHASES B Y  FARMERS I N  HUNTERV I LL E  AND G I SBORNE  RELAT I VE T O  THE 

OCCURRENCE OF I NFECT I OUS BCV I �E  KERATOCONJUNCT I V I T I S  

I BK-POS I TI VE*  FARMS 

NUMBER  FARMS NUMBER FARMS 
BUY I NG CATTLE  ( % )  NOT BUY I NG 

CATTLE ( % )  

Hunterv i l l e 33 ( 3 1 )  7 ( 6) 

G i s borne 66 ( 39 ) 2 1  ( 1 3 )  

* I BK has  occurred a t  l ea st  once duri ng  1 977  to 1981 
+ no I BK duri ng  1977 to 198 1  

+ 
I BK-NEGAT I VE . FARMS 

NUr�BER FARMS NUMBER  FARrljS 
BUY I NG CATTLE ( % )  NOT BUY I NG 

CATTLE ( % )  

48 ( 39 ) 29 ( 24 ) 

57  ( 34 )  23 ( 14 )  

� ....... 



TABLE  I I . XV MEAN NUMBER OF CATTLE PURCHASED  I N  HUNTERV I L L E  AND 
GI SBORNE RELAT I V E  TO  OCCURRE NCE OF I NFECT I OUS 
BOV I N E  KERATOCONJUNCT I V I T I S  

Huntervi  11 e 

Gi s borne 

MEAN NUMBER OF CATTLE 
PURCHASED  PER ANNUM 

I B K- POS I T I VE *  I B K- N EGAT IV E+ 

FARMS FARMS 

184 69  

71  17  

* I BK has occurred a t  l ea s t  once  duri ng  1 9 7 7  to  1981  
+ n o  I BK duri ng  1977  to 1981  

0 TABLE ! ! . XV I  FARMER OP I N I ON ON  THE  EFFECT OF  I NFECT I OUS BOV I NE 
KERATOCONJUNCT I V I T I S  ON P RODUCT I ON 

% REPL I ES 
YES  NO SOMET I MES 

Dec reased growth 5 3  38 9 o f  young s tock 

Del ayed fi n i s h i n g 46 42 1 2  of  fat s tock 
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OUTCOME OF I NFECTI OUS BOV I NE KERATOCONJ UNCT I V I T I S  W I TH REGARD 
TO ADM I N I STRATI ON OF TREATMENT 

KEY : -

1 .  Eyes hea l ed i n  1 - 2  weeks  
3 2 .  Eyes hea l ed i n  2-4  weeks  

3 .  Eye s  hea l ed i n  > 4 weeks  
4 2 4 

2 1 3 
4 .  An ima l s rema i ned b l i nd 
5 .  Oth e r - c u l l e d ,  d i ed 

5 
I !.__ 5 --- --

WI THOUT TREATMENT W I TH TREATMENT 
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CHAPTE R  3 

GENERAL MATERI ALS AND METHODS 

I NTRODUCT I ON 

PROCEDURE U S ED FOR THE COLLECT I ON OF SAMPLES AND I DENT I F I CAT I ON 
OF MOP.AXEDLA BOVIS 

EVALUAT I ON OF EYE LES I ONS 

TREATMENT OF I NFECT I OUS BOV I N E  KERATOCONJUNCT I V I T I S  

STAT I S T I CAL METHODS 
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I N TRODUCT I ON 

As the fi e l d s tudy sect ion  o f  the i n ves t i ga t i o n  ( Chapters 4 and 5 )  
wa s concer�ed wi th the preva l ence o f  M. bovis i nfecti ons  i n  rel a t i on 
to the occurrence of I BK ,  s tandard i zed sampl i n g ,  proce s s i ng and 
i dent i f i ca t i o n  procedures  had to be deve l o ped . The i r des cri p t i o n  
fo l l ows i n  th i s  chapter . Eye l es i ons  were c l a s s i fi ed i n to two 
categor i e s  to s i mp l i fy the record ·i n g  scheme , and  a s tandard 
s chedul e o f  treatment was admi n i s tered accord i n g  to the method 
descr i bed . Stat i st i ca l  ana l ys i s  of the i nforma t i on col l ected was 
underta ken u s i ng s tanda 1·d method s .  

P ROCE DURE USED FOR THE  COLLECT I ON OF SAM P L E S  AND I DE NT I F I CATI ON 
OF MORAXELLA BOVIS 

Col l ect i on  o f  sampl es 

1 .  Steri l e  cotton -wool t i p ped app l i cators · ( swa bs ) were u s ed to 
obta i n conj uncti va l  sac  s ec ret ion s  from the ca ttl e under s tudy .  
The  swabs were i mmersed i n  s teri l e  norma l sa l i ne a nd excess  
fl u i d  sq ueezed o u t  before use . 

2 .  Wi th the catt1 e bea s t  i mmob i l i sed i n  a head  ba i l , pres s ure 
was app l i ed wi th the fi ngers , on to the upper  eyel i d  and 
eyeba l l .  Th i s  r-e s u l ted i n  extru s i on of  the  n i ct i tat i n g  

membrane and expo s u re o f  the ventral conj unct i va l  sac . The  
swab was then p l a ced over the n i ct i tat i ng  membrane at  the 
med i a l  canth u s , pas sed  fi rml y a l ong  the l cwer border of the 
conj uncti vul sac and then returned to the  med i a l  canthus  
before remova l . 

3 .  Care was taken at  a l l  t ime s  to a vo i d  con tami nat i o n  of the  
swab from any external s urfaces o f  t h e  an i ma l . 
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4 .  The swab  wa s app l i ed d i rect l y to a 2% s heep  bl ood agar  p l a te 
and by gentl e p re s s u re and ro tat i on  a poo l of  fl u i d wa s l eft 
on the s u rface . 

5 .  The procedu re was then repeated for the  o ther eye . 

6. I n  the l a boratory , the fl u i d  sampl e on  the b l ood agar  p l a te 
was s treaked out  i n  the conventi ona l  man ner us i ng a bacter i a l  
l oop . 

7 .  B l ood agar  p l a tes  were i ncubated a t  3 7°C for 18 -24 hours 
( pr ima ry p l ates ) . 

Exami nat i o n  of  b l ood agar pl ates  for Moraxe Ua bovis 

Most  fres h l y i so l ated s tra i n s of M. bovis are  a - haemo l yt i c  ( F i g .  1 1 ! . 1 ) . 

Non- haemo l yt i c col o n i es  of M. bovis have a l so been recorded but u s ua l l y  
after repea ted s u bcu l ture or fol l ow i n g  i s o l a t i o n from c l i n i ca l l y  no rma l 
eyes  rather than  a s so c i a ted w i th f i e l d o u tbreJ k s  of I BK ( Pu g h �2 1 96 6 ; 
Arora � 1976 ; Fraser �3 1979 ) . Beca u s e  of the above factors a nd th2  
very l a rge number of p l ates havi ng  to  be proces sed s i ng l e handed , 
the i nves ti gat i on  was confi ned to a- haemo l yti c i so l a tes on l y .  

I n  th i s  thes i s  any reference to M. bovis refers to s- haemo l yt i c  
stra i ns u n l e s s  otherwi se  qua l i fi ed .  

1 .  Al l a - haemo l yt i c  co l o n i es on  the p r ima ry p l a tes  were exam i ned 
and co l ony morphol ogy recorded . 

2 .  A sampl e of each col ony wa s emu l s i fi ed wi th norma l s a l i ne ,  
smeared on a s l i de ,  Gram- s ta i ned a nd exam i ned m i c rosco p i ca l l y .  

3 .  Al l th e co l on i es s howi ng a sma l l ,  Gram negat i ve d i p l obaci l l u s 
charac tersti c of  M. bovis were s ubcu l tured for 24 hours . 

4 .  The pr i mary p l ates were i ncubated for a further  24 hours and  
re-exami ned fo r any further a - haemo l yt i c  co l o n i e s . 
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Co l ony type 

Cu l tures of M. b ovis some t i mes y i e l ded two d i s t i nct ly  d i ffe rent  
co l ony type s ( F i g .  I I I . 2 ) . The fi r st  type wa s rough ; sma l l 
( lmm at 24  hours ) , umbona te , fi rm ,  d ry and a u toaggl ut i n a t i n g . 
The  other wa s a smooth type ; l a rge r ,  fl atter a nd of a mucoi d 
c haracter . The s�a l l col on i es occa s i ona l l y  d i ffe rent i ated i n to 
the l arger fo rm on subcul tu re . 

E l ec tron �i c ros copy . 

Two methods  o f  e l ectron mi croscopy were e�pl oyed to exam i ne bacte r i a  
from the d i fferent  co l ony type s for the pre s ence  o f  p i l i .  F i r stl y ,  
negat i ve s ta i n i n g (Append i x  I I I )  wa s u nderta ken as  a q u i ck  a nd  
rel a t i ve ly  s i mp l e scree n i ng procedure u s i n g  the  Ph i l i ps EM200 

e l ectron m i cro s co pe , enab l i ng numero u s  samp l es  to be exami ned  
( Fi g .  I I I . 3 ;  Fi g .  I I I . 4 ) . Se l ected sam�l e s  were then  exam i ned 
us i n g a doub l t fi xa t i o� re s i n  bl ock  sect i on i ng method ( Append i x IV ) 

( F i g .  I I I . S ;  F i g .  I I I . 6 ) . 
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F I GURE I I I . l  

F I GURE I I I . 2 

S - haemo l yti c col o n i e s  o f  Moraxe l la bovis grown 
on 2% s heep b l ood agar  a t  37°C for 24 hours  

z = zone of  S-haemo l ys i s 

Rou g h  a nd smooth col ony type s of  Moraxe Ua boV1:s  
0 grown on 2% sheep bl ood a g a r  at  37 C for 24 hours 

r =- rou gh  
s = smoo th 
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F I GU RE I I I . 3  

F IGURE I I I . 4  

Moraxe Ua bovis from a rough  col ony u s i n g 

n e gati ve s ta i n i n g  

p = p i l i  X 87 , 500 

1'"1or'a.re Z Za bovi s from a smooth col o ny u s i n g  

negat i ve s ta i n i n g 

X 1 7 , 5 0 0  
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F I GURE I I I .  5 

F I GURE I I I . 6  

Moraxe Ua bovis from a rough co 1 ony u s i n g  a 
b l ock  s e ct i on i ng me thod 

p = p i l i  X 35 , 200 

Moraxe l bovis from a smooth co l on y  u s i n g  a 

b l ock  s e c t i on i n g me thod  

X 159 , 820 
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Con f i rma t i o n  of Moraxe lla bovis 

O n c e  pro v i s i o n a l  i de n t i fi ca t i o n  of M. bovis h a d  be e n  made by c o l ony 

and c e l l mo r ph o l ogy , s u b cu l t u r e s  were s u bj e c te d  to a s e r i e s  o f  

b i o c hemi c a l  te s ts fo r c o n f i rma t i o n .  

Fol l ow i n g  a n  ea rl y pe r i o d w h e n  a l l s u s pe c t  M. bovis c u l t u r e s  were 

c o n f i rme d b i o c h em i c a l l y ,  i t  b e c ame i mp ra c t i c a b l e to d e a l  wi t h  

e v e ry i s o l a t e , a n d  t h e r e a ft e r  a p p rox i ma te l y  o n e  t h i rrl o f  s u s pe c t  

c u l t u re s , ra n d oml y c h o s e n , we re s u b j e c te d  to fu r th e r  i n v e s t i g a t i o n . 

E v e ry i s o l a te .3 L! b j e c te d  t o  b i o c her!i c a l  te s t i n g  proved tc be i'd. bo'Jis 
a n d  s o  i t  was c o n f i d e n t l y  a s s umed th a t  a l l l i k e i so l a te s  we re 

M. bovis . 

B i o c h e :n i o 1  re u c t i o n s  

A p p ro p r i a te b i ochem i c a l  t e s t s  were s e l 2 c ted from the ' CD� sy s tem ' 
( K i n g �2 1 9 7 8 )  a n d  o n  t h e  b a s i s o f  recomme n d a t i o n s  g i ven by P u g h 82 
( 1966 ) , Pede r s e n71( 1 9 70 ) , vJ i l cd07( 1 9 70 ) , B O \ Te14 ( 1 9 74) , Aro ra3 ( 1 9 7 6 ) 

a n d  F ra s e r33( 1 9 79 ) . 

U t i l i z i n g th ree t e s t s , name l y fa i l u re to fe rm2 n t  c a r b o hy d ra te , 

fa i l u re to g ro\v o n  t-k Con key a g a r  a n d  prod u c t i o n.  o f  o x i d a s e , i t  \•/dS 

po s s i b l e  to re d u c e  the pos s i b i l i t i e s to 13 s pe c i e s  o f  Gram r. e g a t i v e  

bac i l i i .  T h e  rema i n i n g 1 2  \-Je re e l i mi na te d  by two fu r'th e r  te s ts , .  

n ame l y  l i tmus m i l k  d i ge s t i on a n d  n i t ra te re d u c t i o n . 

