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i i  

ABSTRACT 

P a s t e urella mul t ocida is a sma l l  Gram negative bac i l lus which causes 

dis e ase in many anima l species . I t s  pathogenic it y  is  attributed to 

two mechanisms : inva sivenes s  and toxin product ion . The proport ion of  

s t r a ins which produce t ox i n  is  

a t r o ph i c  r h i n i t i s  i n  s w i n e . 

m e c h a n i s m o f  p a t h o g e n i c i t y  

po s se s s ion o f  a capsule . 

low but such s t r a ins cause severe 

I n v a s i ve n e s s  i s  t h e  p r edomi n a n t  

a n d i s  l a r g e l y  d e p e n d a n t  o n  t h e  

P .  m u l t o cida i s  divided into five se rotype s ( A ,  B ,  D ,  E and F )  ba sed 

on t he antigenic structure of the capsule a nd a c o r relat i on exists 

between serotype , disease a nd the anima l species a f fected . Howeve r ,  

ma n y  i s o l a t e s  a re n o n - t yp a b l e  d u e  t o  t h e  po s s e s s i on o f  a non

a n t i gen ic ( hyaluronic acid)  caps ule . The presence of  an ant igenic 

capsule and a hyaluronic a c id capsule are independant . i e  one , both 

o r  ne ither may be present . 

T o  f a c i l i t a t e  t h e  i s o l a t i o n  o f  P .  m u l t o c i d a we a s s e s s e d  t h e  

selective medium of Smith and Bas kervi lle ( l 9 8 3 )  a n d  found that many 

New Zea land i s olates of P .  mul t o c i da grew poorly in the absence of  

b l o od ( not p resent in Smith and Bas ke rville ' s  medium) . Furthermore , 

many i s olate s were inhib it e d  by P o l ymixin and the high a lkal inity 

(pH 8 . 6 ) of  t he medium . 

O n  t h e b a s i s  o f  t h e s e  o b s e r v a t i o n s  w e  f o rmu l a t e d  a modi f i e d  

select ive medium which omit ted Polymixin and w a s  c omposed of  a blood 

a g a r base at neut ral pH . Howeve r ,  it  cont a ined t h ree ant ibi o t i c s  

( Ge n t amyc i n ,  B a c i t r a c i n  a n d  Myco s t a t i n )  p r e s e n t  i n  t h e  o riginal 

medium of  Smith and Baske rvil le . This modif ied medium propagated a l l  

o u r  t e s t  i s o l a t e s  o f  P . m u l t o c i da w h i c h  w e re de r ived f rom s even 
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animal spec ie s  ( f owl , sheep,  goat , cat t l e , r abbit , dog , c at )  . I t  

als o  suppre s sed the background flora present in swabs t aken f rom the 

nas al cavity o f  rabbit s . 

B o t h  the t radit ional is o l ation t e chnique o f  p l at ing specimens on 

b l o od agar and the modified selective medium were used t o  obt ain 

is o l at e s  o f  P .  mu l t o c i da f rom several specie s  of  domestic animal . 

These were : pigs ( 1 5  iso l ate s ) , rabbits ( 2 5 ) , cat s  ( 1 0) , dogs ( 2 1 )  

and deer ( 1) . Isolates we re examined in some det ail . 

I s o l ates were serotyped using the indirect haemagglutination as say 

( I H A ) . T h e y  w e r e  f o u n d  t o  be T ype A ( 7 % ) , B ( 1 % ) , D ( 9 % )  o r  

untypable ( 8 3 % ) . This is similar t o  overseas f indings . 

The IHA as s ay is a laborious technique s o  two pos s ible alternatives 

w e r e  e x amine d .  vi z s o d ium dode c y l  s u lphate po lyac r y l amide -ge l  

an a l y s is ( S D S - P AGE) o f  p r o t e in s  and r e s t r ic t io n  e n do n u c l e as e  

analysis ( REA) of  DNA . Both techniques failed t o  distinguish between 

P .  mul t o c i da s e rotypes in the sense that is o l at e s  were ext reme l y  

heterogeneous and most g ave a unique pattern both with SDS-PAGE and 

REA . 

T h is hete rogeneity allowed the ident ification of  individual strains 

o f  P .  m u l t o c i d a and c o n s e qu e n t l y  S D S - P AG E  w a s u s e d  in an 

e pidemiological investig ation which t raced the origin o f  an outbreak 

of respirat o ry dis e ase in rabbit s and provided evidence that the 

outbre ak was not ( as was earlier believed) due t o  the int roduction 

of rabbit s f rom ove r s e as int o  a New Zealand co lony . F u rthermore , 

u s ing t his approach we were able t o  show that s t r ains which c ause 

s eve re pneumonia were not confined t o  t he lowe r  respirat ory t ract 

but could al so be carried in t he nasal c avit y .  This is consis tent 

w it h  the accepted hypothesis that P .  mul t oci da is an opportunistic 

pathogen . 
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Severe a t roph ic rhi n i t i s  i s  a disease o f  p igs which i s  c aused by 

t oxin-producing stra ins of P .  mul t ocida . The di sease is respons ible 

f o r  much e conomi c l o s s  ove r s e a s  but h a s  not been reported in New 

Zealand . We obta ined a toxigenic st rain of P .  mul t ocida and used it 

t o  va l i d a t e  an in v i t r o ( ma mma l i a n  c e l l  cu l t u r e ) me t h od f o r  

de t e ct ing t oxin -produ c i ng s t r a i n s . T h i s  me t hod w a s  t hen u s ed t o  

examine New Zea land i s o lates o f  P .  mul t ocida . None o f  these were 

s hown t o  be t ox igen i c .  T h i s  sugge s t s  t h a t  t oxigenic s t ra ins , i f  

present in New Zea land, are not common . 

