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ABSTRACT 

A t o t a l  o f  1 10 7  samples  ( re c t a l , inte s t ina l and b i l e ) from 

rat s ,  mic e , guinea pigs , rabb i t s  and cats  were examined for the 

pre sence o f  inte s t ina l thermophi l ic campy lobac ter . 

i i . 

The inve s t iga t ion showed tha t 20 . 6% o f  the total  of  503 

laboratory an ima l s  examined were pos i t ive for Campylobac ter  jejuni .  

The preva lence rate  was found t o  be h ighe s t  amongs t the cats  ( 5 1 . 7% )  

with  rat s  being t h e  next i n  order ( 2 3 . 2% ) , whereas 4 / 5 2  ( 7 . 7% )  o f  

guinea p i gs and a s ingle rabb i t  ( 1% )  we re pos i t ive for � jejuni .  

One o f  the  four i s o lates  recovered  from gu inea pigs  was from b i le . 

Campylobac ter- l ike organisms wer e  cu ltured from 5 / 5 0  ( 1 0% ) o f  the  

mice , but these  fai led to  grow on subsequent subcu l turing . By us ing 

bac terial  re s tr i c t ion endonuc lease  DNA ana lys is ( BRENDA ) for the i r  

iden t i f i c a t ion , a s ingle type o f  � jejuni was ident i fied  ( pat tern 

25 ) from a l l  i so la tes  recovered from the rat s , guinea pigs  and a 

rabbit , whereas there were f ive d i fferent BRENDA pa t t erns from cat  

i s o lates . 

Sawdu s t  was s ugge sted  as a l ike ly veh icle  through wh ich the 

organ i sm may have s pread with in the Uni t  and in fec ted  the rats . The 

s pread t o  other species  was thought to have been from the gu inea 

pigs  wh i c h  were init i a l ly in fected  from contamina ted hay or green 

feed . 

The isolat ion o f  C .  jejun i organisms having a mu l t i p l ic i ty o f  

BRENDA p a t terns from the cat s ,  s ugge s t s  that the cat  organi sms had 

been present in the cat colony from the t ime the colony was s t arted  

or from the occas i ona l b ird wh ich  acc iden t a l ly flew into  the cat  

cages and was eaten . 

A s ingle i s o la t e  of  � laridis  from a hous e fly  was a lso 

iso l a t ed but there was no evidence o f  t h i s  organism in any o f  the 

l aboratory anima ls . 

Seasonal var i a t ions in the isolat i on o f  thermoph i l i c  

Campylobacter  spe c ies in  dairy c ows was a lso stud ied and showed that  
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there were 1 7 / 7 2  ( 2 3 . 6% ) , 3 3/106 ( 31 . 1 3% )  and 1 1 / 9 5  ( 1 1 . 5% )  pos i t ive 

for campy lobac ter  dur ing summer , autumn and winter respec t ive ly .  

The preva lence rate  o f  Campylobacter  s pecies  i s  h ighe s t  in warmer 

months o f  the year . 

The isolates  recovered from dairy cows were a lso  iden t i fied by 

the BRENDA technique and compared wi th those from sheep . Sevent een 

d i fferent  BRENDA pa t te rns were identi f ied from 48 i so lates  from 

dairy cows and s ix f r om 2 7  i solates  from sheep . Of the total  o f  2 1  

d i f ferent BRENDA pat t e rns , only two were common t o  both anima ls  

sugge s t ing cross  in fec t ivity be tween these  two anima l s . Organi sms 

having the same BRENDA pat tern cou ld a l so be i sola ted from da iry 

cows and sheep on more  than one occas ion es tab l i shing the s t ab i l i ty  

o f  BRENDA patterns . 

No s imi lar i t ie s  were seen be tween the BRENDA patterns re covered 

from laboratory anima l isolates  and those of dairy cows and shee p .  



iv . 

ACKNOWLEDGEMENTS 

I am very thankfu l to  Profes sor B . W .  Mankte low who k ind ly made 

avai l ab le  the fac i l i t ie s  of the Department of Veter inary Patho logy 

and Pub l i c  Hea l th , Ma s sey  Univers i ty ,  for this s tudy . 

I wou l d  part icular l y  l ike t o  thank Dr R . B .  Marsha l l ,  my 

supervisor  for his  cont inuous he l p ,  encouragement and read ines s to  

d iscuss  prob lems whenever required . The a s s i s t ance of Mr  P . J .  

Winter , who taught me the BRENDA techn ique i s  great ly apprec iated . 

I am indeb ted to  Mr J . E .  Ormsby and the other members  of s taff 

of the Sma l l  Anima l Produc t ion Un i t  ( SAPU )  and Dr M . F .  Tart t e l in ,  

Depar tment of Phys io logy and Ana tomy for a l lowing me t o  c o l lect  the 

samp les  from his cat c o l ony . I am a l so thankfu l to  Mr D .  H i s lop of 

Mass ey Un ivers i ty No . 1 Dairy Farm and Mr P . H .  Whi t ehead of Sheep 

and Beef Cat t le Research Uni t , Mas s ey Univer s i t y , for arrang ing for 

the c o l l e c t ion of samp l e s  from the sheep and cat t le .  

I wou l d  a l so l ike t o  thank M i s s  L .  Cu l l inane and Mr R .  

Ho ldaway for the ir  a s s i s tance in the laboratory ; Mr s Jan Schrama 

for preparat ion of g l as sware ; Mr P .  Wi ldbore for techn i c a l  

admin i s t r a t ion and Mr T .  Law for photographic  work . 

I am very gratefu l to  Mrs O l ive Harris  for her c are and 

at tent ion to  deta i l  wh i l s t  typing this  manus cript . 

Fina l ly ,  I wish t o  thank my fami ly  for the i r  pat ienc e , 

encouragement and suppo r t . 



TABLE OF CONTENTS 

Abs t ract  

Acknowledgements  

Table  of  Contents  

L ist o f  Tab les  

L i s t  of  Figures 

Chapter I : Introduc t ion 

Chapter II : Review of the Li terature 

Chapter I l l  : Genera l  Mat erials  and Me thods 

Chapter IV : A Comparat ive Study of Three Select ive 
Med ia  

i i  

iv 

V 

vi  

vii  

1 

4 

2 7  

43 

Chapter V : Sea sona l Var i a t ion in the Isolat ion o f  53 
Campylobacter  jejuni and c o l i  from Dairy 
Cows and a Compar i son be twe en BRENDA Pa t t erns o f  
I s o l at e s  from Cows and Sheep  

Chapter VI  : Epidemio logy of Campy lobac ter in Laboratory 68 
Anima ls  

B ib l iography 

A ppend ix I : Preparat ion of the Mod i f ied Ant ibiot i c  
Selec t ive Med ium o f  Skirrow ( 1 97 7 )  

Append ix I I  : Preparat ion o f  the Mod i f ied Campy-BAP 
Ant ib io t i c  Se lec t ive Med ium 

Append ix I l l  : Prepara t i on o f  the Mod i f ied Pre s t on ' s  
Med ium ( Bo l t on and Robert s on ,  1 98 2 ) 

Append ix IV : Prepar a t ion o f  the FBP Broth 

Append ix V : Preparat ion of Semi s o l id Yea s t  Ext r a c t  
Broth Agar Med ium ( Benj amin et  a l ,  1 983 ) 

A ppend ix  VI  : Reagent s u s ed for BRENDA Technique 

98 

1 2 2  

1 2 4  

1 25 

1 2 6  

Nut r i ent  1 2 7  

1 28 

v .  



LIST OF TABLES 

Chapter Ill 

I D i f ferent iat ion o f  Catalase  Pos i t ive In t e s t ina l 
Thermoph i l i c  Campy1obacter  ( i solated  at  4 2  C )  

Chapter IV 

I 

II  

Compar ison of  Var ious  Quant i t ies o f  D i f ferent 
Ant ibiot i c s  added in Each Med ium 

Compari son o f  Three Med i a  for the I so lat ion o f  
Campy1obacter  from 2 0  known Pos i t ive Rec t a l  
and Faeca l Samp les  from Cat t le and Sheep 

Chapter V 

I 

I I  

Ill 

IV 

Seasonal Preva lence of Campylobac ter jejun i /  
co l i  in Dairy Cows on Mas s ey No . 1 Dairy Farm 
( 1 985 -86 ) 

D i f ferent BRENDA Pa t terns present on Three 
D i f ferent Occ a s ions of the Year in Dairy Cows 
and Sheep 

Common and D i f ferent BRENDA Pat t erns in Cows and 
Sheep 

BRENDA Pat terns  found on more than one Occas ion 

Chapter VI 

I I solat ion o f  Campyl oba c t e r  from Rat s  Accord ing t o  
their Rooms 

v i . 

Page No . 

35 

45 

46  

59  

60 

6 5  

6 5  

8 1  

I I  The D i f ferent S i tes  o f  I s o lation o f  Campylobacter 83 
jejuni from the Inte s t ina l Trac t s  o f  Rat s  

Ill The D i f ferent S ites  o f  I s o lat ion o f  Campylobac t er - l ike 84 
Organisms from the Int e s t inal Trac t s  of Mice  

IV The D i f ferent S i tes  of I solat ion of Campylobac ter 85  
jejuni from the Inte s t inal  Trac t s  of Guinea Pigs  

V Overa l l  Preva lence o f  Campylobac ter in Laboratory 87  
Animals  



LIST OF FIGURES 

Chapter Ill 

3 . 1 

3 . 2  

I dent i ficat ion o f  Campy l obacter  

Te s t  for  Growth o f  C .  laridis  in the  Presence 
o f  TMAO 

Chapter IV 

4 . 1 

4 . 2  

4 . 3  

Percentage I s o l a t ion Rat e  o f  Campy lobac ter  from 
I nd ividua l Tr i a l s  carried  out Compar ing the 
Se lect ivi ty  of Three Med ia  

A Compar ison of  the Se lect ivity  o f  Three Med ia 
for the I so l a t i on o f  Campylobacter  spp  from 
Cat t le Rec t a l  Swabs 

A Compar ison o f  the Se l e c t ivity  of Three Med ia 
for  the I s o l a t ion o f  Campylobac t er s pp from 
Sheep Rec t a l  Swabs 

Chapter V 

5. 1 

5.2 

DNA Fingerpr ints  Produced by the I s o l at e s  o f  
� jejun i / co l i  Recovered from Dairy Cows 

DNA Fingerpr ints  Produced  by the I so lates  o f  
� jejun i / c o l i  Recovered from Sheep 

Chapter VI 

6 . 0  

6 . 1 

6 . 2  

6 . 3  

6 . 4  

6 . 5  

6 . 6  

F loor P l an o f  the Sma l l  Anima l Produ c t ion Uni t  

Interior of  Mice  Room Showing the Type o f  Mice 
Cages 

Inter ior of Rat Room Showing the Type of Rat 
Cages 

Interior of Guinea P ig Room Showing the Type of 
Pen 

Interior of Rabbi t  Room Showing the Type of 
Rabbit  Cages 

Type of  Cat Cages 

DNA Fingerpr ints  produced by Campylobac ter 
jejuni I so lates  Recovered  from Rat s , Gu inea 
P ig s  and a Rab b i t  

v i i . 

Page No . 

33 

38 

48 

50 

5 1  

66  

6 7  

7 l  

73 

73 

75  

7 5  

7 7  

88 



1 .  

CHAPTER! 

INTRODUCTION 

Campylobac ter  s pe c ies  are  wides pread in the  an ima l kingdom , 

both as pathogens and as  cornrnen s a l s  ( Smibert , 1 9 78 ) . The i r  natural  

habitat  i s  as  yet  unknown , but the organi sms can be i s o lated  from a 

wide range o f  wi ld and domes t ic an ima ls and b i rd s  ( Luechte fe ld 

e t  a l , 1980 ; Bauwens e t  al , 1 98 1 ) .  

The t axonomy and c la s s i f i c a t ion have been s tudied  and much has 

been learnt concern ing the nu t r i t ional requ irements  and me t abol ism 

o f  these organisms ; however , the epidemiology and pa thophys iology 

o f  the thermoph i l i c  Campylobac t e r  spp  i s  large ly obscure ( Ka rma l i  

e t  a l ,  1 9 79 ) .  

Campy lobacter  infec t ion in man has been associated  w i th the 

c onsumpt ion  o f  contaminated wa ter  ( Tieham et a l ,  1978 ; Men t z ing , 

1 98 1 ) ,  unpa s t eurised mi lk  ( B lase r , 1 9 79 ; Rob inson e t  a l , 1 98 1 ) and 

t reated mi lk  fo l l owing t emporary fai lure of pasteur izat ion 

equipments  ( Porter e t  a l , 1980 ) . Other an ima l p roduc t s  a l s o  serve 

as poten t i a l  sources  o f  infec t ion . Sugge s t ions have been made tha t 

C .  jejuni may be a c au s e  o f  mas t i t is in cows ( Lander e t  a l , 1979 ) .  

The organi sms have been recovered from retai l  cuts  o f  chicken ( Smi th 

and Mu ldoon , 1974 ; S irnrnons and Gibbs, 1979 ) and from l amb c arcases  

( Stern , 1 9 8 lb ) . Campy lobac t e r  have a lso  been recovered from 

eviscerated  pork , lamb and bee f carcases  ( S tern , 1 9 8 l a ) .  The 

evidence that  C .  jejun i causes  enter i t i s in c at t le i s  s t rong 

( Skirrow , 1 9 7 7 ) ,  however , c ampy l obac ter are a lso  cornrnens a l s  of the 

intes t inal  trac t s  o f  anima l s . They have been i s o lated  f rom faeces  

voided by hea l thy cat t le  ( Floren t , 1959 ) , sheep ( Smibe r t , 1 9 65 ) , 

p igs ( Pe j t schev 1969 ) , pups ( Blaser  et  a l, 1 9 7 8 ; Bruce  and Zochowski , 

1 980 ; Fox e t  a l , 1 9 83 ) , cats  ( Svedhem and Norkrans , 1980 ; Skirrow e t  

a l ,  1980a ) , monkeys ( Tr ibe and Frank , 1980 ) , pr imates  ( Tr ibe et  a l ,  

1979 ) and zoo anima l s  ( Luechtefe l d  e t  a l , 1 9 8 1 ) .  

The o ccurrence o f  Campylobac t e r  s pecies  i n  rodent s  h a s  not been 

assessed , poss i b ly because c ampy l obacter  require  for the i r  
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i so lat ion , gaseous cond i t ions that  are not norma l ly emp l oyed dur ing 

rout ine bacteriolog i c a l  procedures . However , campy lobacter  have 

been i solated  from rate k i l led on premi ses where there was an 

outbreak of dysentery in pigs ( Pe j t s chev , 1969 ) and from l aboratory 

rat s  ( Fernie and Park 1 9 7 7; Kakoy iannis , 1984 ) . Now with the 

deve lopment of s imp le t e chni que s for the i so lat ion of campy lobac ter  

from faeces  by Skirrow ( 1 977 ) the  work shou ld become eas ier . From 

the work c arr ied out s o  far i t  appears that campy lobac ter  are 

widespread in the anima l kingdom . 

Dur ing this  s tudy two aspects  of the occurrence of 

c ampylobacter infect ion in anima l s  were carr ied out . S ince cat t le 

and sheep are two common anima ls  man come s in contact  with in New 

Zea land , there are many chances  for cross t ransmi s s ion of the 

organi sms to man . Transmiss ion can take p lace in three d ifferent 

ways . Firs t ly ,  dur ing the everyday farming of these s pec ies ; 

second ly ,  by means of contact with s i ck an ima l s  and fina l ly by 

c onsumpt ion of infected meat or mi lk . 

The f i r s t  aspect  covered in thi s  the s i s  invo lve s an 

inve s t igat ion to determine the preva lence of campy lobac ter  in da iry 

cows and sheep on Mas sey  Dairy Farm 1 and Mas s ey Sheep  Farm . The 

c ampylobac ter  isolated  were c l ass ified to sub- species  leve l by the 

u s e  of DNA restrict ion enzyme ana lys i s  and ana lysed as  to  whe ther 

the same subspec ies  occurred in these an ima ls  throughout the year . 

The s econd aspect forms the major part of the work out l ined in 

this  the s i s  and dea l s  w i th labora t ory anima l s . The recogn i t i on that 

c ampy lobac ter  can cau s e  d i sease in domest ic anima ls  and man has led 

to the use  of laboratory rodent s for pathogeni c i t y  s tud ies  with 

these organisms . For e xample , guinea pigs and hams ters  have been 

used  as  mode l s  for abort ion caused by Campylobac ter  fe tus  (Ris t ic  e t  

a l ,  1954 ; Hraback e t  a l , 1976 ) ,  r a t s  and cat s have been used for 

c ros s infe c t ivity  s tud ie s of Campylobacter jejuni ( Kakoyiann i s , 1984 ; 

Prescot t and Karma l i , 1 9 78 ) . I t  i s  therefore  neces s ary t o  know if 

Campylobac ter  spp are  norma l ly pre sen t  in  the  int e s t inal  flora  of 

such anima l s . The epidemiology of d i sease involving campy lobac ter  

h a s  not been  adequately determined and the  role  of  rodent s  a s  a 

s ource of infect ion has  not  been a s s e ssed . 
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An extens ive survey was carr ied  out a t  the Sma l l  Anima l 

P roduc t ion Un i t  at  Mas s ey Univers i ty to determine the preva lence o f  

c ampylobac t er i n  rats , mice , rabb i t s , gu inea p igs and cat s . Samp les 

were a l s o  t aken from the peop le work ing in the un i t  and the a rea in 

and around the uni t . An at tempt was made to  ascertain whe ther or 

not cros s in fect ivity by c ampylobac t e r  natura l ly occurs be tween these 

d i f ferent s pec ies  and between the s e  anima ls  and man . 
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CHAPTER II 

REVIEW OF THE LITERATURE 

HISTORY 

Spir i l lum fetus wa s the orig ina l name sugges ted  for the 

organism wh ich later became known as  Vibrio fetus . Th is name was 

or igina l ly sugges ted because  of the typical  s p ira l - l ike character ; 

short , bent rods occurr ing s ing ly or in short cha ins, and wh ich are 

u s ua l ly mo t i le by means of s ingle or , occas iona l ly, two or three 

po lar f lage l l a  ( Genus Vibrio , Merchant and Packer ) .  In 1 9 1 3  

McFadyean and Stockman found a s p iral  micro-organ ism, wh ich caused  

abor t ion in  ewe s and cows , and Smi th ( 1 9 18 )  in the  U . S . A .  confirmed 

their f inding . Smi th and Tay lor ( 1 9 1 9 ) , charac terised these 

o rganisms and named them Vibrio fetus . Sub sequent ly Vibrio jejun i 

was i solated in the U . S . A .  by Jone s and Lit t le ( 1 9 3 l a ) from a cow 

and ca lves with enter i t i s ( 19 3 lb ) . Doyle ( 1 944 ) i so lated  a 

mi croaeroph i l ic vibr io  in  apparen t ly pure culture from the mucosa o f  

the  co lon o f  hogs with dysentery wh ich wa s later named Vibrio  co l i  

b y  Doy le ( 1 948 ) . The s e  three organisms were microaeroph i l ic and 

c a talase  pos i t ive . In subs equent years cata lase ne gat ive Vibrios  

such as  Vibrio  sputorum and Vibrio  bubulus were d is covered . King 

( 1 95 7 )  c la s s i fied the thermoph i l ic microaeroph i l ic vibrio  wh ich do 

n o t  grow at 2 5 ° C .  as ' Re l ated Vibrios ' .  Campy lobac ter  wa s c lassed 

a s  a genus d i s t inct from Vibrios by Seba ld and Veron ( 1 9 6 3 ) 

fo l lowing an extens ive s tudy of the genus . The thermoph i l ic 

c ampy lobac t er were later  d ivided into  two , Campylobac t er c o l i  and 

Campylobac ter  jejuni ( Veron and Cha t e lain , 1 9 7 3 ) . Smibert  ( 1 9 7 8 )  

however , reunited these two groups a s  Campylobac ter  fe tus  subsp . 

jejun i and subsp . co l i . Skirrow and Benj amin ( 1 980b ) c l a s s ified  the 

enteropathogenic thermophi l ic campylobacter into four b iotypes , 

n ame ly n a l i d ixic acid  r e s i s tant thermoph i l ic c ampylobac ter  ( NARTC ) ,  

C ampylobacter  jejuni biotype 1 and 2 ,  and Campylobacter  co l i .  S ince 

the last  work reported  by Sk irrow and Benj amin ( 1980b ) , there have 

been no fur ther at temp t s  made by anyone t o  rec l a s s ify the 

enteropathogenic thermophi l ic c ampylobacter . 
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CAMPYLOBACTER IN SMALL ANIMALS 

Rat s  

Parr ( 1 9 2 3 )  found that the int e s t ina l tract  o f  s ever a l  mamma l s  

inc lud ing man , con t a ined many s p iral  shaped organ i sms . P i j t schev 

( 1 969 ) wa s the f ir s t  person to  conf irm this  f i nding and i s o lated  

campy loba c ter  from r a t s  k i l led on premi s e s  whe re there  wa s an 

outbreak o f  dysentery in pigs . H i s  i solate  re semb led  C .  co l i  and 

this organism was thought to be a s s ociated  w i t h  swine dysentery . 

Gordon and Dubos ( 1 9 7 0 )  observed four types ( A  to D )  of s piral  

shaped organisms in norma l mice o f  wh ich type A had  s imi lar 

charac ter is t ics  t o  that  of  campy lobac ter , but they d id not  confirm 

this  f ind ing . Gus t a f s s on and Mauns bach ( 1 9 7 1 )  reported  an organi sm 

s imi lar t o  type A o f  Gordon and Dubos ( 19 7 0 )  in  the crypt o f  

Lieberkuhn . Davis  e t  a l  ( 1 9 7 2 )  were ab le t o  i solate  three type s o f  

spiral  shaped organi sms  of  wh ich type 1 and 3 were morpho logica l ly 

s imilar  t o  the type found by Gordon and Dubos ( 19 70 ) . They 

sugge s ted  that type 3 may be a s p i r i l lum or a Vibr io , but they d id 

not con f i rm the ir  f ind ing .  

Fern ie  e t  a l  ( 1 9 7 7 )  repor ted  the i s o l a t i on o f  campy lobac ter  

from three  o f  29  rats  that  had  been bred  and r eared for  use  in the  

laboratory . Thi s  con f i rmed the f inding by P i j tshev ( 1969 ) ,  however 

e lect rophorelograms o f  APS prote in revea led d i s t inc t d ifference s 

be tween rat  i so lates  a nd the � coli  of P i j t sh ev .  Kakoyiannis  

( 1984 )  was ab le  t o  grow 1 8  i s o l a t e s  from wild rat s ( Ra t tu s  

norvegicus ) ,  wh ich h e  ident ified a s � jejun i .  Based on bacter ia l 

restrict ion endonuc l e a s e  DNA ana lys is  ( BRENDA ) , 1 5  o f  h i s  1 8  

i so lates  recovered from rat s had i dent ica l  DNA pat terns  and that two 

of the four BRENDA types  seen in rats  were  ident ica l  with  i so la te s  

from humans , chickens and a hor s e . He  sugges t ed that  r a t s  may be  a 

source of infe c t ion for other anima l s  and humans , but d i d  not  

d irec t ly r e late  human i so lates  with tho s e  of rat  origin . 

Mice 

Savage et al ( 19 6 8 )  s tudied  the presence of bac t e r ia in the 

mur ine large bowe l and came to a conc lus ion that the ' Sp i ral' 
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organisms requ ired fur ther s tudy as  they are numerous  and exi s t  in 

' int imate ' associat ion with int e s t inal mucosa  and mucus layer . In 

the same year , Lee et  a l  ( 1 968 ) reported cu l t ivat ing spiral  shaped 

organisms from norma l mice , but d id not d iffer ent iate  these into 

types . Two types of s p iral  shaped organisms from norma l mice were 

descr ibed by Davis  ( 1 96 9 ) .  Thes e  were morphol ogica l ly s imi lar but 

exhibited d ifferent c o l ony morphologies  when cultured . Jame s et  al  

( 1 9 7 0 )  in h i s  s tudy of the anaerobic  bac teria l flora  of the  mouse  

caecum obs erved four morpho logical  types of  s p iral organi sms . One 

( type A) had , as a ru le , two or three bend s a long i t s  length and 

were rap i d ly mot i le .  Most  type A ' s  were about ha lf the length and 

were thinner than the o ther campylobacter . The second type ( type B )  

was twice a s  long and about one - third  the width  of type A ,  thereby 

re semb l ing true Treponema . The third k ind ( ty pe C )  was very short  

with only  one bend wh i l e  a fourth ( type D )  was  twice as  long and 

about twi ce as wide a s  type A .  Type A produced  a sma l l  ( 0 . 5  mm ), 

grey , round , s l ight ly e levated co lony . Usua l l y  i t  was a fine ly 

granular , s pread ing growth with a green ing effect on b lood p l ate s . 

The spira l shape of the organism began to  d i s integrat e  or as sume a 

coccoid shape upon exposure to  a i r . The s p i r a l  shaped bac teria 

cou ld be observed in the caecum and co lon of mice a s  early  as  seven 

days ( Davi s  et a l , 1 9 7 3 )  and 1 2  days  after b i r th and inhab i ted the 

mucus layer of the e p i thel ium of the large bowel and were present 

there throughout the r ema inder of the anima l ' s  l ife . Lee and Ph i l ip 

( 19 7 8 ) were ab le to  i s o late  and subcu lture s p i ral shaped organi sms 

in vitro  several t ime s . Roach and Tannock ( 1 9 7 9 )  were ab le to 

isolate  1 4  d ifferent gram negat ive spiral  shaped c e l l s  w i th a 

flage l lum a t  each po le  of the ce l l .  The i s o l a tes d i d  not produce 

ac id  from fumerate and they came to the conc lus ion that the i so lates  

were campylobacters . The ir  i solates  resemb led  C .  faeca l i s  in  the ir  

growth character i s t i c s  and b iochemical  a t t r ibutes ( Smiber t, 1 9 74 ) , 

but the bacteria  wer e  about 0 . 2 �m wide , which i s  sma l ler  than the 

measurement  given by Smibert  ( 19 7 4 )  for � fae ca l i s . 

F i e l d  e t  a l  ( 19 8 1 ) were ab l e  t o  detect  co lonizat ion in  the 

caecum and large bowe l for a per iod of 2 to 3 weeks fol lowing 

experiment a l  infe c t ion with � jejuni . B laser et  a l, ( l983 ) 

experimen t a l ly infe c t ed adu l t  mice  with � jejuni, but no c l in i c a l  

d i sease  was  seen a l t hough there w a s  rapid deve lopment o f  bacteraemia 
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and the mice  were not ab le t o  natura l ly c lear intes t ina l 

colon i z a t i on .  · The presence of a b i l iary reservoir exp l a ins chronic  

c arriage and  i t  was  c onc luded tha t the  host  defences  of the se  mice 

were adequat e  to  contain acut e  � jejuni infec t ion wi thou t ser ious 

cons equence s  ( B laser  et al , 1 98 3b ) .  Recent ly Newe l l  et al ( 1 983 ) 

repor ted  that  a campy lobac ter  wi th a greater than usual  width 

measurement and known as a wide type s train � jejuni  ( 8 1 1 6 )  

colonizes  the gas troin t e s t ina l tract  of day-old  Ba lb/c  mice more 

successfu l ly than an a f lage l late  var iant . Morooka et  a l  ( 1 985 ) 
-

were a l s o  able to  infe c t  mice exper iment a l ly w i th a wide-type s t rain 

and several  non-mo t i le mu tant s t rains . Mice are exper iment a l ly 

suscep t ib l e  to  � jejun i and i t  i s  expec ted that  par t icular mouse  

s trains of � jejun i wi l l  become recognised ( Le anne et  a l , 1 98 1 ) .  