B i oc he m i c a l  me d i a  were i no c u l a ted w i t h  M. boviu s u s pe n d e d  i n  h e a r t  

i n f u s i o n b ro t h  a n d  w e r e  i n c u ba ted a t  3 7 ° C  fo r u p  t o  10  days . 
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Pos i t i ve react i on s  bro ugh t about  by M. bovis we re a s  fo l l ows : 

1 .  Carbo hydrate  fe rmenta t i on - M. bovis does  not  fermen t  

carbo hydra tes . The  carbo hydra te chosen  wa s dextro s e , a n d  

i ncuba t i on wi th  M. bovis c a u s e s  a co l o ur  c h a ng e  from green 

to  b l u e ,  i n d i ca t i ng  tha t g rowth had  pro d uced  an  a l k a l i ne pH b u t  

t hat  t h e  d e x tro s e  rema i n s u n fermen te d  ( F i g .  I I I . 7 ) .  

2 .  McCon key aga r - M. bovis doe s not grow o n  McConkey a ga r .  

3 .  Ox i da se re a c t i c n  - M. bovis p roduces  o x i da s e  o n  g rowth . 

Co l on i e s g rown o n  b l ood a ga r  are fl ooded  wi th  a 0 . 5% 
so l u t i on o f  te trame thyl - p - phenyl e ne - d i am i ne  d i hyd ro ch l o r i de 

a nd  the  pu rpl e s ta i n i ng o f  the  co l on i e s  denotes  a po s i t i ve 

rea c t i o n  ( F i g .  I I I . 8 ) .  

4 .  L i tmu s mi l k - M. bov1"-s ca u s e s  a very c ha ra c ter i s t i c a l k a l i ne 

rea c t i o n fo rmi n g  d i s t i n ct  c l ear  bands  a t  the  to p o f  the  

l i tmu s m i l k . T h i s c hange � s  fo l l owed by comp l e te 

pepton i za t i on of the iii i l k  re s 1 1 l t i n g  i n  a c l ea r homo ge n o :J s  

purp l e co l oured f1 u i d  a fte r 5 to 10 days i ncubat i o n 

( F i g .  I I I . 9  (a )  a n d  ( b ) ) . 

5 .  N i trate reduc t i on - M. bovis doe s not  reduce  n i tra te  to n i tr i te ,  

a nd g rowth o f  t h e  orga n i sm i n  the i ndo l e  n i trate s o l u t i on i s  

e n couraged  by the a dd i t i on o f  0 . 2ml ca tt l e se rum . B a c te r i a l  

g rowth i s  v i s ua l l y  a s s e s s e d  to a vo i d  fa l se n e ga t i ve  re s u l t s . 

The pre s ence of pers i s t i ng  n i tra te i s  demons tra ted  by the 
a d d i t i on of  z i nc powde r  wh i c h turn s red a fter 1 to 5 mi n ute s  

( F i g .  I I I . lO ) . 
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F I GU RE I I I . 7  

F I GURE: I I I . 8  

No n - fe rme n ta t i o n  o f  c a rbo hyd ra t e s  by Moraxe l la 
bovis a s  demo n s t ra ted by i no c u l a t i o n  a n d  

i nc u b a t i o n  o f  d ex t ro s e  m ed i um 

tubes : 1 = dextro s e  ferme n ta t i o n  by a c o n tam i n a n t  

i nd i c a t e d  b y  y e l l ow c c l o u ra t i o n  

2 = o r i g i n a l  co l ou r  o f  d e x t ro s e  m ed i a 

3 = growth o f  M. bovis ca u s e s  a n  a l ka l i ne 

pH a s  i nd i cated by b l u e  c o l oura t i o n  

Ox i da s e  pr·od u c t i o n  b y  Mm�axe Ua bo�)is c o l o n i e s  

i nd i c a ted by the p u rp 1 e co l o u ra t i o n  a fter t h e  

a dd i t i o n  o f  t h e  o x i d a s e  reage nt 
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F I GURE 1 I 1 . 9  

F I GURE 1 1 1 . 9  

D i ge s t i on o f  l i tmus mi l k  by Moraxe l la bovis 

( a ) 24 hours  i ncubat i on a t  37° C 

zones  1 = a l kal i ne pepton i za t i o n 

2 = ori g i na l  co l ou r  o f  l i tmus mi l k  

3 = format i on of c l o t  

D i ge s ti on of l i tmus mi l k  by Moraxe l la bovis 

( b )  120  hours i n cuba t i on a t  37° C 

t u be 1 = ori g i na l  l i tmus mi l k  

tube  2 zones  1 = comp l ete pepton i za t i o n  
2 = c l o t  
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F I GURE I I I . lO The non -uti l i za t i o n  of n i trate by Mor>axe l la bovis 

tube 1 = addi t i o n  of zi nc  powder to med i a  to 
demon s trate pers i s tence of n i trates 
5 days after i nocu l a t i on w i t h  

tube 2 red co l ourat i o n  i nd i cates the 
red u ct i o n  of  the n i trate to n i tri te 
by a n  u n known orga n i s� 
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E VALUAT I ON OF EYE  LES I ONS 

For the  purpo s e s  of the s tudy ,  the c l i n i ca l  s i g n s  observed we re 

recorded a s  e i ther m i l d  or  s evere , accord i n g to the fo l l owi ng  

c r i te r i a .  

Eye s de s i gnated m i l d  s howed one  o r  mo re o f  the  fol l owi ng s i gn s : 

1 .  cornea l  u l c e r ( s )  u nder  5mm i n  d i ame te r  ( F i g .  I I I . l 2 ) ; 

2 .  cornea l opac i t i e s  w i thout  u l cera t i o n  u nder  5mm i n  d i ameter  

( F i g .  I I I .  13 ) ; · 

3 .  n o  tempora ry b l i ndne s s ; a n d  

4 .  l e s i on s  hea l e d  w i th no v a s cu l a r i za t i on of  the  cornea . 

IJe s d e s i gnated seve re s howed one  o r  mo re  o f  the  fo l l ow i ng s i a n s : 

1 .  cornea l  u l cers  over  5mm i n  d i ameter ( f i g .  I I I . l 4 ;  F i g .  I I I . 1 5 ) . 

2 .  comp l ete  corn e a l  o pac i ty ( F i g .  I I I . 16 ) ; 

3 .  tempo ra ry b l i n dn e s s ; 

4 .  reso l u t i on o f  l e s i on s  i n vo l v i n g va sc u l a r i za t i o n  o f  the  

cornea  ( F i g .  I I I . l 7 ) ; 

5 .  forma t i on of  a des ce�eto c e l e ;  

6 .  occa s i ona l  p ro l a p s e  of the i r i s  and/or  l en s  wi th perma n e n t  

b l i n dre s s  c o n s e q u e n t  u pon  t h e s e  change s ; a nd 

7 .  re s i dua l  sca rr i n g  o f  the cornea ( F i g .  I I I . 1 8 ) . 

I rre s pe ct i ve of  the  f i na l  sever i ty o f  the  cornea l l e s i on ,  mo s t  eye s  

s howed conj unc t i v i t i s ,  b l e pharo s pa sm a n d  exces s i ve l a c h ryma t i on a t  

s ome s tage d ur i n g  the co ur se  o f  the d i s e a s e . 
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F IGURE I I  1 . 1 1 

F I GURE I I I . 1 2 

A m i l d  l es i on of i nfec t i ou s  bov i ne 
keratoconj unct i v i t i s i nvo l v i n g a sma l l 
u l cer  o f  the  cornea 

u = u l cer  of  cornea < 5mm i n  d i ameter 

The  use o f  f l uoresc e i n to demo nstrate a 
sma l l ,  s ha l l ow cornea l u l cer  
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F I GURE ! ! ! . 1 3 

F I GURE I I I . l 4 

A m i l d  l es i o n  o f  i nfect i ou s  bov i ne 
keratoconjunct i v i t i s  i nvo l v i n g  a sma l l 
a rea of o pac i ty i n  the cornea 

o = o pac i ty o f  the cornea < 5mm i n  d i ameter 

The progre s s i o n of  a m i l d  l es i on of 
i nfect i ou s  bov i ne keratoconjunct i v i t i s 
to a s evere form w i th i ncrea s i n g  cornea l 
opac i ty 

0 = deve l o p i n g  corneal  opac i ty 
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F I GURE I I I . l 5 

F I GURE I I I  . 16 

A severe ca se  o f  i nfect iou s  bov i ne 
keratoconj unct i v i ti s 

0 = compl ete cornea 1 opac i ty 

u = cornea 1 u l cer  > 5mm d i ameter 

c = conj unct i v i t i s 

p = pannus  forma t i on 

= 1 a c h ryma t i on  

A severe ca se of i n fe cti ous  bov i ne 
keratoconj uncti v i t i s  

0 = comp l ete co rnea l opac i ty 

u = l arge deep co rnea l u l cer 

p = we -l l deve l oped  va s cu l ari zat i o n  

= l ac hrymat i o n  
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F I GURE ! ! ! . 1 7 

FI GURE I I I . l8 

A severe ca se o f  i nfecti ou s bov i ne 
keratoconj unct i v i t i s  i n  the proce s s  of  
hea l i ng 

o = o pa c i ty beg i nn i ng to c 1 e a r  

v = we l l devel oped vascu l ar i zat i o n  

h = he� l i n g  u l cer  

A re s i d u a l  cornea l  scar  from a severe case  
of  i n fect i o u s  bov i ne keratoconj u nc t i v i t i s  

s - s ca r  t i s s ue 

. I 
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TREATMENT OF I NFECT I OUS BOV I NE KERATOCONJUNCT I V I T I S  

Throughout  th i s  project , t he fo l l owi ng method o f  treat i ng cases  of 
I BK wa s empl oyed . 

1 .  S u bconj unct i va l  i nject i on  of  2ml of a pen i c i l l i n - s treptomyc i n* 
m i xture benea th  the upper  eyel i d  u s i n g a 2 . 5cm 20 gauge 
hypodermi c needl e .  

2 .  The i njecti on was adm i n i s tered by ro l l i n g  the u pper eye l i d 
over the fi nger and  i nject i ng  through and benea th the exposed 
pa l pebra l conj unct i va . Th i s  techn i q ue l eft 3 v 1 s i b l e  b l eb 
of the ant i b i o t i c  product  i n  the upper eye l i d .  

3 .  Both eyes of the a n i ma l  were al ways tr·ea ted . 

4 .  Un l e s s  o therv; i se  s ta ted , on l y one t reatme n t  '-'13 S admi n i sterEd . 

STAT I ST I CAL METHODS 

S t u dents  t - te st  was u sed to �ompa re mean s  ( F i scher�! 1928) , a r,d a 
2 x 2 cont i ngency tab l e and C h i - squared  te s t  ( Dawk i n s�7 1968 )  we re 

used  to exami ne the d i fferences  i n  t h e  observed a n d  expected 
frequency o f  events . Where expected va l ue s  we re f i v e  or l e s s , 
F i s cher ' s  Exact method wa s used  ( Ba i l ey� 1959 ) . 

* 
and  

proca i ne pen i c i l l i n 250mg) per  m l  _ S trep to pen d i hydros trep tomyci n s u l phate 250mg ) 
G l axo New Zea l and L i mi ted , Pal merston No rth . 
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CHAPTER 4 

PREVALENCE OF MORAXELLA BOVIS I N FECT I ONS AN D I N FE CTI OUS BOV I N E 
KERATOCONJ UNCT I V I T I S  ON TWO MANAWATU BEEF  FARMS ( FARMS I AND I I ) 

P RE FACE 

FARM I 
Farm Profi l e  
H i s tory 
I nve sti gat ion  Procedure 
Res u l ts 
D i s c11 s s i on 

FARM I I  
Fa rm Pro f i "l e 
H i s tory 
I nve sti gati on  Procedu re 
Re s u l ts 
D i scus s i on 

S UBSEQUENT H I STORY ON FARM I I  
I n vesti ga t i on Procedure 
Re su l ts 
D i s cu s s i on 

TABLES 
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PREFACE 

Mora�e Z Za bovis ha s been a s so c i a ted wi th o utbrea k s  of I BK for a 
con s i de rab l e peri od ( Wa tt �31 95 1 )  and at  the present  t ime i t  i s  
genera l l y  accepted a s  the so l e causati ve agent ( J a ckso�� 1953 ; 
Fau l l �0 1 9 54 ;  Ga 11 agher� 1954 ; Hen son�3 1960 ) . The  orga n i sm can  
be  read i l y  i s o l ated from cattl e eye s dur i ng outbrea ks  of the 
d i sease , p rov i ded appropr i ate sampl i n g procedures  are adopted . 

I t  was therefore p l anned that a maj or porti on o f  the i nvest i gat i on 
i nto I BK s hou l d be devoted to a fi e l d study i nto the dynam i c s o f  
M. bovis i n fect ions  dur i ng natu ra l l y  occurri ng outbreaks  of  I B K .  
Parti cu l a r  reference wa s to b e  pa i d  to the re l a ti o n s h i p  between  
the  preva l ence of M. bovis i nfect i o n s  and the occurrence o f  eye 
l es i on s . 