D iseases due to P .  mu l t o ci da are commonly t reated with antimicrobial 

agent s such as  the P e n i c i l l ins , Aminoglyc o s ides and Sulphonamides . 

St rains which are res i s t ant to these agents are present in overseas 

c o u n t r i e s  a nd re s i s t a n c e  is a s s o c i a t e d  w it h  t h e p r e s e n c e  o f  

pla smids . 

We determined the min imum inhibitory concent rat ions (MIC) , of  four 

a n t imi c r o b i a l s  ( P e n i c i l l i n  G ,  S t reptomy c i n ,  T e t r a c y c l ine a n d  

S u lphadiazine )  f o r  New Zealand is olates . Con s iderable variat ion wa s 

f o und between i s o l a t e s  but no i s o l a t e  wa s o f  s u f f i c i e n t l y  h igh 

re s i stance to be cons ide red " res istant" . This was de spite the fact 

t h at 12  of 73 ( 1 6 % )  of t he field i solates p o s ses s ed pla smids of a 

s imil a r  s i ze ( lMda l to SMda l )  to plasmids known to ca rry ant ibiotic 

re sistance markers . 

De spite it s importance a s  a pathogen of swine , cat t le ,  sheep , fowl 

and rabbit s ,  P .  mul t o c i da has been lit t le studied in New Zealand . 

This the s i s  represents a pre l iminary stage t o  a fuller unde rstanding 

of the importance of P .  mul t ocida in this country and the best means 

o f  c o n t r o l . The p o s s i b i l it y  o f  o u t b r e a k s  of dis e a s e  due t o  

P .  mul t o ci da , eg at rophic rhinit i s ,  may wel l  s t imulate further work 

on this organism . 
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1 

INTRODUCTION 

P a s t e u re l l a  m u l t o c i da is associated w i t h  many spec ies o f  a n ima ls 

usua l ly as a commensa l o f  the uppe r respiratory t ract but it is also 

a potent i a l  pathogen . As a pathogen it causes a range of dise ases . 

These include pneumonia o f  several anima l species, shipping fever of 

c a t t l e and s h e e p ,  f o w l  c h o l e r a  of domest i c  h e ns a n d  a t roph i c  

rhinitis o f  swine . 

T hese dise ases h a ve resu lted i n  c on s i de r able e c o nomi c  l oss and 

t h e r e f o r e i t  i s  n o t  s u r p r i s i n g  t h a t P .  m u l t o c i d a h a s  b e e n  

i n t ensive l y  studied ove rse as . The st udies h oweve r we re f o r  many 

ye a rs less p r oduct ive than they c o u l d  h a ve been for t h ree ma in 

re asons . The w i de host range o f  P .  m u l t o c i da was not recogn i zed 

wh ich led t o  a mult ipl icity of names for what we now recogni z e  as 

one bacterial species . The organism was not adequately dist inguished 

f r o m  e i t h e r  Ye r s i n i a  spp o r  P .  h a e m o l y t i c a a n d  t h e  a n t i genic 

c o mp l e x i t y  of  P .  m u l t o c i d a  was c o n t i n u a l ly unde rest imated .  Even 

t o da y  o u r  u n de r s t a n d i n g  o f  P .  m u l t o c i d a l e a v e s  mu c h  t o  b e  

est ab l ish ed b u t  t he f a c t  t h a t  i t  c o n t in ues t o  be a n  imp o r t an t  

pathogen of anima ls ensures that it w i l l  cont inue to b e  intensive ly 

studied . 

T w o  gene r a l  me c h a n isms , i nvasiveness and t o x i n  produ c t i o n ,  a re 

responsib le f o r  the pathogenicity o f  P .  m u l t o c i da . The f o rme r is 

p robably the mo re important and depends t o  a la rge extent on the 

possession o f  a capsule . There a re t h ree common capsular types , vi z 

A ,  B and D .  These det ermine the serotype a nd a corre l a t i on exists 

b e t ween t h e  se r o t ype , t h e  disease c a used a nd t he h ost spe c ies 

a f f ected . 

Toxin producing stra ins o f  P .  m u l t o c i da h ave been recogn i z ed only 

recent ly ( De Jon g ,  Oei and Tetenburg , 1 9 8 0 ) , a re appa rently r a re and 

so f a r  have been l imited to pigs where they cause a seve re f o rm o f  
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a t rophic rhin i t is .  This disease is c ommon in Europe and, i f  media 

repo rts a re rel i able ( " The Dominion " D ecembe r 2 2 , 1 9 8 7 )  a lso a f fects 

p i gs in Aust r a l i a . As yet seve re a t r op h i c  r h i ni t is has not been 

reported i n  New Zea land a lthough a m i ld f o rm of the disease , o f  

undete rmined aet iology, has been reported ( Hedges, 1 9 8 1 )  in p igs in 

the Waikato . 

T reatment o f  disease due to P. mul t oc i da usua lly involves one o r  a 

c o mb i n a t i o n  o f  t he f o l l o w ing a n t imi c rob i a l  a gents , P e n i c i l l i n ,  

Te t r acyc l i ne , S t reptomycin and Sulphonamides . The cont inual use o f  

t hese drugs h a s  led t o  t he de v e l o pment o f  resist ant st r a ins o f  

P .  m u l t o c i da a n d  this resistance i s  assoc iated with plasmids . 