Monkeys 

There  have been no pub l icat ions to date  repor t ing the presence 

of campy lobacter infe c t ion in non-human primates  in the ir  nat ive 

habitat  ( Morton et a l , 1 983 ) .  I t  appears that  hea l thy we l l  

nour ished anima l s , afte r  be ing captured and kept under good 

cond it ions free from s t ress  and o ther infe c t ious enteric  organ isms , 

are high l y  suscept ible  to � jejuni ( Bryant e t  al , 1 9 83 ) . Morton 

et  a l  ( 19 7 9 ) ,  Tribe e t  a l  ( 1 9 7 9 ) and Tribe and Frank ( 19 8 0 )  were 

fir s t  to r e port the pre sence of c ampy lobac t er  in the s t ools  of 

s imians . � jejuni has  been recovered from c l inic a l ly norma l 

monkeys and from those with d iarrhoea ( Tr ibe e t  al , 1 9 7 9 ; Tr ibe and 

Frank , 1 9 8 0 ; Ackerman et a l ,  1 9 8 2 ) , but the preva lence of infec t ion 

is s ignifican t ly h igher in anima l s  with d iarrhoea ( Luechtefe ld  

et  a l , 1 98 1 ; Tr ibe and Fleming , 1 9 83 ) . Bryant et  a l , ( 1 983 ) 

reported � jejuni i s o l ates  from 46% of 24 Patas  monkeys with 

chronic  d iarrhoea . Tr ibe e t  a l  ( 1 983 ) were able t o  detect  

campylobacter  i solates  in  5 3% and � jejun i/co li  a l one from 42 . 9% of 

Macaca fas c icular i s . Infect ion mainly appears to be via  the faec a l  

oral rou t e  ( Bryant , 1 9 83 ) . 

Thermoph i l i c  campy lobac ter  organi sms have so far been i s o lated  

from b lood , l iver ( F i t zgeorge e t  a l , 1 9 8 1 ) ,  duodenum , i l eum , caecum , 

co lon , ga l l  b ladde r ,  u rinary t r ac t , vaginal swabs , p lacenta and 

s t omach of fetus ( Tr ibe  and Frank , 1 9 8 1 ) .  Infected anima ls  s eem t o  
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e xhibit  e ither pers i s tent  or intermi t tent ent e r i t i s  ( Tr ibe and 

F rank , 1 9 8 1 ) .  C l inic a l l y  the d isease  in monkeys i s  s imi lar to that 

s een in humans ( Skirrow , 1 9 7 7 ; But z ler and Skirrow , 1 9 7 9 ; Blaser  

and Re l ler , 1 98 1 ) in that i t  i s  characterised  by a haemorrhag ic , 

watery d iarrhoea that affects  the je junum , i leum and co lon ( Butz ler 

and Skirrow , 1 9 7 9 ; B la s er and Re l ler , 1 9 8 1 ) .  The chronic and 

r ecurrent c arr ier s t a t e s  in monkeys  is s imilar to tha t reported in 

humans in undeve loped count ries  ( Bokkenheuser et a l , 1 9 7 9 ; Blaser  

e t  a l , 1 98 0b ) . Campy lobacter enter i t is has  a l s o  been  found in  

Macaca nemens t r ina neonates  and infants (Morton et a l , 1 9 83 ) . I t  

has  been r e ported that  Sagu inus oed ipus is  more  suscep t ib l e  to  

� jejuni than� fas c icular i s . Large numbers of the lat ter  spec ies  

s urvive the infect ion and  frequent ly become asymptoma t ic excretors 

( Tr ibe and Fleming , 1 9 8 3 ) .  In monkeys , the carrier s ta t e  i s  common 

( Bryant e t  a l , 1 98 3 ) and the length of t ime tha t C .  jejun i i s  shed 

appears to be long ( Tr ibe  and Frank , 1980 ; F i t zgeorge et a l , 1 98 1 ) .  

I t  i s  d ifficult  to reproduce d i sease  exper iment a l ly in monkeys 

( Tr ibe and Frank , 1 980 ; F i t zgeorge et  al , 1 9 8 1 ) .  

Hamsters  

Fern i e  e t  al  ( 1 9 7 7 ) carr ied out a widespread survey looking for 

c ampylobacter  in rodent s ,  but fai led to i solate  any in hams ters . 

Frisk  and Wagner ( 19 7 7 )  observed a campy lobac t e r - l ike organi sm in 

the i lea of hams ters wi th enteri t i s .  They a l s o  sugge s ted  that the 

c ampylobac ter- l ike organisms d i d  not produce a pot ent t ox in . They 

were unab l e  to c lass ify the organ i sms s ince they fa i led  to i solate  

them . James e t  a l  ( 19 8 1 )  was ab le t o  isolate  campy lobac ter  from 

hams ters  for the fir s t  t ime . He was ab le to i solate  � jejuni from 

three groups of golden Syrian hams ters , but not  from a c losed  co lony 

of 11 Whi t e  Syrian hams t ers . He suspected that  a large percentage 

of asympt oma t ic hams t e r s  may harbour this pathogen of man . 

Rabbits 

Moon e t  a l  ( 19 7 4 )  reported  the presence of curved and s piral  

rods  rese mb l ing Vibr i o  s pecies  in Leved i t i  s tain sect i ons  from 10  of 

the 1 2  caeca  from young rabb i t s  thought to be suffer ing from 

Typh l i t is . Bryner e t  a l  ( 19 7 1 )  e xperiment a l ly infec ted  rabb i t s  with  



C ampylobac ter  fe tus and  came to  a c onclus ion that  rabb i t s  were 

r e s is tant to the l e tha l effe c t s  of � fe tus . No repor t s  of C .  

jejun i i s o l a t ions from r abb i t s  cou l d  be found . 

Guinea Pigs 

No i s o l a t ion of Campylobac ter  jejun i / co l i  has been repor ted 

from Gu inea pigs to date . Bryner e t  al  ( 1 9 7 1 )  exper imen t a l ly 

infected  Gu inea pigs  with  Vibrio fe tus to  find ou t the infe c t ivity  

of  three Vibrio  fe tus b iotypes ( type 1 ,  Subtype 1 ,  and t y pe 2) for 

gal l b ladder and inte s t ine of gu inea pigs . They sugges ted  that 

guinea pigs  were the mos t  suscept i b le to the l e tha l effec t  of 

� fe tus amongst  the laboratory animals  that they t e s ted . 

Cat s  

Campylobacter jejuni has been recovered from d iarrhoe ic  

9 .  

(Ferre ira e t  a l , 1 9 7 9 ; Karma l i  and Skirrow , 1 984 )  and non- d iarrhoe ic  

cats  (Gar c ia e t  a l , 1 9 8 3 ; Donna et  a l , 1 985 ) .  Donna e t  al  ( 1 985 ) 

observed no difference in preva lence be tween adu l t  and imma ture 

dome s t ic c a t s  or be tween confined , ins t i tut ionali sed an ima l s  and pe t s  

i n  homes . Although Campylobacter jejun i has been i s o l ated  from the 

faeces of up to  45% of non-d iarrhoe ic  cat s ,  depend ing on their sources  

(B laser et  a l ,  1980c ; Bruce et  a l ,  1980 ; Pat ton et  a l , 1 9 8 1 ) ,  in  

general the rate of infect ion seems to  be low in non - d iarrhoe ic c a t s  

(Bruce e t  a l , 1980 ) . O ther groups o f  authors (Has t ing , 1 9 7 8 ; Hos i e  

e t  a l , 1 9 7 9 ; B laser e t  a l , 1 9 7 9b ) reported a 4 to  10  percent 

i solat ion rate . Cat s  s eem to  be more l ikely  t o  be infe c t e d  when in 

an unhygienic environment ( B laser  e t  a l , 1 980b ; Gruffy l d  et a l , 

1980 ) . Natura l ly occurring Campylobacter jejuni d iarrhoea in 

k i t tens i s  uncommon (Sk irrow , 1 9 8 1 ) . Cat s  obt a ined from kenne l s  and 

anima l control  centres may be shedders of Campylobac ter  jejuni in 

the absence of d iarrhoea (Donna et  a l ,  1 9 85 ) .  

In c ontrast  to  the  s i tuat ion in dogs , there have been few 

authen t ic a t ed report s  of t ransmi s s i on of Campylobacter  jejuni from 

d iarrhoe i c  k i t tens t o  their  owners (Skirrow ,  1 981 ) , a l though cat s  

have been suspected as  a source of  infe c t ion for humans lead ing to  

d iarrhoea (Blaser e t  a l , 1 9 78 ; Bruce et  a l , 1 980; Hay and  Gangul i , 
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1 9 80 ; Skirrow and Benj amin , 1980 ; Svedhem and Norkrans , 1 9 80 ; 

B l aser e t  a l , 1980b ) . One report has sugge s t e d  that fe l ine and 

canine pe t s  are respon s ible  for 5% of cases  of � jejuni infect ion 

in humans (Pres c o t t  and Munroe , 1 9 82 ) . But ,  s ince the fac tor 

respons i b l e  for viru lence i s  unknown , i t  i s  qu i te pos s ib le that 

i s o lates  from dogs and cats may not be pathogenic for man , even 

though they are sero log ica l ly iden t i c a l  to_human iso lates  (Bj orn 

e t  a l ,  1 9 85 ) .  

A t tempt s  to  br ing about campy lobac ter  d iarrhoea in k i t tens 

us ing s t r a ins of organ i sms recovered from c h i ldren with d iarrhoea 

have been t r ied , but no detectable  c l inical  d i sease could  be 

produced and the anima l s  shed the organi sms for only  two to  three 

days which  sugges t s  that  cats are not very sus cept ible  t o  human 

s t rains (Prescott  and Karma l i , 1 9 7 8 ) .  

Dogs 

The presence of s o - c a l led  "Spiroche t a l  organisms " from the 

faeces  of both hea l thy and diarrhoe ic dogs wa s reported more than 30 

years ago and c i ted by B laser et al (1984 ) . The bacteria  concerned 

were la ter  ident ified  as � jejuni and other Campylobac ter  s pp .  

(Blaser e t  a l , 1 9 84 ) . S ince then severa l ar t i c les ident ify ing C .  

jejuni a s  one of the po s s ib le caus es  of d iarrhoea in dogs have been 

pub l ished (Prescot t  and Karma l i , 1 9 7 8 ; B laser  et a l , 1 9 7 8 ; S lee , 

1 9 79 ; Fox et  a l , 1 9 8 3a ) , but i t  has no t been we l l  subs tant iated  in 

view of the fai lure t o  d ifferent iate  the ir  c l inica l cond i t ion from 

toxic ent e r i t i s  and o ther intes t ina l infe c t i on s . It has a l s o  been 

sugge s t e d  that campy l obacter may act synerge s t ica l ly with canine 

parvovirus (Skirrow , 1 9 8 1 ; Sch iffe r l i  et a l , 1982 ; S impson and 

Burnie , 1 9 83 ) . The abs ence of a we l l  defined c l ini c a l  d isease  

s yndrome and the  fre quent presence of  o ther known causes  present in  

campylobac t er infe c t ed dogs  sugge s t s  that Campylobacter spp  may be  

pathogens of an  opportun i s t  nature ( F leming , 1980 ) . Preva lence 

rates ranging from 3% in  faeces  from c l inica l ly unaffec ted  pe t s  t o  

90% i n  d iarrhoe i c  s trays  have been reported  ( Doyle , 1 98 1 ) .  

Campylobacter rates  of 1 3  t o  7 5% for pupp ie s , 5 t o  5 0% for dogs h ave 

a lso been reported  ( Ha s t ing , 1 97 8 ;  B la ser  e t  a l ,  1 9 7 9b ; Ferre i r a  

e t  a l ,  1 9 79 ; Hos ie e t  a l , 1 9 7 9 ; Bruce and Zochows k i , 1980 ) . 
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In two s tud i e s  performed i n  Eng land , � jejuni was recovered 

with about equa l frequency from d i arrhoe i c  dogs and nond iarrhoe i c  

dogs , 1 0 . 4% and 8 . 0% vs  l l . l%.and 6% respe c t ively (Ho s i e  e t  a l , 

1 9 79 ; Ho l t , 1980 ) . In  pet anima l s , the carr ier rate  i s  genera l ly 

lower than that repo r t ed in anima l s  found in pounds or she l ters 

(Presco t t  and Mos ch , 1 9 8 1 ) . A series of s tud ies (Ho s ie et  a l , 1 9 7 9 ; 

Bruce and Zochowski , 1 9 7 9 ; Skirrow and Benj amin , 1 980a ; Fox e t  a l , 

1 983a ; F l eming , 1 9 8 3 ; Garcia  e t  a l , 1 9 8 3 )  has  demon s t rated  

compara t ive ly h igher rates  of  recovery in  immature dogs , kenne l led 

or confined subjec t s , s tray dogs and in an ima l s  with d iarrhoea . 

Thus there is a d ifference in the leve l of infec t ion be tween 

populat i ons of dogs , d epend ing on their  age and their  envi ronment 

(Presco t t  and Munroe , 1982 ) .  P reva lence va lues of up  to  5 0% have 

been ob t a ined in imma ture , kenne l l ed and d iarrhoe i c  popu l a t ions 

compared with a low rate  of recovery in mature c l in i c a l l y  unaffected  

pe ts  (Ferreira e t  a l , 1 97 9 ) . 

The firs t a t t emp t s  to  infe c t  puppies  by feed ing them with 

campy lobacter s t rains  i so lated from human cases  of enter i t i s  were 

unsucc e s sfu l (Pre s c o t t  and Karma l i , 1 9 7 8 ; Has t ing , 1 9 78 ) . However ,  

campy lobacter enter i t i s  has been reproduced us ing pure c u l tures of 

human and canine i s o lates  of � jejuni in convent iona l as  we l l  as  

gnotob i o t ic pups . C l inic a l ly the d isease  induced in gnot ob iot ic  

pups wa s mi ld , be ing a s sociated  with trans ient  diarrhoea and 

t enesmu s  (Hast ing , 1 9 7 8 ) , and in convent iona l  pups (Macar tney et a l , 

1 98 1 )  p roduced soft t o  watery  d iarrhoea with  mucus . Al though there 

are no detai led des c r i p t ions of the natura l d i sease in dogs , short 

report s  describe vom i t ing as  a characte r i s t ic fea ture ,  with loose 

faeces  occurr ing for about t en days , in some cases the faeces  

contain b l ood (Macar tney e t  a l , 1 98 1 ) .  The s i te of infe c t ion in 

dogs was descr ibed by Macartney et  al  ( 1 9 8 1 ) a s  be ing j e juna l and 

i leal  mucosa , with h i s tologic  changes be ing s imi lar  to the mi lder 

les ions descr ibed in  man . In gnotob io t i c  dogs , h i s t o l ogical  change s 

resemb le d  those d e s c r i bed in man , but were c onfined  t o  the l arge 

int e s t ine (Prescott  and Barker , 1 9 80 ) .  Campylobacter  jejuni has 

a l s o  been reported t o  cause abo r t ion in the dog . The organi sms have 

been reported from the l iver , lungs and p lacenta (Bul g in et a l , 

1 984 ) .  
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Whe e l e r  and Borcher (19 6 1 )  were the fir s t  to report an 

a s soc iat ion be tween human and canine campy lobac ter . After  the f i r s t  

find ing of thermoph i l i c  campylobacter (King , 1 957 ) ,  a number of 

s tudies  (Skirrow , 1 9 7 7 ; Blaser  e t  a l , 1 9 7 8 ; Lind qu i s t , 1 9 7 8 ; Peel  

and Mc lntosh , 1 9 7 8 ; S lee , 1 9 7 9 ; Ferre ira , 1 9 7 9 ;  Bruce and 

Zochowski , 1980 ; B laser  et  a l , 1 980b ; Skirrow et a l , 1980 ; 

Svedhem and Norkrans , 1980 ; Hay and Gangu l i ,  1980 ) have a s s ociated 

infe c t ion in dogs wi th  tha t in humans . Mos t  of the se  cases  invo lved 

chi ldren who had been in c lose contact  with a pet anima l suffer ing 

from d ia rrhoea (Sk irrow ,  1 9 8 1 ) .  The se and o ther find ings ind i cate  

that  dome s t ic dogs may  act  as  a re servo ir for  human campy lobacter  

infe c t ion (Skirrow ,  1 9 7 7 ; Bruce and Zochowski , 1980 ) . However ,  

according to  Skirrow (198 1 ) and Prescot t and Munroe (1982 ) ,  pos s ib ly 

no more than 5% of the human cases  in Br i t ain  have been as sociated  

with dogs . 

CAHPYLOBACTER JEJUNI/COLI IN CATTLE AND SHEEP 

Cat t le 

The d i s ease potential  of the microaeroph i l ic Vibrios  

(Campyl obacter  fe tus  subspp ) wa s fir s t  recogn i s ed by  McFadyean and 

S tockman ( 19 13 ) ,  who repor ted that  such organ i sms were associated  

with  abort ion in c a t t l e and sheep . The ir obs ervat ions were later  

confirmed by Smi th (1 9 1 8 ) , who i s o lated s imi lar  organi sms from 

aborted  bovine fe tuse s .  Smith and Taylor ( 19 1 9 )  subsequen t ly 

charac t e r i sed these organi sms and named them V ibrio fe tus . 

S ince then microaeroph i l i c  Vibrios have been assoc iated  wi th  a 

var iety  of d i sease s . Jone s and L i t t l e  (193 l a , l93lb ) a s soc iated  

these  organisms with  winter  dysen tery in c a t t le and c a lves . To 

defin i t e l y  prove that  such organisms caused dysentery in c a t t le , 

Jones e t  a l  (1 9 3 2 ) r eproduced the disease  in  heal thy c a t t l e  afte r  

feed ing them a pure c u l ture o f  a Vibrio s pe c i e s  which h a d  been 

i s o lated  from d iseased  anima l s . These inve s t igators judged that  the 

j e junum was the fir s t  s i t e  in the int e s t ina l t rac t t o  be infe c t e d , 

hence t hey propos e d  that  these V ibrios be d e s i gnated V ibr io  jejuni .  

The i r  observat ion was confi rmed by Sta lnikov (1939 ) .  However 
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Rol l ings on ( 1948 ) d id not agree that Vibrio jejuni was the cause  of 

winter dysentery as  he was not ab le  to  i s o l a t e  the organi sm from 

adu l t  c at t le with a s imilar c l in i c a l  d i sease . Also McPherson ( 1 9 5 7 ) 

in Canada , Komarov ( 1 9 5 9 )  in I s rae l ,  Charton ( 1 96 3 )  in France and 

Scott  ( 1 9 7 3 )  in the U . S . A .  have d i scounted the bac t e r i a l  cause and 

have conc luded that winter dysentery has a viral  aet io logy . 

Recen t l y  Al -Mashat e t  a l  ( 1 980 ) was able t o  provide some evidence 

for the as soc iat ion of Campylobac ter spp . with  inflammat ory les ions 

in the bov ine intes t ina l trac t . Firehammer e t  al ( 1 98 1 )  was able to  

proauce diarrhoea exper imental ly  in three c a lves out  of 12  calve s . 

He sugge s t ed � jejuni may repre s ent the organism that researchers 

as soc iated with win t e r  dysentery years ago ( Jones and L i t t le , 1 9 3 l a , 

1 9 3 lb ; Jones e t  a l , 1 932 ; S t a l n ikov , 1 9 39 ) . McPher s on ( 1 9 5 7 ) was 

able to  transmi t winter dysentery with a f i l t rate of faeces  and 

sugge s t e d  therefore that  it was c aused by a v i rus . Dekeyser ( 1 9 7 2 )  

was ab le  t o  i solate  the organ isms for the fir s t  t ime from s too l s  by 

fi l ter ing the faeces  through a 0 . 6 5�m f i l t e r . It  would  appear 

therefore , tha t the a e t iolog i c a l  agent of winter dysentery has not 

been determined ( Campbe l l  and Cookingham , 1 9 7 8 ) , and that there may 

be more than one cau s a l  agent for this cond i t ion . I t  i s  d ifficu l t  

to  a t t r ibute epizoot i c s  of diarrhoea ! d i sease  t o  s pe c ific  agen t s  on 

the bas is  of c l in i c a l  s igns . If infect ion wi th C .  jejun i i s  

relat ive ly  wide s pread in certain  populat ions of  both c a t t le and 

sheep , i t  is l ikely  t hat colos t r a l  ant ibody agains t i t  is common ly  

pre sent . I t  i s  a l s o  l ike ly  that � jejun i c ould be more pathogenic  

in colostrum depr ived anima l s . Jones and h i s  eo-workers  gave a 

c lear a ccount of wha t  was apparent ly � jejuni enter i t i s  in c a lve s 

whether or not they were c o lo s t rum depr ived was not repor ted . The 

c l ini c a l  descript ion of this  ent e r i t i s  agree s  we l l  with  the recent 

de s c r i p t ion of exper imental  � jejuni infe c t i on in c at t le (Al -Mashat 

and Tay lor , 1980 ; Al -Mashat and Taylor , 1 9 8 1 ) .  The fol lowing 

des c r i p t ion of C .  jejuni enter i t i s  in cat t le i s  based on the 

des c r i p t i on of seve r a l inve s t igat ions (Al -Ma shat and Tay lor , 1980 ; 

F irehammer and Myers , 1981 ; A l -Mashat and Taylor , 1 9 8 1 ) .  

The c l inical  a p pearance in  c a lve s i s  oft en chara c t e r ised by an 

irregu l ar and moderate  increase in temperature and unthrift ine s s . 

Diar rhoea may last  u p  to  14  days . The fae c a l  cons i s tency i s  often 

l imited  to a softnes s  or pas t ine s s  which  o ccurs dur ing the course  of 
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the d i s e as e , howeve r  faeces  c an become dark , f luid, and contain  

large quant i t ies  o f  thick , tenacious mucus . I t  is  not uncommon to  

see  flecks  of brigh t  b lood in the  faece s .  At  t ime s , the  faeces  may 

be we l l  formed even though mucus  and oc cas ion a l ly b lood may be in 

the faec e s  for up t o  14 days or even longe r . Exper iment a l l y , the 

d i sease  may be so m i l d  as to be a lmos t inapparent , wi thou t fever , 

and i s  man i fes ted on l y  by mi ld depress ion and soft  faeces with 

occas ion a l  s trands o f  mucus . 

- A r ise  in agglut ina t ing an t ibody t i t re agains t homo logous 

infec t ing organisms has been cons is ten t ly found in exper imenta l ly 

infected  c a lve s (Al -Mashat and Tay lor , 1 980 , Al -Mashat and Tay lor , 

1 9 8 1 ) .  

Al though the p a r t  p layed by c ampylobac t e r  as a cause o f  

dysentery i n  c a t t l e i s  not c lear , a widespread survey for the 

presence of campy lobac ter s t i l l  goe s on . F i rehammer  e t  al ( 1 98 1 )  

were ab l e  to i so la te  c ampy lobacter  from 5 1  ( 40% ) of  d iarrhoe ic 

c a lve s and from three c l inic a l ly heal thy c a lve s ( F i rehammer and 

Myers , 1 9 8 1 ) .  Svedhem and Ka i j ser  ( 198 1 )  from Norway , Lue chte fe ld 

and Wang ( 1 982 ) in U . S . A .  and Munroe e t  a l  ( 1 9 8 3 )  in Canada reported  

i solat ion rates  of : 1 9% of  90 ,  4 3% of  1 30 and  25% o f  4 2 1  in 

c l inica l ly norma l c a t t le , respec t ive ly . Thus , be sides  be ing present  

in c l in i c a l ly d i seased  anima l s , Campyloba c t e r  jejun i i s  o ften par t 

of  the norma l inte s t inal f lora o f  cat t le ( Bryner , 1964 ; Smibe r t , 

1 9 78 ) . 

Milk 

Campylobacter in fec t ion in man has been associated wi th the 

consumpt ion of  unp a s t eurised  mi lk ( Blaser et a l , 1 9 7 9a; Rob inson 

and Jone s , 1 98 1 ) .  Robinson and Jones ( 1 98 1 )  descr ibed 1 3  episodes  

of  i l ln e s s  involving s choo l s  and  whole  v i l l ages fol lowing the 

consumpt ion of  unpas t eurised  milk  and there h ave been descript ions 

of  epis odes  of camp yl obac ter enteri t is involving an ent ire  town 

fo l lowing temporary fai lure o f  pas t eur izat ion equipment  ( Porter  and 

Re id , 1 9 80 ) . 
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Exper imenta l ly ,  Rob inson (19 8 1 ) was ab l e  to  produce  infec t ion 

in a human volunteer j u s t  by inocu l a t ing 500 organisms in 180  ml of 

mi lk . M i l k  may act  a s  a prot ect ive agent dur ing the p a s s age through 

the s t omach ( Blaser et a l , 1980a ) and thus he lp  estab l i s h  the 

infect ion . 

A herd survey by Banford ( 1 98 2 )  in Aus tralia  showed three 

percent prevalence rate in 36 mi lking cows . In Eng land , Robinson 

(1982 ) in a l ong term survey of two milking herd s , found 10% of  the 

c ows to  be i nfec ted . I t  is pos s ib l e  that campy lobacter  may get into  

m i lk dur ing mi lking a s  a resu l t  of  faeca l contaminat ion if  proper 

hygienic me thods are not  fo l lowed . Such inc idences may more 

frequent ly  occur in c ountries such as F i j i  where milk ing machines 

are not c ommon and the o l d  trad i t i onal  me thod s of  mi lking are s t i l l  

be ing used . The mi lk i s  a lso  d i s t r ibuted unpas teur i s ed by 

ind ividua l farmers . The inc idence s  of campy l obacter ent e r i t i s o f  

bovine mi lk  origin i s  great ly reduce d  when the milk i s  c o l lec ted 

hygienica l ly and pa s t eur ised ( Doy le  and Roman , 1981 ; Chr i s topher 

et a l , 1 9 8 2 ) . 

Campy l obacter does not grow in milk , but the organ i sms are 

l ike ly to  survive in raw milk long enough to  reach consumers  ( B laser  

e t  a l , 1 9 80a ; Barre t t , 1981 ; Doy l e  and Roman , 1981 ; Chr i s topher 

et a l , 1 9 8 2 ; Doy le and Roman , 1 9 8 2 ) .  B laser  e t  a l  (1980a ) reported  

that  � jejuni i s  ab l e  to  survive for up to  three weeks a t  4 C ,  but 

for no longe r than three days a t  2 5  C and hence he sugge s te d  that 

m i lk i s  a s u i tab le b i o logica l mi l ieu for the surviva l of 

c ampy lobac t e r .  

Sugge s t ions have a l so been mad e  tha t � jejuni may b e  a cause 

of mas t i t i s  in cows . Inoculat ion of just  2 - 6  colony forming uni t s  

into the udder of a c ow resul ted in  moderate l y  severe and acute  

mas t i t is and the  organi sm was r e i s o lated  in milk  from one i nfected  

quarter , but they  fai led  to  do so  from other quarters , fae c a l  

s amples  a n d  b lood . Th is  was the f i r s t  recorded case o f  mas t i t is 

c aused by � jejuni / c o l i  (Lander  and Gi l l ,  1 9 80 ) . Wat erman and 

Parker (198 2 ) fai led  to reveal  the presence of � jejuni from 600 

mi lk s amp l e s  of cows with mas t i t i s . The organism has been i solated  

only  once from incriminated milk  (McNaughton e t  al , 1 9 82 ) . 
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Sheep 

Smibert  ( 1 965 ) iso l at ed Campy lobac ter from the faeces  of 

c l inical ly norma l sheep . Firehammer e t  a l  (1 9 8 1 ) found that the 

t is sue sec t ion from lambs inte s t ina l l oops showed increased  

intralamina l l eukocytes , defo l iated  e p ithe l ia l  cel l s , and  mucus  

produc t ion wh i ch may ind icate  some degree of patho logic potent i a l  

for Campylobac ter  jejuni . 