To ach i eve th i s  aim , three fa rms i n  the Pa l merston North a rea were 
chosen . These fa rms had a h i story of  prev i ou s  probl ems i nvol v i ng 
I B K ,  a nd  i f  outbrea ks  were to conti nue i t  wa s hoped that they woul d 
p rov i de  an  opportun i ty of  study i n g a ny changes  i n  the p reva l ence of 
M. bovis i n fecti on s  i n  re l a t i o n  to the number  of a n i ma l s show i n g  
overt s i gn s  o f  I B K .  I t  wa s p l anned tha t on each  farm a g roup  of  
i nd i v i dua l l y  i dent i fi ed a n i ma l s wou l d  be stud i ed a t  regu l a r  
i n terva l s over a per i od o f  1 2  months . 

The i n vest i gat ion s  on  two of  the fanns ( Fa rm I and  Farm I I )  were 
l i mi ted i n  the i r succe s s ,  becau se  of the absence of  I BK for the 
dura t i on of  the s tudy . Re s u l ts  from the s e  two farms a re recorded 
and d i s c u s s ed i n  th i s  chapte r .  However , the o utbreak of  I B K  on 
Farm I l l  wa s typ i cal l y  s er i o u s  for that property and i t  p rov i ded 
a great dea l of  i mportant i nformat ion  wh i ch i s  repo rted separa te l y 
i n  Chapter  5 .  
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F ARf\1 I 

Farm Profi l e  

1 .  Loca t i on : 1 . 5 km a l ong  Ka p i kop i ko Road , 20 km SW of  Pah i atu a . 

2 .  Pro perty s i ze :  688 h ecta re s . 

3 .  So i l type : Matamou s i l t l oam \'li th c l ay s u bso i l .  

4 .  Al ti tude : 6 lm - 242m a s l . 

5 .  An nua l  ra i nfa l l :  1 7 70mm - 2020mm . 

6 .  Pa s ture : l'yegra s s  a nd c l  over on l ower h i l l s  wi th brown top 
a nd na t i ve s pe c i e s  on h i ghe r h i l l s .  

7 .  S tock numbers : 5620 stock un i ts  ( 3500 Romney breed i ng ewe s , 
1200 hoggets and  350 Abe rdeen Angus cat tl e ) . 

8 .  Management : Th i s  p rope rty opere. te s a s heep  and beef breedi n g  
a n d  fatten i ng enterpri se . Al l repl a cement  s tock  are b red o n  
the fa rm , wh i ch funct i ons  as  a c l osed  u n i t .  

H i s tory 

S i nce 1979 , I B K  had  been a cont i nu i ng prob l em i n  the cows , 2 yea r  
o l ds and  yea rl i ngs . Du r i ng the wi nter o f  1 980 approxi matel y 40% 
of a mob of 90 yearl i n g s  and the i n -ca l f h e i fe rs '!VPre affected by 
I B K  and treatment u s i ng  subconj uncti val  i nj ec t i ons  of 
oxytetracycl i ne* was g i ven a t  th i s ti me. . Confi rmati on of  M. bovis 

i nfecti on wa s made on 2 5/1 1/80 by veteri nar i an s  from Ma s s ey 
Un i vers i ty .  

* Oxytetracycl i ne - Terramyc i n  LA , Pfi ze r La boratori es , 
( 200mg/ml ) Auck l and , New Zea l and . 
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I nve s ti gati on  Proced ure 

I t  was p l anned to o b serve and  sampl e at  month l y  i nterval s o ver  a 
peri od of 1 2  month s ,  a g rou p o f  r i s i ng 2 year  o l d  hei fe rs that  had  
exper i enced I B K  d ur i ng the  wi nter of  1 980 . However , t he  p rogramme 
proved to be i mpract i cab l e because  of adverse weather cond i t i on s  
o ver  the wi nte r  months  a n d  a reduced schedu l e  h a d  to be emp l oye d .  
Spec i mens o f  conj unct i va l  sac  fl u i d s  were co l l ected and samp l ed  
acco rd i n g  to the  method  des cri bed i n  Chapter  3 ,  pg 46 . 

Res u l ts 

Moraxe Z Za bovis was not i so l ated at any t i me d ur i ng the fi ve month 
peri od  of  study and  the on ly eye l e s i on s  o bserved were i n  two 
hei fers wh i ch had pers i s tent  corneal  scars from a prev i o u s  ep i s ode 
of I B K  ( Tabl e I V . I ) .  

The owner  of the cattl e ,  a competent  stockman , reported that  the re 
were no s i gns  of I B K  i n  any of h i s o the r cattl e over the s ame 
peri o d , eve� tho ugh  i n  p rev i ous  years  I B K  had  been common at that 
t ime . 

Di s c u s s i o n 

The ri s i ng 2 year o l d  he i fers  had exper i enced I B K  i n  J une 1 980 a nd  
confi rmat ion  of M. bovis i nfect ion  was made i n  November 1980 . I t  
was expected that th i s i nfecti on wou l d have  been pas s ed o n  to the 
next cro p  of ca l ve s . 

As s hown by the res u l ts o f  the fi r st  samp l i ng ( Tabl e I V . I ) i nfect i o n  
was not pa s sed o n , pos s i b l y  beca u s e  o f  s pec i fi c i mmun i ty tra n s fe rred 
i n  the col os trun 1 ( Pugh�0 1 980) . The he i fe rs had apparentl y s h e d  
the i r M. bovis i n fect i ons  by the t i me s ampl i ng commenced and  were 
therefore no l onger  a s ource of i n fect i o n  for the cal ves . 
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Unt i l ear ly  1982 the fa rm wa s be i ng managed as  a c l o s ed un i t a nd  
there fore i t  was a s s umed that t he  s tock  wou l d remai n free of  
M. bovis . However , there was a change i n  management  pract i ce wh i ch 

i nvol ved the purchase  of  a mob o f  affected s teers and th i s l ed to 
the rei nt roducti on of I B K  on to the property .  

FARM I I  

Farm Profi l e  

1 .  Locat i on : 3 . 2  km south  of  Shannon on S ta te H i ghway 5 7 . 

2 .  Prope;ty s i ze :  7 29  hectare s . 

3 .  So i l  type : Grey wac ke  

4 .  Al t i tude : 73m - 545m a s l . 

5 .  Annua l  ra i n fa l l :  1 1 36mm .  

6 .  Pa s ture : ryegra s s  and c l over on fl a t  l and  wi th nati ve g ra s se s  
a nd  c l o ver on  h i l l  country .  

7 .  Stock  numbers : 6600 s toc k uni ts ( 5000 Perenda l e  ewes and 
400 Hereford and Aberdeen Angus  ( c ro s s )  cattl e ) . 

8 .  Management : Th i s  property operates Perenda l e  and Herefo rd studs  
wi th  s urpl us  s tock  be i ng fattened . Al l repl a cement s to c k  are  
bred  o n  the  farm and therefore i t  fu ncti ons  a s  a cl o sed  u n i t .  
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H i s tory 

Farm I I  experi enced i ts fi rst  outbrea k of  I B K  i n  September 1 9 78 
amongst  the stud Here fo rd catt l e .  Because of the s er i ou s  nature 
of  the outbreak , veter i nary con s u l tat i on wa s sough t  and  
conf i rmat i on of wi des p read M. bovis i nfect i o n  wa s made by 
veteri nar i ans  from Mas sey Un i vers i ty on 3/9/ 78 . Treatment o f  
a ffected s tock wi th s u bconj uncti val  i n fec t i o n s  of a pen i c i l l i n ­
s treptomyci n mi xture ( Chapter 3 ,  pg 6 2 ) wa s underta ken at thi s 
t i me . 

I nvesti gat ion  Procedure 

Th i rty Her2ford s tu d  cows and thei r ca l ves were ava i l a bl e for the 
s tudy per i o d . Sampl i ng wa s underta ken at  a pprox imate l y  month l y  
i nterva l s from January to June 1981 unt i l ca l v i n g was i mmi nent , 
at  wh i ch t i me i t  became undes i rabl e to mus ter  the s tock  on the 
h i l l s .  Duri ng the peri od of c a l v i n g , name l y  August  to October ,  
ob servat i on by the farmer wa s re l i ed upon  to detect any I B K .  
A further  sampl i ng o f  the cows a n d  the i r new- season  ca l ve s  wa s 
u nde rtaken i n  November 1981 . 

Re su l ts  

S i x  o f  the 30 cows observed s howed re s i dua l  corneal  s cars  from 
prev i o u s  I B K  i nfect i ons  a nd the l es i on s  pers i s ted for · the  ent i re 
l ength o f  the s tudy . At no t i me over the 1 1  month peri od were 
there any further l es i on s  of I B K  recorded ( Ta b l e I V . I I ) . 

The o n l y  v i s i t  that  yi e l ded M. bovis i so l ates  co i nc i ded wi t h  the 
a ppearance of exce s s i ve l ac h rymati o n  amongst  s evera l a n i ma l s b ut  no 
conj unct i va l  or cornea l l e s i on s  appeared  then or l a ter .  One of the 
cows from wh i ch M. bovis was i so l ated , exh i b i ted s i gns of  seve re 
p hotosen s i ti zati on  a t  the  t i me of samp l i n g on  25/2/82 . 
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D i s c us s i on 

At the ti me o f  the fi rst exami nati on there wa s no a ct i ve c l i n i ca l  
I B K  � n d  sampl i ng d i d  not yi e l d M. bovis . T h e  second s amp l i ng ,  
howeve r ,  revea l ed two cows that were i nfected wi th M. bovis 

a l though there were s t i l l  no l e s i ons  i nd i cati ve of I B K .  From thi s 

l ow l evel  of  i nfect i on  among s t  the cows i t  wa s ant i c i pated that 
i nfect i o n  mi ght  we l l s pread to the ca l ves  and i n i t i a te an  outbreak  
of  I BK .  Th i s  pos s i b i l i ty was cons i dered l i ke l y  becau se of  the 
h i gh l y  contag iou s  nature of M. bovis to s tock  of  th i s  age . They 
were approx i mate l y  6 months  o l d by wh i ch t i �e any materna l l y  deri ved 
i mmu n i ty woul d have waned ( Pugh ;0 1 978 ) . 

One  pos s i b l e expl ana t i on for the s pontaneous  and  temporary nature 
of the M. bovia i nfect i ons  i s  tha t the organ i sm may have reverted 
to a non- haemo lyti c state  and thereafter woul d not have been 
i dent i f i ed  by the s tandard me thods adopted ( Chapter 3 ,  pg 4 7  ) . 
Al ternat i ve l y , some form of  s tre s s  on the cows may h ave p rovoked 
an  a s cend i n g  i n fect ion  from remote s i tes i n  the na re s . E i ther the 
non- haemol yti c form and  therefore non v i rul ent  statu s  of  the 
orga n i sm ( Arora : 1976 ) or  res i dua l  i mmun i ty from prev i o u s  expo s u re 
to M. bovis a ppeared to preven t  further d i s semi nati o n  of  the d i s ea s e . 
At the comp l eti on  of the s tudy ,  no  act i ve I BK had been observed 
a nd the s to c k  were a pparentl y c l ear  of  M. bovis i nfect i o n  ( Tab l e I V . I I ) . 

SUBSEQUENT H I  STORY ON F AR1·1 I I  

Three mont h s  after the compl e t i o n  of the pl anned s tu dy ( 7/3/82 ) , the 
owner repo rted a s u s pected outbreak of I BK on  th i s farm . He had  
observed one a n i ma l  among st  a mob  of n i ne bu l l s  s howi ng  s i gn s  wh i ch 
cou l d be a ttri bu ted to I B K ,  name l y ;  exce s s i ve l ac h rymat i o n , 
b l e pharospasm  and  corneal  opac i ty wi th  res u l t i n g  b l i ndne s s .  

69  



The  a ffected 18  month o l d bu l l  had been samp l ed  fi ve t i me s  from 

28/ 1/81  to 14/5/81  and on every occa s i o n  wa s c l ear o f  M. bovis 

i nfect i on a s  we l l as never hav i n g s hown s i gns  of I B K .  T h i s s i n g l e 
mob of  ni ne a n i ma l s had  been run a s  an  i so l ated un i t s i nce June 1981  
wi thou t  any further i ntroducti ons or  contact wi th  other  s tock . 

I nves t igati on  Procedure 

On  the 8/3/82 , a l l n i ne a n i ma l s were exam i ned c 1 ose l y for eye l es i on s  
a nd  s ampl ed fo r M. bovis . Mas s  treatment wa s commenced i mmed i a te l y  
u s i n g a pen i c i l l i n - s trep tomyc i n  mi xture a dm i n i s te re d  subconj unc ­
t i va l l y  ( Chapter 3 ,  p g  6 2 ) anJ the same s c hedu l e wa s repea ted 96 

a nd 144 hours l a te r .  

T he  ca ttl e were ma i n ta i ned i n  i so l a ti o� a n d  re- samp l ed on  the 17/3/82 
( i . e .  3 days after the l a s t  treatment ) .  

Res u l ts  

C l i n i ca 1  exami nation  conf i rmed the one obv i ou s case  of  severe I B K  
( def i n i t i o n  Cha pte� 3 ,  p g  57 ) :  th i s wa s the bu l l f i rst  not i ced 
by the fa rme r .  Fou r  other bu l l s  s hO\.o�ed degree s of m i nor  cornea l 
i nvo l vement . Of the n i ne an ima l s ,  s i x  had M. bovis i nfect i on s  i n  
one o r  both eyes ( Tab l e I V . I I I ) . 