A m a j o r  p r a c t i c a l  d i f f i c u l t y  i n  s t u dy i n g  t h e  p r e v a l e n c e  o f  

P .  m u l t o ci d a  i n  anima ls is that since i t  is c a r r ied i n  t he nasa l 

t ract in relat ively low numbers it may frequent ly go undetected when 

nasa l swabs a re examined by the st andard technique of p l a t ing on 

b l ood aga r .  

A f u r t h e r  di f f i c u l t y  i n  studying t h e  o r g a n ism is that  the only 

avai lable technique to dete rmine the capsu l a r  type is the indirect 

h a e m a g g l u t i n a t i o n a ss a y  ( I HA) . T h i s is l a b o r i o u s , is o f t e n  

inte rfe red with by the presence o f  non-ant igenic hya luronic a cid on 

the bacterial surface and f requent ly g ives negat ive results because 

ma n y  iso l a t es o f  P .  m u l t o c i da do n o t  possess a c a psu l e . T hese 

di f f icult ies have to some extent inhibited epidemiological studies 

on t he different antigenic types . 

T h e  a b o ve c o ns i de r a t i o ns resu l t e d i n  t h e  f o rmu l a t i o n  o f  t h e  

f o l lowing a ims f o r  this resea rch project : 

1 .  T o  de v e l o p a se l e c t i v e  me d i u m  w h i c h  would f a c i l i t a t e  t h e  

isolat ion o f  P .  mul t ocida f rom nasal swabs . 
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2 .  To obt a in and examine i s o la t e s  o f  P .  mul t o c i da f rom s eve r a l  

species o f  animal in New Zea land . 

3 .  T o  e s t a b l i s h  t h e I H A a s s a y a nd u s e  i t  t o  de t e rm i n e  t h e  

se rotypes o f  New Zealand iso lates of P. mul t ocida . 

4 .  To examine the pos s ibility o f  u s ing a lternat ive approaches for 

di f f e r e n t i a t i n g  b e t we e n  s e r o t ype s o f  P .  m u l t o c i da . T h i s  

involved t he examinat ion o f  prote ins (by SDS-PAGE) and D NA (by 

REA) t o  de t e rmine i f  any c o r r e l a t i o n  between s e r o t ype a n d  

prote i n s  ( o r DNA) cou ld b e  e s t ab l i shed which might act as  a n  

a lternative method f o r  dete rmin ing the serotype . 

5 .  To estab l i sh an in vi t ro mamma l i a n  cell culture method f o r  the 

detection of  exotoxin-produc ing s t ra ins o f  P .  mul t o c i da and to 

use this method t o  de termine if New Z e a l and isolates p roduce 

exotoxin . 

6 .  To s c reen New Zeal and isolates o f  P. mu l t o ci da f o r  re s i s t ance 

to ant ib i o t i c s  ( P e n i c i l l i n ,  S t r eptomyc i n ,  T e t r a c y c l i n e  and 

Sulphonamide) . To examine t he s e  i s o l ates  f o r  the presence of  

p l a smids a nd t o  de t e rmine if  a c o r re l a t ion ex i s t s  between 

ant ibiot ic re s istance and t he pre s ence of  plasmids . 
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CHAPTER 1 

Historical Review. 

1.1 Clas s i f i ca t ion and Nomenclature 

The P a s t e u re l l a c e a e  a re a fami ly o f  Gram negat ive , f ac u l t a t ive l y  

a n a e r o b i c  c o c c oba c i l l i  w h i c h  a r e  n o nmo t i le ,  nonspo r e f o rming and 

exhibit pleomo rphism ( F igure 1 . 1 ) . They a re dist ingui shable f rom the 

En t er ob a c t er i a ceae and Vibri on a c e a e  be c a u s e  t hey a re ox ida se and 

c a t a l a s e  po s it ive , do not produce apprec i able amount s o f  hydrogen 

s ulphide and in the case of most spec ies do not produce gas from the 

f e rme n t a t i o n  o f  c a rbohydra t e . The f ami l y  i s  div ided i n t o  t hree 

g e n e r a : P a s t e u r e l l a ,  6 s p e c i e s ;  H a em oph i l u s ,  1 9  s pe c i e s  a n d  

Ac t in oba ci l l u s ,  5 species (Mannhe im, 1 9 8 4 ) . Us ing biochemi c a l  tests 

P a s t eurel l a  can be di fferentiated f rom Ha emoph i l us and 

Ac t i n oba ci l l us . Furthermo re Ha em oph i l u s spp require c e rt a in growth 

f a ct o r s  whe r e a s  Pa st e u re l l a  spp a r e  n on- f a s t idious organisms which 

g r o w  on s imp l e  me d i a  ( Ma n nh e i m ,  1 9 8 4 ) . Membe r s  o f  t he ge n u s  

P a s t e u re l l a ,  i n  pa rt i c u l a r  P .  h a e m oly t i c a ,  a re re l a t e d  t o  t h e  

a c t inobac i l l i  ( Smith,  1 9 7 4 )  and it c a n  b e  difficult t o  di st inguish 

between t he t w o . Howeve r the actinob a c i l l i  po s sess  a unique st icky 

c ol oni a l  texture which i s  useful in different iat ing between t he two 

genera ( Mannhe im, 1 9 8 4 )  . 