Campylobac ter jejuni has been recognised  for many years  a s  an 

important cause  of abort ion in sheep (Bryner et  al , 1964 ; A l -Mashat 

and Taylor , 1 9 8 1 ) . In one outbreak 2 5  of 7 9  ewe s lost  the ir  l ambs 

through abor t ion , s t i l l  b irth , or neonatal  death (Ryff , 1 9 40 ) . The 

infec t ion i s  be l ieved t o  have fo l lowed inge s t ion of the organi sms , 

with the subs equent development of a bacteraemia (Mi l le r , 1 9 5 9 ) ,  

fo l lowed by foe t a l  sep t icaemia and h e pa t i t is,  death of foe tus  and 

i t s  expu l s ion . 

Bac ter ia  resemb ling � jejun i we re iso lated  from the ga l l  

b ladder in 2 0  of 186 sheep at  s l augh t er (Bryner et a l , 1 9 7 2 ) .  Ga l l  

b ladder i s o l a t e s  caused abor tion when given a s  an ora l inocu lum to  

pregnant ewe s . 

Diarrhoea d id not occur in ewe s g iven � jejun i i s o l a t e s  as  an 

ora l inoculum ,  but Firehammer and Mye r s  (198 1 ) observed mucus  

product ion and intermi t t en t  flecks  of b lood in faeces  of l ambs . 

Smibert ( 1965 )  i so lated  � jejuni from the faeces of c l inic a l ly 

norma l sheep t hus the sugge s t ion that  bes ides be ing pre sen t  in 

infec ted anima l s  � jejuni is  oft en part  of the norma l int e s t ina l 

flora of shee p . 

In New Zea land , thermoph i l ic c ampylobac ter  were i s o lated from 

the intes t ina l content of 20  and 3 5% of two of four groups of 7 0  

sheep (Gi l l  and Harr i s , 1982 ) . Luec h t efe ld and Wang (19 8 2 ) 

recovered � jejuni at  an isolat i on r a t e  of 2 3% from the fae c e s  of 

35 sheep from several  farms . 

Pregnant ewes that ingest  � jejuni by mouth often deve lop  a 

bac teraemia , t he p lacenta  becomes infected , and the l amb i s  aborted . 
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The s e  events  ind ic a t e  the invas ive ab ility  of � j ejuni, an 

observat ion that i s  also supported by the fac t that s ome people with  

ent e r i c  Campylobac t e r  infect ions develop bacteraemia ( F irehammer and 

Myers , 1 98 1 ) . 

Birds 

Wild b irds are c laimed t o  form the ma in  natural reservo ir of 

campylobac ter infe c t ion ( Kniel et al , 1 9 8 2 ; Skirrow ,  1 982 ) . 

Intes t inal infe c t ions with C .  jejuni in h e a l thy b irds of all types 

i s  generally common ( Pre scott  and Munroe , 1 9 82 ) . Birds , 

par t icu larly dome s t ic poultry , are increas ingly be ing perce ived as  a 

ma j or source of infe c t ion for people in deve loped countries  

( Pres cot t and Munroe , 1982 ; Munroe e t  a l , 1983 ) . Grant e t  a l  

( 1980 ) i solated  C .  jejuni from the faeces  of 38 of 4 6  chickens 

before  s laughter . Presco t t  and Mo sch ( 19 8 1 )  reported C .  jejuni from 

SO of 2 1 0  chickens and from 83 of 94 ducks . Luechtefe l d  and Wang 

( 19 8 1 ) i s o lated C .  jejuni from the caeca of 100% of 600 turkeys 

go ing through a process ing plant . 

Campylobacter jejuni/ coli has also been iso l ated from o ther 

b irds  such as p igeons , b lackb irds , s ta r l ings and sparrows ( Smiber t , 

1 9 7 8 ) and canar ies  ( Pear son e t  a l , 1 9 7 7 ) ,  Peruvian pengu ins and 

Blue - crowned mo tmo t s  ( Bauwens and Meur i chy , 198 1 ;  Luechtefe ld  

et  al , 1981 ) .  From 20 to 70% of seagul l s  h ave been found to  harbour 

Campy lobac ter , many of wh ich are s trains of C .  jejun i 

ind i s t inguishab le  from those found in shee p , cat tle , pou l try  and man 

( Skirrow and Benj amin , 198Gb ; Skirrow and Benjamin , 1 980a ; Fenlon , 

198 1 ; Fen lon , 1 9 82 ) . � jejun i has a l s o  been found in 3S% of 

migra tory water fowl in the U . S . A .  ( Leucht efe ld  e t  al , 1980 ) , and in 

4S% of rooks and SO% of urban pigeons in Br itain (Fenlon , 1 9 8 1 ) . 

Luechtefe ld et  al ( 1981 ) reported the i s olat ion of � jejuni from 

B lack-necked swans , s pur -winged geese , Ruddy shelduck ,  Blue-crowned  

mo tmo t and Up land geese . Kapperud and Ro s ef ( 1 983 )  recovered 

campylobac ter from 11  of 40 s pec ies  of wild b irds they capture d ; 

crows , gull s ,  puffins and p i geons and from seven sparrows . 

Luechtefeld e t  al ( 1980 ) i solated campylobacter  from approximately 

3S% of caecal s pe c imens from 44S wild ducks . 
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Other Animals 

Mos t  i solates  of campy l obac ter  from the intes t ine of swine are 

C .  co l i  (Skirrow and Benj amin , 1 9 80a , 1 9 80b ) . Skirrow and Benj amin 

(1980a , 1 9 8 2 ) repor t ed 94% of their  pig i s o lates  to be � co l i .  

Munroe e t  a l  (1 983 ) found tha t 9 7 . 5% of the ir i solates  from pigs  

were C .  c o l i  and on ly 2 . 5% was � jejuni .  Many hea l thy pigs  have 

� co l i  i n  the ir fae ces , i solat i on rates i n  such pigs  genera l ly have 

been h igh ; 6 0 . 7% (Oosterom , 1 9 80 ) , 7 2 . 1% (Jorgens en , 1 9 7 9 )  and 7 2% 

(Knie l e t  a l ,  1 982 ) . Rosef (19 8 1 ) recovered � co l i  from 58% of 

pigs' ga l l  bladders at s laughter . Wh ile  conduct ing a survey on a 

pig  farm , Rosef and Kapperud (1 9 8 3 )  were able  to i s o l ate  C .  jejun i 

from hous e  fl ies (Musca  dome s t i c a ) and sugges ted that hou se  f l i e s  

could p lay  a n  import ant part in t h e  dis seminat ion of the infe c t ion . 

Bruc e  and Ferguson (1980 ) repor ted the i solat ion of C .  jejun i 

from a number of zoo anima l s , inc lud ing Capybaras , Oat imundis  po lar 

bears , Wa l laroos , Wo lves  and seve r a l  species  of pr imate s . In an 

extens ive s tudy carr ied out by Lue chtefe ld et al ( 1981 ) in a zoo 

they were a l so able to isolate  � jejun i from Lawland gor i l la ,  B lack 

lemur , Ce l ebus monkeys , Ch impanzee , Pale -faced saki , Patas monkeys , 

Orangu t an , Ce lebes macque , Chee t ah , Bobca t ,  Damagaze l l e ,  Rocky 

mountain  b ighorn sheep , Llama , Re indeer , Roan ante lope , Braz i l l ian 

tapir and Red panda . Athert on and Ricke t t s  (1980) i s o l a t ed 

� jejun i from the faeces  of foa l s  in a l imited  outbreak of 

diarrhoea  charac ter i sed by fever and c o l i c  with occ a s iona l fresh 

b lood in  the faeces .  Rosef e t  al  (1983 ) recovered � jejuni from 

one of 3 2  hare s but fa i led to i s o late  the organisms from horse s , 

goats , cervids and rodents . 

Humans 

Cur t i s , pos s ib ly reported  the fir s t  case  of human c ampy lobac ter  

infec t ion occurred in 1913  (Cur t i s , 1 9 13 ) .  He  observed large 

numbers of curved , mot i l e , gram-negat ive rods in vagina l d ischarges 

from two pat ients . Levy (1946 ) reported the first  a s s o c i at ion of 

microaeroph i l ic vibr ios with d iarrhoea! d i sease  in human s , when he 

descr ibed a large outbreak of g a s troenter i t i s  in I l l in o i s , organi sms 

were i s o l a ted from the b lood of s ome of the pat ient s .  V inzent et a l  
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repor ted  Vibr io s i s  in man in 1 947 . King (195 7 )  isolated  the 

organisms from b l ood and assoc iated  the organisms with a d iarrhoea!  

d isease  and  named the  organisms "Re l ated Vibr ios" . Cooper and S lee  

(19 7 1 ) ,  in Aus tral ia  were  the fir s t  to  isolate  the organ isms from 

s t oo l s . The fu l l  extent of the a s s o c iat ion between � jejun i and 

d iarrhoea ! i l lness cou ld not be appreciated unt i l  s imp l ified and 

improved me thods for i s o lating the s e  organisms from s t o o l s  of 

pat ient s w i t h  gas troenter i t i s  was first  repor ted  by Dekeyser et a l  

(197 2 )  and fur ther improved b y  Skirrow (19 7 7 ) .  

Campy lobacter enter i t i s  has been reported from Aus t r a l i a  

(Cooper and S lee , 1 9 7 1 ;  S lee , 1 9 7 2 ;  Stee le and McDermo t t , 1 9 78 ) , 

Be lgium (Bu t z ler et  a l , 19 7 3 ;  Lauwers e t  a l , 1 9 78 ) , Canada (Pa i ,  

1 9 7 9 ) , Ho l l and (Seve r in , 1978 ) , New Zealand (Br ieseman , 1 9 84 and 

1985 ) , Rwanda  (De Mo l and Bosman , 1 9 7 8 ) , Sweden (Lindqu i s t  e t  a l , 

1 9 7 8 ) , South Afr ica (Ha l let  e t  a l , 1 9 7 7 ; Schewitz  and Roux , 19 7 8 ;  

Bokkenheus e r  e t  a l , 1 9 79 ) ,  the Un i t e d  Kingdom (Skirrow , 1 9 7 7 ),  the 

United  S t a t e s  of Amer ica  (King , 1 95 7 ; Midd lekamp and Wo lf , 19 6 1 ; 

Whee ler and Borchers , 1 9 6 1 ; King , 1 962 ; Mandel  and E l l i son , 1 9 6 3 ; 

Park e t  a l , 1 9 7 3 ;  Smith  et  a l ,  1 9 7 7 ;  Blaser  e t  al , 1 9 7 8 ; Guerrant 

e t  a l , 1 9 7 8 )  and Zaire (Butzler , 1 9 7 3 )  wh ich ind icates  that  this 

d isease  is wide ly d i s tr ibuted in tropical  as we l l  a s  t emperate  areas 

of the wor l d . Stud i e s  in Afr ica , Aus tra l ia ,  Nor th America  and 

Europe have shown this  agent to be invo lved in 3% - 1 1% of patients  

with  d iarrhoea (Bu t z ler et  a l , 1 9 7 3 ; S teele  and McDermot t ,  19 7 8 ;  

Pai e t  a l , 1 9 7 9 ; De Mo l e t  a l ,  1 9 7 9 ) .  In New Zea land and o ther 

overseas countries , i t  has been reported to  be 4% to  1 5% (V inzent 

e t  a l ,  1 9 4 7 ; Wa lder , 1 9 82 ; Wundt  and Kas per , 1982 ; Shmi lovit z 

e t  a l , 1 9 8 2 ; Ka lman e t  a l , 1 9 8 3 ; Faoaga l i , 1984 .  In some 

countr ies , 7 4  to 84% of cases occurred in chi ldren and infants  

(Shmi lovi t z  e t  a l ,  1 9 8 2 ; Ka lman e t  al , 1983 ) , whereas in New 

Zealand the number of cases  i s  h ighe st  in young adu l t s , and ch i l dren 

are the next mos t  fre quent ly affe c t ed group (Br ieseman , 1 9 85 ) .  

However Campylobac ter  enter i t is affec t s  a l l  age groups (Bu t z ler 

e t  a l ,  1 9 7 3 ; Skirrow , 1 97 7 ; Dale , 19 7 7 )  but the inc idence i s  

h ighes t  in  young chi ldren (Bu t z ler  e t  a l ,  1 9 7 3 ; Skirrow , 1 9 7 7 ) .  

Bokkenheus e r  e t  a l  (197 9 )  recovered Campylobacter jejuni from 3 5% o f  

chi ldren w i th d iarrhoea and from 1 6% of  asymptomat ic  ch i ldren . The 

s ignifican t ly h igher  preva lence o f  � jejuni i solat ions in  0 to  
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8 -month-old chi ldren  with d i ar rhoea than i n  the asymptomat i c  

chi ldren s t rong ly s ugges t s  that  the organi sms are a causa t ive agent 

of d i ar rhoea in the se  very young chi ldren (Bokkenheuser et a l , 1 9 7 9 ; 

Karma l i  and Fleming , 1979 ; Mentz ing , 1 9 8 1 ) .  The preva lence of 

� jejuni increa s e s  dramat ica l ly after  9 months of age (Bokkenheuser  

e t  a l , 1 9 7 9 ) .  Jone s et  a l  (1 984 )  repor ted  the rate  for ch i l dren 

under one year of age as five t ime s h igher  than tha t of adu l t s , 

wh i l s t  for ch i ldren aged 1 - 4  years the rate  was three t ime s h igher 

than the adu l t  ra te  (Jone s et a l ,  1984 ) . I t  has a l so  been sugge s ted  

that  ma les are mor e  commonly affected  than are  fema les  in a ma l e  to  

fema l e  rat io of 3 : 2  (Karma l i  and Fleming , 1 9 7 9 ) . 

In deve loped c ountr ies , there i s  seasona l variat ion in the 

inc idence of � jejuni enter i t i s , with h ighe s t  rates  in the summer , 

and the lowes t  in the winter (Bu t z ler and Skirrow ,  1 9 7 9 ; Wa lder  and 

Fors gren , 1 982 ; Ki s t , 1982 ; B laser et a l , 1 982b ) . 

Campylobacter  jejun i ent er i t i s i s  a zoonos is  with  a wor l d -wide 

d i s t r ibut ion , and  there are  a number of ways by wh ich man c an become 

infec ted . Wi l d  b i r d s  are probab ly the ma in  source of campyl obac ter  

for natural  waters  (Kniel  e t  a l , 1982 ) . An ima ls  of  s pe c i a l  

impor t ance as  sources  of human infect ion a r e  probab ly pou l t ry ,  

cat t l e , sheep , p ig s  and dogs , but not nece s s ar i ly in that order of 

importance . In deve loped count r ies , the i solat ion rates  of 

thermoph i l ic campy lobac ters  from wa ter s amples has been shown t o  be  

43% for cat t le ,  9 1% for pou l t ry ,  88% for p igs , 49% for dogs , 5 3% for 

cats  but in only about 1 . 6% for humans (Proc . Int . Workshop in 

Campy lobac ter  Infe c t ion , 1 9 8 2 ) .  

In the Uni t e d  Kingdom , mos t  infect ions are sporad i c , ca se  t o  

c a s e  transmi s s i on i s  uncommon and conva l e s cent car r i age o f  the 

organism seems to be unimpor t ant as  a s ource  of new infe c t ions 

(Jones  e t  a l , 1 9 84 ) .  Cross  t ransmi s s ion from mother t o  ch i ldren has  

been reported (Me n t z ing , 1 98 1 )  but  fai lure  to  isolate  � jejuni from 

2 7 2  women by B l a s e r  et  a l  (1 980c ) sugges t e d  that i t  i s  not  part  o f  

the norma l vagina l flora and that t ransmis s ion from materna l vaginal  

flora t o  fetus  is  probab ly not  a common mode of human infe c t i on . 
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Infe c t ion c an be  acqu ired through d irec t contact  w i th infected  

anima l s , but  this  account s  for only  a sma l l  minor ity of  infe c t ions . 

Contact  may be occupa t iona l as  w i t h  farmers , ve terinar i ans  and those  

engaged in mea t  pro c e s s ing ( Jone s and Rob inson , 1 98 1 ) or  d omes t i c in 

wh ich case  the anima l s  concerned a re a lmos t  a lways a newly  acquired 

family puppy , or very occas iona l ly a kit ten , wh ich i s  i t s e lf 

su ffer ing from campy lobac ter enter i t is ( Skirrow , 1 9 8 1 ) .  But mos t  

day t o  day infec t ions are i n  pat ients  wi thout any d irect  c ontact  

wi th anima l s , so indirect  pathways of  infec t ions presumab ly operate  
-

in the se c ases . I t  has  therefore been sugge s t ed ( Skirrow , 1 9 8 2 ) 

that t ransmiss ion i s  ma inly through the food chain from raw an ima l 

products  - mi lk , beef and sheep carcase  meat , poultry mea t , and 

offa l .  The abi l i ty of the organ i sm to  survive at  norma l 

refr igera t ion t emperature , virtua l ly guarantees  tha t everybody 

hand l ing r aw chicken meat i s  exposed  to  the in fec t i on ,  un less  it has  

been thorough ly decontaminated . The organ i sm may we l l  be found on 

many cut t ing boards  and but chers knives ( Grant et a l , 1 9 80 ) . In 

Chr i s t chur ch , New Zealand , Brieseman ( 1 985 ) c arr ied out ana lyses  of 

the c ampy l obac ter i n fect ions among a number of occupat ions and found 

the fo l lowing groups to be infec t e d : 

Housewives 23  Management , a ccountan t s , e t c .  7 

Meat  hand l ers 1 9  S a l e s  6 

Tradesmen 1 2  Labourers 6 

Unemp loyed 1 2  Engineer ing 5 

Office and c lerica l 1 0  Re t a i l  shop a s s is tant 4 

Farm workers 1 1  Government emp loyees 4 

Hea l th s ervice 9 Teachers 4 

Dr ivers 3 

I t  a ppears that  those assoc i ated with  hand l ing raw meat 

( but cher s , free z ing workers and housewive s )  are at  gre a t e s t  r isk . 

Campy lobac ter  infect ions in  humans are usually  a s s o c iated  with  

C .  fe tus subs p .  intes t ina l i s , C .  jejuni and � col i  ( Bokkenheuser 

e t  a l , 1 9 7 9 ; Ret t ig ,  1 9 79 ) .  The two main  c l inica l forms are : 

1 .  Campy lobac ter  enter i t i s  

2 .  Loca l i s e d  form . 



Campylobacter  coli  i s  a much l e s s  common c ause o f  enter i t is 

than � jeju n i  ( Jones e t  a l , 1 9 84 ) . 

Campylobact e r  enteri t i s  
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Al though Campylobacter  jejun i i s  very rarely pathogenic  for 

anima l s , i t  i s  a common human enter i c  pathogen . Evidence for i t s  

pathogeni c  r o le i n  humans is  based o n  the fol lowing observa t ions . 

Campyl obacter  jejun i has been s imu l taneous ly recovered from 

faeces and the  b lood s t ream in seve r a l  d iarrhoea ! pa t ient s  ( Levy , 

1 946 ; King , 1 9 5 7 ; Whee ler , 1 9 6 1 ; King , 1 96 2 ; Wh ite , 1 9 6 7 ; 

Darre l e t  a l , 1 9 6 7 ; Evans and Dad swe ll , 1 967 ; Bokkenheuser , 1 9 7 0 ; 

Dekeyser  e t  a l ,  1 9 7 2 ; But z ler , 1 9 7 3 ;  Smith , 1 9 7 7 ; Communi c ab le 

Di sease Surve i l lance Centre , 1 9 7 8 ) s peci fic  mis s ing serum ant ibody 

t i tres have been demonst rated in infected  diarrhoea ! pa t ients  

( Skirrow ,  1 9 7 7 ;  S teele  and McDermo t t , 1 9 7 8 ; Karma l i  and F l eming , 

1 9 79 ; B l a s e r  e t  a l ,  1 9 7 9 b )  and a human volunteer  who inge s t ed 

� jejun i ,  deve loped a typic a l  c l in i c a l  i l lne s s  and the infect ing 

organism was recovered from his s too l s  ( S teele  and McDermo t t , 1 9 7 8 ) . 

The frequent observat ion that b lood and po lymorphonuc lear  l eukocytes  

occur in the  stoo l s  o f  a f fected  ind ividua ls  ( B laser e t  a l , 1 9 79b ) 

and the o c c a s iona l demonstrat ion o f  bacteraemi a ,  sugge s t s  that the 

organism may be cytotoxic  and /or t i s sue invas ive . 

Skirrow ( 19 7 7 )  e s t imated the incuba t ion per iod o f  c ampy lobacter  

ente r i t is a s  be ing from 2 to  1 1  days . Other invest igators  ( Prescott  

and Karma l i , 1 9 7 8 ; Karma l i  and F l em ing , 1 9 7 9 ; Blaser e t  a l , 1 9 80a ) 

sugge s t ed that  a typi c a l  incubat ion per iod i s  2 to 5 d ays . 

The ma j or c l inica l manifestat ion are abdominal pain , d iarrhoea 

and fever ( Re t t ig ,  1 9 7 9 ) . D iarrhoea  usua l ly occurs a t  the onse t  o f  

i l lnes s  o r  may deve lop with in a few days after  the ons e t  o f  

abdomina l pa in and fever . Typic a l ly ,  the d iarrhoea i s  mi ld  t o  

modera t e  but may be profuse , wat ery and frequent ly one t o  three days 

a fter the onset  of d i arrhoea , b lood may a lso appear in the s too l s . 

Other symptoms that may be expre s s e d  inc lude ma laise , heada che , 

mus cu loske l e t a l  pain , r i gors and d i l irium ( Skirrow , 1 9 7 7 ; Karma l i  

and Fleming , 197 9 ) .  Although vomit ing may o c cur , i t  i s  not common 
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and i s  norma l ly observed i n  l e s s  than 30% o f  the cases . The 

sever i t y  of the i l lness i s  qu i t e  var iab l e  but in mos t  c ases  i t  i s  

b r i e f  and s e l f- l imit ing ( King and Bronsky , 1 9 6 1 ; B la s e r  e t  a l , 

1 980c ) . C learance occurs within two months in 90% o f  c a ses  

( Br ie s eman , 1 985 ) .  

The pr inc ipa l s i te o f  d i sease  in man seems to be the je junum 

and i leum ( Bu t z ler  and Skirrow , 1 9 7 9 ) . The d i s ease is not , however , 

l imited  to  the sma l l  intes t ine , but commonly a l so invo lves the 

co lon ,  even extend ing to the rec tum ( B laser and Re l ler , 1 9 8 1 ) .  

The mechan isms by wh ich � jejun i c auses  d i sease are  not yet  

known . The finding of  dysenteric  s too l s  suggest s  that mucos a l  

damage due to  a n  invas ive proce s s  ana logous t o  that seen  in 

shige l lo s is is impor tant in the pa thogene s i s . The fre quent 

occurrence of  pro fuse  wa ter s to o l s  in many cases  sugge s t s  that an 

entero t oxin may a l so be invo lved in the pathogenes i s . Pre l iminary 

s tudies  have shown that � jejuni a l so produces subs tances  that are 

cytotoxic  for t is sue cul ture c e l l s (Anon , 1 9 84 ) . 

In  cont rast  t o  the frequent inc idence of  c ampy lobacter  

enter i t i s , sys temic campylobac t er ios is appears to be an  infrequent 

human d i sease . 

Syst emic Campylobact er ios i s  

I n  1 947 , the f irst  proven human case  o f  Systemic 

Campyl obacter ios i s  was reported . By ear ly  1 9 7 9  l e s s  than 150 cases  

of  nonenteric  human campy lobac t e r  infect ion have been d ocumented  

( Bokkenheuser e t  a l , 1 9 79 ; Re t t ig ,  1 9 7 9 ) and C .  fe tus  subsp . 

inte s t ina l i s  i s  pr imari ly r e s pons ib l e  for this  syndrome , having been 

i s o l a t e d  from mos t pat ien t s  a f f l ic te d  with this  i l lnes s . 

The d isease  i s  primari ly  associated with adu l t s  w i th mos t  c a s e s  

having o ccurred i n  individua l s  be tween 3 5  and 70 y e a r s  o f  age . Mos t  

o f  the s e  individua l s  had one o r  more underlying maj or med ica l 

cond i t i ons such as  a lcoho l i sm o r  c i r rhos i s , d iabe t e s  me l l itus , 

rheuma t i c  heart d is ease , l eukaemia or tuberculosis  be fore 

infec t ions . Increas ingly , there appears  t o  be a pred i lec t ion 



t owards ma les  as  mos t cases  ( 69% o f  102 ) have occurre d  in ma les  

( Re t t ig , 1 9 7 9 ) . 
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The mos t  common man i fe s t a t ion o f  systemic  campy lobac t erios i s  i s  

bac teraemia wi thout l o c a l i zed infect ions ( Kah ler and She ldon , 1 9 60 ; 

King , 1 9 6 2 ; Bokkenheuser , 1 9 7 0 ; Guerrant e t  a l , 1 9 7 8 ) . However ,  

several cases  have been repor ted  in wh ich the organ i sm loc a l i zed 

and produced infe c t ion in spec i fi c  t i ssue s of the hos t . Examp les  o f  

such loca l i zed infe c t i ons inc lude endocard i t i s  (King , 1 9 5 7 ; Loeb 

et a l , 1 9 6 6 ; Chung and Lee , 1 9 7 0 ;  Lee et a l , 1 9 70 ) , men ing i t i s  

( King and Bronsky , 1 9 6 1 ; Eden , 1 962 ; Co 1 1 in s  e t  a 1 , 1 9 64 ; 

Gubina e t  a 1 ,  1 9 7 6 ) , s pe t i c  arthr i t i s  ( King and Bronsky , 1 96 1 ; 

Kutner and Arnold , 1 9 7 0 ) , thrombophleb i t i s , ( Kah ler and She ldon , 

1 960 ; Ves i ly ,  1 9 7 5 ; Stee 1e  and McDermi t t , 1 9 78 ) , s a lping i t i s  

( Brown and Saut ter , 1 9 7 7 ) , and abscess  of  the lung ( Lawrence e t  a l , 

1 9 7 1 ) . 

Sympt oms commonly  expre ssed  by ind ividua ls  affected  w i th 

systemic  c ampy loba c t e r ios i s  inc ludes fever , ma laise , headache , 

confus ion , le thargy and abdomin a l  pa in ( Re t t i g , 1 9 79 ) .  D iarrhoea i s  

not common i n  the se  sys temic infect ions . 

Food 

The inc reas ing awarenes s  o f  the presence of � jejuni in 

pat ient s with gas t roenter i t is has led to  a t t empt s  t o  recover the 

pathogens  from incr iminated food . The organi sm has been ma inly 

associated with food of  anima l or igin such as  pork , ground bee f ,  

chicken and milk . 