By 1 7/3/82 , and fo l l ow i n g  treatment , no M. bovis cou l d  be i so l a ted , 
one  eye l e s i o n had hea l ed comp l ete l y  a n d  the rema i nder of  the 
l e s i ons  had  not deve l oped fu rther .  

The  farmer h a s  subsequent ly  reported th a t  there h a s  been n o  further 
I B K  i n  th i s group of  cattl e or  amongst  a ny other cattl e on h i s farm . 
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D i s c u s s i o n  

The s ou rce  of  the outbrea k of  I B K  affect i n g  the n i ne b u l l s  wa s not 
determi ned . The  farmer  runs  a c l osed u n i t  a nd there had been no 
new cattl e i ntroduced on to the farm . I n  s p i te of regu l a� sampl i ng 
of c a ttl e on the farm over the s tudy peri od , M. bovis had not been 
i so l a ted s i nce  25/2/8 1 , i . e .  some 13 months  pre v i o us l y .  Therefore , 
t he  mos t  l i ke l y  source  of  th i s  i nfect i o n  may have  been affec ted 
catt l e on ne i ghbour i n g  pro perti e s . Al thou g h  n e i ghbo u r i ng fa rmers 
reported the i r  s tock  to be  unaffected by I B K ,  so�e a n i ma l s m i ght  
hav e  been acti ng a s  c l i n i ca l l y  norma l carr i ers  of the  d i s ea s e . I t  
wa s not fea s i b l e  to e l im i nate s u ch a po s s i b i l i ty �tli t h i n the scope 
of t h i s  s tudy . 

Ma s s  treatmen t  i n troduced a t  a n  ear l y  s tage  of the outbrea k �ppeu red 
to be mo st  s ucces sfu l . Hand l i n g  fac i l i ti e s were  good B nd the owner 
wa s a n  enthu s i a s t i c ,  k nowl edgeab l e farmer who wa s keen t o  attempt 
erad i ca t i on of  M. bovis i n fect i o n .  To be s u re of succe s s ,  sampl i n g  
s ho u l d b e  cont i nued for some weeks , i nc l ude other more remo t e  s i tes  
i n  wh i c h M. bovis mi ght  l odge , a nd the non- haemo l yti c s tra i n s of 
M. bovis shou l d be acco rded the same pr i ori ty a s  the  mo�e ea s i l y  
i denti fi ab l e forms . 
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· TABL E  I V .  I P REVALENCE  OF MORAXELLA BOVIS AND I NFECT I OUS  BOV I NE  
KERATOCONJ UNCT I V I T I S  ON  FARM I DUR I NG THE  W I NTER  
AND SPR ING  OF 1981  

DATE 
SAt-1PLED  

8/4/81 

29/4/8 1 

5/8/81 

23/9/81  

CATl LE  
S.A.MPLED 

1 7  n s 1 ng 2 yea r  o l d 
hei fers & 17  ca l ves 

same 34 a n i ma l s as 
8/4/81  

pre v i ous 1 7  c a l ves 
p l u s  20 add i t i ona l 
ca l ve s  

same 37  a n i n1a 1 s a s 
5/8/81 

TOTAL NUMBER  OF 
CATTLE SAMPL E D  

34 

34 

37 

37 

NUMB ER  OF 
M. BOVIS 

NUMBER  OF 
I SOLAT I ON$ I B K  L E S I ONS 

0 0* 

0 0* 

0 0* 

0 0* 

* two he i fe rs showed cornea l scars re su l t i n g  from I BK duri ng  the 
p rev i ous  wi nter 
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TAB LE I V . I I  PREVALENCE  OF MORAXELLA BOVIS AND INFECT I OUS BOV I N E  
KERATOCONJUNCT I V I T I S  ON FARM I I  DUR ING  1981  

DATE 
SAMPLED  

28/ 1/81 

25/2/81  

25/3/81  

22/4/81  

14/S/81  

25/ 1 1/81  

30 

30 

30 

30 

3() 

CAT TLE 
SAMPLED  

CCJ\1/S & 30 

cows &. 30 

C:O\'i� & 30 

cows & 30 

ca l ves 

ca l ves 

ca l ves 

ca l ve s  

cows & 30 ca l ves 

the same 30 cows but 
30 new- season cal ves  

TOTAL NUMBER  OF 
CATTLE SAivJP LED  

60  

60  

60 

60 

60 

60  

* s i x  cows h ad  corneal  s c ar s  from prev i ous I B K  

NUMBE R  OF 
M. B:JVIS 

I SOLAT I ONS I BK LES I ONS 

0 0* 

2 ( cows ) 0* 

0 0* 

0 0* 

0 0* 

a 0* 
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TAB LE I V .  I I I PREVAL ENCE OF MORAXELLA BOVIS AN D I NFECTI OUS BOV I NE  
KERATOCONJUNCT I V I T I S  AMONGST YOUNG BULLS  ON  FARM I I  
DUR ING  A SPONTANEOUS OUTBREAK AND FOLLOW I NG  TREATMENT 

Total number of a n i ma l s 

Number showi ng I BK 

Number of M. bovis i so l a t i on s  

DATE OF E XfiMI Nfi.T I ON 
8/3/82 1 7/3/82 

9 9 

5 4 

6 G* 

* a l l a n i ma l s had been treated 1 n  b� th eyes  on 
three occas i o n s  
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INTRODUCT I ON 

The  farm cho sen for th i s  s ect i on  of the i nve st i gat ion  offered the  
bes t  opportun i ty for s tudy a s  there were 400  cattl e ava i l a b l e ,  a nd  
they were readi l y  acce s s i b l e i n  a feedl o t  c l o se  to c attl e yards . 
The farmer offered eve ry cooperat i on for the s tudy because I BK had  
been  a recurrent pro b l em amongs t cattl e on th i s  property for a 
n umber of  years . The l i ke l i hood of ano ther o utbrea k occ urri ng under 
these  same cond i t ions  was con s i dered to be h i gh . 

FARM PROF I LE 

1 .  Loc a t i o n : Green Road , 2 . 4  km from Awahur i , 10 k� north o f  
Pa l met ·ston North . 

2 .  Property s i ze :  1 7 3  hec tare s of effect i ve fa rm l a nd d i v i ded 
i nto 2 b l ocks ; home fa rm - 95 hectares and run  off - 7 8  
hectares . 

3 .  So i l  type : home b l ock  - Karapei s i l t  l oam 
run off - Ka i ranga s i l t  l ocm . 

4 .  Al t i tude : 45m a s  1 .  

5 .  Annua l  ra i nfa l l :  940m'11 . 

6 .  Pa s tu re : ryegra s s  and wh i te c l  o ve r .  

7 .  Stock numbers : 6 5 18  s toc k un i ts ( 5000 wether l ambs and 1 530 
cattl e ) . 

8 .  Mana gement : s i n ce  a bout  1 966 , th i s  fa rm had empl oyed a feed l o t  
sys tem over the wi nter months  i n  order to i nc t·ease  the c a rry i ng 
c apa c i ty at that t i me of year . Duri n g  Apri l and May be tween  
1 200 a n d  1600 , 6 month  ol d ma l e cattl e were p urcha sed a nd  i n  
J une , 800 o f  these  we re p l aced i n  the feedl ot , the rema i nder 
be i ng l eft on  pas ture . Wh i l s t i n  the  feedl o t  the s tock  were 
fed once da i l y wi th  hay , at a rate of 2 . 72kg  per a n i ma l , and  
chopped chou  mo l l i e r  at  a rate o f  1 3 . 6 k g  pe r a n i ma l . Al l catt l e 
were drenched w i th an  anthel m i n t i c  a t  3 wee k l y  i n terva l s du r i ng  

7 6  



the peri od Apri l to August . From Aug u s t  onwards the  be tter  

cond i ti oned an i ma l s were so l d i n  batc h e s  and  by October  the 

rema i n i ng cattl e had been put back on  to pa s ture . 

H I STORY OF I NFECT I OUS  BOV I N E  KE RATOCONJ UN CT I V I T I S  ON TH E P ROPERTY  

For  the  pa s t  s even years ( i . e .  s i nce 1 9 74 ) , I B K had been  a ser i o u s  
probl em i n  the ca ttl e on th i s fa rm , e spec i a l l y  amongst the cattl e 
i n  the feed l ot .  Great  care wa s a l ways exerc i sed  by the fa rmer 
when buyi ng the weaners , to a vo i d  mobs  s howi ng any s i gns  o f  I B K .  
Des p i te thi s prec cut i o r. ,  dur i ng each wi nter  there had been s eri ous  
outbreak s  o f  I B K .  Vari ous forms of  treatment , wh i c h  i n c l uded 
top i ca l  anti bacteri a l  agents as we 1 l a s  3 nt i b i ot i c s ubconj unct i va l 
i nject i ons , had been empl oyed at  d i fferent t ime s  but wi th va r i a bl e 
s u cces s , a nd I B K  rema i n s as  th i s  farm ' s  l a rges t  s i ng l e an i ma l  
hea l th probl em . 

OBJ ECT I VE S  OF THE  I NVEST I GAT I ON 

The overa l l a i m  wa s to s tudy the ep i demi o l og i ca l  features of a n  
outbrea k of I B K  and  from the resu l ts obta i ned to determi ne  s u i tab l e 
contro l  mea s u re s  that  mi ght be i ntroduced . I n  genera l , the farmer 
wi s hed to avo i d  hav i n g  to ma ke any change  i n  thei r current fa rmi n g  
practi ces . Accord i n gl y the more s pec i fi c obj ecti ves of  the 
i nvesti gati on  were to determi ne the extent of i nfec t i o n  at 
var iou s  t ime s  re l a ti ve to the number of ca ttl e exh i b i t i ng overt 
I BK ,  w i th a v i ew to e stabl i s h i ng a p ract i ca l  control pro gramme . 
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MATER I ALS AND METHODS 

Pre l i mi nary study 

The s i x-month o l d weaner  ca l ves were purcha s ed over a per iod  o f  
a pproxi mate l y  2 months  from 1/4/81 to 28/ 5/81 . A random se l ec t i o n  
of  a n ima l s were sampl ed  accord i ng to the p ro cedure descr i bed i n  
Cha pter 3 ,  pg 4 6 , to g i ve s ome i nd i cat i o n  o f  the preva l ence o f  
M. bovis i nfecti on amongst  the s tock on a rr i val . 

Se l ec ti on of feed l ot a n i ma l s on 8/6/81 

1 .  Al l 1 600 v!ea ners \1/e re r·un through  the yard s and by a v i s ua l  
a ppra i sa l  of  body cond i ti o n we re se l e cted i n to th ree group s ; 
good ( 400 ) , ave rage ( 800 )  and poor  ( 400 ) . 

2 .  The 800 weaners of average cond i t i on were returned to pa s tu re 
for w i nteri n g .  

3 .  The rema i n i ng 800 were d i v i ded i nto fpur  mobs of 200 an i ma l s 
( 2  x 200 of good cond i ti on  and 2 x 200 o f  poor body cond i t i o n ) . 
E ach  group  of 200 wa s the n  al l ocated to a pen i n  the fePd l ot 
where they vloul d rema i n for the  next 2 to 4 month s ( F i g .  V . 1 ) .  

I denti fi cat ion  for o bs erva ti on and  sampl i ng on  10/6/81 

1 .  Two pens c l ose s t  to the yards , each  conta i n i ng 200 weaners , 
were chosen for s u bs equent i nve s ti gati on ( Pe n  A and Pen 8 ) . 

2 .  Cattl e were i dent i fi ed wi th numbereJ bl ue  ea rtags  apart from 
every fourth a n i ma l  v1h i c h  was i dent i fi ed  by a yel l ov1 eartag . 

3 .  Al l 100 yel l ov! ta gged a n i mal s had the i r  body we i ghts recorded . 

4 .  Al l 4 00 tagged an i ma l s had the i r breed recorded . 

5 .  T he  weaners i n  Pen A were of good body cond i t i on a nd tho se  
i n  Pen B were of  poo r  body cond i t i on . 
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Procedure for observat ion  a nd sampl i ng 

Every second week ,  cattl e i n  Pen  A and Pen B were mustered 
separate l y  and a l l a n i ma l s put  i n to the head ba i l  where the i r  eyes  

were exam i ned thorough l y  for a ny l e s i ons . The yel l ow tagged  a n i ma l s 
had the i r  eyes  samp l ed for M. bovis ( Cha pter 3 ,  pg 46) a nd  any cases 
of I BK  were trea ted as  they aro s e , a ccord i ng to the method descr i bed 
( Chapter  3 ,  pg 6� . 

On the a l ternate wee k s , a l l 400 a n i ma l s were observed from the 
centra l race as  they approached the feed i ng troughs , a nd  the pre sence 
of any eye l es i on s  were recorded . Amp l e trough  s pace enabl ed  a l l 
a n ima l s to feed s i mu l taneou s l y  and  prov i ded they were o bserved from 
a d i stance of approx i matel y one metre , they rema i ned q u i e t for about 
1 hour , e nab l i n g adequate i ns pect i on .  