T h e  f i r s t  r e p o rt o f  t h e  i s o l a t i o n  o f  a b a c t e r ium f i t t i n g  t h e  

de s c r ipt ion o f  t h e  o rg a n i sm n o w  known a s  P .  mul t ocida was made by 

B o l l inge r in 1 8 7 8  ( see Ca rte r ,  1 9 7 6 ) . At t h i s  t ime Lou i s  P a s teur 

d e mo n s t r a t e d  t h a t  t h i s  o r g a n i s m  c a u s e s  f o w l  c h o l e r a . He t h e n  

produced the w o r ld' s f i r s t  l abo r a t o ry made vacc ine t o  c ombat t h e  

d i s e a s e  ( se e  Mannheim, 1 9 8 4 ) . I n  1 8 8 3  Bur r i l  ( see Nami o k a ,  1 9 7 8 )  

i s o lated P .  m u l t oc i da f rom t he blood of a domestic f owl s u f fe ring 

f r o m  f o w l  c h o l e r a . H e  de s c r i b e d  t h e o r g a n i s m a n d  c a l l e d  i t  

Mi c r oc oc c us gal l i cidus . This name did not achieve gener a l  acceptance 
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F igure 1 . 1  Gram Stain of P .  mul t ocida . 

The ce l ls a re sma l l ,  Gram negat ive , pleomo rph i c  rods . 

1 0 0 0 x Magni f icat ion . 
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a n d  i t  w a s  s t i l l  known a s  ' t h e  b a c i l l u s  o f  f o w l  c h o l e r a ' when 

i s olated and de s c r ibed by Peroncito in 1 8 8 7  ( see Smith and Wilson,  

1 9 8 5 ) . It  was in that ye a r  that Trevi s a n  co ined t he gene r ic name 

P a s t e u r e l l a  a s  a t r ibute to P a s teur f o r  h i s  e a r l i e r  work on fowl 

cholera ( see Ca rte r ,  1 9 8 4 ;  Smith and Wilson,  1 9 8 5 ) . 

Despite t he above report s Lehmann and Neumann [ 1 8 8 9 ]  ( see Namioka , 

1 9 7 8 ) a re g i ven c redit f o r  t h e  f i r s t  a t t empt at c omp rehen s ive ly 

de sc ribing P .  mul t ocida wh ich they de s ignated Ba ct eri um mul t oci dum . 

Howeve r i n  1 8 9 3 Ste rnberg named t he organi sm 

Ba c t eri um sep t i ca emiae haem orrh agi cae a fter iso lat ing it f rom a case 

of ha emo r rh a g i c  s ept icaemi a ,  a di s e a s e  of c a t t l e  r e a red in hot 

c o un t r i e s  ( N ami o k a ,  1 9 7 8 ) . T h i s  p r o l i f e r a t i o n  o f  n ame s is not 

surpris ing because at the end o f  the 1 9th century it was cons ide red 

t h a t i s o l a t e s  de r i ved f r om d i f fe rent ho s t  spec i e s  r ep r e s e nted 

di f fe rent species of  the same genus . This  view was  de r ived f rom the 

c ommo n o b s e rva t i o n  that du r i n g  n a t u r a l ly occurring outbre a ks o f  

d i s e a s e , t r a n s m i s s i o n  o f  P .  m u l t oc i da r a re l y  o c c u r red between 

di f f e r e n t  h o s t  s pe c i e s  ( S mi t h , 1 9 7 4 ) . T h i s  phe n ome non w i l l  be 

d i s c u s s e d  l a t e r . F o l l o w i n g· t h i s i n a c c u r a t e  l i n e  o f  r e a s on i n g  

Lignieres [ 1 9 0 0 ]  ( see Smith a n d  W i l s o n ,  1 9 8 3 ;  C a rte r ,  1 9 6 7 )  added a 

specific name for each organism based upon the anima l which it was 

i s o l a t e d . F o r  examp l e ,  P a s t e u re l l a  spp caus ing f ow l  c h o l e ra wa s 

de s ignated P .  a vi s ep t i ca . That caus ing sept ic aemia and haemo rrhage 

in cattle was des ignated P .  b ovi sep t i ca whereas if it wa s isolated 

f rom sheep L igni e re s  c a l led i t  P .  ovi s ep t i c a  ( Smit h a nd W i l s o n ,  

1 9 8 3 ;  Carter,  1 9 6 7 ) . 

I n  prep a r ing Top l e y  and Wi l s on s  f i r s t  e d i t i o n  o f  ' P r in c ipals  o f  

Ba cte r i o l ogy , V i r o l ogy and Immunity'  [ 1 92 9 ]  ( s ee Smit h  and Wil son , 

1 9 8 3 )  t he authors recogn i zed that on mo rpho logical a nd biochemical 

g r o un d s  t h e s t r a i ns of L i gn i e r e s  c o u l d  be g r ouped a s  a s ingle 

specie s . T o  encompass this  new g rouping Topley and Wilson ( see Smith 

and Wi l s o n ,  1 9 8 3 )  co ined the name P a s t e urel l a  sept i ca in 1 9 2 9 . This 

name ga i n ed wide but not unive r s a l  a c cept a nce and h a s  been used 



7 

u n t i l  qu i t e  r e c e n t l y ,  e s pe c i a l l y  i n  t h e  B r i t i s h  C ommo nwe a l t h  

(Cart e r ,  1 9 6 7 ) . Notwithst anding t he conclus ion that P .  s ep t i ca could 

infect s eve ral species of an ima l ,  isolates of the o rganism tended to 

be mo re pathogenic for t he species  o f  anima l f rom which they were 

isolated t han for other anima l species . Topley and W i l s on [ 1 92 9 ]  ( see 

Smith,  1 9 7 4 )  there fore concluded that P .  sep t i ca could be subdivided 

i n t o  ' b i o t ypes ' .  H o weve r t he n a t u r e  of t he dif f e re n c e s  bet ween 

' biotype s ' , except for differences in host range , wa s not specified 

( Smit h ,  1 9 7 4 ) . 