Unpas teurised  m i lk i s  the mos t  frequen t ly  impl icated  vehic le  o f  

c ampyloba c ter infec t ion . Campylobacter  ent e r i t i s  was f i r s t  

suspe c t ed as  be ing a t t r ibuted t o  the consumpt ion of  m i l k  in 1 946 

( Levy , 1 9 46 ) .  A number  o f  other report s  have documente d  the 

associat ion o f  � jejuni enter i t is with unpas teur ised  milk  ( Blaser  

e t  a l , 1 979a ; Tay lor  e t  a l , 1 9 7 9 ; Porter  and Re id , 1980 ; Robinson 

and Jones , 1 98 1 ; Tosh e t  a l , 1 9 8 1 ) .  But z l e r  and Skirrow ( 19 7 9 ) 

ment ioned that the c onsumpt ion o f  milk was imp l icated in f ive maj or 

c ampylobacter  outbreaks in Br i t a in dur ing a 6 months ' per iod . 
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King ( 19 6 2 ) suggested ch icken a s  the pr imary s ource of  

campy lobacter  infe c t ion in man . Smith  and Mu l doon ( 19 74 )  were  the 

f ir s t  t o  report  the  inc idence of  � jejuni  from commerc i a l ly 

proce s s ed poul t ry . Simmon and Gibbs ( 1 9 7 7 )  reported recovery r a t e s  

of 48% from proce s s ed ch ickens and 9 2% o f  turkeys . S tudies  from 

Canad a  ( Park et a l ,  1981 ) ,  Sweden ( Norberg , 198 1 ) and Un i t ed S t a t e s  

of  America ( Gran t e t  a l , 1980 ; Luechte fe l d  et  a l ,  1 9 8 1 ; Norberg , 

198 1 ) have repor t e d  inc idences of 2 2  to  9 2% of � jejun i from r e t a i l  

marke t  pou l t ry mea t . Soaking turkey carcases  overnight  in 340 ppm 

chlor ine wash wa t e r  d id not decrea se the number of infec ted  carcases  

(Luecht e fe ld ,  1 9 8 1 ) .  C .  jejuni survived r e frigerat ion and free z ing 

on  processed  turkeys and chickens ( S immon and Gibbs , 1 9 7 9 ) . 

S tern ( 19 8 l b )  reported organi sms from lamb carcas es , bee f and 

swine c arcases , 24% , 2% and 2 2% respect ive ly . S tern ( 1 982 ) in h i s  

second survey recovered � jejun i from unwa shed carcases  o f  pig , 

lamb and bee f a t  rates  of  38 , 24 and 2% re spec t ive ly . Hudson and 

Rober t s  ( 198 1 )  d id not f ind � jejuni on beef or lamb carcases  bu t 

d id f ind i t  on 59% of the pig  carcases  they examined . Turnbu l l  and 

Ro se ( 1 981 ) repo r t e d  that 1 . 6% of mea t  s amp les from both abat t o ir s  

and r e t a i l  out l e t s  were pos i t ive for campy lobacter . On ly a l im i t e d  

amount of data  has  been pub l i shed o n  t h e  contaminat ion of  r e d  mea t  

carcases  by � jejuni ( Stern , 198 la , 1 9 8 l b ) .  Ch icken meat c an be 

contaminated with  s trains of Campylobacter  species  ( Grant , 1980 ) and 

they are common in  heal thy pigs  ( Oos terom ,  1980 ) . Both pou l try and 

pork have been suggested  as  vectors . 

Consumpt ion o f  cake , part icularly the ic ing , was a s sociated  

with an  outbreak of  campy lobac ter enter i t i s ( B laser e t  a l , 1 9 7 9b ) . 

Raw hamburger has  a lso been impl icated a s  a source o f  campy lobac t e r  

enter i t is i n  a mi l itary camp ( Oosterom ,  1 9 80 ) . 

Al though food has been impl icated in the t ransmi s s ion o f  

campylobact e r  d i s e ase ( Doyle , 1981 ; S tern , 1982 ) ,  the pre sence o f  

� jejuni in foo d s  has rare ly been confirmed ( Doyle and Roman , 1 9 8 1 ; 

G i l l  and Harr i s , 1 982 ) . 

Knie l e t  a l  ( 19 7 8 )  a s s ayed 8 4  s amp l e s  of  water for the presence 

of � jejuni and found the organisms to be  present in 7 of 34 
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samples  o f  sea  water  and 3 7  o f  5 0  s amp les  o f  fresh water . Blaser  

et  al  ( 1 9 80a ) report e d  that C .  jejuni coul d  survive in s t ream wa ter  

at  4 oc for  1 -4 . 5  days . Water has  been imp l icated as  a med ium for 

conveying c ampyloba c t e r  infec t ion . 

Thus in summary , we can s ay that thermoph i l ic campy lobacter are 

wide ly s pread in the anima l k ingdom and there are many ways humans 

can become infec ted . The anima l s  dea l t  wi th  in the the s i s  cou ld  

therefore a lso take part  in this  zoonose s . 
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CHAPTER Ill  

GENERAL MATERIALS AND METHODS 

INTRODUCTION 

Samp les  from rec t a l  faeces , inte s t inal content , s t omach content 

and b i le were  used t o  d e t e rmine the pre sence of  t hermoph i l ic 

c ampy lobac ter  in the an ima ls  under invest iga t ion . 

The use  o f  rec ta l , intest ina l and stomach swabs was judged to  

be  the  bes t me thod for  c o l lect ing s amp les from ind ividua l anima l s  

and carcases for subsequent bac terio log ica l examinat ion in order to  

d e t ermine the ir  Campy lobac ter s tatus . It  was  necessary , however , t o  

ensure that t h e  t ime be tween taking t h e  swabs and mak ing pr imary 

cu l tures was not  great enough to a f fec t the surviva l of the micro­

organ i sms under inve s t igat ion ( Kakoy ianni s ,  1 984 ) . The viab i l i t y  o f  

t h e  Campy lobac t er under s tudy maybe s ens it ive t o  environmen t a l  

cond i t ions a s  they do n o t  grow at l e s s  than 30 . 5 oc ,  ( Skirrow and 

Ben j amin , 1 9 8 0a ) , and exposure to a i r  has been observed to cause 

rapid  cocca l  trans format ion and degeneration ( Karma l i  e t  a l , 1 9 8 1 ) .  

MATERIALS 

ANIMAL SAMPLES 

Cat t le ,  Sheep ,  Cat s  

In cat t le ,  sheep and cat s , only rec t a l  swabs were used . 

S t eri l i sed c o t ton woo l swabs ( Hospiswabs ) *  were used t o  c o l lect  

r e c t a l  contents  from cat t le on the  Massey Dairy Farm No . 1 wh i le the 

c ows were be ing mi lked . In the case of  sheep , the rec t a l  content 

was co l lected  from sheep from one of the Mas sey f locks . These  

* Med ica l  Wire and Equ i pment  Co . Ltd . , Corsham , Eng l and . 
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s amp les  were  taken a ft e r  the anima l s  had been d r iven into  an 

enc losure and then a l l owed to  pass  through a race  one at a t ime . 

Rec t a l  swabs from c a t s  were c o l lec t ed when hand-held by an 

a s s i s tant . On a l l  occas i ons cot ton swabs were mo is tened in 1% 

a lka l ine peptone water  ( pH 8 . 4 ) as recommended by Tanner and Bu l l in 

( 197 7 ) .  Each swab was rotated within  the rec t um for approximate ly 

30 seconds , ensur ing i t s  contact  with  the mucosa . The swabs we re 

t hen p laced in  a unive r s a l  bot t le containing 5 m l  of s t er i l i zed 1% 

a lka l ine peptone wa ter  su ffic ient t o  immerse the swabs . One percent 

a lka l ine pep t one water  ( pH 8 . 4 )  i s  a sat is fac t ory enr ichment med ium 

and a l lows c ampy lobac t e r  to mu l t i p ly in the pres ence of  much larger 

numbers of E s cherichia  c o l i  and S t reptococcus faeca l i s  ( Tanner and 

Bu l l in , 1 9 7 7 ) .  Rec t a l  swabs were t rans ferred to the laboratory and 

c u l tured within two hour s . A l l  the s amp les a fter  be ing c u l tured 

were kept in a refr iger a t or at  4 o c for 48 hours  so that i f  

neces sary , they cou l d  b e  further invest igated . 

Rat s ,  Mice , Guinea Pigs and Rabbi t s  

In l aboratory an ima ls int es t ina l ,  s t omach , cae c a l  and rec t a l  

swabs were taken . B i le from guinea p igs was a l s o  examined for the 

pre sence of these organ i sms . 

Rec t a l  Swabs 

Swabs s imi lar t o  those used for cats  were u sed t o  co l le c t  

mater i a l  from the rec t um of  rats , guinea p igs and rabb i t s . The 

swabs were  t rans ferred t o  the labora tory within  one hour and 

cul tured . 

Intes t inal  Swabs 

Rat s , guinea pigs  and rabb i t s  were euthenas ed by inj e c t ing 1 ml  

of  Euthe s a t e* int rape r i t oneal ly .  Mice were euthenased i n  an 

* Euthe s a te ( Pent abarb iton Sod ium ) ; Wi l l ows Franc i s , 

Wes t houghton , Bo l ton , BLS 3SL , U . K .  
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airt ight chamber f i l led  with pure c arbon d ioxide* . 

Int e s t ina l swabs were taken from s ix s i tes  after the anima l s  

had been eviscerated  on a d i s s ec t i on board . S i tes s e lected  for the 

c o l le c t ion o f  mater i a l  were : s t omach , approximately h a l f  way a long 

the duodenum , j e junum , i leum , caecum and colon .  Us ing an asept i c  

technique , a 2 c m  inc is ion was made through the wa l l  o f  the 

intes t ine and a swab was inserted  into the lumen . Each swab was 

rotated w i t h in the inte s t ine ensur ing i t s  contact with  the mucosa  

and the  int e s t ina l c ontent . The swabs were then imme d i a t e l y  

cul tured . 

Col lect ion of  Bile  

The b i le duct was removed asept ica l ly from the guinea p igs and 

placed in a pe tr id ish . B i le was t rans ferred to a bot t le of thiol  

broth** by means o f  a syr inge and then incubated at  4 2 ° C .  for  48  hours 

be fore be ing subcu l tured onto agar . 

Capturing House f lies  

Hous e  f l ies were c aptured from the Sma l l  Anima l Product ion Uni t  

by knock ing them down with a f ly s wat . 

COLLECTION OF SAMPLES FROM IN AND AROUND THE SMALL ANIMAL PRODUCTION 

UNIT 

Water Samples 

Wat e r  samples  of  5 0  ml were  c o l lected  in  a univer s a l  bot t le 

from the d r inking wat er used by the  rats , mice , guinea p i g s , 

rabbi t s , c a t s  and from drains with in the Uni t . Water  was 

t rans ferred to laboratory for cu l t ure within one hour o f  co l le c t ion . 

* NZIG 

** Fort Richardson Laboratories  Ltd . , Auckland , New Zealand . 
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Feed Samp l e s  

Feed s amp les  o f  about 5 0  gms were col lected  i n  p la s t i c bags 

from the r a t , mice , gu inea pig , rabbit  and cat  feeders  and were 

t rans ferred to the labora tory for cultur ing wi thin one hour . 

Samp les  wer e  a l so co l lec ted from bu lk  s amples  of  feed bough t in for 

these anima ls .  

Sawdus t  S amples  

Sawdus t samples  o f  about 5 0  gms were c o l lec ted in p l a s t ic bags 

from the r a t , mice , and rabb i t  cages  and gu inea pig pens and were  

trans ferred to the laboratory for  c u l tur ing wi thin one hour . 

Samp les  were a l s o  col lected from bu lk s amp le s .  

Formite Samples 

Wash ings from the s inks , benches , table tops , b ins , s hove l s , 

brooms , f loors , soles  o f  gumboo t s  were col lected  in s te r i l e  

univers a l  b o t t l e  and cu l tured with in an hour . 

Samples  from the Worker s  

There are four regu lar worker s  a t  the Uni t  and s amp l e s  o f  hand 

wash ings were  col lected  from each o f  these dur ing the ir  wor k  per iod 

in s t e r i l e  universal  bot t les  and t rans ferred t o  the l abora t ory and 

cul tured wi thin 2 hours .  

Every worker was a l so given a s teri le woo l  swab for the  

col lect ion of  rec t a l  swabs and the s e  were cu l tured within  one  hour 

a fter co l le c t ion . 

Samp l e s  of  rec t a l  swabs from s ome sheep kept within the un i t  

for experimenta l  purposes  were a l s o  col lected . Samples  o f  waste  

( excret a , used  sawdus t ,  e tc . ) being  s tored in a large d is p o s a l  bin  

wi thin the  uni t  was a lso  co l lected  and cul tured within one  hour . 
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METHODS 

CULTURE METHODS 

Selective Med ia 

Three ant ibio t ic s e l e c t ive med i a  were used for pr imary cu l tures  

( s e e  Chapter IV ) .  

Cul ture o f  Int e s t ina l ,  Stomach and Faecal  Swabs 

Each swab samp le  was we l l  mixed with 5 ml o f  1% a lka l ine 

peptone . The s ame swab was then used  to carry a suffic ient quan t i ty 

o f  the mixed ma ter i a l  t o  t he sur face o f  a se lect ive agar p la t e . The 

agar was inocu lated  unt i l  the comp l e t e  sur face wa s we l l  s pread with 

the  mater i a l . 

Cul ture o f  B i l e  

After incubat ing for 4 8  hours a t  42 oc i n  a thio l broth , 1 m l  

was t rans ferred t o  the se lect ive med ium by means of  a syringe and 

we l l  spread over the sur face o f  the agar s e lect ive med i a  by means o f  

a s teri le  cot t on woo l  swab . 

Cul ture o f  F l i e s  

Each hous e f ly ( 10 from ins ide t h e  uni t  and 10  from t h e  area 

around the garbage b in ) was macerated  with 5 ml  of 1% a lka l ine 

peptone . The macerated materi a l  was inocu lated  onto a s e l e c t ive 

agar med ium by  means of a cot ton swab . The other 10  f l i e s  ( 5  f l ie s  

from ins ide  the uni t  and 5 from the area around the garbage b in ) 

were a l lowed t o  wa lk about on ind ividua l s e l e c t ive agar p l a t e s  which  

were  covered  with  a beaker . 

Culture of Feed , Sawdus t  and Was t e  

Each sample o f  feed , s awdust  ( used and unused ) and was t e  were 

macerated with 50 ml of water by means of  a mor t ar and pe s t le and 

a l lowed to s et t le .  The supernatent l iquid was c o l lected  and 



cu l tured by the s ame method a s  used for the water samp les  ( s ee 

below ) . 

Culture of Water Samples 

Water s amp l e s  were examined by the me thod of Kn ie l e t  a l  

( 1 9 7 8 ) . F i fty mi l l i l i tres  o f  wa ter was passed  through a 0 . 45 �m 

mi l l i pore* f i l ter . The membrane was p laced ups ide down on the 

sur face of  the s e lect ive agar med ium p l a t e s . The p lates  were 

incubated  at 4 2 °C . for 48 hour s in a microaeroph i l ic a tmos phere . 

The membrane was then removed and the p l a t e s  re incuba ted  for a 

furt her  24 hours . 

Culture Condit ions 

3 2 . 

Gaspack j ar s  with no c a t a lyst  were u s ed , each j ar was capab l e  

of  h o l d ing 1 2  p l a t e s . The inocula ted cu l ture p l ates  were p laced 

ups ide down in the jars and the air  pres sure reduced on two 

occas ions t o  600 mm of Hg by us ing a wa t e r  vacuum pump . After  each 

evacuat ion the j ar s  were f i l led  with a mixture of  5% 0 2 , 1 0% co 2 and 

85% N 2 . They were then incubated at 4 2 o c  for 48 hour s . 

IDENTIFICATION OF CAHPYLOBACTER 

The fol lowing criteria  were used for the ident i ficat ion o f  the 

Campylobacter spe c ies ( Figure 3 . 1 ) . Two co lonial  types are 

recognised  and can be descr ibed as  fo l lows : 

( a )  F lat , pale  grey , t ransparent , irregu l ar edge s , 2 -4  mm in 

d iameter . Swarming and s pread a l ong the l ine o f  inocu l a t ion . 

( b )  C ircu lar , r ai sed convex ,  shiny grey co lonies 1 - 2  mm in 

d iameter . 

* Mi l l ipore Cor porat ion , Bedford , Mas sachus set s ,  0 1 7 30 ,  U . S . A .  
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F i gure 3 . 1  IDENTIFICATION OF CAMPYLOBACTER 

Suspected c o l onies  o f  Campylobac ter  s p p  

1 
Growth at 42 oc 

1 
Gram s t a ining 

Gram negat ive , Comma 
S - shaped , seagu l l  

Spiral  o r  coccoid  forms 

l 
Oxi d a s e  pos i t ive 

l 
Cat a lase  pos i t ive 

l 
C .  jejuni or C .  c o l i  or C .  lar idis  

(� fetus sub s p .  fetus , C .  faeca l i s  and 
� hyointes t in a l i s  cou l d  a l so have t h i s  
character . )  

Dark fie ld  
microscopy ( typic a l  
morphology and 
corkscrew mo t i l i t y )  
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Co lonies  wh ich were cons idered l ike ly  to be � jejun i / co l i  were 

recul tured  for 24 hours and were examined by gram s ta ining and by 

dark f ie ld  micros copy us ing a we t pre parat ion of  the suspe c t e d  

micro-organism in  sa l ine . Microscopic examinat ion was a t  a 

magn i ficat ion o f  600x . 

Preparat ion o f  a Pure Cul ture 

Ind ividua l co lonies from the se lec t ive med ia were subcu l tured 

onto b lood agar ( BA)  p lates  ( D i fco Co lumb ia b lood agar base  w i t h  7% 

sheep b lood and 1 ml of  0 . 05% solut ion of ferrous su lphat e ,  sod ium 

me tabisulph i t e  and sod ium pyruvat e  ( FBP supp lement )  per 500  ml of  

agar ) , wh ich were  incubated at  4 2 o c  for  48 hours . The pr imary 

c u l ture was a l s o  re incuba ted  at  4 2 o c  for 48 hour s to  make sure of 

the growth of  the suspected  bacter ia . The se i s o lates  were g iven a 

fur ther three s ubcul tures t o  make sure that they we re pure . They 

were then sub j e c ted to  a series  of tes t s  in order t o  det ermine the ir  

s pec ies ident i f icat ion . 

Oxidase Tes t  (Kovac Method 1956 ) 

F i l ter  papers were saturated with  fre shly prepared 0 . 5% a queous 

s o lut ion of  NNN N-tet rame thy l -P-pheny l ened iamine d ihydroch loride* 

and dried . A v i s ible  amoun t of growth from a suspected  

c ampy lobac ter  co lony wa s removed with a loop and smeared on t o  the 

f i l t er paper . In a pos i t ive react ion , a deep purp le  co l our appeared 

w i thin  a few s econds ind icat ing the pre sence of cytochrome oxidase . 

When no co lour change occurred i t  was c l as s i fied as  a negat ive 

react ion ( Veron and Cha t e l a in , 1 9 7 3 ) . 

Catalase Tes t  

One drop  o f  a 3 . 5% a queou� s o lu t ion o f  H2o2 was added t o  a 

microscope s l ide , p laced on a b lack background and a loop o f  micro­

organisms was trans ferred to the drop . The react ion was p o s i t ive 

when e f ferve s c ence or bubb les  appeared within a few s econds ( Skirrow 

and Benjamin , 1980a ) . 

* BDH Chemic a l  Ltd . , Poo le , Eng l and . 



Tab le I DIFFERENTIATION OF CATALASE POSITIVE INTESTINAL THERMOPHILIC CAHPYLOBACTER 
(ISOLATED AT 42 °C ) 

( Based  on data  from :  Firehammer , 1 965 ; Smibert , 1 9 7 8 ; Skirrow and Benj amin , 19 80a , 1 980b ; 
Karma l i  e t  a l , 1 98 1 ; Gebhar t  et  a l , 1983 ) 
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Differentiation o f  Catalase Pos it ive Thermophi lic Campylobacter 

The catalase  pos i t ive thermoph i l i c  Campy lobac ter i so lated a t  

4 2 ° C  were  d i fferent i a t ed o n  the bases  of  the parameters given i n  

Tab le I .  

Growth Temperature Tes t  at 25 ° C  and 42 o c  

3 6 . 

A co lony from a 2 4  hours c u l ture wa s subcu l tured onto  four BA 

plates  supp lemented w i th 0 . 05% FBP supplement .  Two p lates  were 

incuba ted  at  25 o c  and two p la t e s  a t  4 2 o c  for 48 hours and 24 hours 

re s pec t ive ly . V i s i b l e  growth a long the s i t e s  of  inocu lat ion was 

recorded a s  pos i t ive . 

Sens itivity to 30 pg Nalid ixic Ac id and Cephalothin Discs 

The sens i t ivi ty  t o  30 �g na l id ixic  ac id* and cepha lothin d i s c s *  

was determined b y  a d is c  d i ffus ion te s t . Growth from the 37 ° C 

tempera ture test  p la t e s  was removed on a 4 mm loop and c losely 

s t reaked hori zonta l ly acros s  the BA p lates  supp lemented  with 0 . 05% 

FBP . A 30  �g n a l i d ixic  ac id and a cepha loth in d i sc was p laced 

oppos i t e  one another at  a d i s t ance of  about 3 cm on the sur face o f  

the inocu lated p l a te s . The p lates  were incubated a t  3 7 o c  for 4 8  

hours . The absence o f  a c lear zone of  inh i b i t ion around the d i s c  

was cons idered to  be  ind icat ive of  res is t anc e ( Karma l i  e t  al , 1 9 80 ) . 

Hippurate Hydroly s i s  Test ( Skirrow and Benjamin method 1980b ) 

A 2 mm loop fu l l  of  organ i sms from a 4 8  hours c u l t ure at  3 7 o C  

was sus pended in 2 m l  o f  s t er i le d is t i l led water in a b i jou bot t le . 

To thi s  suspens ion was added 0 . 5  ml o f  5% o f  an aqueous solut ion o f  

sod ium h i ppurate** wh ich was then incubated  i n  a water  bath a t  3 7 o C 

for 2 hours . After remova l  from the bath , 1 ml of  a ninhydrin 

* A l pha  Biolog i c a l  Ltd . , Auckland , New Zea land . 

** P f i zer Diagnos t ic Div . , P f izer and Co . Inc . , New York , N . Y .  

1 0036 , U . S . A .  
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so lut ion ( 3 . 5  g ninhydrin  in 1 00 ml 1 : 1  mixture o f  ace t one and 

but ano l ) was s lowly ove r laid  and le f t  on the bench for a further 2 

hours . A deep  purple  co lour was cons i dered as  pos i t ive . Th i s  

me thod was found t o  b e  the mos t  sens i t ive for i denti fy ing � jejun i 

i s o lates , wh ich  are not s t rongly  h ippurate negat ive . 

Growth in the Presence o f  THAO ( Lior , 1984 ) 

Th is  t e s t  was app l ied  to  the h ippurate  hydro lys is negat ive , 

na l � ixic a c id and Cephalothin res i s t ant  organ i sms on ly . 

A 1 00 mg amount o f  t r ime thy lamine N-oxide ( TMAO ) d ihydrate  

( S igma Chemica l Co . )  was added t o  1 00 ml of  semisolid  yea s t  ext rac t 

nutrient broth agar med ium (Append ix  V ) . The med ium was d is t r ibuted 

in 4 ml amount s  into s crew capped t ube s . 

Cu l ture s , 24 h o l d , were inocu l a ted  by s t abb ing ( two t o  three 

t ime s ) into the semi s o l id  agar to  about 1 cm be low the surface o f  

the med ium . The tubes were incubated  anaerob ica l ly and examined 

period ic a l ly for up to seven days looking for growth throughout the 

med ium in add i t ion to growth just  b e l ow the sur face . The pre sence 

of  growth ident i fied the organisms as � lar id i s . Figure 3 . 2 ,  Tube 

1 ,  shows growth of � laridis  in pre s ence of TMAO . 

Long-term S torage and Preservat ion o f  C .  Jejuni and � Col i  

Previous work has indicated t h a t  Campy lobac ter are a b l e  t o  

survive for a long t ime a t  temperatures  be low o •c .  Skirrow and 

Benjamin ( 1 980a )  pre served thei r  cul tures in FBP broth ( Append ix I V )  

wh ich inc luded  1 5% g lycerol  e i ther a t  - 1 7 9 •C in l iqu id n i t ro gen o r  

a t  - 20 •C .  Wang ( 19 8 1 ) s tated that cu ltures o f  Campy loba c t e r  in 

g lycero l Bru c e l l a  broth remain v iab l e  for several  years when they 

were pres e rved at - 7 o • c .  His  f ind ings were conf irmed by Kakoyianni s  

( 1984 ) when h e  succeeded i n  pre serving the organisms in FBP broth a t  

- 70 •c for mor e  than a year . 

I t  was dec ided t o  preserve the organ isms in FBP broth a t  - 7 0 • c . 

FBP broth was se lected  as  the s torage med ium s ince i t  conta ins  

nutrien t  broth and  aga r . The agar  was  added  t o  the broth at  



Figure 3 . 2  

1 

TEST FOR GROWTH OF C .  LARI DI S IN THE 

PRESENCE OF TMAO 

2 3 

Tube 1 shows gr owt h o f  � l a r i d i s  f r om a house f ly . No 

growt h o f  i s o la t e s  of C .  c o l i  ( Tube 2 )  a nd � j e j uni ( Tube 3 )  

i s  seen i n  t he o t he r  two tube s . 

38 
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concentrat ions o f  be tween 0 . 1 2% and 0 . 1 6% wh ich crea ted  

microaeroph i l ic c ond i t ions par t icu l arly  s u i table for the  growth and 

s urviva l of c ampy l obac ter ( Bu t z ler 1 9 7 9 , Luechtefe ld e t  a l , 1 9 8 1 ) .  

The add i t ion o f  0 . 05% of  FBP supp lemen t increases the aeroto lerance  

of  these  organi sms (George e t  a l , 1 9 78 ) ,  wh i le glycerol  has 

c ryoprotect ive propert ies , wh i ch have been found to increase the 

viab i l i ty of � jejun i when added to frozen ground bee f ( S tern and 

Kotu la , 198 2 ) . The o ther factors  wh ich are l ikely to  contr ibute  t o  

a bet ter surv iva l a t  - 7 0 oc  could  be the lower temperatures , and the 

more rapid free z ing of  the organ isms a t  - 7 0 o c wh ich induces sma l ler  

intrace l lu lar i ce  c rys t a l s . When the  organi sms are thawed a t  room 

t emperature , rupture o f  the organi sms i s  l e s s  l ike ly t o  occur when 

such i ce  crys t a l s  are sma l l . 

Preservat ion Me thod 

Thermoph i l i c Campy lobacter  we re subcul tured three t ime s under 

microaeroph i l i c  c ond i t ions at 4 2 o c  to get a pure growth .  The 

organ i sms were harve s t ed in 3 ml of  FBP broth inc luding 1 5% 

g lycero l . The sus pens ion wa s d ivided into  three a l iquots  and p laced 

in 1 ml  microcen t r i fuge p l a s t ic  tube s wi th t ight ly f i t t ing l ids . 

These  had been wa shed with 70% a lcohol  and dried be fore use . The 

tubes were s t ored i n  s pe c i a l  a luminium racks in a - 70 oc  deep freeze 

( Forma , U . S . A . ) .  

BACTERIAL RESTRICTION ENDONUCLEASE DNA ANALYSIS ( BRENDA) TECHNIQUE 

A l l  the i � o l a t e s  recovered throughout the s tudy were 

d i f ferent iated  to a sub s pe c i e s  l eve l by means of res t r i c t ion 

endonuc lease  DNA ana lys i s  ( BRENDA) . 

The s teps  invo l ved in the techni que are : 

1 .  Prepara t ion o f  DNA . 

2 .  Extrac t ion o f  DNA . 

3 .  D ige s t ion o f  DNA . 

. .41/ 
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measured by a s pectrophotome ter* in a quar t z - g lass  ce l l  wi th  a 1 cm 

l i gh t  pa th . From a s t andard curve us ing known concentrat ions o f  

c a l f  thymus DNA** , i t  wa s found that  a read ing o f  one opt ic a l  

dens i ty un i t  wa s equ iva lent to  doub le s t randed DNA a t  50  �g/ml . In 

o r der to c a lcu l a t e  the contribut ion o f  RNA to  the abs orbance a t  260 

nm , the DNA con t ent  of  each preparat ion was a l so measured by 

fluorime t ry# ( Le Pecq and Pao let t i ,  1 9 66 ) .  I t  was conc luded that  

the  d i fference be tween the DNA concen t r a t ion as  measured by the two 

me thods repre sen ted the cont ribut ion o f  RNA . 