Th i s  procedure for observati o n  a nd samp l i n g co nt i n ued for 8 wee k s  
unt i l 6/8/8 1 ,  by wh i ch t i me mos t  o f  the cattl e i n  Pen A had been 
so l d .  Thereafter  the cattl e i n  Pen B cont i nued to be s tud i ed for 
a further 1 5  wee k s , unt i l 2/11/8 1 . but wi thou t  o b servat i ons  be i n g 
made from the centra l race ( F i g .  V . 2 ) . 

Group treatment 

On comp l eti on  of the ma i n  s tudy ( 6/8/81 ) , the cattl e i n  Pen  B 
hav i n g  even  n umbers , were treated ( Chapter 3 ,  pg 6 2) i n  both eyes 
i rres pecti ve of whether they exh i b i ted I B K .  

7 9  



RESULTS 

Prel im i nary s tudy 

There was a h i gh preva l ence of M. bovis among st  certa i n  groups  o f  
cattl e arri v i ng  o n  t h e  farm ( Tabl e V . I ) , whereas other con s i gnments  
were free both o f  s i gns  of  I BK  and  M. bovis i nfect i on . 

Ma i n  s tudy 

The preva l ence of  M. bovis i nfect i o ns i n  the cattl e of both mobs  
( Pe n  A and Pen B )  i nc reased marked 1 y  over  the 8 weeks  of the  s tudy 
peri od ( Tab l e V . I I  ( a )  and Tabl e V . I I ( b ) ) .  The l evel  of  M. bcvis 

i nfect i on i n  Pen A ro s e  i mmed i a te l y ,  whe •·ea s i n  Pen R there wa s no 
i nfect i o n  i n i t i a l l y ,  but  a fter 4 weeks the outbrea k fo l l owed a 

s i mi l a r  pattern a s  i n  Pen A ( Tab l e V .  I !  ( a ) ; Tabl e V . I I  ( b ) ; 
F i g .  V . 3 ) . A marked d rop i n  M. bovis i n fect i o n s  O(c urred fo l l ow i n g  
trea tn�nt of ha l f of t he  cattl e i n  P e n  B ,  but  t h i s reducti on  wa s o n l y  
temporary w i th a return to the fo rmer l e vel · wi th i n  one mon th . 

Many a n i ma l s y i e l ded M. bovia , some �f them repeated l y ,  but  the same 
a n i ma l s at no t i me s howed any s i gn s  of  I 9K ( Tabl e V . I I I ) . The 
preva l ence of I B K  ro s e , about a month  after the r i se  i n  M. bovis 

i so l a t i ons , bu t was a 1 ways at a much l ower l evel  than the preva l ence  
of  i n fecti on ( F i a .  V . 3 ) . There was  no d i fference i n  the  proport i o n  
of  each  breed t h a t  d i d n o t  s how s i gns  of  I B K ;  there wa s a l s o  no 
s i gn i fi cant d i fference  i n  the pro porti o n  of each breed exh i b i t i n g 
severe* as  opposed to a mi l der* form of I B K  ( Tabl e V . I V ) . Over the 
whol e peri od  of i n ves ti ga t i on a nd i nc l ud i n g  both pen s , there wa s 
a l mo s t  an  equa l n umber  of e i ther mi l d  or  s evere ca se s  o f  I B K ;  

1 9% a n d  20% res pecti ve l y .  

* m i l d  and  severe forms o f  I BK  are defi ned i n  Chapter 3 ,  p g  57 . 
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Of a l l cattl e that exh i b i ted signs o f  I B K ,  the greatest  number  were 
u n i l a tera l l y  affected ( Tab l e V . V ) , yet 68% of M. bovis i n fect i ons  
of cattl e i n  Pen  A were b i l atera l . 

Every ye l l ow tagged a n i ma l  was i nfected wi t h  M. bovis i n  e i ther one or  
bo th eyes at  some s tage of  the s tudy peri od ( u p  to 2/ 12/81 ) . 

At l ea s t  6% of  cattl e eyes  i n  Pen A were po s i t i ve fo r M. bovis on 
each  of  the f i ve sampl i ng occas i on s  ( Ta bl e V . V I ) , whereas  o n l y 12% 
of eyes were negat i ve on every occas i o n . 
i n  the same way because  of  the probab l e 
o f  the an ima l s o n  6/8/81  ( Fi g .  V . 3 ) . 

Pen B cou l d not be ana l ysed  
i nfl uence of  treat i n g  h a. H  

Based  on the  propot'ti o n  of  each breed represented i n  the ye 1 1  ow 
tagged a n i ma l s ,  they we re a tru l y  representa ti ve sampl e o f  the 
tota l popu l a t i on . 

We i ght ·l o sses  by the feedl ot ca ttl e 

Over a per i od of  9 wee ks  the cattl e i n  Pen A l o st  a n  a verage  we i gh t  
o f  20kg  and tho se i n  Pen B ,  lO kg . An i ma l s affected wi t h  I B K  l o s t  
more we i gh t ,  but the mean  d i ffe rences were not s i gn i f i cant . 

D I S CUSS I ON 

The  res u l ts of  the prel i mi nary study demons trated that  M. bovis 

i nfecti on was i ntroduced on to the farm wi th the weaners purchased 
for the feedl ot . T h e  i ntroducti on of M. bovis occurred des p i te a 
con s c i enti ous  effort  by the s tockman to a vo i d  buyi n g  a n i ma l s that 
e xh i b i ted eye l es i on s . The po s s i b i l i ty of M. bovis i nfect i o n  bei ng 
carri ed by c l i n i ca l l y  norma l a n i ma l s had not been con s i dered at  
the t i me of  purchase , b ut  was  s ubsequentl y s hown to  be a s i gn i fi cant  
factor in  the deve l opmen t  o f  t he d i sease on  the property .  
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When the cattl e had been a l l ocated to the feed l ot pens and the  
i nves ti ga t i on proper had  commenced , the preva l e nce of  M. bovis 

i nfec t i o n  i ncrea sed ra p i d l y .  The a n ima l s were i n  c l ose  conta c t  
for muc h  of  the ti me becau se  o f  the h i g h  dens i ty stock i ng and  
trough  feed i ng sys tem i n  the  feed l o t ,  a nd th i s prov i ded an  excel l e nt 
opportu n i ty for the  s pread of i nfec t i on . 

The d i fferent t imes  of  onset  of the  I B K  ou tbrea k s  i n  the two pens  
cou l d be attri buted to  the  a pparentl y l ower i n i t i a l  l eve l  of  M. bovis 

i nfec t i o n  amongst  the s tock i n  Pen B .  Moraxe Z Za bovis was not 
i so l ated from the yel l ow tagged a n ima l s in Pen 8 in the f i r st  two 
sampl i ngs , i nd i ca t i ng that e i t her the who l e mob wo. s c l ear  of  M. bavis  

i nfec t i o n  or the preva l ence wa s very ·l ow ,  or  more probabl y  M. bovis 

was present  but i n  a non- haemo l yt i c  form and th u s  pa s s ed undetected . 
The l a tter wou l d be the mo s t  l i ke l y expl a na t i o n  (Arora � 1 9 76 ) , but  
it  was not wi th i n the  scope  of th i s  proj ect to i d ent i fy non- haemo l yt i c 

M. bovis ( Cha pter 3 ,  pg 4 7) . If  the enti re mob of catt l e i n  P en B wa s 
c l ea r of  M. bovis , then the mo st  probab l e source of i n fect i on wou l d  
have been the cattl e i n  the other pens . T h i s  s pread of i nfect i o n  
wou l d mos t  proba b l y have occurred by mec ha n i ca l  tra n smi s s i on i n  the 
yards or  by the s toc kman , as  there wa s no d i r ec t  contact between the 
groups of  a n ima l s .  

Des p i te the  d i fference i n  t ime of onset  of  the outbrea ks  i n  eac h  
pen , the  dynami c s  o f  the M. bovis i nfect i o n s  a�d the rate o f  devel op­
ment of  c l i n i ca l  cases of IBK were very s i mi l ar .  The  pea k preva l ences 
recorded for both M. bcvis a nd IBK \'/ere compa rab l e t o  resu l t s  obta i ned 
by res ea rc hers overseas ( Hu ghes a nd Pugh �71 970 ; Bryan f8 1973 ; Arora � 
1976 ) .  The res u l ts  s u ggest  tha t under feed l ot condi t i o n s , o utbreaks  
of I BK  occurr i ng i n  New Zea l and may be fo l l owi ng  much  the  same 
pattern a s  those observed i n  o ther countri e s . 

The preva l ence of  M. bovis i nfect i o n  wa s a l ways h i gher than  the 
preva l ence of I B K ,  many a n i ma l s hav i ng M. bovis i nfect i o n s  wi thou t 
s howi n g  s i gns  o f  I BK ( Brya n �8 1973 ; Leppe r�5 1980 ) . Some of the 
i nfec ted a n ima l s s ub sequent l y deve l o ped I B K ,  from a few days to 
many weeks  a fter i nfecti o n  was f i rst  noted , whereas others  never 
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deve l o ped the d i sea se . Such  d i fference s  i n  re s ponse to M. bovis 

i nfecti on  s ugges t that some preci p i tat i ng fac tor  may enab l e M. bovis 

to become pathogen i c ,  poss i b l y  throu gh the rel ease  of u n known factors 
caus i ng corneal damage . Th i s  very comp l ex a s pe ct of the d i sease  
mi ght  i nvo l ve the  i nfl u ence of factors der i ved from the  ho s t ,  the  
organ i sms , or  a comb i n at i o n  of the two . Host  i mmun i ty both l oca l  
a nd sys temi c ,  effects o f  eye trauma of  varyi ng  types , s tres s  on  
the a n i ma l  and mod i fi cat i o n s  i n  the v i ru l ence of  the orga n i sm are  
but  a few of the  pred i s pos i ng fac tors  that  mi g ht  determ i ne the  
eventua l  ou tcome of  a n  M. bovis i n fecti on . The  i n teract i o n  o f  the  
ho s t  and the  i n fect ive organ i sm i s  an  a s pe c t  o f  I BK wh i c h needs  far 
more a ttent i on  a n d  wou l d be a worthy s tudy area . 

The noti on  that some i n i t i at i ng trauma to the  cornea i s  req u i red 
before M. bovis be comes ful l y  vi ru l �nt  cou l d p rov i de an exp l anati o n  
for t he  l ow number  of  b i l a teral cases  of  I BK a ccompan i ed by the 
h i gh p reva l ence of b i l a tera l  M. bovis i n fec t i on s . I n  Pen A ,  o n l y  
26% of  the cases  o f  I B K  were bi l a teral b u t  6 8% o f  the M. bovis 

i nfect i o n s  were b i l atera l . The rea son  for the marked d i fference 
between the occu rrence of s i gns a nd M. bovis i n fect ion  demands  further 
atte nt i o n  beca u se  s uc h  a s tudy cou l d reveal  the i n i t i a t i n g  fac to r ( s )  
fo r I BK .  

From the extended s tudy on  cattl e i n  Pen B ,  i t  wa s c l ea t· tha t the 
a n i ma l s that had recovered from I BK e i ther s pontaneous l y  or  fo l l owi n g  
treatment ,  m i g h t  s t i l l carry M. bavis i n  the i r eyes . For the t i me o f  
the s tudy ,  i . e .  20 wee ks , i nfect i o n pers i s ted , a n d  i t  cou l d  b e  a rgued  
there fore that s u c h  a n i ma l s mi ght  cont i n ue  to  have M. bovis i nfecti on 
for a n  i ndefi n i te per i od dur i n g  wh i ch ti me they mi ght  we l l  be a 
s ource of i nfec t i o n to other groups  of  s u s cept i b l e  a n i ma l s ( Far l ey�9 
1 944 ; Sa 1 dwi n � 1 945 ; Jac kson�8 1953 ; Ga 1 1  ag her�6 19 54 ) . S uc h a 
s i tuat i o n  had occurred amongst  cattl e p urcha sed for the feed l ot  o n  
th i s  farm a nd i t  conf i rms that t he  ' ca rr i e r '  state of  M. bovis i n  
catt l e i s  a n  i mportan t method by wh i ch the d i sea se mi g h t  be s p read 
( Ad i narayanan , 1 - 1 96 1 ; Lepper�5 1 980 ) . 
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· Tre a tment of ha l f of  the a n i ma l s i n  Pen B re s u l ted i n  a n  i mmed i a te 

and s u b stant i a l  reduct i on  i n  the preva l ence of M. bovis ( F i g .  V . 3 ) , 
but  wi th i n a month the overa l l  i nfect i on rate had returned to i ts 
former l evel . Res u l ts  from th i s  study show that a l a rge number o f  
a n i ma l s a re l i ke l y  to b e  i nfec ted wi th M. bovis a t  a t i me when on l y 
a few i nd i v i dua l s are exh i b i t i n g  I B K .  Therefore , the  re- i nfec t i o n  
of  treated a n i ma l s i n  Pen B wa s mo s t  probab l y  from contact  wi th  the 
non- treated i n fected a n ima l s rema i n i n g in the  g roup . As  M. bovis i s  
known to be s u s cepti b l e to a wi de range of  ant i b i ot i c s ( Ba rner � 1952 ; 
Fa u l l � 0 1954 ; Gal l a gher �6 1954 ; Pu gh �0 197 7 ; Webbe?�7 1 9 81 ) , i t  i s  
tempti ng to s pecu l ate that had a l l  cattl e been treated us i ng a pro per  
treatment  s c h edul e ,  then  t he  organ i sm mi g ht  have been e l i mi na ted from 
th i s  gro up of an ima l s .  Such  ma s s  treatment o f  a l l a n i ma l s a t  the 

i n i t i a l  s ta ge of an uttack s hou l d  avo i d  a s e r i o u s  outbreak  of I BK i f  
trea tmen t  i s  who l l y  s ucce s s fu l . .n. f1 1 rther advailtage o f  s uch  tacti c s  
wou l d b e  the removal of  the ' ca rri e r '  s tatus  o f  some a n i ma l s ,  thereby 
remov i ng the r i s k  of fu rther s pread o f  the d i sease . 