Despite t he prest ige a s s oc i a t e d  with Topley and W i l s on and t he i r  

first edit ion o f  ' P rincipa ls o f  Bacterio logy, Virology and Immun ity' 

the name P .  sep t i c a  did not a c h ieve universal approva l because it 

did not c omply with the rules of nomenclature ( see Smith and Wi lson,  

1 9 8 3 ) . Consequent ly in 1 9 3 9  Ro senbusch and Me rchant ( s ee Smith and 

Wi l s on ,  1 9 8 3 )  proposed the a lt e rnat ive name Pa s t e u re l l a  mu l t o cida . 

This n ame was accepted by the authors o f  Be rgey' s Ma nual in 1 9 4 8  

( see Smi t h  and Wi l son , 1 9 8 3 ;  Namioka , 1 9 7 8 ) . Howeve r the picture was 

c o mp l i c a t e d  by t h e t e mp t a t i o n to c l a s s i f y s t r a i n s  c a u s i n g  

haemorrhagic sept icaemia o f  cat t le and bu f f a loes unde r the sepa rate 

species n ame Pas t e urella bovi s . This temptat ion was f in a l ly re sisted 

s ince p o s it ive di f ferent iat i o n  f rom othe r membe rs of P .  mul t ocida 

cou ld be made only by immuno l og i c a l  o r  s e rologic a l  me ans . i e . It 

represen t s  a diffe rent se rotype rather than a diffe rent biotype of 

the s ame o rganism ( Ca rte r ,  1 9 6 7 ) . 

At t h i s  point the reade r may deduce , i f  only from the t it le of this 

t he s i s , t h at t he n ame P .  m u l t oc i da has gene ra l l y  b e e n  a c c epted 

fol lowing its a c c eptance by Be rgey' s Manual  in 1 9 4 8 . Howeve r f o r  

ma n y  ye a r s a f t e r  the f i r s t  e d i t ion o f  t he manu a l  w a s  pub l i s hed 

stra ins o f  P .  mul t ocida have been re fe rred to as  ' the haemorrhagic 

sept i c aemia pasteu rellae ' . This loose de s ignat ion was used by s ome 

authors t o  include both P .  mul t ocida and P .  haemolyt i ca ( Ca rter and 

B a i n ,  1 9 6 0 ) . T h i s  t e rm i s  u n s a t i s f a c t o r y e ve n  i f  l i m i t e d  t o  

P .  m u l t oc i d a b e c a u s e  i n  p r a c t i c e  ma n y  s t r a i n s  d o  n o t  c a u s e  
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h a em o r  r h a g  i c  ,s e pt i c a e m i a  a nd n o w a d a y s  t h e  t e rm h a e mo r r h a g i c  

s ept icaemia is  ·re s e rved t o  des c ribe acute systemic pa s teurellosis  in 

cattle ( Ca rter and Bain , 1 9 6 0 ; Carte r ,  1 9 6 7) . 

T a lbot and Sneath ( 1 9 6 0) examined many s t ra ins of P a s t eurel l a  us ing 

c l a s s i c a l  morphological and b iochemic a l  t e st s . They conc luded that 

P .  mul t oci da was only distant l y  re lated to 

P a s t e u re l l a  ps e u d ot ubercul os i s  and the plague baci l lus 

P a s t e u re l l a  pest i s .  Howeve r these latter two organi sms were found to 

be c l o s e l y r e l a t e d  t o  e a c h  o t he r . Th i s  impl ied t h a t  t h e  genus 

P a s t e urella should be split ( T a lbot and Sneath,  .1 9 6 0) . 

I n ve s t igat ions by Smith and Thal  [ 1 9 6 5) ( s ee Cart e r ,  1 9 67) support 

T a lbot and Sneaths findings . Fu rthe rmore Smith and Thal ( see Carter,  

1 9 6 7) demonst rated that membe r s  of the genus P a s t e u rel l a  fell  into 

t w o  g ro upings . One gr oup c o n t a ined the oxida se po s i t ive spe c i e s  

P .  m u l t oc i d a , P .  pn e u m ot r op i c a , P .  u r e a e ,  and P .  h a em ol yt i c a  

[ P .  a e r ogen e s  a nd P .  g a l l i n a rum h a v e  s i nce b e e n  added t o  t h i s  

g roup ing] . The second group conta ined the oxida se negat ive organi sms 

P .  pes t i s  and P .  pseud ot uberc u l osi s .  With this inf o rmat ion in mind 

t h i s  se cond grouping wa s removed from the genus P a s t e u re l l a  and is 

now c l a s s i f ied in the genus Ye rsin i a  as Y. pe s t i s  and 

Y. pseudot ubercul osis (Carter,  1 9 67) . 

The s pe c ie s  name ' multoc ida ' i s  de r ived f rom the Lat in adject ives 

' mu l t u s ' [ ma n y ]  a n d  ' c idus ' [ k i l l ing) .  Hence the n ame me ans ' many 

k i l ling'  which is appropriate because P .  mul t ocida causes mo rt a l ity 

in a wide range of  hos ts . Pedant ica l ly speaking it s hould be spe lt 

mu lt i c i da ,  howeve r the Greek 'multoc ida ' has bec ome the ac cepted 

ve rs i o n . The logical  pronounc iat ion is t herefore mu l / t o / c i /da and 

not mul / t oc / i / da as is commonly used . 
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Not e : T h e  a b o ve s e c t i o n  i l l u s t r a t e s  t h e  m a i n  h i s t o r i c a l 

landma rks in the n omenc lature of  P .  mul t ocida . Between 

1 8 7 8  and 1 92 9  a vast range of names we re gene rated for 

t he many b i o t ype s o f  t h i s  o rgan i sm . T h e s e  name s and 

t he i r  re ferences have been repo rted by Hus s a i n i [ 1 9 6 6 ]  

( see Smith, 1 9 7 4 )  . 