Dige s t ion o f  DNA 

Re st r i c t ion endonuc lease Hsu I I ,  prepared by the me thod o f  

Greene e t  a l  ( 1 9 7 8 )  from Haemophi lus s u i s , was used to  d ige s t  2 �g 

of bac terial  DNA to  comp let ion at  3 7 oc for 1 hour in 100 �1 enzyme 

bu f fer , pH 7 . 5  ( Append ix VI ) .  Bac teri ophage ( C l 8 5 7  S 7 )  obt a ined 

from a lysogen ic  s t rain of  E .  c o l i  ( Mi l ler  1 9 7 2 )  and was u s ed as  a 

re ference marker for each series  of  d ige s t .  

Ge l E lectro pho re s is and Pho t ography 

Gel  e l ec t rophore s i s  wa s per formed by the me thod o f  McDonne l 

e t  a l  ( 1 97 7 ) . Each samp le was p laced in  one of  nine we l l s  in a 

hor i zonta l  s l ab o f  0 . 7% agarose## and e le c trophoresis  was ma inta ined 

at  4v/ cm un t i l  the bromopheno l b lue , wh ich  was used as  a t rack ing 

dye , t rave l led a d i s t ance of  1 2 . 5  cm .  The bu ffer pH 7 . 8  used for 

e le c trophore s i s  ( Append ix V I ) and wh ich conta ined Ethid ium Bromide , 

was a lso  used  for d i s so lving the agaros e .  To prepare the agarose , 

i t  was bo i led  in a f lask f i t ted  with a re flux condenser . On the 

comp l e t ion of e le c trophores is , the ge l was i l luminated with  

u l t raviolet  l igh t and photographed by  a me thod s imilar to  that  o f  

* Unican Spe c t rophotome t er , SP500 

** S igma Chemi c a ls  Co . ,  S t . Lou i s , M0 . 6 3 1 7 8 , U . S . A .  

it Turner 

## B io-Rad , R i chmond , Ca 94804 , U . S . A .  



4 .  E le c t rophore s is o f  the d ige s ted  DNA . 

5 .  Photography o f  the resul tant p a t t e rn of  ' f ingerpr in t ' o f  the 

DNA . 

Preparat ion o f  DNA 

4 1 . 

A 24 hour growth under microaeroph i l ic cond it ion at  4 2 o c  of a 

pur e  cu l ture o f  an i s o l a t e  of  thermoph i l ic campy lobac ter on a FBP 

p l a t e , was harve s t ed from two p la tes  in 10 ml o f  PBS , pH 7 . 2 . The 

harvest  was centri fuged a t  1 200 for 3 0  min and the pe l le t  

resuspended i n  PBS to  remove any trace  o f  solub l e  agar cons t i tuent s  

wh ich  might be  present in  the harve s t . The f ina l pe l le t  wa s mixed 

w i t h  1 ml of Tr i s -E thy lened iamine t e t raace t ic ac id  sod ium s a l t  bu f fer  

( TE B )  (Append i x  VI ) ,  1 00 �1  o f  an  aqueous solut ion of grade 1 

lys ozyme* ( 3  mg /ml ) added , and the sus pension incubated a t  3 7 o c  for 

1 5  min . Subs e quen t l y  1 0 0  � 1  o f  a 1 0% aqueous s o lut ion o f  sodium 

lauryl sulphate** and 1 0 0  � 1  o f  an aqueous s o lut ion of pro tea se# ( 1 0 

mg /ml )  were added and the mixture incubated overnight a t  5 0 °C . The 

next morn ing sod ium pe rch lorate# wa s added to produce a f ina l 

concent rat ion o f  1 ml , the mixture incubated for another hour and 

then made up t o  a vo lume of 5 ml wi th  Sal ine -Tr i s -EDTA ( STE ) 

(Append ix VI ) .  

Extract ion o f  DNA 

DNA was extracted  from the above preparat ion three t imes with  a 

mixture o f  pheno l ,  ch loro form , and i s o amy l a lcohol ( 25 : 24 : 1 )  

previous ly s a turated  w i t h  STE wh ich l argely fol l ows the me thod o f  

Younghusband and Be l le t t  ( 1 9 7 1 ) .  

After extract ion , e ach samp le  was d ia lysed exhaus t ive ly  agains t 

Tr i s -EDTA ( TE )  (Append ix  VI ) a t  4 oc and absorbance at 260  nm was 

* Sigma Chemicals  Co . , S t . Lou i s , M0 . 63 1 7 8 , U . S . A .  

** BDH Chemic a l s , Poo l e , England 

# Ca lbiochem , San D iego , Ca 9 2 1 1 2 ,  U . S . A .  

. . . . 40/ 
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Sharp e t  a l  ( 197 3 ) . Ge ls  were p laced  on a t rans i l luminator  plate*  

measur ing 1 5  x 1 5  cm , and th i s  was i l luminated from be l ow by four 1 5  

w germi c i d a l  u l traviolet  lamps** , and photographed on Kodak Tr i s -X 

f i lm by means of  a 1 2 0  forma te  p l a t e  camera through a Wra t t en 23A 

ge l a t i n  f i l t er . 

* U l trav i o le t  Produc t s , San Gabr ie l ,  Ca 9 1 7 7 8 , U . S . A .  

** Ph i l ips , E indhoven , Ho l l and 
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CHAPTER IV 

A COMPARATIVE STUDY OF THREE SELECTIVE MEDIA 

INTRODUCTION 

Unt i l  1 9 7 2 , Campylobac t e r  spec ies  had  not  been  e s t ab l i shed as  

an  impor t ant  cause  o f  enter i t i s in  man par t ly due to  the  inadequency 

of bac t e r i o log i c a l  technique s rou t ine ly used in med ic a l  d iagnos t ic 

labora t o r i e s . The f irst  me thod for the i s o lat ion of  Campy lobac ter  

from human fae c e s  was  d i f feren t i a l  f i ltrat ion o f  a s a l ine  extract  

through a 0 . 6 5 �m f i l ter , wh ich  a l lows Campy lobac ter  and other sma l l  

bac ter i a  t o  pas s  through ( Dekeys er  e t  a l ,  19 7 2 ;  But z l e r  e t  a l , 

1 9 7 3 ) . There a ft e r  the int rodu c t ion o f  s e l e c t ive agars  ( Skirrow ,  

1 9 7 7 ; B laser  e t  a l  1 978 ; Bo l ton  and Robert son , 1 98 2 )  proved 

suc c e s s fu l  for the i r  i solat ion from human and anima l faeces  and so 

e s t ab l i shed  Campylobacter s pec i e s  as  an important  cau s e  o f  ente r i t i s  

i n  man . On occas ions however ,  a l l  o f  the se  s e lec t ive med ia c an be 

ove rgrown by other  organ isms pre s ent  in the faeces  ( Bo l t on and 

Robe r t s on , 1 9 8 2 ) . A recent s tudy ind icates  that Pre s t on ' s  med ium i s  

more s uc c e s s fu l  than Skirrow ' s med ium for the i s o l at i on of  

campy l oba c t e r  from human faeces  becau se o f  better  s e l e c t ivity 

( Bo l ton and Robert son , 1 9 8 2 ) . Preston ' s med ium i s  a l so super ior for 

the i s o l a t ion of c ampylobac t e r  from ca t t le , pigs and s e a gu l l s , bu t 

i t  i s  s im i lar t o  Skirrow ' s med ium for the ir  i so lat ion f rom sheep and 

ch i ckens ( Bo l ton and Rober t s on , 1 98 2 ) . To date , the s e l ec t ivi ty  o f  

Campy BAP med ium o f  Blaser  e t  a l  ( 1 978 ) h a s  not been compared with 

the other  two med i a .  Thus i t  was not c er ta in wh ich one wou ld be 

be s t  s u i t ed for the isolat ion o f  Campylobacter  jejuni and � c o l i  

from f ae c a l  and r e c t a l  samp l e s  from cat t le and sheep . 

Th i s  exper iment was carr i e d  out to  f ind out the r e l a t ive 

s e l e c t ivi ty  o f  the  mod i f icat ions  o f  Skirrow ' s ,  Campy BAP and 

Pre s ton ' s for the i s o lat ion o f  Campylobac ter  jejun i / co l i  from faeca l 

and rec t a l  s amp l e s  from both c a t t le and sheep . 
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MATERIALS AND METHODS 

Med ia Modi ficat ion 

Mod i fied  Skirrow ' s ,  mod i f ied Campy BAP and mod i f ied  Pre s t on ' s  

med i a  were prepared accord ing t o  the me thods descr ibed  in the 

Append i x  ( I ,  I I ,  I l l ) .  The mod i f icat ion of the se lec t ive med ium o f  

Skirrow ' s  ( 1 9 7 7 )  invo lves the u s e  o f  D i fco Co lumb ia b l ood agar base 

No . 2 and sheep b lood instead of Oxo id b lood agar base  No . 2  and 

de f ibr inated hor s e  b lood ( George et  a l , 1 9 7 8 ) .  Campy BAP med ium was 

mod i f ied  by the add it ion of c e pha lothin and ampho t er i c in B ,  as 

recommended by B la s er et  al ( 1 9 7 8 ) .  The third med ium is  s imi lar  to 

the mod i fied Skirrow ' s  med ium , but inc ludes r i famp i c i n  and ac t i d ione 

rather  than the vancomyc in recommended by Bolton and Robertson 

( 1 9 8 2 ) . Tab le I shows the quan t i t ies  o f  the d i f ferent ant ibiot ics  

added  t o  each me d ium . 

Spec imens 

Re c t a l  and faeca l samp les  from ten c a t t l e  and ten sheep from 

wh i ch Campylobac ter  species  had  previous ly been i s o l ated  we re 

r e - e xamined by d irect  cu l ture . The spec imens we re kept at 4 oc for 

48 hours  be tween these two bac terio logic a l  examina t ions . 

Each samp l e  was inocu lated  onto  three plates  of  each se lect ive 

med ium and incuba ted  at 42 o c for 48 hours  under mi croaeroph i l i c  

cond i t ions . 

RESULTS 

Tab le  I I  shows the compar a t ive rate  o f  isolat ion o f  

Campylobacter  wi th  the se three  med ia and the rate  o f  growth of  other 

organi sms . Mod i f ied Pre s t on ' s med ium was more succe s s fu l  than 

mod i f ied  Skirrow ' s and mod i fied  Campy- BAP med ium for i solat ing 

Campylobac ter  jejuni /co l i  from both the ca t t le and sheep rec t a l  and 

fae c a l  s amples  and showed the least  growth of other organ i sms . 



Tab le I 

1 .  Vancomyc in 

2 .  Po1ymyoc in B 

3 .  Tr ime thopr in 

4 .  Amphoteri c in B 

5 .  Ri famp i c in 

6 .  Ac t id i one 

7 .  Cepha lothin 

COMPARISON OF VARIOUS QUANTITIES OF DIFFERENT ANTIBIOTICS , ADDED 
IN EACH MEDIUM 

Mod i f ied Skirrow ' s  
Med ium* 

10  mg / 1  

2 . 5  IU/ml 

* 
** 

5 mg / 1  

Skirrow ,  1 9 7 7  
B 1 aser et  a 1 , 1 9 7 8  

Mod i f ied Campy- BAP 
Med ium** 

1 mg/d  1 

2 . 5  IU/ml 

0 . 5  mg/d l 

2 lJg/ml 

7 . 5  mg/m1 

it Bo l t on and Robert son , 1 982  

Mod i f ied Pre s t on ' s  
Med ium# 

10 I U/ml 

10  lJg/ml 

10  mg /ml 

1 00 lJg/m1 

� 
V1 



Tab le I I  

Dire c t  Tr i a l  
I P l a t ing No . 

Mod i f ied 1 
Skirrow ' s 2 
Med ium 3 

Mod i f ied 1 
Campy- BAP 2 
Med ium 3 

Mod i fied 1 
Pre s ton ' s 2 
Med ium 3 

COMPARISON OF THREE MEDIA FOR THE ISOLATION OF CAMPYLOBACTER FROM 2 0  KNOWN POSITIVE 
RECTAL AND FAECAL SAMPLES FROM CATTLE AND SHEEP 

XXX XX 

4 2 
2 5 
3 4 

2 4 
3 5 
4 6 

6 3 
5 6 
4 3 

Growth o f  Campy lobac ter I Growth o f  other organi sms 

X 

3 
6 
4 

8 
7 
4 

9 
5 

1 0  

XXX 

XX 

X 

0 

0 

1 1  
7 
9 

6 
5 
6 

2 
4 
3 

% o f  I s o la t ion Ave rage 
for ind ividua l % o f  XXX XX X 

tr ia l  i so lat ion 

45  4 10  3 
65  5 5  5 8 3 
5 5  9 4 5 

70  3 5 6 
7 5  7 1 . 7  1 4 9 
70  4 7 3 

90  2 3 7 
80  85  0 6 4 
85  1 3 5 

Growth over the who le o f  the inocu lated area 
Scat tered growth a l l  over the p late  
Countab le number of  co lonies pre sent 
No growth 

% of  i s o l a t ion 
0 for ind ividua l 

t r ia l  

3 8 5  
4 80  
2 90  

6 70  
6 70  

10  50  

8 60 
10  50 
10  45  

Ave rage 
% o f  

i s o lat ion 

85  

63  

5 3  

� 
0\ 
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F i gure 4 . 1  i s  a bar graph showing the percentage i s o lat ion rate  

o f  Campylobac ter  jejuni / c o l i  for  the ind ividual t r ia l s  c arried out . 

the mod i f ied Pres t on ' s  med ium i s o l ated  C .  jejun i / c o l i  from 1 7 / 2 0  

( 85% ) , mod i f ied Campy BAP med ium iso lated 14 /20 ( 7 1 . 7% )  wh ile  

mod i fied  Skirrow ' s medium i sola ted  1 1 / 2 0  ( 5 5%) o f  samp le s . Mod i f ied 

Pres ton ' s  med ium a l so produced heavier growth of  the organi sms and 

they produced more  d i s t inc t ive c o lony charac ter i s t ics . 

Organisms other than campy l obac ter were found from 85% of  

cultures on  mod i f ied  Skirrow ' s  med ium in  compar ison t o  6 3% and 5 3% 

o f  cu l tures  on mod i f ied Campy BAP and mod i f ied Preston ' s  med ium 

respec t ively . The non campy lobacter  organ isms mos t  fre quent ly 

encountered on mod i f ied Skirrow ' s med ium were Ps eudomonas spp 

c o l i forms , fungi and spread ing Bac i l lus  spp and S t reptococ c i  were 

the mo s t  common on the mod i f ied Pre s t on ' s  med ium . 

DISCUSSION AND CONCLUSION 

Sk irrow ' s  med ium and Campy BAP med ium have proven succe s s fu l  

for the i s olat ion o f  campy lobac t e r  from human faeces  ( Sk irrow ,  1 9 7 7 ; 

B laser e t  al , 1 9 7 8 ) but in the s e  exper iment s  with anima l s , a number 

of con t aminants  we re  encountered , thus ind icat ing the need for a 

more se lec t ive med ium . Bac i l lu s  spp fre quen t ly i so lated  from ca t t le 

and sheep faecal  and rec t a l  samp les  produced a spread ing growth over 

the sur face  of  the mod i f ied Skirrow ' s  med ium thereby obs cur ing the 

c ampy lobac ter colon ies . The mos t  immediate  obvious d i f ference 

be tween the campy lobacter colon i e s  and those of  the spreading 

Bac i l lus  s pp was their  odour . Bac i l lu s  spp and yea s t s  were a 

greater problem in spe c imens t aken dur ing t he winter  when  the 

anima ls  were fed on hay and s i l age . The add i t ion of amphoter i c in B 

and ceph a lothin t o  the mod i f ied C ampy BAP med ium to  some extent 

prevented  the growth of the yeas t s  and Pseudomonas  spp . 

From this  s tudy i t  i s  eviden t that the mod i fied Pre s t on ' s  

med ium i s  more s e l e c t ive than the  mod i f ied Skirrow ' s and mod i f ied 

Campy BAP med i a  and i s  more suc c e s s fu l  for the i solat i on o f  C .  

jejuni and � co l i  from faeca l  and rectal  s amples f rom c a t t le and 

sheep . Mod i fied P r e s t on ' s  med ium e l iminated  many o f  the  



Figure 4 . 1  : PERCENTAGE I SOLATION RATE OF CAMPYLOBACTER 

FROM INDI V I DUAL TRIAL S  CARRIED OUT COMPARING THE 

SELECTIVITY OF THREE MEDIA 
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N o . o f  t r i a l s  

3 

Campy-BAP 
Med ium 

1 2 3 

P r e s t on ' s  
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contamina t ing organi sms wh i ch c an mask the presence o f  

� jejun i / co l i  but i t  i s  not t o t a l ly s e l e c t ive because s ome 

Pseudomonas spp , c o l i forms and faecal  s t reptococ c i  we re s t i l l  found 

to be able  to grow . Figures  4 . 2  and 4 . 3  show a compa r i s on o f  the 

se lec t iv i ty of the three med i a  for the i s o lat ion of Campylobac ter 

spec ies  f rom cat t le and sheep re spect ive ly . 

I t  was there fore dec ided t o  use  mod i f ied Preston ' s  med ium for 

the epidemio log i c a l  s tudies . 



F i gu r e  4 . 2  : A COMPARI SON OF THE S ELECTIVITY OF THREE MEDIA 

FOR THE I SOLATION OF CAMPYLOBACTER SPEC I E S  FROM 

CATTLE RECT AL SWABS 

MODIFIED SKI RROW ' S  MEDIUM 

MODI FIED AMPY BAP 

50 



F i gure 4 . 2  ( C ont inued ) 

MODI FIED PR STON ' S  MEDIUM 

F i g u r e  4 . 3  : A COMPARI SON OF THE SELECTIVITY OF THREE MEDIA FOR 

THE I SOLATION OF CAMPYLOBACTER SPEC I E S  FROM SHEEP RECTAL SWABS 

MODIFI ED SKtRROW ' S  MEDIUM 
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Figure 4 . 3  ( C o n t inued ) 

MO DI FI E D  CAMPY BAP 

MODI FIED PR STON ' S  MEDIUM 



CHAPTER V 

SEASONAL VARIATION IN THE ISOLATION OF CAMPYLOBACTER 

JEJUNI/COLI FROM DAIRY COWS AND A COMPARISON BETWEEN BRENDA 

PATTERNS OF ISOLATES FROM COWS AND SHEEP 

INTRODUCTION 

5 3 . 

Epidemio log i c a l  data  have provided s t rong evidence that  anima ls  

and food produc t s  o f  anima l or i g in are the  ma in reservoirs  for  human 

campy lobacter  in fe ct ions ( Skirrow and Ben j amin , 1 98 2 ;  Newe l l ,  1 982 ; 

Ki s t , 1 9 8 2 ) .  Campy lobac ter ent e r i t i s is  there fore cons i dered to  

cons t i t u t e  a zoono s i s  of  major  pub l ic hea l th concern and  indeed , has  

been shown to be a greater prob l em than Sa lmone l losis  in several  

count r i e s  ( Svedhem and Ka i j s er , 1 980 ; Skirrow and Ben j amin , 1 9 8 2 ; 

Newe l l ,  1 982 ; B la s er et a l , 1 9 8 3a ) . Among domes t ic l ive s t ock , h igh 

faecal  c a rr iage r a t e s  of Campylobac ter jejun i and Campyl obacter  co l i  

have been reported  in pou l try , p igs , ca t t le and sheep ( Bu t z ler  and 

Skirrow , 1 9 7 9 ; Lior  et a l ,  1 9 8 2 ; Luechtefe ld  and Wang , 1 9 82 ; 

Presco t t  and Munroe , 198 2 ) . Eviscerated carcases at  s l aughter  are 

fre quent ly contaminated ( Lior e t  a l ,  1 9 8 2 ) . However , S t ern ( 1 98 1 )  

in U . S . A . , G i l l  and Harr is  ( 1 9 8 2 )  in New Zealand and Oos t erom and 

Becker ( 1 9 8 2 )  in the Nether lands were unab le to i so late  any 

thermoph i l ic campy lobacter from 3 1 , 65 and 200 cat t le at aba t t o ir s , 

respect ive ly . To da te  l i t t le work has been done to d e t e rmine the 

occurrence of any seasona l  var i a t ion in the preva lence o f  

thermoph i l ic campy lobacter in d a iry  cows . 

Raw and impro per ly pasteur i zed mi lk from cows has  been 

incr imina ted  as  the infect ion bear ing veh i c l e  in severa l  outbreaks 

of  Campy l obac t e r io s i s ( Robinson and Jones , 1 98 1 ; Skirrow and 

Ben j amin , 1 9 82 ) .  S ince cows may be int e s t ina l carriers  o f  these 

bac ter i a , the faeca l  contamina t ion of  mi lk represents  a potent i a l  

route  l e ad ing to  human infect ion . Carriage rates rang ing from 0 t o  

lOO% have been reported  i n  d a i r y  cows ( Doy le  and Roman , 1 9 8 2 ; 

Pre sco t t  and Munroe ,  1 982 ) .  In  Br i ta in ,  Robinson ( 1 982 ) found a 

marked s ea sona l  var i a t ion in faecal  carr iage among lac t a t ing cows . 

Campylobacter  jejuni  could  be  i s o lated from 1 0% o f  each herd  in the  



summer ,  dec l ining t o  0% dur ing the wint er  and re-emerging in the 

spr ing . A s imi lar pat t ern of in fe c t ion seems to  occur in humans 

( Brieseman , 1 985 ) .  

5 4 . 

The b io typing s cheme o f  Skirrow and Ben j amin ( 1980b ) provides  a 

me thod for d i f ferent i a t ing between � jejun i ,  � coli  and 

C .  lar id i s . I t  a l s o  a l lows for the subd ivis ion of C .  je jun i into 

b iotype s I and I I .  Weaver e t  a l  ( 1 9 8 2 )  d ivided the the rmoph i l ic 

campy lobac t er into e igh t types . B iotype s 1 to  4 re pre sent  the 

� je jun i b iotypes I and I I  o f  Skirrow and Ben jamin ( 1 980b ) and 

b iotypes 5 to 8 are subdivis ions o f � co l i . Lior et a l  ( 1 982b ) 

deve loped a s l ide agglut ina t ion t e s t for heat labi le  ant igens wh ich 

c an d i f feren t iate  53 serogroups and serotype s , but it i s  s t i l l  

incapab le  o f  typing approximately  7 . 9% o f  is o l ates  examined from 

humans ,  animal , and environment a l  s ource s ( Pat ton e t  a l , 1 985 ) .  The 

serotyping sys tem o f  Penner and Henne sy ( 1 980 ) uses a pa s s ive 

haemagg lut inat ion t e chnique based on the extract ion of s o luble  heat  

s tab le ant i gens , and at  pre sent recogn ises  5 9  d i f feren t s e rotype s 

( 4 2  C .  jejuni and 17 C .  co l i )  ( Penner et  a l , 1 98 3 ) ,  but i t  i s  s t i l l  

incapab le  o f  typing approximate ly 3 . 9% o f  i s o l a tes examined from 

human , an ima l and environment a l  sources ( Pat ton et  al , 1 9 8 5 ) .  Both 

Lior ' s  and Penner and Hennesy ' s  s y s tems are dependent on t he 

h ippurate  hydro lys is  tes t  ( Skirrow and Ben j amin , 1 980b ) t o  

predetermine i so lates  as  be ing e i t her � jejun i or � co l i .  Lauwer s  

et  a l  ( 1 98 1 )  scheme w a s  based o n  0 serotyping by pass ive 

haemagg lut inat ion . Al though the se  systems provide a bas i s  for 

c la s s i f i c a t ion , they are unable to d i f ferent iate be tween a l l  s t ra in 

d i f ference s  of  a genotypic nature . 

Bac t e r i a l  res t r i c t ion endonuc lease DNA ana lys is  ( BRENDA ) has 

been shown to  be a mos t  u sefu l  technique for the subs pe c i e s  typ ing 

of a broad spe c t rum o f  d i f ferent organi sms , inc lud ing Lept ospira 

interrogan s  (Marsha l l  e t  a l , 1 98 1 ; Rob inson e t  a l , 1 9 8 2 ) ,  Vibr io  

cho lerae ( Kaper e t  a l , 1982 ) ,  Ricke t t s ia prowa zeki ( Rignery et a l , 

1 983 ) , Ne i s seria  meningit idis  ( Bj o rvtn et  a l , 1984)  and Morexe l la 

bovis  ( Marsha l l  e t  a l ,  1 984 ) . One o f  the  advantage s of  the  BRENDA 

technique  i s  that a DNA f ingeprint  of any i s o late  c an be obtained 

and there fore it is reasonab le to expe c t  tha t the tot a l  number o f  

type s wi l l  be more t han the number  c reated  b y  a serotyping system .  
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Also  i t  i s  un l ike l y  that any rout ine ly  used sys tem of  subspe c i e s  

ident i f i c a t ion wi l l  be as  s ens i t ive as  BRENDA typ ing ( Kakoyiann i s , 

1 984 ) . Thus i t  was decided to  d i f ferent iate  a l l  the i s o lates  for 

the work c arried ou t in this  the s i s  by this  technique . Each 

d i f ferent BRENDA p2 t t e �n ob ta ined wa s a s s igned a number wh i ch wa s 

used  as  an ident i fi ca t ion number for each d i f ferent s t ra in . 

In formation wa s l acking on the seasona l preva lence o f  

inte s t in a l  campylobacter  in da i ry cows in New Zea land and the cro s s  

infec t iv i t y  be tween d i f ferent sub s pecies  carr ied by sheep and cows 

and the year round var iat ion in the subs pec ies  of campy l obac ter 

carried  by anima l s  kept on the s ame paddock . There i s  a l s o  l i t t le 

in forma t i on on sheep and dairy cows a s  sources  o f  c ampy l obac ter 

in fec t ion for humans .  The ob j e c t ives  for the work out l ined in th i s  

Chapter a r e  a s  fo l l ows : 

1 .  To d e termine the seasona l preva lence o f  Campylobac t e r  

jejun i / c o l i  i n  da iry cows . 

2 .  BRENDA typ ing o f  intes t ina l thermoph i l ic Campylobac t e r  

jejun i / co l i  rece ived from sheep and dairy  cows t o  d e t ermine any 

pos s ib le re lat ionmsh ip  between i solates  from sheep and dairy 

ca t t l e .  

3 .  To d e termine the var i a t ion i n  the DNA f ingerpr int s o f  

C .  jejun i / co l i  i s olates  from sheep and d a iry c ows from the s ame 

anima l ,  recove red  dur ing three  d i f ferent occas ions in the year . 

MATERIALS AND METHODS 

The anima ls  ob s erved in t h i s  s tudy were the da iry c ows o f  the 

Mas sey No . 1 Dairy Farm and sheep on the Terrace Farm ( the  Sheep and 

Bee f Ca t t le Res earch  Unit , No . 1 Sheep Un it ) .  



The Farm Property 

Massey No . 1 Dairy Farm 

The farm is  located on r iver f l a t s  in a bend o f  the Manawatu 

River oc cupying 1 1 7  hec tares a t  a height  of  3 5  m above sea leve l .  

5 6 . 