Ma s s  treatment of  a l l i nd i v i dua l s i n  a mob wa s carr i ed  o u t  by Fug�3i n  
1 982 , but  the outcome wa s not compl ete l y  su c�e s sfu l . I n  v i ew of the 
treatment s chedul e adopted , i t  wa s pos s i b l y · i nadequate to total l y  
remove M. bovis . I f  trea tr.Jent i s  carr i ed out  thorough l y  on  a l l a n i ma l s 
i t  offers the mos t  s u i tab l e con trol  meas u re c urren t l y  ava i l a bl e to 
fa rmers i n  New Zea l and . 

Severa l overseas re sea rchers ( Fri s c h�5 1 9l6 ; Ca s pa r i � 1 9 79 ; Ward�4 

1979 ; Pugh ;31982 )  have referred to a decrea se i n  p reva l ence and 
severi ty o f  I BK wi th i ncrea s i n g  eyel i d  p i gmentat i on . Res u l ts  from 
th i s  s tudy however ,  do not demons trate any d i fference i n  p reva l e nce 
or s everi ty of d i sease  betwee n  the breeds  i nvol ved ( Tabl e V . I V ) . Any 
s u b tl e i nf l uence that  breed mi ght  have p l ayed , cou l d wel l have been 
ma s ked by the seri ous  nature of the ou tbreak .  These  observati on s  do 
not neces sa t· i l y  refute the f i n d i ngs  of the survey quest i onnai re i n  
wh i ch there a ppeared to be s ome breed i nfl uence o n  the  occurrence of  
I BK  ( see s urvey resu l t s  Chapter  2 ,  pg  2 5 ) .  
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A producti on l os s  a s soc i a ted wi th I BK co u l d not  be demons tra ted 

because  of the very l a rge between - a n i ma l  d i fference s and the poor 
condi t i on of  a l l the a n i ma l s i nvol ved . Howeve r ,  from s i mp l y  
observ i ng the  a n i ma l s ,  i t  wa s obv i o u s  that the severe pa i n  caused  by 

I B K  s topped many an i ma l s forag i ng for a few days . E n forced s ta rvat i on 
becomes part i cu l a rl y  i mporta nt  i n  the  feedl ot  s i tua t i on whe re food i s  
on l y  ava i l a b l e  for a few ho urs each  day . 

The  temporary b l i ndness  as soc i ated wi th the I B K  caused some s tock  
hand l i ng pro bl ems . Comp l ete bl i ndnes s pers i s ted i n  some of the  
an i ma l s and mea nt  that they had to be farmed wi th parti cu l a r 
cons i derat i on fo r the i r we l fare . 

When the feed l ot  cattl e were s o l d ,  they were drafted i nto mob s  
accord i n g t o  body s i ze and whether or  n e t  they showed eye l e s i on s . 
Hence , the�e were s eve ra l  mobs that  showed no v i s i b l e s i gn s  of  any 
prev io u s  I B K  b ut  they may have bee n carryi ng  M. hovis i nfec t i on s . 
The  apparent 1 y  d i sea s e -free a n i ma l s may therefore have  been a potenti a l  
source of i nfec t i on for a new outbreak of  I BK .  

Footnote 

Fol l owi ng yet a nother s er i o u s  o utbrea k of I BK in th e wi n ter  feedl ot  
dur i ng 1 981  ( the peri od of  the s tudy ) , t he  farme r dec i ded to  c l1a n ge 
to an  a l l - gra s s  wi nter i ng system and a reduct ion  i n  cattl e n umbe rs  
for 1981 . The  change i n  management practi ce  co i nc i ded  wi th the 
f i rst  wi nter free of I BK and produced stock  i n  a much i mproved 
cond i t i on a t  the t i me of sa l e  i n  the  s pri ng . 
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TABLE V . I  POI NT P REVALENCE OF MORAXELLA BOVIS I NFECT I ON AND OF 
I NFECT I OUS BOV I NE KERATOCONJUNCT I V I T I S  IN CATTLE 
ARRI V I NG ON  FARM I I I  

DATE OF E XAMINAT I ON 
1/4/8 1 1 5/ 4/81 2 7/ 5/8 1  

Number of a n ima l s 64/64 70/345 7 1/500 exami ned/tota l  

Number of  a n i ma l s 14  ( 22 )  0 ( 0 )  1 0  ( 1 4 )  s howi n g  I B K ( % )  

Number o f  an ima l s 5/5  0/70  4 9/ 7 1  
*Pos i t i ve/n umber s ampl ed ( % )  ( lOO ) ( 0 )  ( 6 9 )  

* M. bovis i s o l a ted from one o r  both eye s 
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TABLE V . I I ( a )  

TABLE  V . I I ( b )  

I SOLATI ON$ O F  MORAXELLA BCVIS FROM CATTLE I N  THE FEEDLOT PEN A 

N umber of  a n ima l s  
*Pos i t i ve/Number Sampl ed ( % )  

B i l a tera l  M. bovis i nfecti on s % 

DATE OF EXAM I NAT I ON 
10/6/81 25/6/8 1  9/7/81  22/7/81  6/8/81 

13/50 
( 26 )  

6 2  

27/48 35/47 42/48 3 1/45 
( 56 )  ( 74 )  ( 87 )  ( 69 )  

42 49  48 64 

I SOLAT I ON$ OF MORAXELLA BOVIS FROM CATTLE IN  THE FEEDLOT PEN B 

DATE OF EXAM I NAT I ON 
10/6/8 1 25/6/81 9/ 7/81  2 2/ 7/81  6/8/81  19/8/8 1  2 3/9/82 

Number o f  an i ma l s 
*Po s i t i ve/Number Samp l ed ( % )  

B i l a tera l  M. bovis i n fect i ons  % 

0/49 

0 

* M. bovis i so l a ted from one or  both eyes  

**  a l ternate catt l e treated 

0/46 

0 

4/48 
( 8 )  

0 

1 3/47 29/47 
( 28 )  ( 6 2 )  

8 1 7** 

14/38 
( 3 7 )  

43 

23/38 
( 6 1 )  

39 
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TABLE V . I I I  I SOLAT I ONS OF MORAXELLA BOVIS FRm� CATTLE NOT 
E XH I B I T I NG S I GN S  OF I NFECT I OUS BOV I N E  
KERATOCONJUNCT I V I T I S  

PEN  A PEN  B 

Number  of  a n i ma l s s howi ng  23/50 2 1/48 
no I B K but  pos i t i ve*/ to tal 
number  a n i ma l s ( % )  ( 46 )  ( 44 )  

* M. bovis i s o l a ted from e i ther orr. o r  both 
eyes at  l ea s t  once dur i ng thr. s tudy 
peri od 
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TABLE V . I V 

BRE ED  

Aberdeen Angu s  

Hh i te Face 

Hereford 

TOTAL 

BRE EO  

Aberdeen Ang u s  

�lh i  t e  Face 

Hereford 

TOTAL 

P REVALENCE AND SEVER I TY OF I N FE CT I OUS BOV I NE 
KE RATOCONJUNCTI V I T I S  ACCORD I NG TO B REED 

PEN  A 

NO  I BK TOTAL NUMB E R  
I BK ( % ) M I LD* ( % ) SEVE RE* ( % ) OF AN I MALS U� ) 

58 ( 4 5 )  33 ( 26 )  38 ( 29 )  1 2 9  ( 6 5 )  

25  ( 45 )  14 ( 25 ) 1 7  ( 30 )  56 ( 28 )  

6 ( 50 )  3 ( 25 )  3 ( 2 5 )  1 2  ( 6 )  

89 ( 45 )  50 ( 25 )  5 8  ( 30 )  1 9 7  

P E N  B 

NO I BK TOTAL NU fvJBE R 
I BK ( % ) M I LD* 0� ) SEVERE* (% ) OF AN I r�ALS ( % )  

86 ( 76 )  15  ( 1 3 )  12  ( 1 1 )  1 13 ( 59 )  

32 ( 74 )  7 ( 16 )  4 ( 9 )  43 ( 2 2 )  

19 ( 83 )  1 ( 4 )  3 ( 1 3 )  23 ( 1 2 )  

1 3 7  ( 76 )  23 ( 1 3 )  1 9  ( 1 1 )  1 79 

* 1v1 i 1 d o r  Severe I B K  were defi ned i n  Chapter I I I , pg 57 . 
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TABLE V . V  OCCUR RENCE OF UN I LATERAL CASES  OF I NFECT I OUS 
BOV I N E  KERATOCONJUNCT I V I T I S  

P E N  A PEN  B TOTAL 

Number a n i ma l s w i th 86/ 109 40/43  

( 93 ) 

1 26/ 152  
un i l a teral I BK/ tota l 
number a n i ma l s wi th  I B K  ( % )  ( 79 )  ( 83 )  

TAB LE V .  V I  FREQUENCY O F  MORAXELLA BOVIS I SOLAT I ONS  FROM CATTL E  
EYES  DUR ING  THE OUTBREAK OF I NFE CT I OUS BOV I N E  
KE RATOCONJ UNCT I V I T I S  I N  P E N  A 

NUMBER  OF  T IMES EYE  POS I T I VE 
FOR M. BOT/IS* 

1 2 3 4 5 

Proport i on of  catt l e 
eyes po s i t i ve % 18 24  25  15  6 

* a l l catt l e were sampl ed fi ve t i mes  
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FI GURE V . l  

200 weaners  

Pen B 

D I STR I BUT I ON OF WEANE R  CATTLE I NTO 
FEEDLOT PENS SHOW I NG ARRANGEMENTS 
FOR FEE D I NG , OBS ERVAT I ON AND 
SAMP L I NG .  

200 weaners  

Pen A 

1 50 b l ue  tags 
50 ye l l ow tags  

1 50 b l ue tags  
50  ye l l C ¥.'  tags 

Tota l  200 Tota l 200 

weaners weaners 

Centra l race �'i<,, '', , Feed1 ng .... ' 
( observa t i o n )  ' ' trough s  ............ 

.... ... ... .... , ... ... ' ...... .... .... .... 
' 

...... ... ........ , .... 
.... ... ,�---------... .... ... .. 

Yards  
( Samp l i ng )  
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F I GURE V . 2  FLOW CHART OF EVENTS ON FARM I I I  

1 /4  f i r s t  con s i gnment  of  weaners a rr i ved on  farm : 
e xami ned and samp l ed 

15/4 random sampl i ng of weaners 

27/5 random sampl i n g o f  wea�ers 

8/6 s e l e c t i on of s tock  for feedl o t  
10/6 i denti fi ca t i on of s tock  for the  i nves t i ga t i on 

19/6 exami nat-i on of eyes  o n l y  from feedl o t  
25/6 sampl i n g of Pen A and Pen B 

3/7 e xami nat i on of eye s o n l y  from feedl ot  
9/ 7 samp l i ng o f  Pen A and  PP.n B 

1 7/7  e xami na t i o n  of eyes o n ly  from feedl o t  
22/ 7 samp l i n g of  P en  A a nd  Pen B 

3 1/7  exami nat ion  of eyes o� ly  frow. feed l ot 
6/8 s ampl i ng - catt l e i n  Pen A so l d ,  treated 

1 3/8 sampl i ng of eyes  o n ly  
19/8 samp l i n g o f  Pen 6 

2/9 samp l i n g - more cattl e added to Pen B 

23/9 s amp l i ng of Pen B 

5m� cattl e 

7/ 10 samp l i ng - a l l ca ttl e i n  feed l ot retur�ed  to pas ture 

4/ 1 1  sampl i n g of yel l ow tagged catt l e ori g i n a l l y  i n  Pen B 

2/ 12  s ampl i ng of  yel l ow tagged cattl e ori g i na l l y  i n  Pen B 
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F I GURE V . 3  PREVALENCE  OF MORAXELLA BOVIS AND EYE  LES I ONS DUR I NG AN OUTBREAK OF 
I NFECT I OUS BOV I NE KERATOCONJUNCT I V I T I S  
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CHAPTER 6 

GENERAL D I SCUS S I ON 

Pr i or  to th i s study be i ng  undertaken  there wa s l i ttl e deta i l ed 
i nforma t ion  ava i l a b l e o n  i nfec t iou s  bov i ne keratoconj u ncti v i t i s  a s  i t  
occurred i n  New Zea l a nd .  The res u l ts of  the  f i e l d  s tudy a nd the two 
posta l  s urveys of farmers have he l ped to defi ne the na ture of  the  I BK 
prob l em a nd a better understand i ng has  been obta i ned of the  M. bovis 

i nfec t ·i on dynami c s  that  occur dur i ng  I B K  o u tbrea k s . I n  add i t i o n , the  
i mpact  of the  d i s ea s e  o n  farmi ng ma nagemen t  pra c t i ce s  has been 
recogn i s ed a nd the  i n 1p l i cat i ons  of th i s  as  demons trated i n  depre s sed 
l i ve s tock  produc ti o n ,  c l ear l y  i nd i cates  the importance of I BK to the 
catt l e farmi ng i nd � s try . 