1 . 2  S e r o logical Characterisation of P. mul t ocida 

1 . 2 . 1  E a rly At tempt s at Grouping 

The e l u c idat ion of  P .  mu l t o c i da s e ro logy has been a s low proces s . 

T h i s  h a s  been due in pa rt t o  a cont inu a l  unde re s t imat i on o f  the 

o rg a n i s m ' s c omp l exity . Lign i e re s  [ 1 9  0 1 ]  ( s ee Cart e r ,  19 6 7 ) named 

s t ra i n s  after the anima l spe c ies from which they were iso lated . By 

do i n g  t h i s  he may h a ve s u s p e c t e d  t h a t  s e r o l o g i c a l  di f f e re n c e s  

existed between i solates f rom different host s . Howeve r ,  mo st ea rly 

i n v e s t i g a t i o n s  s e e m  t o  h a v e a s s u m e d  t h a t  t h e  s p e c i e s  w a s  

se ro logically homogeneous .  This  did not appa rent ly inhibit them f rom 

sugge st ing a mu l t itude of di f f e rent names for the organ ism . 

U s ing s e rologic a l  technique s  t he exi s t ence o f  di f f e rences between 

i s olates  of P .  mult ocida was shown independent ly by s eve ral wo rkers . 

Co rne l iu s [ 1 929 ] , Yusef [ 1 9 3 5 ]  and Ochi [ 1 9 3 3 ] ( see Cart e r ,  1 9 6 7 )  us ing 

' a g g l u t i n i n  a b s o rp t i o n ' ,  p re c ipit a t i o n  and agglut inat ion a s s ays 

r e s pe c t i v e l y  we re able t o  d i s t ingu i s h  f ou r  s e r o l og i c a l  t ype s . 

O c h i [ 1 9 3 3 ]  ( s e e  N a m i o k a  a n d Mu r a t a , 1 9 6 1 2 ) n a m e d  h i s  f o u r  

s e ro lo g i c a l  groups A ,  B ,  C and D .  He obs erved that dome s t i c  fowls 

w e re n o t  a t t a c k e d  b y  P .  m u l t o c i d a  s t r a i n s  of b o v i ne o r i g i n . 

Rec iproc a l ly,  cattle and buf f a lo were not attacked by fowl isolates . 

O c h i ' s  type A c on s i s ted o f  c u lt u res i s o l ated f rom c a s e s  o f  fowl 

cholera and were found to pos sess pathogenicity for fowl and sma ll 

laboratory anima l s  only . Type B strains were isolated f rom cases of 

h a emo r r h a g i c  s ept i c aemi a o f  c at t le and f rom s imi l a r  d i s e a s e s  o f  

s heep a nd s w i n e . The s e  s t r a i n s  did not p roduce f o wl chole ra in 
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dome s t i c  bi rds . T h i s  represent s the f i r s t  clear indicat ion that the 

host range of  P .  mul t ocida i s  related to t he serotype . Och i ' s Type C 

p o s s e s s ed no pat hogenicity f o r  fowls and fa iled t o  produce either 

haemorrhagic sept icaemia in cattle or a s imi l a r  condit ion in sheep 

and s wine . Ochi ' s type D was d i s s imil a r  to types A, B and C .  Howeve r 

we w i l l  not cons ider it furthe r because it has since been shown to 

equate with the current spec ies P .  haemolyt i ca (Cart e r ,  1 9 6 7 ) . 

Note : S t r i c t l y s p e a k i n g  s y s t e m i c p a s t e u r e l l o s i s  i s  a 

b a c t e r a emia and n o t  a s ept i c aemia s ince P .  mul t oc i da 

d o e s  n o t  mu l t i p l y  i n  t he b l o ods t r e a m . H o we ve r t h i s  

t h e s i s  f o l l o w s  t h e g e n e r a l  p r a c t i c e  a n d  u s e s  t h e 

de s i g n a t i o n  s e pt i c a e m i a  w h e n  t h i s  i s  t h e a c c e p t e d  

terminology f o r  a part icular disease . The us age of  the 

term pa steurello s i s  is  di scus sed in Sect ion 1 . 5 . 1 .  