The f ie ld  a long the length o f  the r iver boundary h a s  a mixed 

vegetat ion of  rank weeds , fern and w i l low tre es . There are a l s o  

several  p ine p lant a t ions o n  the farm . The se  areas o f  p lantat ions 

and was t e l and suppor t  sma l l  popu l a t ions of pos sums ( Tr ichsurus 

vu lpecu l a ) , b lack and brown rat s ( Rattus  rat tus and Ra t tu s  

norvegi cu s ) ,  mice ( Mus  musculus ) ,  hedgehogs ( Er inaceus europaeus )  

and rabb i t s  ( Oryc t o l agus can i cu lu s ) ,  mus t e l ids  hares ( Lepus t imidus ) 

and s t oat  (Mu s t e l a  erminea ) are  probab ly a l so pre sent from t ime t o  

t ime .  In  add i t ion , there i s  a sma l l  popu l a t i on o f  fer a l  c a t s  ( Fe l i s 

cat i s ) l iv ing in the barns and ou t bu i ld ings . 

A l arge p iggery  i s  located i n  the centre of  the d a i r y  farm and 

though i t  runs as  a separate un i t , there is contact  be tween p igs and 

c a t t l e  through a s ingle fence , and some dra inage from the pig farm 

runs ont o  dairy pas tures . There are a l so two large paddocks a t  the 

we stern end of the farm on wh ich  sheep and occas iona l l y  s t eers  are 

grazed . Some dogs are  occas ion a l ly housed in large conc rete  kenne l s  

i n  one area . There i s  no con t ac t with any other l ive s tock  and the 

farm is  ent ire ly bounded by the r iver , h ighways or cropl and . A l l 

the wa te rways f lowing through or  be s ide  the farm have no s t ock  

pas tured near them for  at  lea s t  two ki lome tres  ups t ream o f  the  farm . 

E f f luent from both the piggery and the da iry shed i s  d i s charged 

d irec t ly  into the P a lmer ston North Mun i c ipal  sewer . 

The Herd  

The herd  cons i s t s  o f  approximate ly 2 5 0  Fries i an c ows o f  wh ich  

1 8 0  are l ac t a t ing a t  any one t ime . The herd  is  run  a s  a commer c i a l  

uni t  for town supp ly .  A l l  anima l s  are run a t  pas t ure on  the mai n  

farm throughout t h e  year and c a l ves  a r e  born out o f  door s . Some 

groups o f  younger anima l s  are  sent  t o  o ther propert ie s  when the farm 
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manager cons iders  that the pas tures cannot cope with  feed ing a l l  age 

groups . 

The Sheep and Cat t le Research Uni t  

The un i t  i s  located a d j a c ent to  the Ma ssey Un ive r s ity  No . 1 

Da iry Farm .  The vegetat ion i s  s imi lar t o  that described  as 

occurr ing on the da iry farm and supports  a s imilar type of sma l l  

an ima l popu lat ion . Although t h e  sheep and ca t t le Re search Un it  runs 

as � s e parate un i t , there is c ontact  be tween dairy cows from No . 1 

Dairy Farm through a s ingle  fence , and at  t imes the da iry cows are 

a l lowed to  graze on the s ame pas ture . The deer farm is a l so 

s i tua ted  on the s ame uni t .  There is  no contact with any other 

l ive s t ock and the unit is ent i r e ly bounded by fence s .  

The Sheep Flock 

The f lock c ons i s t s  o f  2 , 460  ewe s and is  run as  a re search un i t . 

A l l  anima l s  are run at pas ture throughou t the year . 

Sampl ing Procedure 

On each occas ion ,  rec t a l  swabs were c o l lec ted  at random from an 

average o f  90 da iry cows and lOO sheep . Rec ta l  swabs from dairy 

cows were co l lec ted  on four o c c as ions at  an interva l o f  2-3  days 

during three sea sons o f  the year - summer , autumn and winter . The 

s amp l e s  for summer were c o l l e c ted  during the las t weeks of December 

1 9 85 and the f i r s t  week o f  January 1986 . The autumn s amp les were 

co l le c t ed dur ing the las t week of March and the f irst  week of Apr i l  

and the winter s amp les were c o l lected  dur ing the la s t  week o f  July  

and the f irst  week o f  Augus t  1 985 . 

The rec t a l  swabs from sheep  were c o l lected over two t o  four 

consecut ive days ( 50 at a t ime ) on three occas ions dur ing the year -

Apr i l ,  July and December . 
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RESULTS 

The Seasonal Preva lence of Campylobacter jejuni/co l i  in Dairy Cows 

The seasona l prevalence o f  Campylobac ter jejuni / c o l i  i n  dairy  

cows in  this  survey i s  ind i c a t e d  in Tab le I .  A total  o f  273  rec t a l  

swabs  were c u l tured  for Campyl obac ter jejun i / col i .  The survey 

showed that 1 7 / 7 2  ( 23 . 6% ) , 3 3 / 1 06 ( 3 1 . 1 3%) and 1 1 / 9 5  ( 1 1 . 5 7% )  we re 

c ampy lobacter pos i t ive dur ing summer ,  autumn and wint e r  

respe c t ive ly .  From the tot a l  o f  1 7  Campylobacter  i so l ates  re covered 

dur i ng the summer  survey , 6 ( 3 5%)  were � jejuni and 1 0  ( 59%)  were 

C .  co l i . One i s o late wh ich had  been ident i fied as  a C ampylobac t e r  

was los t  be fore t h e  spec ies had  been e s t ab l ished . From the tot a l  of  

3 3  Campyloba c t e r  i s olated dur ing autumn 1 9  ( 58% ) we re � jejuni and 

14 ( 42% ) were C .  co l i .  The preva lence rate  was lowe s t  dur ing 

winter . A t o t a l  of 1 1  campy lobacter we re isolated , 7 ( 64% ) were 

� jejuni and 4 ( 3 6% ) we re � co l i . No other spec ies  o f  

c ampy lobac ter we re ident i f ied . 

Variat ions in the BRENDA pat terns of � jejuni/coli i s o lates from 

dairy cows and sheep from the same paddocks recovered on d i f ferent 

occas ions 

Forty n ine i s o lates  o f  thermoph i l ic  campylobac ter  from dairy  cows 

( 3 2 C .  jejuni and 17 C .  c o l i )  and 2 7  iso lates from sheep ( 2  C .  jejuni 

and 25 � col i )  were examined by bac t er i a l  re s t r i c t ion endonuc lease 

DNA ana lys i s  ( BRENDA ) with HSU I I . Two i solates  from dairy cows and 

sheep kept in the  same enviroinment had ident i c a l  pat t erns . 

D i f ferent co loni e s  iso lated from the same an ima l on each occas ion 

gave the s ame p a t tern .  Altoge ther , 2 1  pat terns of Campylobac ter  

je juni and � c o l i  were ident i f ied . Of  these , there were 1 0  

d i f ferent  pat terns  o f  � jejun i and 1 1  o f  � col i .  These  f ind ings 

are shown in  Tab le II and i l lu s t rated  in Figures  5 . 1  and 5 . 2 .  

Da i ry c ow i s o l a t e s  

Seventeen d i f ferent BRENDA pat t erns ( 9  � jejuni and 8 � c o l i 

were obt a ined from the 32  i s o lates  o f  C .  jejuni and 1 7  of � co l i  

examined .  



Seasons 

Summer 

Autumn 

Win ter 

Tab le I SEASONAL PREVALENCE OF CAHPYLOBACTER JEJUNI/COLI IN DAIRY COWS ON 

No . 
Examined 

7 2  

1 0 6  

9 5  

MASSEY NO . 1 DAIRY FARM ( 1985-86 ) 

No . 
Pos i t ive 

1 7  

3 3  

1 1  

Preva lence 
C .  Jejun i 

6 / 7 2  ( 8 . 3 3 % )  
6 / 1 7  ( 3 5% ) 

1 9 / 1 0 6  ( 1 7 . 9 2% ) 
1 9 / 3 3  ( 5 8'7o )  

7 / 9 5  ( 7 . 36% ) 
7 / 1 1  ( 64'7o )  

Preva lence 
C .  co l i  

1 0 / 7 2  ( 1 3 . 88% ) 
1 0 / 1 7  ( 5 9 % )  

1 4 / 1 06 ( 1 3 .  2% ) 
1 4 / 3 3  ( 4 2% ) 

4 / 9 5  ( 4 . 2% )  
4 / 1 1  ( 3 6'7o )  

Overa l l  
Preva lence Ra te 

1 7 / 7 2  ( 2 3 . 6% )  

3 3 / 1 06 ( 3 1 . 1 3'7o ) 

1 1 / 9 5  ( 1 1 . 5 7'7o )  

\.n 
\0 



Tab le II  

Apr i l  

August  

December 

DIFFERENT BRENDA PATTERNS PRESENT ON THREE D IFFERENT OCCASIONS .OF THE YEAR 

IN DAIRY COWS AND SHEEP 

D i f ferent BRENDA Pa t terns 
Dairy Cows Sheep 

c. jejun i 1 '  2 '  4 ,  6 ,  1 2 ,  1 5  1 4  

c .  c o l i  3 '  7 ' 8 ,  9 '  1 1  3 '  1 0 ,  1 3  

c .  jejun i 4 4 

c .  c o l i  9 1 0 ,  1 3  

c .  jejun i 1 '  24 , 2 8 , 30 

c .  co l i  3 ' 29 , 3 1 ' 3 2  2 7  

0\ 
0 
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The n ine  BRENDA pat t e rns o f  � jejun i d i f ferentiated  were 

i dent i f ied as numbers 1 ,  2 ,  4 ,  6 ,  1 2 ,  1 5 ,  24 , 28 and 30  and those o f  

� co l i  a s  3 ,  7 ,  8 ,  9 ,  1 1 ,  29 , 3 1  and 32 . Pat t e rns  1 ,  2 ,  4 ,  6 ,  1 2  

a n d  1 5  o f � jejuni and pat terns 3 ,  7 ,  8 ,  9 and 1 1  of � co l i  we re 

found pre sen t  dur ing the autumn and pat terns 4 o f  � jejuni and No . 

9 o f � co l i  we re found pre sent dur ing the winter  s amp l ing . Dur ing 

s ummer samp l ing pa t terns 1 ,  24 , 2 8  and 30 o f � jejuni and pa t terns  

3 ,  29 , 3 1  and 32  o f  C .  co l i  were pre sent . 

Pat tern 4 of  � jejun i wa s found pre sent a t  both the autumn and 

winter  samp l ing , whereas pat tern 1 was found pre s ent  at the autumn 

and summer s amp l ing . 

Sheep isolates  

Of  s ix d i f ferent BRENDA pa t t erns produced by  sheep i s o lates , 

t here were two d i f feren t BRENDA pa t t erns of  � jejuni and four 

o f  C .  co l i .  The se were obtained from the 2 7  i s o l a tes o f  

C .  jejun i /  � c o l i  examined .  The two BRENDA pa t t e rns o f  C .  jejun i 

wh ich were d i f ferent iated , were 4 and 14 and tho s e  of C .  c o l i  we re 

3 ,  1 0 , 13 and 27 . At the Apr i l  s amp l ing , pa t te rn 14  of C .  jejuni 

was present and dur ing the Augus t  s amp l ing pat t e r n  4 of C .  jejun i 

wa s present . No common pat terns o f  � jejuni were found to  be 

pre sent at the three d i f ferent s amp l ings . Pat t erns  of  3 ,  1 0 , and 1 3  

o f  � c o l i  were pre sent  dur ing Apr i l  samp l ing and patterns 1 0  and 1 3  

were present during the Augu s t  samp l ing . Patterns  1 0  and 1 3  were 

there fore the two common patterns o f  � co l i  found dur ing both 

s amp l ings . From the s amp les  taken dur ing December  on ly i s o lates  o f  

C .  c o l i  wer e  obta ined and a l l  had a common BRENDA pat tern ( 2 7 ) .  No 

c ommon pa t t erns of � c o l i  were seen pre sent dur ing the summer 

s amp l ings . An isolate g iv ing pat tern 2 7  had not  previous ly been 

r ecovered from e i ther the sheep or the ca t t le .  Table I I  shows the 

d i f ferent BRENDA pa tterns  present in  sheep and d a iry cows at  the 

t hree s amp l ings during the year . 
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D ISCUSSION 

The preva lence rate  o f  campy lobac ter infe c t i on in da iry ca t t le 

has  been reported from Eng land t o  be h igh in the summer and low in 

the winter ( Rob inson , 1 9 8 2 ) .  In the pre sent s t udy , the preva lence 

r a te was 2 3 . 6% ,  3 1 . 3% and 1 1 . 5 7% in summer , autumn and winter  

r e s pec t ive l y .  The se f igures do not agree with the  Eng l ish  report . 

Th is may be because the New Zea l and autumn is  longer and mi lder than 

an Eng l ish autumn and more  l ike an Eng l i sh summer . The organi sms 

may 'be able  to thr ive b e t ter  in this  moderate wea ther . 

S tud ies  in man in England , Be lg ium ,  the U . S .  and South Afr ica  

have shown a summert ime peak o f  Campy lobacter in fect ion ( B laser  

e t  a l ,  1 98 3a ; But z ler  and  Skirrow , 1 9 79 ; Mau f f  and Chapman , 1 9 8 1 ) . 

In Zaire where mean temperatures are  cons t ant throughout  the year , 

i solat ion o f  C .  jejuni from pat ien t s  with d i ar rhoea wa s much more 

frequent in the we t than in the dry  season ( Bokkenheuser , 1 9 7 0 ) . In 

New Zealand , Bries eman ( 1 985 ) reported  the preva lence rate  o f  

c ampy lobac ter  infe c t ion t o  be h ighe s t  in summer and lowe s t  in 

winter . The autumn preva lence rate  reported was only a l i t t le lower 

than that of summer rate . The pre sent f inding in dairy  cows does 

not exac t ly corres pond to that  of humans ( Br i e s eman , 1 9 85 ) but seems 

t o  have a c lose  re lat ion s ince there is l i t t le var iat ion be tween the 

preva lence rate in human and da iry  cows in autumn . The preva lence 

rate for both humans ( Br ieseman , 1 98 5 ) and da iry  cows i s  lowest  in 

winter . 

Many s tudies  reviewed e l sewhere ( Presco t t  and Munroe , 1 9 8 2 )  

have recorded the common occurrence of  � jejuni  or � c o l i  in  the 

intes t ina l t rac t s  of the dome s t i c a ted  anima l s  and in w i l d  an ima l s  

and birds  ( Luech t e f e l d  e t  a l , 1 9 8 0 , 1 98 1 ) .  Bes ides  be ing present i n  

c l inica l ly d iseased an ima l s , Campyl obac ter jejuni  i s  o f t en part  o f  

the norma l i ntes t ina l f lora o f  c at t le ( Bryne r , 1964 ; Smibert , 1 9 7 8 ) 

and sheep ( Smiber t , 1 9 6 5 ) . In thi s  s tudy , 49  i so l ates  o f  

Campy lobac t e r  from c l in i ca l ly norma l dairy c ows ( 3 2  C .  jejuni and 1 7  

c. c o l i  -- ----

produced 

and 

2 1  

o f  c .  co l i ) . -- ----

27  i solates  from sheep ( 2  

BRENDA pat t e rns  ( 1 0 BRENDA 

Per s i s t ence  o f  c .  jejuni 

c .  jejuni  and 

pat terns o f  

and c .  c o l i  -- ----

25  

c .  

c .  c o l i  -- ----

jejuni and 

with  the same 

BRENDA pat te rn in da iry  cows and sheep s amp led  on two d i fferent 

1 1  
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occas ions o f  the year  ( Tab le  IV and Figures 5 . 1  and 5 . 2 )  ind icates  

the  abi l i t y  o f  the  s ame s t ra in of  organi sms t o  thr ive for some 

months i rrespec t ive o f  the environmental  cond i t ions . The s t abi l i ty  

o f  the  BRENDA pat t erns  in  this  f ie ld  s tudy for  a period of  months 

and probably for much longer is  in agr eement with Kakoy iannis  ( 1 984 ) 

who , a ft e r  repeated  s ubcu l tur ing o f  campy lobac ter in the l aborat ory , 

found the BRENDA pa t t e rns to  rema in s t able . S t ab i l i ty i s  fur ther 

substant iated by the f ind ing in sheep that � jejuni and � co l i  

iso lated  from d i f ferent  par t s  o f  the int es t ina l tract  o f  the same 

an ima l y i e lded ident i c a l  BRENDA pa t terns . The f ind ing that  i so la tes  

wi th  the s ame BRENDA pat terns were recovered 2 - 3  months a part  i s  in 

agreemen t with the r e port of Rob inson ( 1 982 ) .  No evidence was found 

to  subs t ant iate Rob inson ' s  ( 19 8 2 ) sugge s t ion that c o lon i s a t ion may 

occur for l i fe .  

Two o f  the BRENDA pat terns from sheep resemb led the BRENDA 

patterns from the 49  i s olates  from dairy cows ( Table I l l  and Figure 

5 . 1 ) .  Both the an ima l s  in que s t ion we re grazed at  one t ime or 

another on the s ame paddock and this might exp lain the co lonisat ion 

o f  both c a t t le and sheep with  the same s t ra ins . I t  a l s o  

demons trates  the abi l i ty o f  the c r o s s  infec t ivity  for a t  least  some 

s t ra ins be tween the se  two spec ies  o f  anima l s . 

CONCLUSION 

l .  The preva lence rate  o f  campy lobacter  infect ion in cows is  

h ighe s t  in the warmer months  of  the year . 

2 .  The preva lence rate  in dairy  cows appears  to  be in proport i on 

t o  that  in humans and thus the seasona l i ty o f  campy l obacter  

infect ion in humans may re la te  to  the frequency o f  

con t amina t ion o f  the anima l produ c t s  u sed  for human food . 

3 .  The s ame s t ra i n  o f  � jejuni and � c o l i  can be found in the 

s ame anima l on three d i f ferent occas ions . 

4 .  There  is  s trong evidence that  there i s  c ross  infe c t iv i ty o f  

� je juni and � c o l i  s trains be tween da iry cows and sheep . 



5 .  The BRENDA pa t t e rns produced by i s o l a t e s  from dairy cows and 

sheep appeared  to rema in s table throughout the s tudy period . 

6 4 . 
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Tab l e  I l l  COMMON AND DIFFERENT BRENDA PATTERNS I N  COWS AND SHEEP 

c .  j ejuni  

Cows 1 '  2 '  4 ,  6 '  1 2 ,  1 5 , 24 ' 28 , 3 0  

�heep 4 '  14  

c .  co l i  

• 
Cows 3 '  7 ' 8 ,  9 '  1 1 ,  29 , 3 1 ' 32  

Sheep 3 '  1 0 ,  1 3 , 2 7  

Table I V  BRENDA PATTERNS FOUND ON MORE THAN ONE OCCASION 

Apr i l  

Augu s t  

December 

Dairy Cows 

C .  jejuni 

1 '  4 

4 

1 

C .  c o l i  

3 ,  9 

9 

3 

Sheep 

C .  jejuni C .  c o l i 

1 0 ' 1 3  

1 0 ,  1 3  



F i gure 5 . 1  : DNA FINGERPRINTS PRO DUCED BY THE I SOLATES OF 

C .  J EJUNI /COLI RECOVERED FROM DAIRY COWS 

C .  j e j uni 

1 2 15 24 28 30 

C .  c o l i  

8 29 31 32 
b DNA f i ng e r pr int s c ommon to bot h  dairy c ows a nd shee p .  

a DNA f i ngerpr int s f ou nd on mor e  t han one oc c a s ion i n  d a i ry c ows . 

66 



Figure 5 . 2  : DNA FINGERPRINTS PRODUCED BY THE I SOLATES OF 

C .  JEJUN I /COL I RECOVERED FROM SHEEP 

4 14 

C .  c o l i  

e DNA f inger print s found on m o r e  t han o n e  o c c a s ion i n  she e p . 

67 
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CHAPTER V I  

EPIDEMIOLOGY OF CAHPYLOBACTER IN LABORATORY ANIMALS 

INTRODUCTION 

In recent years there has been inc reasing recogn i t ion o f  the 

role  of  � jejuni  ( Veron and Cha t e l a in , 1 9 73 )  a s  a cause  of  

enter i t is in man ( see Chapter  I I ) . An under s t and ing o f  pathogene s i s  

o f  � jejuni infect ion and i t s  na tura l h i s tory i s  ext reme ly  

impor tant and could  he lp  lead to the  control o f  this  d i s e as e . 

Because there i s  no sui tab le anima l mode l ,  l i t t l e is  known abou t the 

pathogene s i s . On ly a few an ima l s  have been found sus cept ib l e  t o  

exper imenta l  infec t ion , but even here s u cce ss  has  been reported  by 

on ly  a few worke r s , others have fai led t o  confirm the ir f ind ings 

( Bu t z ler and Skirrow , 1 9 7 9 ) .  Monkeys ( Boneyk e t  a l , 1 9 7 2 ) , puppies  

( Prescott  and Karma l i , 1 9 7 8 ) , kit t ens ( Prescott  and  Karma l i , 1 9 7 8 ) , 

gno tobiot ic puppies  (Madge , 1 980 ) , mi ce  ( Field  e t  a l ,  1 9 8 1 ) ,  and 

chi ckens ( But z l e r  and Skirrow ,  1 9 7 9 )  have been t e s ted without  

uni form resu l t , but  the mo s t  re l iable  experiment have been those 

us ing newborn anima l s  ( Pre s c o t t  and Barker , 1 980 ; Madge , 1 9 8 0 ; 

Fie l d  et  a l , 1 9 8 1 ; Ru iz -Pa lac ios  e t  a l , 1 98 1 ; Presco t t  e t  a l , 

1 98 2 ;  Soer j ad i  e t  a l , 1 98 2 ) or adu l t  rabb i t s  ( Ca ldwe l l  e t  a l , 

1 9 83 ) .  Bu t be fore a t tempt ing to  d e termine the ab i l ity o f  a s pec ies  

of  an ima l to  a c t  a s  a mode l ,  i t  is  nece s s ary to  d i s cover i f  

thermoph i l i c  Campylobacter s pp are norma l ly present  in the 

int e s t ina l f lora of  these  anima l s . There  appear to  be a number o f  

anima l reservo i r s  o f  the se  organi sms s ince  i t  has been i s o l a t ed f rom 

faeces  and /or carca ses  o f  chickens , ca t t l e ,  and from faeces  o f  c a t s , 

dogs , wi ld ducks and other anima l s  ( s ee  Chapter I I ) .  Pupp i e s  and 

kit t ens with d ia r rhoea have been l inked to human d i s eas e s  ( B l a s e r  

e t  a l , 1 9 7 8 ; Hay and Gangu l i , 1 980 ; McK inley e t  a l , 1 980 ; Sk ir row 

et a l , 1980 ) . A l s o  the epidemiology o f  d i seases  involving 

campy l obacter  has not been adequa t e ly d e t e rmined and the r o l e  o f  

rodent s  a s  a source  o f  infe c t ion has not  been a s s e s sed . 
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The purpo se  o f  the present inve s t igat ion wa s to : 

1 .  Det ermine the occurrence o f  thermoph i l i c  campy lobac t e r s  among 

ra ts , m ice , guinea pigs , rabb i t s  and cats  from the Sma l l  An ima l 

Produc t ion Uni t , Mass ey Un iver s i t y . 

2 .  D i f ferent iate  i so la tes  to a s pe c i e s  leve l by the b iochemic a l  

reac t ions and to  a subspecies  l e v e l  b y  bac terial  re s t r i c t ion 

endonuc lease  DNA analysis  ( BRENDA ) technique ( s ee Chapter  V )  in 

order to recogn ise  epidemiolog i c a l ly related  s trains . 

MATERIALS AND METHODS 

Small  Animal Produc t ion Uni t  

The an ima l s  obs erved i n  this  s tudy were par t o f  the Sma l l  

An ima l Produ c t i on Un i t  o f  Massey Un ive r s i ty . Ma inly four types  of  

laborat ory an ima ls are  bred and ma inta ined in  the  un it : 

Ra ts ( Ra t tus  norvegicu s )  s t rain t ype ; Sprague Dawley 

Mice (Mus mus culus ) s t rain type ; Black - C57  

Brown - C 3H , CHI , CBA 

Wh ite  - Mas sey s t rain  

Gu inea pig  ( Cavia  parcel lus ) s t ra in  type ; Duncan Har t l e y  

Rabb i t s  ( Oryctolagu s cunicu lus ) s t rain type ; N . Z .  Wh i t e . 

A c losed  c o lony o f  about 60  cat s ( Fe l i s  catus ) has a l so  been 

mainta ined w i t h in the -un i t  for the l a s t  7 years . 

The rat  c o l ony was s tarted ove r 2 0  years ago with 20  pa i r s  o f  

Sprague Dawley  r a t s  wh ich  were obta ined for breeding purpo s e s  from 

the U . S . A .  From t ime to  t ime rat s  are rece ived from the Dairy  

Research Ins t i tute  ( DRI ) but they are kept  separated so a s  to  

ma inta in the  o r iginal co lony as a c losed  colony . The mice  were 

or igina l ly obta ined from Sydney and Br i t a in and except  for C 3H 

s train , the m i c e  colony has  been c lo s e d  s ince the set t ing up  o f  the 

Uni t . The brown mice s t ra in C3H were  obtained from the Ve t e r inary 

Pathology Depar tment two years ago . Hybr id s trains  of mice  a r e  
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b e ing produced in the un i t  for research  purposes . The origin a l  

r abbits  were obtained from a priva t e  breeder , Pa lmerston Nor t h , 

t hree year s ago and they came from Br i t ain  and U . S . A .  The gu inea 

p igs were ob t a ined from the An ima l Re s e arch Cent re , Wa l l acevi l le ,  1 0  

years  ago . 

A c losed c o lony o f  a l l  the an ima ls  is ma inta ined from the t ime 

t hey are rece ived , not a l lowing mixing with any other s t ra ins . The 

t o t a l  number o f  each spec ies of  anima l within the unit var i e s  

d epend ing on t h e  t ime o f  the year and the demand . No f ixed number 

o f  anima ls  are ma inta ined at any one t ime of  the year . The 

d e s cript ion g iven in th i s  chapter app l ies  to the Un i t  at the t ime o f  

t h e  s tudy on ly . 

The labora tory anima ls  are ma inly  used for teaching , res earch 

and ant i s erum product ion purposes  by var ious Unive r s i t y  depar tments , 

r e s earch ins t i tutes  such as Min i s try  o f  Agr icul ture and F i she r ies 

( MAF ) and Dairy Re search Ins t i tute  ( DRI ) , col leges , schoo ls  and 

o ther univers i t ies around New Zealand . Surp lus ra t s  are ki l led  and 

frozen and s o l d  to s choo l s  for d i s s e c t ion purposes . Mos t  o f  the 

r abbi t s  used for ant i serum produc t i on are housed in the Uni t . 

The unit i s  loca ted as  a separ a t e  bu i l d ing on the Ma s s ey 

Un ivers i ty c ampus on Uni vers ity Avenue . Origina l ly the 

b u i l d ing was p l anned as a veter inary c l inic  and later turned into 

the Sma l l  An ima l Produc t ion Un i t .  The bu i ld ing is approxima t e ly 

s quare- shaped and occup i e s  an area o f  5 74 . 96  m2 . 

Within the bui l d ing are located  o f fices , s t a f f  common room , a 

s awdust  s torage room , feed s tore , cage  s tore rooms , a washdown area , 

two furnace rooms , three r a t  rooms , four mice rooms , f ive rabbit  

r ooms , one gu inea pig  room and one sheep  room for  phys iolog i ca l  

e xperiment s and a l abor a tory ( F igure 6 . 0 ) .  The ca t s  are ma intained 

in an enc losed  part ly covered area in the courtyard . The d r a inage 

s ys tem is  of an  open type , dis charging e f f luent d irect l y  into the 

Pa lmerston Nor t h  Mun i c ip a l  sewer . Ven t i la t ion is  of a semi c losed 

t ype c irculat ing fresh a i r . The bu i l d ing is  surrounded by we l l  

mainta ined gardens frequent ly manur e d  with  fowl manure . 
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F igure 6 . 0  FLOOR PLAN OF THE SMALL ANIMAL 

PRODUCTION UNIT 
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Mice Rooms 

The re are four mice rooms ; No . l ( 1 2 . 1 m2 ) ,  No . 2 ( 1 0 . 5 2 m2 ) ,  

No . 3 ( 8 . 83 m 2 ) and No . 7 ( 8 . 46 m 2 ) .  Ad jacent to the m i c e  room No . 