Al tho ugh  the data obta i ned fror11 a n  o utbrea k under feedl o t  cond i t i ons  
o n  Farm I I I  wa s from a n  unusua l  farmi ng en terpr i se  by New Zea l a nd 
s ta ndard s , the pattern of  events wa s s i mi l a r to tha t reported i n  
vari o u s  stud i es oversea s . The major  d i fferences  appear to be i n  the 
ma gn i tude of  the pea k preva l ences of M. bo�is i nfec t i o n  and c l i n i c a l  
I B K  re l at i ve to  t he  s everi ty cf the o utbreak . I nformat i on ga i ned 
from s tudyi ng  the  co l l a ted epi demi o l og i c a l  da ta from Farm I I I  a nd the 
s urveys  of farmers has  been u s ed as  the ba s i s  o f  a rat i o na l  propo s a l  
for control l i ng I BK o n  i nd i v i dua l  fa rms . 

Pre se nt  ev i dence s uggests  that  e i ther the d i sease  ha s been recent l y 
i ntroduced i n to New Zea l a nd  or  a more v i r u l ent  form of the cau sa ti ve 
orga n i sm has evol ved . The dramat i c r i s e  i n  the  preva l ence  of I B K  
s i nc e  1975  from 1 %  to 28�b i n  1980 ( Corri n�4 1980 ; Harri s;1 1980 ) 
s hows no s i gns of  abat i ng . Therefore there i s  a d i s t i nc t po s s i b l i ty 
tha t  u n l e s s  effect i ve preventi ve mea s ure s  a re u ndertaken , the na t i o na l  
herd preva l ence cou l d reac h  the l eve l s seen  oversea s ; a n  e s t i ma ted 
5�� of catt l e i n  ha  1 f of  North  Ameri  ea ' s  beef h erds are a ffec ted 
annua l l y  ( Webbe;�6 1981 ) .  The ri s e  i n  preva l ence of I BK i n  New Zea l a nd 
has  been  accompa n i ed by a cha nge i n  the c haracter of the d i s ea s e . 
The n umber of o u tb rea ks  i nvol v i n g  u p  to 50% o f  ca ttl e i n  a h erd ha s 

94 



i nc rea sed , wherea s the u s u a l  worl d-wi de morb i d i ty ra te i s  5% . The  
r i s i ng morbi d i ty rate i s  i n  contra s t  to the s ta ti c  ra tes  pre sent l y 
observed i n  Au s tra l i a  a nd North Amer i ca ,  where the d i s ea se ha s been 
known for several decades . 

The i ntroduct ion  of  new cattl e to the herd wa s a s soc i a ted wi th  a n  
outbrea k o f  I B K  by 49% of farmers i n  t h e  H u ntervi l l e  d i s tri c t .  The  
sequence of events  o n  Farm I I I  further s ub stant i ates  t h i s v i ew .  
Op i n i on s  d i ffer i n  Au s tra l i a , where onl y 1 %  o f  farmers  a s soc i a te new 
outbrea ks  wi th  i ntroduced cattl e ( S l atter�8 1 982 ) .  Al l the forego i ng 
a s pects  o f  the d i sea se  su pport the sugge s t i o n  that I B K  has  been 
recentl y i n troduced - i n to th i s  country and con sequentl y the e p i dem i o ­
l og i ca l  fea tures  d i ffe� from tho se seen i n  countr i e s  i n  wh i c h the 
s pec i fi c  i nfect i o n  ha s been e s ta b l i shed for a much l onger  peri od . 

Farmers i n  New Zea l and co n s i der I BK to be a s i gn i f i ca n t  a n i mal hea l th 
probl em , b0th i n  terms of f i nanc i a l  1 o s ses  i ncurred a nd by v i rtue of 
the d i s ru pt i o n  i t  causes  to  norma l stock management . The f i nanc i a l  
l o s s es  a re der i ved from s evera l sources ; veter i nary expenses , 
i neffi c i ent gra z i ng ma nagement ,  reduced we i gh t  ga i ns ,  dea ths  by 
mi sadven ture a nd reduced s a l e va l u e of stu� and expert s toc k . Yet  
d e s p i te the recogn i t i on  of the consequences of  outbrea k s , there i s  
rel u ctance amongst  farmers  to u s e  i:l ny fot'm of  trea trne n t . On l y 1 1% 
of  New Zea l a nd  fa rmers trea t the i r  cattl e .  I n  compar i son , 77% of  
Au stra l i an beef  farmers  rou t i ne l y  trea t the i r  catt l e for I BK  ( S l a tter�9 
1982 ) . The reason mos t  frequent l y g i ven by New Zea l a n d  farmers  for 
not trea ti n g  the d i sea s e , i s  a l ac k  of  c�nf i dence i n  the benefi c i a l 
effects  of med i ca ti on . Tha t  a tt i tude has  probab l y been adopted 
because  eyes  trea ted a fter l es i ons  have become wel l e s tab l i s hed 
do not s how a n  i mmed i ate res ponse  to trea tment and  furthermore , 
prov i ded trauma i s  avo i ded , reso l u t i on  eventua l l y  occurs  i rres pect i ve 
of  therapy . Better promoti o n  of  the methods ava i l ab l e for effect i ve  
treatment , together wi th  a c l earer expl ana t i o n to  fa rmers of  the  

rat i o na l e  for therapy s hou l d i mprove att i tudes  a nd hopefu l l y  wou l d 
resu l t i n  better control  · of ou tbreaks . 
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There are two s pec i f i c  a s pects o f  the  dynami c s  of M. bovis i nfec ti on s  
tha t need to be con s i dered before dec i d i ng u pon  a trea tment  s c h edu l e .  
F i rs tl y ,  many a n ima l s a re i nfected wi th M. bovis but  s how no overt  
c l i n i ca l  s i gns ; and s econd l y ,  the  major i ty of  M. bovis i n fect i o n s  are 
b i l a tera l even when the  c l i n i ca l  s i gns  of  the  d i sea s e  a re observed i n  
one eye o n l y .  Co nsequent ly  both eye s  of a l l a n ima l s i n  a s i n g l e group  
of cattl e s hou l d be  treated i f  erad i ca t i on of  M. bovi3 i s  the  a i m .  The 
advantages of e l i mi nat i ng a l l M. bovis i nfect i o n s  are two fo l d ;  
prevent ion  o f  the devel o pment of  new ca ses  of  I B K and  the remova l of  
the ri s k  of a n ima l s rema i n i ng s ubc l i n i ca l l y  i nfected . I f  i nfec ted 
a n ima l s rema i n ,  then  they may become the foc i  from \vh i c h  d i s ea s e  s pread s 
to other s u scepti bl e a n ima l s .  By treat i ng every eye , there i s  an  
addi ti ona l benefi t a s soc i ated wi th trea tn1e n t  o f  catt l e hav i ng very 
ear l y  l es i o n s  tha t  mi g h t  otherwi s e  be  over l ooked . The  earl y trea tment 
of I B K  i s  e s sent i a l  i f  the course  of  the d i sease  i s  to be a pprec i ab l y 
s hortened a nd the severe form of the d i s ea se  avo i ded . Al though  ma s s  
trea tment of  a h erd m i ght  be con s i dered i dea l , the p rocedure cou l d 
become i mpra c t i cab l e when l a rge numbers of  a n i mal s a re i nvo l ved . 
Howeve r ,  i f  ma s s  treatment wa s to be adopted wi th each  new group  of  
cattl e bei ng i ntroduced to  a herd , t hen t he  i n troduct i o n  of t he  
d i sease  o n  to  a n  otherwi se  I BK-free property mi ght b e  a vo i ded . 

Trea tment methods s ho u l d  be pra c t i c a l  a s  we l l a s  effec ti ve i f  the  
e l i mi nat i o n  o f  M. bovis from a herd i s  to  be a ttempted . The pract i c ­
ab i l i ty of  the method wou l d ens ure better farmer compl i a nce , a nd  a n  
appropr i a te schedu l e wou l d b e  known t o  prov i de an o p t imum concentra t i on 
of  the ant i bacteri a l  agent i n  the  tears for an  adequ a te peri od . 
Accord i ngl y ,  s ubconjunc ti va l a nt i b i o t i c  i nj ecti ons , wh i c h a re s i mp l e 
to admi n i s ter  and , i n  the case  o f  peni c i l l i n ,  prov i de a p prox imate l y  
48 hours o f  s u s ta i ned thera peut i c  effect ( Abeynayake , pers . comm . ) , 
are gai n i ng favour . 

The app l i ca t i on of ant i bacter i a l  products i s  w i de l y  accepted a s  the  
mos t  effect i ve form o f  treatment  read i l y  ava i l ab l e .  Unfortuna te l y  the 
reg ime i s  s u scepti b l e to brea kdowns becau s e  trea ted ca ttl e can become 
rei nfected l a ter . As far as th i s s tudy i s  concerned a ny res u l ts of  
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treatmen t  are based o n  the  i denti fi ca t i o n  o f  haemo l yti c M. bovis o n l y ,  

a nd no a ttempt wa s made to exc l ude the  pos s i b i l i ty o f  s tra i n s revert­
i ng to a non-vi ru l ent  non- haemo lyti c form . I n  add i t i on , s pec i mens  
were col l ected from the  conj unct i va l  sac on l y ,  whereas M. bovis mi g h t  
conce i va b l y  l odge i n  s ome more remote s i tes . I f  M. bovis d i d  s urv i ve 
i n  s i tes  s uch  a s  the nares or l achryma l gl a nd s , then l ocal  ocu l a r  
treatment  wou l d n o t  nece s sar i l y  e l i mi nate the  i nfect i o n  from the 
a n i ma l . At a l ater date , the l a tent i nfec t i o n  cou l d po s s i b l y  s pread 
to the conj u nct iva l  sac a n d  prov i de a potent i a l  source  for a new 
o utbrea k of I B K .  Any of these expl a na ti on s  mi ght  account fo t· the  
temporary appearance of  M. bovis i n  the  two cows on  Fa rm I I  ( pg 7 3 )  
a s  wel l a s  t h e  appare n t  d i sappearance  of a l l i nfecti on  from catt l e 
o n  Farm I ( pg 72 ) .  

S tud i es , on  Fa rm I l l  i n  parti cu l ar , have i l l u s tra ted the wi de range  
of pos s i b l e outcomes of  M. bovis i nfect i o n  i n  catt l e eyes . su�h  
i nfect i ons  can  be found  i n  a pparent ly  norma l eyes , i n  tho se 
w i th  mi nor l es i on s  of  I BK and a s soci a ted wi th  the  mos t  severe cases . 
Further research i s  therefore req u i red to determ i ne the factors 
respons i b l e  for th i s d i vers i ty i n  re s ponse  to i nfecti o n . 

Stud i es  i nto the l oc a l  mechan i sms i nvol ved i n  acqu i red res i s t3 nce  to 
M. bovis i n fect i o n , mi g h t  prov i de some new d i rec t ion  for vacc i ne 
devel opment . Prevent i o n  of the  d i s ea se  wou l d c l ear ly  be prefera b l e 
to a ny other form of  control but  research i n to vacc i ne producti on  
overseas  has been beset w i th d i ffi cu l t i es , many of them a s soc i a ted 
wi th i ncomp l e te cro s s - pro tecti on . The devel opment of a vacc i ne for 
New Zea l and mi g ht  be more eas i l y  ach i eved i f  M. bovis stra i n s have  
experi e nc�d l es s  a nt i gen i c dri ft becau se  of  the  rel a ti ve l y  s hort  
h i s to ry of the d i s ea s e  i n  th i s country .  

I nfect i ous  bov i ne keratoconj uncti v i t i s  has emerged a s  a n  i mporta n t  
cattl e hea l th prob l em i n  New Zea l a nd and i ts detri mental effect o n  
t he  product ion  of the  na t i o na l  herd has  proba b l y not yet become 
fu l l y  a pparen t .  Research to f i nd a n  effect i ve method o f  prevent i o n  
m u s t  therefore b e  ra ted h i gh l y  i f  New Zea l and  agr i c u l tu re hopes to 
a vo i d  the seri ous  probl ems encountered wi th I BK by the beef a nd da i ry 
catt l e i ndu s tri es  oversea s . 
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APPEND I X  I 

CATTL E  P I NK E Y E  SURV E Y  

Al l i n forma t i on g i ven by i nd i v i d u a l  farmers wi l l  be 

t rea ted i n  the s t ri c tes t confi dence . 

( A )  FARM I N FORMAT I ON 

Name : 

Farm Add re s s : 

PhOile No : 

F a rm  S i z e :  ______ a c re s / o r  ___ �hec t a re s  

What wi l l  you r s heep n umber b e  o n  30/ 6/8 1 ?  

( B )  GEN ERAL I NFORMAT I ON ON CAT T L E  

1 .  What � s  t he maj e> r  b reed ( s )  o r  c ro s s - b reed ( s )  o f  

ca t t l e  on your farm? 