Unt i l  t he late 1 9 3 0's who le o rganisms we re used a s  both immunis ing 

ant ige n s  and a s  react ing ant igen in s e r o logica l t e st s . Howeve r in 

1 9 3 8  P i rosky ( see Carte r ,  1 9 6 7 ) , us ing an agar-ge l immunodi f fus ion 

p r o c e d u r e  ( AG I D ) , s t u d i e d  p o l y s a c c h a r i de ext r a c t s  f r om smo o t h  

c u l t u r e s  o f  P .  m u l t oc i da . He found t h a t  ant iserum p repa red u s ing 

whole o rgani sms reacted w i t h  the pol ys accharide ext ract s of s ome 

i s o l a t e s  only . That is , he showed that sero logical s peci f icity was 

a t  l e a s t  in p a r t  de te rmi ned by t he p o l y s a c c ha r ide c a p s ule ( s ee 

Ca r t e r ,  1 9  6 7 ) . T h i s  led him to s ugge s t  t hat P .  mul t oc i da isolates 

c o u l d  po s s ib l y  be divided i n t o  s e r o l o g i c a l  groups b a s ed on t he 

ant igenicity of  t he polysaccha ride ( Ca rte r ,  1 9 6 7) . Howeve r he found 

t h a t  s ome s t r a i n s  did n o t  r e a c t  w i t h  a n y  a n t i s e r a ,  i n c luding 

a nt i s e rum aga in s t  the s t r a i n  unde r t e s t . This is a p rob lem which 

pers i s t ed even when other typing methods were developed . As a result 

many i s olates a re untypable by the va rious typing methods employed 

a n d t h i s  r ema i n s  t r ue up t o  t h e  p r e s e nt day . T he p r o b l em o f  

untypable s t rains i s  ret urned t o  late r . 
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Following P i rosky ' s sugge stion that P .  mul t ocida could be c l a s s i f ied 

s e r o l o g i c a l l y  on t h e b a s i s  o f  i t ' s c a p s u l a r  p o l y s a c c h a r i de 

Rosenbus c h  and Merchant [ 1 9 3 9 ]  ( see Carter ,  1 9 6 7 ; Robe rt s ,  1 9 4 7 )  used 

tube a g glutinat i o n  rea c t i o n s  augmented with biochemi c a l  t e s t s  t o  

divide P .  mul t o c i da int o t h re e  groups . The b iochemic a l  tests were 

b a s e d  o n  dif ferences in the f e rment a t i o n  of xylos e ,  arabinose and 

dulc it o l ,  howeve r this approach has not appa rent ly been cont inued by 

other workers and its usefulne s s  is unce rtain . Also t he serological 

tests  were not de finit ive because they detected many c ross react ions 

be tween P .  mult o c i da i so late s . These c r o s s  reactions were probably 

due at l e a s t  in part  to t he u s e  of whole o rgani sms rather than 

ext r a c t s .  Neve r t h e l e s s Li t t l e and Lyon [ 1 9 4 3 ]  ( s ee Ca rte r ,  1 9 6 7 )  

ide n t i f i ed t h r e e  se r o l o g i c a l  gro ups o f  P .  mul t o c i da u s i ng s l ide 

aggl utination t e s t s . They f ound that mo re isolates were typable by 

t h i s  m e t h o d  t h a n  by us ing t he t ube agglut i n a t i o n  p r ocedure o f  

Ro s e n b u s c h a n d  Me r c h a n t  ( s e e  C a r te r ,  1 9  6 7 ) . H o w e v e r  t h e  s l ide 

agglut i nation met hod gave even mo re c ro s s  react ions than the tube 

agglut inat ion method of Rosenbusch and Me rchant ( s ee C a rt e r ,  1 9 6 7 )  . 

In hinds ight the cross react ions were probably due t o  the ant iserum 

caus ing agglut inat ion of o rgan isms on t he bas is o f  the i r  capsular 

p o l y s a c c h a r ide a nd/ o r  t he i r  s oma t i c  ant igens . These two ant igen 

systems are known to exi st a nd va ry more or less i ndependant ly . It 

is t he refore not surp ris ing that compl icated c ro s s  react ions occur 

when r e a c t ing c omp lex a nt ige n prepa r a t ions with e qua l l y  complex 

ant i se rum . Somat ic ant igens a re di scus sed late r .  

A d i f f e r e n t  a p p r o a c h  t o  t h e s e r o l o g i c a l  c l a s s i f i c a t i o n  o f  

P .  mu l t ocida was t a ken by Robe rts ( 1 9 4 7 ) . He pa s s ive ly immuni zed mice 

with ant isera rai sed to P .  mu l t ocida s t r a ins f rom di f fe rent anima ls 

and f rom wide geog raph i c a l  s ources . When cha l lenged the immunized 

a n ima l s  were f ound to be p r o t ected aga inst some s t rains  but not 

othe r s . These ' mouse protect ion'  tests suggested that some isolates 

we r e  c l o s e l y  r e l a t e d  s e ro l o g i c a l l y  wh i l s t  o t he r s  w e r e  r e a d i ly 

di s t i n g u i s hable because o f  a l a c k  o f  c ro s s  prot e c t ion . F rom h i s  
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r e s u l t s  Robe rt s spe c u l ated that P .  mul t oc i da was composed o f  four 

diffe rent s e rological groups . The se he named with the Roman numerals 

I ,  I I ,  I I I  and IV . He observed that typable st rains o f  P .  mul t ocida 

isolated f rom cases o f  haemorrhagic sept icaemia in cattle fell into 

g roup I ( Ro b e r t s ,  1 9 4 7 )  T he s e  b o v i ne g r o up I s t r a i n s  p robably 

equate with Ochis type B grouping ( see Nami oka and Mu rat a ,  1 9 6 12 ) .  

Interest ingly Roberts a l so i s ol a t ed many ' unt ypable ' st rains . That 

i s ,  ant ise rum to any of the four groups f a i led to protect pas s ive ly 

immuni zed mice against some f ield is olates . 