7 i s  a rabb i t  room and acro s s  the pas sage from mice room No . 7 i s  a 

rat room . 

There  are two types of  po lycarbona te  c ages* used , the  sma l l  

cage having a f loor area o f  8 2 4  cm  and i s  1 5  cm i n  he i gh t , the 

large c age has a f l oor area of 1 8 1 5  cm x 20  cm . Five to ten young 

and adu l t  mice are accommoda ted in each cage . The cage s are 

provided w i th a s t a inless  s t e e l  l id and are p laced on wooden racks 

f ixed t o  the wa l l  ( F igure 6 . 1 ) . Sawdus t  i s  used as  a bedd ing and 

feed i s  p l aced in a feeder in the l id . The mice are wa t e red by 

means o f  an inc l ined polycarbona t e  and glas s bot t l e s  wi th  s t ainle s s  

s tee l s i ppers rest ing on the l i d . There are about 2 0 - 3 0  c ages per 

room . There is no s pec ial  breeding room for mice . Each room has 

two doorways wh ich are located on opposite  wa l ls and kept c losed a l l  

the t ime . 

Ra t Rooms 

There  are three rat rooms ; No . 5 ( 8 . 64 m 2) ,  No . 8 ( 2 2 . 98 m2 ) 

and No . 1 4  ( 2 3 . 6 2 m 2) .  Rat room No . 5 i s  s i tuated between room No . 

4 ( mice ) and room No . 6 ( rabbi t s )  but has no direct  ac ce s s  to e i ther 

of  them . Th i s  room accommoda t e s  rats rece ived from ou t s ide s ources  

to ensure  that  none are ever mixed with rat s bred in the un i t . Room 

8 i s  a l ar ge room s i tuated next t o  room No . 9 wh ich con t a ins 

rabb i t s . Room No . 8 mainly accommodates  ra t s  jus t  a ft e r  weaning ( 2 1  

days ) unt i l  they are ready t o  b e  u sed . Room No . 1 4  is s i tuated 

be tween room No . 13  hous ing guinea  pigs and the sheep r o om ,  but 

there i s  no  direct  access  between the se  three rooms . A l l  the rooms 

are provided with two doorways w i t h  two wooden doors wh i c h  are not 

able to  b e  shu t proper ly thus c a u s ing prob lems in ma int a ining the 

ideal  t emperature dur ing winter and a l lowing acce s s  to f l ie s  in 

summer . Room 14 is u sed for the breed ing and maintenance  of parent 

s tock . 

* Makno lon , Germany 



Figure 6 . 1  INTERIOR OF MIC E  ROOM SHOWING THE TYPE OF MIC E  CAGES 

F i g u r e  6 . 2  INTERIOR OF RAT ROOM SHOWING THE TYPE OF RAT CAGES 

7 3  
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F ive to  e ight and ten to  twe lve rats  are accommodated 

respec t ive ly in sma l l  and l arge polycarbonate cage s . The number of  

rats  per cage are  reduced as  they grow . In room 1 4  where the 

breed ing s tock is ma intaine d , on ly two rats  (ma le and fema le )  are 

accommodated per sma l l  cage . Two fema les  and one ma l e  rat may be 

housed  toge ther for mat ing purpose s .  When the young ones are born , 

they are kept wi th  the parents  for 2 1  days be fore they are weaned . 

The rats  in room 5 are accommodated in s t e e l  cages . The re are about 

20- 2 5  rat cages per room ( F igure 6 . 2 ) .  

Sawdust  i s  used  as bedd ing in the case  of polyca rbonate cages , 

but no bedd ing i s  used in s tee l cages as  these are provided w i th 

s t a inless  s tee l me sh f loors through wh ich the faeca l pe l le t s  c an 

drop onto a p la t e  be low . Feed and wa ter are prov ided in much the 

s ame way as has been des c r i bed  for the mice . 

Guinea Pig Room 

Room No . 1 3  ( 1 8 . 1 3 m2 ) ac commodates  the guinea p igs . Th i s  room 

i s  s i tuated be tween a rat breed ing room ( 14 ) , and rabb it  room ( 1 2 ) .  

One o f  i t s  doors opens on to the cour tyard whe re a large me t a l  b in is  

used  t o  hold the un it ' s  re fuse , the  other doorway opens onto a 

pa s s age . 

There are two s tainle s s  s t eel  f loor pens each accommodat ing 1 5  

t o  2 0  guinea p igs . The pens are prov ided with s awdus t  bedding and 

green hay ( F igure 6 . 3 ) .  Feed for the gu inea pigs  is he ld  in  

s ta inless  s tee l containers p l a ced above f loor leve l and  wa ter  i s  

provided in a 2 1 glass  bot t l e  inverted , dr ipping ont o  s teel  

cont a i ners . The  s ame type o f  pen i s  used  for both  breed ing and 

ma intenance . 

Rabbi t  Room 

Room No . 9 ( 2 3 . 30 m2 ) ,  No . 1 0  ( 2 3 . 09 m2 ) ,  No . 1 1  ( 23 . 14 m2 ) and 

No . 1 2  ( 55 . 49 m2 ) accommodate rabb i t s . Room 9 i s  s i t uated a d j acent 

to  a rat  room 8 ,  but there i s  no d irect  access  be tween the se two 

rooms . Room 1 2  i s  s i tuated a d j acent to the guinea p i g  room . Th i s  

room has n o  d ir e c t  acce s s  t o  the out s id e . 



F i g u r e  6 . 3 INTERIOR OF GU INEA PIG ROOM SHOWING THE TYPE OF PEN 

F i gure 6 . 4  INTERIOR OF RABBIT ROOM SHOWING THE TYPE OF 

RABBIT CAG E S  

I 

( 
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The rabb i t s  are mainta ined ind ividua l ly in  s t a in le s s  s tee l 

c age s . Rabb i t s  in room 9 and 1 1  are no t provided w i th s awdus t bu t 

are  kept in cages on wire gauze  f loors . Feed i s  provided in a 

conta i ner and they are watered  by means o f  an inve r te d  g lass  bot t le 

( Figure 6 . 4 ) . 

The room next to the r a t  breed ing room i s  used  by the 

Phys io logy Depar tment for e xper iments  and at t ime s sheep are 

ma inta ined in this  room . The people  who work in  t h i s  room a lso have 

a c ce s s . 

The re s t  o f  the rooms are  used  for management purposes  and as  

s tore rooms as  des igna ted in  F igure 6 . 0 .  

Cats  

Cats  are  ma inta ined in the  courtyard in the  cent re o f  the 

bu i l d ing and are enc losed by wire  fence s ,  about one - t h ird o f  this  

enc losure is  covered by a roo f ( F igure 6 . 5 ) .  The area  is  d ivided 

into four sect ions accommoda t ing about 1 5 - 30 c a t s  w i t h in each 

s e c t ion . Al though cats  are provided wi th proce s s ed cat food they 

can at t ime s eat a wi ld b ird wh ich may inadvertent l y  f ly into a c a t  

c age . The ca t s  are watered by  means o f  a trough . 

MANAGEMENT OF THE UNIT 

Hyg iene Pract ic e  

Genera l ly ,  rout ine c lean i ng procedures are carried- out b y  two 

regu lar  workers . The f i r s t  worker does the c lean ing o f  the cat  

enc losure and then she goes t o  the rat rooms and f ina l ly to  the mice  

rooms . The second worker c le ans  the rabb i t  rooms f ir s t  in the 

morn ing and then she goes to  the guinea p ig  room . In the case  o f  a 

s t a f f  member be ing absent , t h i s  rout ine may be ups e t . 

Floors , corr idors , d ra ins  and the c a t  enc losure a re c leaned 

every day by means of a j e t  o f  water and are then we l l  doused with 
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an iodo form d i s i n fectant and at  the s ame t ime the anima l s  are fed* 

and watered . Rat s  and mice get  a comp l e t e  change of both bedding 

and c age each week . In the case of  the rabbits , the tray co l le c t i ng 

droppings is  c leaned twice a week and the cages are changed once a 

week . The gu inea p ig pens are c leaned onc e  a week and inc lude a 

comp l e t e  change o f  bedd ing . 

A l l  the cage s are sent once a week t o  the washdown area , where  

the c age s are  wa shed by  means of  a j e t  o f  wa ter and cleaned with  

de tergen t . After  washing , the  cage s are  d ipped in a s t rong so lut i on 

of  iodo form and f in a l ly s tacked for drying . The s teel  cage s used  

for  the rabb i t s  are  c leaned in an  HCL ac i d  bath . 

Hea l th Status 

Ove ra l l  hea l th s t atus of  the an ima l s  at  the unit  is good . No 

chron ic prob l ems are be ing experienced by any of  the anima l spec i e s , 

a l though at t ime s rats  are found having t umours or to be s u f fer ing 

from resp iratory d i sease . The respirator y  prob lem occur s 

occa s ional ly fo l lowing overcrowd ing and because o f  the poor 

vent i la t ion . Some years ago there wa s an outbreak of snu f f les among 

the rabb i t s , but i t  has now been contro l led . No o ther ma jor  d i s ease  

prob lems have been seen in the uni t . A few wi ld rats  and mice  h ave 

from t ime to  t ime gained entry into the unit , they have the 

po tent i a l  to  act as a source of  d i sease . 

An open garbage b in ( 3  m x 1 . 5  m )  ke pt  in the courtyard c lo s e  

to  the c a t  enc l o sure i s  used  for the c o l lect ion of  the un i t ' s  re fuse 

and an empty bin is replaced every week . Due to  rott ing r e fus e ,  the 

b in at trac t s  f l ie s  wh ich can gain acce s s  to  the various anima l rooms 

and con s t i tute a pos s ible  means o f  s pread  of infec t ious d i sease  

agent s .  

* Rats , mice , rabbi t  and guinea p i g s  - Pel let d iet - 3 1 7 , 3 1 9  d ry . 

Harvey Farms , Palmerston North . 
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SAMPLING PROCEDURES 

Rat s 

Two hundred and s ixty two ( 26 2 )  rat s  from three d i f ferent rooms ( 5 ,  

8 and 1 4 )  were examined by t ak ing rectal  swabs . The r a t s  were one to 60  

days o f  age . O f  these  rat s , 1 7  were from room 5 .  The s e  were part  o f  a 

cons ignment  bred a t  the Depar tment of  Sc ient i fic  and Indu s t r i a l  

Re s earch ( DS IR ) . They were sur p l u s  to  their  requirement s  and were 

kept i s o la ted  so as not to  mix them with the other rat s in the un i t . 

A fur ther thir ty  one ( 3 1 ) r a t s from room 8 were euth ena sed and 

a cu l tur a l  examinat ion was carr ied  out on r e c t a l  swabs t a ken 

immed i a t e l y  a fter  death  and be fore evis cera t ion . Inte s t in a l  swabs 

were t aken from var ious s i te s  o f  the ga s trointest inal t r a c t  

imme d i a t e l y  a fter  evi sceration o f  these anima l s . In a l l  c a s e s  swabs 

were taken from the s t omach , mi d d l e  of  the duodenum , j e j unum , i leum , 

caecum and rec tum . Cu ltura l examinat ion was carried out on 1 86 

s amp les  o f  int es t in a l  swabs ( 3 1  r a t s  x 6 s i te s ) .  

Mice 

Three  hundred intest ina l swabs were c o l lected from 5 0  mice ( S O 

mice x 6 s i tes ) by the s ame procedure descr ibed for ra t s . The mice 

for s amp l i ng we re s e lected from e ach mouse  room. 

Guinea P igs  

Twenty  s even rectal  swabs wer e  col lec t ed at random from 27  

guinea p i g s  t aken from the  two pens . Inte s t inal swabs were 

col lected  from a fur ther 25  gu inea pigs  from s even s i t e s  ( s t omach , 

mid d le o f  duodenum , j e junum , i l eum , caecum ,  rec tum and ga l l  b ladder ) 

making a t o t a l  o f  1 7 5  s amples . 

Rabbits 

Nine t y  seven ( 9 7 )  rec t a l  s wabs were c o l lected  at  random from 

rabbi t s  h e l d  in  three d i f ferent rooms . An average of 30- 35 rabb i t s  

per room were s amp led . 
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Cat s  

S ixty rec t a l  swabs were c o l lec ted  from cat s se lec ted at  random 

from four d i f ferent cat  cage s . 

The rec t a l  swabs , inte s t ina l swabs and other s amp les c o l lec t ed 

were t ranspor ted  and cul tured a s  a l ready described in Chapter  I I .  

F l i e s  

Th irty  hou s e  f l ies  were c aptured from the sma l l  anima l 

product ion uni t . Of  these 3 0  f l ies , 20 were captured from the 

corr idors  and ins ide d i fferent rooms , ten were l ive and ten were 

dead . The other t en f l ies were  a l ive and captured from the 

cour tyard and from the area around the garbage b in . 

Humans 

See  Chapter I l l . 

RESULTS 

Rat s  

Thermoph i l ic campy loba c t e r  were iso lated from 5 9  ( 22 . 5% )  o f  the 

2 6 2  r a t s  examined .  Of  1 8 1  r a t s  kept in room 8 in cages on the l e f t  

wa l l ,  5 7  ( 3 1 . 5% )  were pos i t ive for campy 1 obac ter . On ly one r a t  was 

found pos i t ive from 40 of the rats  examined from those kept on the 

r ight wa l l  of the room . No rat s  were  found pos i t ive for 

campy l obacter from the 17 examined out of the 60  rats  in room 5 .  

The s e  rat s  were rece ived from DSIR .  On ly one adu l t  rat  was  found 

pos i t i ve from the 24 breed ing rats  examined from the breeding room . 

Tab l e  I shows the i s o lat ion o f  campy 1obac ter from r a t s  accord ing 

to  t h e i r  rooms . 

Campylobac ter  were i s o lated  from d i f ferent par t s  of  the 

int e s t ines from n ine rats of a further 3 1  rats  examined . The s it e  

o f  i s o la t ion was d i f ferent f o r  ind ividual rats , b u t  the rec tum was 



Tab le I THE ISOLATION OF CAMPYLOBACTER FROM RATS ACCORDING TO THEIR ROOKS 

No . of  Ra ts  Examined 

2 2 1  

1 7  

2 4  

Room No . 

8 

5 

14 
( Breed ing) 

No . +ve C .  jejun i 

5 8  58  

0 

1 1 

C .  col i  

00 
,_. 
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the mos t  common s i t e  from which campylobac t e r  were isolated . I leum , 

j e junum and caecum were  next mos t  common s i t e s  of  isolat ion . The 

duodenum was the leas t l ike ly inte s t inal regi on to be colonised  by 

the organisms . There  were no i s o lates  from the s tomach . Tab le  I I  

shows the d i f ferent s i tes  of  i s o lat ion of  the thermoph i l ic 

campy lobacter from r at s . A l l  the iso lates  recovered from the 

d i ffe rent  par t s  of the intes t ine were � jejuni . 

The overa l l  preva lence rate  of  campy lobacter in the rats  

examined from SAPU wa s 68  from 2 9 3  ( 23 . 2%) . 

Mice 

Campy lobac t er - l ike organi sms were i s o l a ted from 5 of  50 ( 10% ) 

mice be ing examined .  The mos t  common s i te  o f  isolat ion were the 

caecum and rectum .  There wa s a s ingle i s o l a t e  from the i leum . No 

other s i tes  of the intes t ina l tract  showed the presence of the 

organisms . Morpho logica l ly , the isolates  we re l ike campy lobac ter , 

but the ir  s pec ies  could  not be ascertained because they wou ld  not 

grow a fter  pr imary i s olat ion . Table  I l l  shows the s i tes  of 

iso l a t ion of  the s e  c ampy lobacter - l ike organ i sms from mice . 

Guinea P igs  

Thermoph i l ic c ampy lobac ter  were isolated  from four ( 7 . 7% )  of  

the  2 7  rectal  swabs and  1 7 5  inte s t ina l swabs ( 25 guinea pigs  x 7 

s it e s ) examined . There were no i s o lates  from anima ls  examined by 

means of rec t a l  swabs only . I so lates  were  recovered from four 

d i f ferent  s i tes  o f  the inte s t ine , duodenum , je junum , i leum and 

rec t um .  One i s o l a t e  was a l s o  recovered from the ga l l  b ladder . A l l  

the i s o lates  recover e d  from the guinea pigs  were � jejuni .  Tabl e  

IV shows the d i f ferent s it e s  o f  i solat ion o f  the campy lobac ter . 

Rabbits 

C ampylobac t e r  jejuni was i s olated  from 1 of  97 rec t a l  swabs 

examined , the rabbi t  pos i t ive for campyl obac ter was from room 1 0 .  



Tab le I I  

Rat No . S tomach 

RJ 207 -

RJ 2 1 0  -

RJ 2 1 3  -

RJ 2 14 -

RJ 2 1 7  -

RJ 2 1 9  -

RJ 220 -

RJ 222  -

RJ 226 -

THE DIFFERENT SITES OF ISOLATION OF CAMPYLOBACTER JEJUNI FROM THE 

INTESTINAL TRACTS OF RATS 

Duodenum Jejunum I leum Caecum 

- - + -

- - - + 

+ + + + 

- - - + 

- - - -

- - - -

+ + + + 

- + + 

- + 

Rec tum 

+ 

+ 

+ 

+ 

+ 

+ 

CXl 
VJ 



Table  I l l  THE DIFFERENT SITES OF ISOLATION OF CAHPYLOBACTER-LIKE ORGANI�MS FROM THE 

INTESTINAL TRACTS OF MICE 

Mice No . S tomach Duodenum Jejunum I leum Caecum 

JM 1 1  + + 

JM 1 2  + 

JM 1 3  + 

JM 14 + 

JM 16  + 

Rec tum 

+ 

+ 

+ 

+ 

+ 

(X) 
� 



Tab le IV THE DIFFERENT SITES OF ISOLATION OF CAHPYLOBACTER JEJUNI FROM THE 

INTESTINAL TRACTS OF GUINEA PIGS 

Gu inea Pig No . S tomach Duodenum Jejunum I l eum Caecum Rectum 

JGP 1 1  + 

JGP 14 + 

JGP 1 5  + 

JGP 18  + 

Ga l l  B ladder 

+ 

(X) 
1.1! 
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Cats 

O f  the 60 c a t s  examined , 3 1 ( 5 1 . 7% )  were pos i t ive for C .  jejun i 

and they were e qu a l ly d i s t r i buted  within the three c a t  cages . 

Dur ing iden t i ficat ion procedures , a subcul ture o f  one o f  the 3 1  

i s o l a t e s  exh i b i t ed res is tance t o  na l idixic acid . Af ter  a fur ther 

subcu l ture it rema ined fu l ly r e s i s tant to  na l id ix i c  a c id but 

remained hippurate  pos it ive . O f  the 3 1  c ampylobac t e r  or igina l ly 

i s o la t e d , three were los t dur ing subcul ture . 

The overa l l  preva lence o f  thermoph i l ic campyl obacter  in the 

var ious  s pec i e s  of laboratory anima l s  i s  summarised  in Tab le V .  

Hous e  Flies 

O f  30 house  f l ies captured ins ide the produc t ion uni t , a s ingle 

f ly was found pos i t ive for the organi sms . The organism was 

iden t i fied as  C .  larid is . 

Humans 

No i solates  were recove red . 

Samples from in and around the Small  Animal Product ion Uni t  

No i s o l at e s  were recovered . 

BRENDA Analys is 

On ly one ( 1 )  BRENDA p a t tern ( pat tern 25 ) of � jejuni was 

r e covered from the 84 i s o lates  examined from rat s , rabbi t s  and 

guinea pigs . The i solates  from d i f ferent par t s  of the intest ine in 

the case  o f  rats and guinea  pigs  a l s o  had the s ame BRENDA pat tern .  

Five d i f ferent  BRENDA pat te rns were recovered from 2 8  c a t  i s o lates . 

r igure 6 . 6  shows the BRENDA pat te rns o f  c ampylobac ter i solates  

r e covered from rats , guinea  p igs , and the rabb i t . 



Tab le V 

Species  No . 
Examined 

Rat s  293 

Mice so  

Guinea 
Pigs  52  

Rabb i t s  9 7  

Cat s  60 

OVERALL PREVALENCE OF CAHPYLOBACTER IN LABORATORY ANIMALS 

No . 
Pos i t ive 

68 

5 

4 

1 

3 1  

Prevalence 
C .  jejun i 

68 

-

4 

1 

3 1  

Preva lence 
C .  c o l i  

-

-

-

-

-

* Campy lobacter- l ike organ i sms 

CLO* 

-

5 

-

-

-

Overa l l  
Preva lence 

23 . 21. 

10 . 0% 

7 .  7% 

1 .  0% 

5 1 . 7% 

00 
-...J 



F i gure 6 . 6  : DNA FINGERPRINTS PRODUCED BY CAMPYLOBACTER JEJUNI 

I SOLATES RECOVERED FROM RATS , GUINEA PIGS AND A RABBIT 

25 

88 
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DISCUSSION 

O f  a total  o f  39  BRENDA pat t erns o f  � jejuni recovered from 

cat t le , sheep , r a t s , guinea pigs , rabb i t s  and cats , a s ingle  BRENDA 

pat tern o f  Campylobacter  jejuni was recovered from rat s , gu inea p i gs 

and a r abb i t  within the Sma l l  Animal Produc t ion Uni t  ( SAPU ) . Th i s  

s trong l y  s ugge s t s  t h a t  a s ingle s t rain o f  organi sm has a t  some t ime 

been int roduced into  the produ c t i on unit provid ing a c ommon source  

o f  infe c t ion . 

F i ve d i f ferent BRENDA pat t erns  produced by the Campylobacter  

jejuni i s o lates  recovered from c a t s  were a l l  d i f ferent from the 

s ingle p a t t ern produced by the i s o lates  recovered from r at s , guinea 

pigs and the rabb i t . Th is f inding ind icates  that the s tr a ins o f  

c ampy lobac ter assoc iated  with the c a t  co lony are d i f feren t and 

appear t o  be conf ined to the cat  co lony . The chances  o f  

transmi s s i on o f  c a t  organisms t o  o ther l aboratory anima l s  are 

cons idered  to  be sma l l  s ince the c a t s  are ma inta ined in an enc losure 

in the c ourtyard and there i s  no contact w i th the other l aboratory 

anima l s . The only pos s ible  rou t e s  of  transmi s s ion wou ld be via the 

hand lers  and house f l ies . But s ince the BRENDA pat tern of the 

i solates  f rom rat s , gu inea p igs and the rabbi t  was d is s imi lar to  

those  from the  cat  i s o lates , i t  is  unl ike ly  that  the  cats  are  

respons i b l e  for  the infect ion found in the o ther laboratory  anima l s . 

The s ingle i s o l a t e  recovered from the f ly was that o f  

C .  lar i d i s . No C .  laridis  i so la tes  were recovered from any o f  the 

o ther anima l s . 

The t hree anima l spec ies  invo lved in t h i s  outbreak a re r at s , 

guinea pigs  and rabb i t s . The infect ion cou ld  have entered  the SAPU 

through any o f  the s e  animals . 

Since  the preva lence rate in  the rats  was found t o  be  the 

h ighes t  o f  the three s pecies , i t  c ou l d  perhaps be a s sumed that  the 

rats  were infected f i r s t  and that infect ion in  the other s pe c i e s  was 

the resul t  ' o f  cross  infect ion from the r at s . 
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There are repor t s  wh ich ind icate  the natur a l  pre sence o f  

campylobac t er i n  rats . P i j t s chev ( 1969 ) repor ted  the presence o f  

� c o l i  i n  r a t s  and sugge s t ed that r a t s  could b e  a reservo ir for 

� co l i  infec t ion for p i g s . The pre sent find ing o f  C .  jejun i from 

r a t s  agrees with the f ind ing of  Kakoy iannis ( 1 984 ) who a l so  i sol ated  

� jejun i from a number  o f  wild  rat s , thus i t  i s  equa l ly l ikely that 

laboratory rats cou l d  be a reservo ir . 

The i s o lat ion rate  o f  � jejun i from rats  in  this s tudy was 

highes t for the rats  kep t  on the l e f t  wa l l  racks in room 8 ( 3 1 . 5% ) . 

Fort y  rats  examined from those kept on the r ight wa ll  had a much 

lower i so lat ion rate ( 2 . 5% ) . There was a s ingle isolat ion from the 

breed ing rat s , making the overa l l  i s o lat ion rate 23 . 2% wh ich is  much 

h igher than the 10 . 3% r e ported by Fernie and Park ( 1977 ) .  

I f  the rats  were indeed the f i r s t  to  be infected , then wha t  

cou l d  b e  the origin o f  t h i s  infect ion? Becaus e i t  was n o t  pos s ible  

t o  ident i fy the paren t s  of  the infected rats , an  overa l l  survey o f  

the breed ing rats  i n  room 1 4  was c arr ied out . A s ing le breed ing 

fema le rat  was found pos i t ive for � jejuni . The BRENDA pa t t ern o f  

t h i s  i solate  was the s ame a s  those of  the rats  in room 8 .  I t  

there fore c an b e  argued that  the f i r s t  pos s ible  s ource o f  infect ion 

was this  breed ing fema l e . Her offspring cou ld have become in fec ted  

e i ther in  the uterus , or  by d irect  contact with  the  dam via  faeca l 

pe l le t s , s awdust  or water  contaminat ion . 

To date  no intrauter ine infec t ions of  C .  jejuni have been 

reported e i ther natura l ly or exper iment a l ly .  Exper iment a l  

int e s t ina l co lonizat ion o f  neona t a l  rats  has , however , been reported  

( Fie l d  e t  a l , 198 1 ) . Cro s s  transmis s ion from human mothers t o  the ir  

chi l dren has  been reported  ( Codrane l e t  a l , 1 97 3 )  but fai lure t o  

i so l a te � jejuni from the vagina of 2 7 2  women by B laser et a l  

( 1980c ) sugges ted that i t  i s  not part  of  normal vagina l f lora and 

that  transmis s ion from mat ernal vag inal  f lora to fetus is probab ly  

not  a common mode o f  human infect ion . I t  i s  not  known i f  this  i s  

a lso  t rue for rat s . In  t h i s  s tudy , i t  was cons i dered un l ikely  that  

intrauterlne transmi s s ion had occurred . 
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The young r a t s  are weaned a fter 2 1  days and i f  the mother was 

carryi ng the organi sms at  the t ime of  b i r th , i t  i s  pos s ib le and 

l ike ly ,  that she cou l d  have t r ansmit ted the infec t i on by d irect  

con t a c t  t o  her  young one s or  ind irec t ly through the feed , wa ter and 

sawdus t  fo l lowing contaminat ion with faeca l pe l le t s . Because  r a t s  

were pooled together at  weaning , it  was n o t  pos s ible  t o  relate  

ind iv i dua l anima l s  to  the ir parents in  room 14 . Al l the  rats  bred  

dur ing that  t ime wer e  mixed up by  the t ime the inve s t igat ion was 

carr ied  out , thus it is  d i f ficul t  to s ay whe ther or not the s ingle  

breed i ng fema le wh ich was pos i t ive for � jejuni wa s in fac t the 

origin  of a l l  the infec t i ons . A l l  or some may have acqu ired the 

infe c t ion from an ext erna l source . 