2 .  Numbers o f  c a tt l e  a ccord i ng to age o n  1 / 2/81  

Number of Ca ttl e 

Ma l e  
Age G roup o f  Catt l e  S teers&B u l l s  Ferr.a 1 e 

B i rth - one yea r 

One yea r - two yea rs 

Ove r two tea rs 

TQT,\L 

3 .  I f  you h ave a b reed i ng herd , over wh i c h  months 

of the year d i d  you r cows c a l ve i n  1 980 ? 

( T i c k  one o r  more boxes ) 

J an Feb Mar Apl May . June . J u l . Aug . Se,p Oct 

_) 

No De c 

" 0  '} ,., 0 ,.  V I �  u 
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4 .  What month do you wean your ca l ves? --------
5 .  Do you buy cattle?  

· I f �. then for 1980 ,  wha t c l asses of cattl e were they , 
when-di d you buy them and from what  source ( i . e .  
sa leya rd , pri vately , etc ) .  

C lass  of Catt l e  N•Jmber Month Pl ace 
bought bOught bouqht 
( 1980 ) ( 1980 )  ( 1980 ) 

tt.a 1 e wear1e1s 

Femal e  weane rs 

12 month ol d . s teers 

24 month o l �  s tP.ers 

I n -ca l f  hei fers 

I n-cal f cow� 

Bul locks{ over 2yr o ld )  

Bul l s  

1 Other - pl ease s pP.c i fy 

6 .  F rom  whi ch di stri ct ( s )  d o  you buy your c�ttl e? 

7 .  HO\'! often d i d  .YOll yard your ca tt l e  i n  1 980 ? . 
Pl ace a tick  i n  one or more boxes for each age Q rcup 
of s toc k .  If you yarded mo� than one 1 n  any month 
pl ace a t i ck for each t i me  you yilrded them . 
( Ex.-.mpl e :  I f  you yarded you r under 2 yea r o l d  ca ttle i n  
February and twi ce i n  March , i t  shou l d  b ok l i ke thi s ) . 

Jan Feb Mar� 
�nder 2 years o l ci  v V"" vi 

C l ass  o f  Jan Feb Ma r Apr , May Jun Jul Aug Sep Oct Nov Dec 
Catt le  ' 80  · eo ' 80 ' 80 ' 80 ' 80 ' 80 ' 80 ' 80 ' 80 ' 80 ' 80 

Under 2yrs 

Over 2yrs ! -

" ll f\ �) o ,.  � .. , \J - J 
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8". 

Cl ass of Cattl e  

Weaners 

Yearl i ngs 

Store Steers 

Fat Steers 

Bul l or:ks-over 
2 ye�rs 

Cows 

Other 

(C)  

1 .  

Sa l e  of cat t l e off you r  farm for 1980. 

Freez i ng Works Sal eyards P r i vately 

Number Month Number Month Number Month 
Sent { 1980 ) Sent { 1980 ) Sent ( 1980 ) 

I 

PREV IOUS E Y E  PROB LEMS I N  CATTLE ON YOUR FARM 
Have you had ca t t l e  eye probl ems o f  a ny k i nd on 
you r fa rm 1 n  the l a s t  fi ve years i 

(lid one o r  mo re  boxes ) '·w· No 
--

1977 

1 978 

1 979 

1980 

1981 

Ques t i ons a bout pi n�eye i n  your c a tt l e 

P i nkeye i s  a d i 5 e a s e  affe c t i ng one or both eyes o f  
catt l e  a n d  i t  causes a d i s t i nc t  wa tery d i s cha rg e  
from t h e  eye . Th i s  i s  soon fo l l owed by a c l oudi ness 
(whi ten i ng )  of the eyeba l l  wh i ch may deve l op � n to an 
ul ce r .  T h i s  can hea l by i tsel f w i th i n  a few weeks o r  
months a nd may l ea ve a perma nen t  scar on the eyeba l l . 
Temporary b l i ndne s s  i s  not uncommon . 
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2 .  Have you h�d pi nkeye i n  your cattl e at  anytime i n  the 
past fi ve yea rs ? 

(Ti ck one or more boxes )  

Yea r Yes No 

1977 

1978 

1979 

1980 

1981 

3 .  Was a spec i fi c di agnos i s  made by a veteri nari an? 

(Tick  box ) 

I f  you have never had pi nkeye on you:- fann then 
you need not answer any fu rther ques t i on� . 
Thank you for your  co-opera t i on and c ou l d  you 
now pl ease retur11 th i s  fo rm i n  the enve l o pe prov i de d .  

I f  )Ou have h�d p i nkeye i n  your catt l e , p l ease conti nue 
thi s  quest ionai re .  

4. How was pi ;1keye fi � t  noti ced on yo:Jr fann? 

(T ick  one or more boxes ) .  

Si gns fi rs t not i ced 

Watert d i scharge from eye{ s )  

"Wh i teness" of eyebal l  

Cattl e  seeki ng shade 

Cattl e  l oosi ng condi ti on 

Cattle mi sadventure ( fa l l i ng f n  drai ns ) 

Other - please s peci fy 
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5. When your cattl e had p i nkeye , was any form of 
treatment g i ven? 

{Tick  one box ) 

Yes No Sometimes 

6.  I f  no treatment was gi ven what was the most 
l1kely cute�� of the p 1 nk�ye? 

(T i ck �ne or more boxes ) 

I Ani ma l s  eyes heal ed wi th i n  1-2  fteeks 

Anima l s  eyes heal ed wi thi n 2-4 weeks 

Anima l s  eyes hea l ed after 4 weeks 

s� anirr.a l s  remai ned b 1 i nd 

OU:er - pl ease s;;eci fy 

7 .  I f  trea tmen t  was gi ven what rm!thod of treatment 
was used? 

(Ti ck one or more boxes ) 

Anti bi oti c i nject ion i nto the eyel i d  

Anti b iot i c p��der puffed i nto the eye 
-

Eye o i n tment 

Other - pl ease spec i fy 

8 .  I f  t reatment w�s  gi ven , wha t �as the most l i kely 
outcome of the pinkeye? 

( T i ck one or more �oxe s )  

Anima l s  eyes h�a led w ith in  1-2  weeks 

Anima l s  eyes !'lealed wi th in  2 - 4  weeks 

Anima l s  eyes heal ed a fter 4 ��eks 

Some animal s remai ned b I i nd 

Other - pl ease speci fy 

.1 0 0 2 0 G  
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9 .  What c l a s s  o f  catt l e  have been a f fected wi th 
pi nkeye on your farm? 
( P l ea s e  t i c k  box ne xt to c l ass  of c a tt l e  and 

. i f you have the numbers i nvol ved i n  your 
most recent outbrea k, p l ea s e  fi l l  i n  
rema i nder of the tab l e ) . 

Cl ass of catt l e  
-./ 

Tota 1 No. Number w i th 
in rr.o b .  p i nkeye . 

Cal ves whi l e  s t i  1 1  
on cows 

Weaners 

ratteni ng s teers 

F i rs t  c a l vers 

Ol dt!r cows I 

B u l l s  

Other - p l ea s e  
s peci fy 

10 . In your most recent outbreak of p i nkeye , i n  wh i ch 
month( s )  of lhe yea r  were mos t o f  thr:! c a t t l e 
affe cted ? 

( T i c k  on� or more boxes ) 

Jan Feb Ma r Apr I-I ay clun  J u l  Aug Sep Oct Ncv Dec 
I 

ASSESSMENT OF THE E F F E CT OF THE D ! SfASE ON YOUR FARM. 

1 .  Do you t h i n k  that p i nkeye i n te rfered w i th the movi ng 
of catt l e  on yo u r  fa rm ?  ( T i ck box ) 

2 .  Do you associ ate the s tart o f  a p i nkeye o�tb reak 
wi th f reshly bought in catt l e ?  ( T i cK box j 

t--
Y-

es -+-1 �c==g 
3 .  Oo you t h i n k  tha t  p i nkeye i n  y o u r  cattl e 

i nterfe red wi th thei r ma t i ng managemen t ?  ( T i ck box ) . 

t--'""Y;..:;e�s-�No 1 Don ' t  kno�1 

. . . . ' '  
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4 .  Do you t h i n k  that p i nkeye checked the g rowth o f  
you r  young stock? 

( T i c k  box ) 

No Don ' t  

5 .  Do you t h i nk that  pi nkeye del ayed t h e  fi n i s h i ng 
of your fattcn i ng stoc k ?  

( Ti ck b ox )  �-s��--N_o __ -+ __ �
_

n
_

'
_
t __ k

_
n
_
aw

� 

6 .  Do you t h i nk t h a t  cos ts a nd/or l osses i ncu rred 
on you r  farm due to p i nkeye a re 

( T i ck box) 

�egl i g i b l e  

Modera te 

Cons i derab 1 e 

Cou l d you put a f i g u re on these costs a nd/or 
1 osses ? $ -----------------

GENERAL PERSONAL CCI".MENTS ON P I NKEYE 

THANK YOU VERY MUCH FOR Y OU R  CO-OP E RAT I ON I N  
F I L L I NG I N  TH I S  FORM . 
\oJOULD YOU P L EASE NOW RETURN I T  I N  THE 
ENVELOPE PROV I DE D .  

THAHK YOU '(}""' 

OFFICE USE ONLY 
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APPE N D I X  I I  

NAME : 
ADDRESS : 
FARM S I ZE : 

PREL I M I NARY SURVEY CARD SENT TO 800 
G I SBORNE  FARMERS 

HAVE YOU HAD P I NKEYE  I N  YOUR CATTLE I N  TH E LAST F I VE 
YEARS ? 

YEAR YES NO 
1977  
1978 
1979  
1980 
1981  



APPEN D I X  I l l  PREPARAT I ON OF CELLS FOR E L ECTRON M I CROSCOPY : 
NEGAT I VE STA I N I N G  METHOD 

( 1 )  p l ace 3 drops  o f  d i st i l l ed water i n to tu be 

( 2 )  p l ace 3-4 co l on i e s  o f  o rga n i sm i n  1va ter 

( 3 )  m i x  very gen t l y  

( 4 )  p l ace 3 drop s  1% phosphotu ngst i c aci d ( P . T . A . ) 
of  pH 7 . 0 - mi x 

( 5 )  p l ace 1 drop  o f  hovi ne  serum a l bumi n 

( G )  fi nii l  m i x  

( 7 )  p l ace drop o f  s u s pen s i on o f  organ i sm o n  gri d 

( 8 ) dry wi th b l otti ng  pa per  

( 9 )  p l ace gr i d i n  e l ec tron m i c roscope 



APPENDI X I V  P REPARAT I ON OF CELLS  FOR E L E CTRON M I CROSCOPY : 
METHOD OF DOUBL E  F I XAT I ON ( a fter Karnov s ky ,  1965 ) 

( 1 )  bacte ri um  grown for 24 ho u rs on  BA p l a te s  

( 2 )  co l on i e s  p l aced i n  di st i l l e d  water and  ce l l s  depo s i ted a s  a 
pel l et by centri fugat i on 

( 3 )  pe 11 et  f i xed on ha l f s trength  Karnov s ky f i xat i ve cons i s t i n g  
of : 2% forma l dehyde 

3% g 1 u ta l�a 1 dehyde 
0 . 1  1·1 pho s ph a te buffe r pH 7 . 2  

for 2 h o urs a t  4°C 

( 4 )  washed twi ce i n  fre s h  buffer 1 5  mi n each , at 4°C 

( 5 )  pe s t-fi xat ion  i n  1% osm i um tet rox i de i n  phosphate buffer 
pH 7 . 2  for 1 ho u r  at  4°C 

( 6 )  wa shed twi ce i n  fresh  buffe r 1 5  mi n u tes  each a t  4°C ;  
further  s teps  carri ed ou t a t  room tempera ture 

( 7 )  dehydra ti on i n  graded a l cohol  s er i e s  name l y ,  
25% ethano l  30 mi n 
50% ethanol  30 mi n 
75% ethanol  overn i gh t 
95% ethanol  30  m i n  

1 00% ethanol  30 ru i n  
100% ethanol  3 0  mi n 

{ 8 ) i nf i l tra ti on of  dehydra ted pe l l et u s i ng propy l ene ox i de 1 00% 
1 0  mi n ,  repeated once 



( 9 )  i n troduct ion  of e poxy res i t:J , " D urcupan - ACM" 
( Fl u ka AG , Buchs  SG , Swi tzerl and ) i n  p ropy l ene ox i de 

25% 1 hour  
50% 1 hour  
7 5%  overn i g h t  

10mb 6 hou r  

( 10 )  pe l l et embedded i n  fre s h  1 00% e poxy re s i n  i n  s i ze 4 gel a t i n 
caps u l e s  for 48 h r  a t  60°C 

Sect i ons  \'Je re c u t  on the LKB " U l trotome " and p i c k"=d u p  on carbon 
coa ted formva r  s uppcrt  fi l ms on 200 me s h  copper  gri ds . The 
prepa rati on s  were s ta i ned for 10 mi n wi th l ead  c i trate and 
exami ned i n  a Ph i l i p s EM200 e l ec tron mi cro sco pe . 
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