Jus t because  the  rats  have the h ighe s t  infect ion , i t  mus t  not 

automa t ic a l ly be a s s umed that they were the fir s t  s pecies  to  become 

infec t ed . 

The organism may have entered via gu inea pigs , on hay or o ther 

green food and then s pread to  o ther anima l s . The infe c t ion cou ld  

have s tar ted in one of  the  guinea pigs  housed  in e i ther of  the  two 

pens and then s pread from anima l to anima l . Becaus e the guinea pigs  

are  kept  free in the pens , t ransmis s ion i s  pos s ib le via  d irec t 

cont a c t  or through feed , water , bedd ing and faecal  pe l le t s . Cros s 

transm i s s ion be tween infected  and non infe c t ed ch ickens kept in  the 

same c age has been d emons trated  by Ko lb  and Wi l l inger ( 1 967 ) ,  a 

s imi lar  mode of  infe c t ion in guinea pigs i s  pos s ible . S ince on ly 

7 . 7% o f  the gu inea p i gs were  found to  carry � jejuni , e i ther the 

samp l ing was carried  out at the beginning or  end of an epidemic or  

i t  is  more  l ikely  that  guinea pigs  do not read i ly become infec ted . 

Trans ference t o  the rabb i t  co lony cou l d  have taken p lace via  

the anima l hand lers  because the s ame worker that c leans the rabb i t  

cage s a l s o  looks a f t e r  the guinea pigs . Because the an ima l hand ler  

a t t en d s  t o  the rabb i t s  be fore the  guinea p i g s , i t  seems unl ike l y  

that t h e  infect ion i n  the rabbi t  woul d  have d irec t ly come from the 

guinea p igs . 

Humans have been found t o  be r e l a t ive l y  unimportant  secondary 

rese rvoirs  for d ir e c t  or ind ir e c t  transmi s s ion ( Skirrow , 1 9 82 ) . In 
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the present s tudy , the humans were  a l l  found t o  be negat ive for the 

organism and hence it is unl ike ly that  they had p l ayed any part  in 

the transmi s s ion . 

Ini t ia l ly , the pos s i b i l ity o f  t ransmi ss ion o f  infec t ion from 

guinea p igs or  t he rabb i t  to  rat s , seemed to be remote s ince there 

is no contact  a t  a l l  be tween rats  and the other labora tory an ima ls . 

However , i t  may be s igni f icant that the rat room from wh ich the 

h ighest  rate o f  infect ion was detec ted  is only one room away from 

the- rabb i t  room ( 1 0 )  in which the s in g l e  infec ted rabbit  was housed , 

but the guinea p i g  room ( 8 )  is  f ive rooms away ( s ee Figure 6 . 0 ) .  

The workers appo inted to  the task o f  c leaning the rat room ( 8 )  are 

d i f ferent from those who c lean the guinea pig and rabbit  rooms . A 

pos s ible t rans fer  o f  in fe c t i on from rab b i t s  t o  rats  cou l d  take p lace 

at  the washdown area where  a l l the cage s are col lec ted t ogether for 

wash ing . There  are no gu inea pig cages so the pos s ibi l i ty o f  

t rans fer o f  infect ion from guinea p i g s  t o  rats  i s  d i fficu l t  t o  

exp l a in by means o f  the cage s . However , i t  i s  very like ly that the 

organ isms cou l d  have been transmi t ted  t o  the c lean sawdus t  by the 

shove l used for c leaning s o i led sawdu s t  from the guinea p i g  pen , 

wh ich is  a l so  occas iona l ly used t o  hand le  c lean s awdus t .  New , but 

cont aminated , s awdust  cou ld have been u s ed for bedd ing in rat  c ages , 

thus making the t ransmi s s ion to rat s  po s s ible . The same cou l d  be  

t rue for the  s ingle  rabb i t  found in room 10 s ince the rabb i t s  in  

this  room are  provided with  sawdus t  bedd ing . 

The sawdus t  or feed used  in the SAPU coul d  have become 

contaminated a t  the s i t e  o f  produc t ion , during t rans it , or wh i l e  

hand l ing i n  the unit . Campylobac ter  have been found to thr ive for 

at least  7 days on comp l e t e ly desiccated  swabs ( U l lman and Ki schke l ,  

1 9 8 1 ) ,  thus they coul d  conce ivab ly surv ive in feed or s awdus t  for 

about  the s ame l ength o f  t ime . However ,  subsequent examinat i on of  

these  i tems proved them t o  be  nega t ive . Water cou l d  a l so  be a 

veh i c le introduc ing the organisms into  the uni t . Water has  been 

found to  be the cause  o f  out breaks o f  C ampylobac ter  in  humans i n  

Vermont ( Brouwer e t  a l ,  1 97 9 ) and Swed e n  (Mentz ing , 1981 ) .  Knie l  

e t  a l  ( 19 7 8 )  a s s ayed 84 s amp les o f  wat e r  for the presence of  

C .  jejuni and found the organisms t o  be  present in 7 of  34 s amp l e s  

of  sea  water a n d  3 7  o f  50  s amples  o f  fresh water . Blaser e t  a l  
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( 1980a ) reported  surviva l of  Campylobacter  in water at 4 C for 1 - 4 . 5  

days . Kee p ing th is  in  mind , water  s amp les  from taps , dra ins and 

water bot t le s  were examined for the pres ence of � jejuni but a l l  

were found t o  b e  negat ive . 

House  f l ies  have a l s o  been found as carr iers of � jejun i and 

� co l i  ( Ro s e £  and Kap perud , 1 9 83 ) . From the 30 house fl i e s  captured 

from the SAPU none wer e  found t o  be carrying � jejuni .  

The four regu lar s t a f f  members were found t o  be ne gat ive for 

the organi sms on both occas ions at wh ich they were tested  and none 

comp l a ined o f  having s u f fered from d i arrhoea in the immediate  pas t . 

Humans  have been found t o  acqu ire infection through direc t conta c t  

w i t h  anima l s  ( Jones and Rob inson , 1 9 8 1 ) ,  bu t t ransmiss ion i s  ma inly 

through the food cha in from raw an ima l products  - mi lk , beef  and 

shee p carca se s , pou l try  meat , and o f fal ( Sk irrow ,  1982 ) . 

Individua l s  with  campy lobac t er ente r i t i s  who are not trea ted  excrete  

the  organism  in their  faeces for severa l weeks ( Karma l i  and  F leming , 

1 9 79 ) .  C learance seems t o  occur s pontaneous ly  in most cases  within 

two months ( Br ieseman , 1985 ) . There fore i t  seems high ly un l ike ly  

that the  s t a f f  of  the SAPU have brought the infect ion into  the  un i t .  

The animal hand lers  do not seem to p l ay any role in the spread 

of infect ion because t he worker s who clean the guinea pig  room do  

not  c lean the  rat and rabbit  rooms , but s t i l l  there has  been 

infe c t ion in  the rat  and a rabb i t . Looking a t  the pat tern of  the 

infe c t ion in the three s pecies  of l aboratory animals , i t  appears 

that  there mus t  be a c ommon source o f  infect ion . Feed for these 

anima ls  is d i fferent thus i t  cannot form the common re servo ir  o f  

infe c t ion . House f l i e s  are ma inly  found i n  the courtyard and do  not  

h ave free access  t o  the animal rooms . The mat er ials  wh ich are 

c ommon t o  a l l  the animal s  are s awdus t and water . There are repor t s  

ind icat ing s urviva l o f  c ampy lobac t e r  in s e a  and fre sh wat e r  ( Knie l 

e t  a l , 1 9 7 8 ) .  Ch lorinated  water  i s  obtained from a s ingle  source 

and i s  used  for a l l  the purposes  in  the uni t . I t  i s  d i fficult  t o  

imag ine that  the Campylobacter organism could  survive i n  thi s  

chlorina t e d  water . I f  by chance the  organisms had survived i t  woul d  

have s pread t he s ame t ype of  infe c t i on t o  a l l  the anima l s  inc lud ing 

c a t s  and mice , but these were found to  be negat ive for the s t rain  o f  
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� jeju n i  found i n  the rat s , guinea p i g s  and the rabbi t . The water  

therefor e , does  not  seem to  be the  veh i c l e  for the  introduc t ion of  

thi s  infect ion . 

The sawdus t  used  in the Un i t  has not been autoc laved . I t  i s  

there fore pos s ib le that this  cou ld have been contaminat e d  at  the 

s i t e  of product ion or it cou ld  have a l s o  become contaminated dur ing 

i t s  t r an por t to the Unit . However , because the s awdus t is  kept 

covered  at  the mi l l  and arr ive s at  Mas s ey in a covered t ruck , th i s  

seems un l ike ly .  Sawdust  i s  un l o aded at  the Uni t  manua l ly wh ich 

takes a p proxima t e ly  ha l f  an hou r . Dur ing this per iod the s awdus t  

cou l d  have been cont amina ted wi th  b ird dropp ings . B ird s are c l a imed 

to form the ma in natural res ervo ir of campy lobac ter (Kn i e l  et a l , 

1 98 2 ; Skirrow ,  1 9 82 ) .  I t  i s  a l so poss i b le that th is could  have 

been con t aminated  at some other s t age . The guinea p igs are fed with 

green feed as we l l .  It  i s  l ike l y  tha t these greens car r ied the 

organi sms from s o i l or anima l manure thereby in fect ing the guinea 

pigs . Campylobac t er have been found to  surv ive in s o i l  and dung for 

up to 30  days (Anon , 1984 ) . Sawdus t is  unloaded at the Uni t  

manua l ly by means o f  a shove l .  I t  i s  known that the shove l used  for 

hand l ing soi led s awdust  from the guinea p ig pens wa s some t imes used  

in the c lean s awdust  room . Though the wash ings from shove l s  were 

found negat ive for the organ isms , i t  i s  l ike ly that at  s ome s tage 

the organ isms were carried t o  the c lean s awdust  by the shove l 

contaminat ing the s awdus t .  Sawdust  seems there fore to be  the mos t  

l ike ly vehic le by which the infect ion moved around the Uni t  and that 

the greens fed t o  the guinea p i g s  ini t i a l ly brought the infect i on 

into  the Uni t . 

Infect ion was most  common in  rats  ( 23 . 2%)  sugge st ing that the 

type of organism was able to infect  rats bet ter than gu inea pigs  

( 7 . 7% ) , rabb i t s  ( 1% )  or  mice  ( 0% ) . 

In  the present  s tudy an a t t empt was made to  i s o l a t e  

campy lobacter from the intes t in a l t ract o f  mice us ing the 

campylobacter s e l e c t ive med i a  of  Bo l t on and Rober t son ( 1982 ) under  

micro-ae roph i l ic cond it ions . The  organi sms isolated  from f ive mice 

of 50  ( 10%) were  c ampylobac t er - l ike spiral  shaped microbes . They  

wer e  a l l  from the  rectum and caecum with  only  one i s o l a t e  coming 
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repeatedly in the large bowe l of  mice ( Lee et  a l , 1 9 68 ,  1 9 7 1 ;  
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Savage  e t  a l , 1 9 6 8 , 1 9 7 1 ; Gordon and Dubos , 1 9 7 0 ) . Such organ isms 

have been shown to colon i ze the mucus layer in the large bowe l 

( Savage , 1 9 7 1 ) .  The s pira l shaped bac teria  cou ld be  observed in the 

bowe l s  of mice as early as 1 2  days a fter b irth ( Lee et a l ,  1 9 7 1 ) .  

The se s p i r a l  shaped organisms wh ich were i sola ted could  no t be 

recu l tured . I t  is pos s ib l e  that the se  organisms could only grow in 

the pres ence o f  int e s t ina l content and thus the se  c ould not be 

sus t a ined at  a second subcul ture . Gordon and Dubos ( 1 9 7 0 )  were 

unab le to grow an aerob ic bac ter ial  f lora of the mouse caecum a t  

f irs t , but b y  us ing a med ium enr iched with rumen f lu id they were  

succe s s ful . Thus , i t  cou ld  be  said that  organisms i solated  in this  

pre s ent s tudy could a lso have the  s ame growth character i s t ic s  a s  

tho s e  of  Gordon and Dubos or  Roach and Tannock ( 1 9 7 9 ) .  The se 

workers were ab le to grow s p iral  shaped bac teria from the caecum of 

mice in l iquid E med ium (with or without added b l ood ) and a l so  in 

thioglyco late  broth under anaerob ic cond i t ion . Expe riment a l  mice 

are suscept ible  t o � jejuni infect ion ( F ield  et  a l , 198 1 ; 

Newe l !  et a l ,  1 9 8 3  and Morooka e t  a l ,  1 9 85 ) and i t  i s  expec ted that  

par t icular mou se  s tra ins wi l l  become recognised . 

The recovery o f � jejuni from 5 1 . 7% of  a sample  o f  60  hea l thy 

c a t s  ma inta ined at the SAPU is  in c lose  agreement with that o f  

B la s er e t  a l  ( 1 980b ) , Bruce e t  a l  ( 1 9 80 ) , Patton e t  al ( 198 1 ) , who 

were able to i s o late campy lobac ter from up to 45% o f  non-diarrhoeic 

cat s . Other groups of authors ( Has t ing , 1 9 78 ; Hos i e  et  a l , 19 7 9 ;  

B la ser  e t  a l ,  1 9 7 9 c )  reported  a 4 t o  1 0  percent i s o l at ion rate . 

Cats  obta ined from catteries  and anima l control centres  may shed 

� jejuni in the absence o f  d iarrhoea ( Donna et  a l , 1985 ) .  The s ame 

cou l d  be sa id  about the c a t s  in this  pre sent s tudy s ince they were 

a l l  c l inic a l ly heal thy . The f ive BRENDA pat terns obtained from the 

� jejuni i so lates  from c a t s  ind icates  that there are at leas t f ive 

sub spec ies  o f  � jejuni within the co lony . No cat  organisms were  

t ransmit ted  t o  the  people hand l i ng the cats , but there are  reports  

ind i c at ing that fe l ine pet s  are respon s i b le for u p  t o  5 %  o f  the 

� jejuni infe c t ions in humans ( Pre scot t and Munroe , 1982 ) .  The 

i s o l a t ion o f  � Je]uni organ isms having a mu l t i p l ic i ty o f  BRENDA 
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patt erns from the cat s , sugge s t s  that  the cat  organisms had been 

present  in the cat co lony from the t ime the co lony was s t arted , or 

from the occas iona l b ird  wh ich acc ident a l ly f lew into the cat cages 

and was eaten . 

House  f l ies may p l ay  a l inkage role in the epidemio logy of 

c ampylobac t e r  infec t ion in humans by transmi t t ing  these organi sms 

from anima l s  and anima l excreta to human food ( Rosef  and Kapperud , 

1 9 83 ) . F l i e s  could  a l s o  s pread infec t ion be tween  an ima ls  ma int a ined 

under very unhygienic cond i t i ons . In  the pre sent  s tudy an i solate  

o f  C .  lar i d i s  was detected  in f l i e s  from the  SAPU . Th is  i s  not  the 

f irs t t ime C .  lar i d i s  has been iso la ted from f l i e s . A s imilar 

f ind ing was repor ted  by Rosef  and Kapperud ( 1 98 3 ) . C .  lar i d i s  i s  

mainly found in the inte s t inal contents  of  gu l l s , but there are 

r epor t s  ind icat ing i t s  i solat ion from dogs , monkeys , cows , goat s ,  

ducks and humans ( Ben j amin et  a l ,  1 9 83 ) . 

The c lose  proxim i t y  of  the SAPU to a duck pond and the 

behaviour of the ducks which at  night move even c loser t o  the uni t  

make s the ducks the mos t  l ikely source o f  C .  lar idis . I t  i s  

t here fore h i ghly l ike l y  that the  f l ie s  have p icked up these  

organi sms from duck droppings . 

CONCLUSIONS 

1 .  The greens fed t o  the guinea pigs  in i t ia l ly brought the 

infec t ion into the Un i t  and the sawdus t  seemed to be the mos t 

l ike l y  vehic le by wh ich the infect ion moved around the Uni t .  

2 .  There was onl y  one s train of  organ ism found in the laboratory 

anima l s  within the  Uni t . The cats housed  in  the courtyard had 

f ive unique s trains  which were a l l  d i f fe rent  from that of the 

other l aborat ory  a n ima l s . 

3 .  Infe c t ion was mos t  common in rats  sugge s t ing  that the organi sm 

was ab l e  t o  infe c t  rats  be t te r  than guinea p igs , rabbi t s  or  

mice  and  the cros s infect ion amongs t  d i f ferent spec i e s  of  

anima l was pos s i b l e . 
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4 .  Cat organisms had been present in the cat  co lony from the t ime 

the co lony s tarted  or they were  int roduced  by the b i rds . 
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APPENDIX I 

PREPARATION OF THE MODIFIED ANTIBIOTIC SELECTIVE MEDIUM OF SKIRROW 

( 1977 )  

The component s o f  thi s  med ium are : 

( a )  Co lumbia b lood agar base No . 2 .  

( b )  Sheep b lood . 

( c )  Skirrow ' s ant ib iotic  supplement . 

( d )  Campy lobacter  growth supp lement ( FBP supp lement ) 

( a )  Columbia blood agar base No . 2 

Thi s  is  a s tand ard Di fco produc t .  

( b )  Sheep blood 

B lood was only col lected from heal thy sheep wh ich had not 

been sub jected  to any form of pr ior med icat ion . The blood wa s 

col lec ted  from a j ugular ve in by a needle  connec ted  by a rubber  

tube t o  a b lood bag 5 . 

The b lood was d i spensed into lOO ml  bot t les  wh ich were kept 

( c )  Skirrow ' s ant ibiot ic supplement 

A via l  o f  freeze  dried  ant ibiotic  supp lement ( SR 6 9 , Oxoid ) 

cont ains  5 mg vancomycin  2 . 5  mg trime thoprim lactate  and 1 2 50  

I . U .  o f  po lymyxin B and i s  d i s s o lved in  2 ml  o f  s te r i le d is t i l le d  

water . 

( d )  Campylobacter growth supplement ( FBP supplement ) 

Four grams o f  each o f  ferrous su lphate! , sod ium pyruvate 2, 

sod ium metab isulphate 3 were  d i s so lved in 16  ml o f  d i s t i l led wat e r  

( 250  mg/ml ) .  The s o lut ion was pas sed throu gh 0 . 45 �m mi l ipore 

f i l te r 4 and concentrated in a 20 ml s t er i le universal  bot t le and 

the supplement was kept at 2 - 3 oc unt i l  u s e d . One ml ( 250 mg ) o f  

the FBP supplemen t  was added to  500 ml  o f  the med ium . 



To rehydrate  the Co lumb i a  b lood agar base No . 2 ,  22  g wa s 

sus pended in 500  ml  o f  d i s t i l led water  and heated  t o  boi l ing 

unt i l  comp l e t e l y  d i s solved . Autoc laved for 1 5  minu t e s  at  1 2 l o c .  

The base  was a l lowed t o  coo l a t  43-45 o c  and s t e r i l e  sheep b lood 

( component b ) , one vial  of the Skirrow ' s  ant ibiot i c  supplement  

( component c ) d i s so lved in 2 ml of  s t e r i le d i s t i l led  water and 

1 2 3 . 

1 m l  o f  the FBP growth supplement ( component d ) was added . After  

thorough mixing , 1 2 - 1 5 ml  of  the med ium was poured into  s t er i le 

p l a s t ic pet r i - d i shes . The p lates  were a l lowed to  cool  for a few 

hours  and s tored at  2 - 3 oC for  up t o  two weeks . 

1 

2 

3 

4 

5 

BDH Chemic a l s  Ltd . , Poo le , England . 

Sigma Chemicals  Co . , P r oduct  No . P- 2 5 26 , St  Lou i s , Mo 6 3 1 7 8 , 

U . S . A .  

May & Baker Ltd . , Product  No . 6 1 689 , Dagenham , Eng land . 

Mi l l ipore Corpora t ion ,  Bed ford , Mas sachusset s , 0 1 7 30 , U . S . A .  

' Terumo� Corpora tion ,  Tokyo , Japan . 
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APPENDIX 1 1  

PREPARATION OF THE MODIFIED CAMPY-BAP ANTIBIOTIC SELECTIVE MEDIUM 

( Blaser e t  al , 1978 ) 

The mod i fied CAMPY- BAP s e l ec t ive med ium was prepared in a 

s imi lar manner to  the mod i f ied se lect ive med ium of  Ski rrow , but 

with the add it ion o f  cepha lothin and ampho tericin B .  

Seventy f ive ( 7 5 )  mg o f  ceph a lothinawas d i ssolved in 1 0  ml 

d i s t i l le d  water ( 7 . 5  mg/ml ) .  The solut ion wa s pas sed through 0 . 45 

�m mi l l ipore f i l t e r  and kept in a universa l bot t le a t  2 - J •c ,  and 

1 ml was added to 5 00 ml of med ium . 

F i f t een ( 1 5 )  mg o f  amphoter i c in Bb was  f ir s t  d i s s o lved in 1 - 2 ml 

e thy l a l c ohol  and d i s t i l led wat e r  wa s then added to  make up to  15  ml 

( 1  mg/ml ) .  Subs equent steps  are  s imi lar t o  the preparat ion of 

cepha lothin solut i on .  One ml of the s o lut ion was added to  500 ml of  

medium . Both ant i b io t ics were added to the med ium a fter it  had been 

coo led t o  43-45 •c ( see Append i x  I ) .  

a and b S i gma Chemica l s  Co . , Produc t Nos C-4520 and 

A-4888 respect ive ly , S t . Louis , MO 6 3 1 7 8 , U . S . A .  



APPENDIX Ill 

PREPARATION OF THE MODIFIED PRESTON ' S  MEDIUM 

(Bolton and Rober t s on ,  198 2 )  

1 2 5 . 

The mod i f ied Pres ton ' s  med ium was prepared in a s imi lar manner 

to  the mod i fied  s e l e c t ive med ium of Skirrow ,  but with the add i t i on 

o f  ant i b i o t i c s  recommended by Bol ton and Robert son ( 1 982 ) ra ther 

than Skirrow ' s ant ibiotic supp l ement . 

A s o lut ion was prepared c ont aining 3 . 1 2 5  mg o f  polymyxin B *  

d i s so lved i n  1 0  ml  o f  d is t i l le d  water ( . 3 1 2 5  mg/ml ) .  The so lut ion 

was kept in a unive r s a l  bot t le a t  2 - 3 •c , and 1 ml was added t o  5 00 

mls  o f  med ium ( 5 1  �g/ml . 

F i f t y  ( 50 )  mg o f  ri fampic in * was f i r s t  d i ssolved in 1 ml  

me thano l and d i s t i l led water wa s then added  to  make up to  1 0  ml 

(5 mg/ml ) .  The so lut ion was kept  in a universal  bot t le a t  2 - 3 • C , 

and 1 m l  was added to  500 ml o f  med ium ( 1 0 �g /ml ) .  

F i f t y  ( 5 0 )  mg o f  trime thopr i� wa s d i s s o lved in 1 0  m l  o f  

d i s t i l le d  water ( 5  mg/ml ) .  The s o lu t ion was kept in a univer s a l  

bot t le a t  2 - 3 •C and 1 ml was added  to 5 00 ml  of  med ium ( 1 0 �g/ml ) .  

F ive hundred ( 500 )  mg of  a c t id ione * was d i s so lved in  1 0  ml  o f  

d i s t i l l e d  water  ( 50 mg/ml ) .  The solut ion was kept in a universal  

bot t le a t  2 - 3 •c , and 1 ml i s  added  to  5 00 ml  of med ium ( 1 00 �g/ml ) .  

* S igma Chemica l s  Co . , Produc t Nos Pl004 , No . R-3501 , T- 7883 

and C-6255 r e s pect ive ly ,  S t . Lou i s , Mo 631 78 , U . S . A .  
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APPENDIX IV 

PREPARATION OF THE FBP BROTH 

( a )  Nut r ient broth 

( b )  Agar 

( c )  Glycerol 

( d )  FBP supp lement 

Twe lve point f ive grams ( 1 2 . 5  g )  o f  nu tr ient broth ( CM 6 7 , 

oxoid ) and 0 . 6  g Bac to-agar ( D i fco ) was rehydrated in 500 ml of  

d i s t i l led wat er .  I t  was heated to  b o i l ing unt i l  d i s solve d . 

F i fteen percent ( 1 5% ) ( v/v )  glycerol  wa s added and autoc l aved for 

1 5  minutes  at 1 2 l ° C .  The ingredient s were cooled down to  4 5 - 50 o c  

and 1 m l  ( 25 0  mg ) o f  the FBP supp lement wa s added ( s ee Appendix 

I ) . Then it  wa s d i s pensed  into s t e r i le un ive r s a l  bot t le s  and was 

s tored at 2 - 3 o C .  
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APPENDIX V 

PREPARATION OF SEMISOLID YEAST EXTRACT NUTRIENT BROTH AGAR MEDIUM 

(Benjamin e t  al , 198 3 )  

( a )  Nut r ient  broth 

( b )  Agar 

( c )  Yea s t  extrac t  

( d )  FBP supplement 

Twe lve point five grams ( 1 2 . 5  g )  of nutr ient broth ( CM67 , 

Oxo id ) ,  5 g of  yeas� and 1 g o f  Bacta  agar (Di fco ) were r ehydrated  

in 500  ml of  d i s t i l led wa ter . I t  was heated to  boil ing unt i l 

d i s solved . Autoc laved for 1 5  minu t e s  at  1 2 l ° C .  The ingred ients  

were coo l e d  down to  4 5 - 50 o c and 1 ml ( 2 50  mg ) of  the FBP supplement 

was added ( see  Appendix I)  and s t ored at  4 oc .  

* DYC Food s , Auckland . 
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APPENDIX VI 

REAGENTS USED FOR BRENDA TECHNIQUE 

TEB = Tris-Ethylene Diaminetetraace t ic Ac id Disodium Salt Buffer 

l OO mM Tr i s  ( hydroxyme thyl ) aminome t hane ( Tr i s �, pH lowered to 7 . 5  

by the add i t ion o f  HCl 

l OO mM Ethylened iamino tetraace t ic ac id  d i sod ium sa l t  ( EDTAb) 

STE = Sal ine-Tris-EDTA 

l OO mM NaC l  

5 0  mM Tr i s , pH lowered t o  7 . 5  by the  add i t ion o f  HC l 

1 mM EDTA 

TE = Tr is-EDTA 

10  mM Tr i s , pH lowered to 7 . 5  by the  add i t ion o f  HC l 

1 mM EDTA 

Enzyme Buffer 

60 mM NaC l  

1 0  mM MgC l 

10 mM Tr i s , pH lowered to 7 . 5  by the  add i t ion o f  HC l 

lOO �g/ml b ovine serum a lbuminc . 

Electrophoresis Bu ffer 

40 mM Tr i s , pH l owered to 7 . 8  by a c e t i c  acid  

5 mM s od ium ace t a t e  

1 mM EDTA 

0 . 5  �g/ml ethidum bromide d. 
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Proteasee Solution 

After  preparat ion incubate  at  3 7 o c  for 2 hours before use  or 

s tore at  - 20 o c .  

Sod ium Perchlorate 

May add as crys ta l s  or as 5M s o lu t ion . 

Pheno l 

Be fore use  redis t i l l  and s tore unde r N 2 at  - 20 ° C .  

Alcohol 

E thano l 9 5% .  

a ,  c ,  d 

b 

e 

S igma Chemic a l s  Co . , S t . Louis , MO 6 3 1 7 8 ,  U . S . A .  

E thy lened iamine te traac e t i c  acid , BDH Chemicals  Ltd . , 

No . 28021 , Poo l e , Eng land . 

From Streptomy c e s  gr i s eus . Ca l l ico Chem . Behring Co . ,  

San Diego , Ca l i fornia 9 2 1 1 2 , U . S . A .  
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