1 . 2 . 2 Dis cove ry of Capsular Type s 

I .  A Serological Approach 

C a rt e r ( 1 9 5 2 ) attempted t o  group s t rains of P .  mul t oc i da us ing two 

me t h o d s . T h e s e  w e r e  t he t u be a g g l u t i n a t i o n  t yp i n g  me t h od o f  

Ochi [ 1 9 3 3 ] ( s ee C a r t e r ,  1 9 6 7 )  a nd L i t t le & Lyo n ' s [ 1 9 4 3 ]  ( s e e  

Cart e r ,  1 9 6 7 )  s l ide agglutination test . H e  was unsucces s f u l  i n  the 

s e n s e  t h a t  he c ou l d  n o t  r e p r o du c e  the e a r l i e r  pub l i s h e d  w o r k . 

C a rt e r ( 1 9 5 2 )  then a t t empted t o  g roup s t ra i n s  u s i ng a n  AG ID t e s t  

employing a s a li ne e xt ract a s  a n t i gen . T h i s  approach i s  somewhat 

s imi l a r  to t hat o f  P i rosky ( s ee above ) , however P i r o s ky used what 

was then c a l led "Boivin'' ant igen which in pract ice probably cont a ins 

both cap s u l a r  po lysaccha ride and heat stable somatic ant igens . In 

c ont r a s t  C a r t e r ' s s a l i ne ext ra c t s p robab l y  cons i s t e d  mo s t l y o f  

capsular polys accharide . Using this  method Ca rter was succe s s ful in 

demon s t r a t ing th ree s e rolog i c a l  g roups ( C a r t e r ,  1 9 52 ) . Howeve r it 

was unsat i s f act ory f o r  screening l a rge numbers of isolates s ince it 

i nvo lved b o t h  the c o n s umpt i o n  o f  l a rge amount s of r e a gent s and 

suf fered f rom the problem of c ro s s  react ions when f ield i s o lates , as  

opposed t o  ' prototype s t rain s '  were examined . 

The f a i l u re o f  t r adi t i on a l  t e s t s  t o  c le a r ly de f i ne s e r o l o g i c a l  

d i f feren c e s  i n  i s o l a t e s  l e d  Ca rt e r ( 1 9 5 5 )  t o  u s e  w h a t  w a s  then a 

relat ively new typing procedure . This  was the I ndi rect 
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Haemagglut ina t ion Assay ( IHA ) . Th i s  me thod invo lved seve r a l  steps . 

B a c t e r i a l  capsule was f i r s t  removed f rom cells by s a l ine and heat 

e x t r a c t i o n . T h i s  e x t r a c t  w a s t h e n  m i x e d  w i t h  h uma n t ype 0 

e r yt h r o c yt e s . T h e e x t r a c t e d  c a p s u l a r  m a t e r i a l s t i c k s  t o  t h e  

e rythrocytes a n d  rema ins even after the cells have been was hed . The 

' sensiti zed' ( capsular polysaccharide c oated) erythrocytes were then 

mixed with s e r i a l  dilut ions of Past e u rel l a  antiserum and incubated 

f o r  severa l hours . By t h i s  time the c oated erythrocytes may or may 

not be agglu t inated . Agglut inat ion indic ates t hat the P .  mul toc i da 

st rain being tested is o f  the same se rological group a s  the strain 

u s ed to produ c e  t he a n t i s e rum and vi ce vers a . This method had a 

f u r t he r bene f i t  i n  t h a t  i t  could be u s e d  to as say the t i t re o f  

ant ibody to t he capsula r polys accha ride . 

T h e  I H A a s s a y  i s  s u p e r i o r  t o  p r e v i o u s  m e t h o d s , e s p e c i a l l y  

agglutination t e s t s ,  for several reasons . 

i .  It requires only small quant i t ies o f  antigen . 

ii . Fewe r stra ins a re found to be untypable . 

iii . The results showed greate r reproducibility . 

iv . Fewe r iso lates showed cro s s  react ions . 

M o s t  o f  t h e s e  a dv a n t a g e s  c a n  b e  

s e n s i t i v i t y  o f  t h e  I H A a s s a y . 

dis advantage o f  be ing ve ry laborious . 

a t t r i b u t e d  t o  t h e g r e a t e r  

H o w e v e r t h e me t h o d  h a s  t h e  

C a rt e r  ( 1 9 5 5 )  f o und t h a t  human Type 0 e ryth rocyt e s  were t h e  mo s t  

s uit able f o r  h i s  IHA a s s ay because t hey did not agglut inate in the 

p r e s e n c e  o f  n o rma l r a b b i t  or b o v i n e  s e r um . S h eep a nd c h i c ke n  

e rythrocytes were unsat i s factory because they contain ant ige n s  which 

c ross -react with ant igens of P .  mul t oc i da (Carter ( 1 9 5 5 ) . 

U s ing the IHA a s say Carter ( 1 9 5 5 )  ident i fied four serologica l g roups . 

T h e s e  he de s i g n a t e d  T ype s A ,  B ,  C ,  a n d  D .  T h e y  e qu a t e d  w i t h  

Robe rt s ' s  mou s e  protection groups I I ,  I ,  I I I  and I V  respe c t i ve l y  

( Carte r ,  1 9 5 5 )  . 
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A f urthe r cap s u l a r  type w a s  ident i f ied in 1 9 6 1 ( Ca rte r ,  1 9 6 1) . It  

wa s i s o lated f rom several c a ses of  bovine haemorrhagic s ept icaemia 

in c e nt r a l  A f r i c a . T h i s  new group w a s  de s ignated Type E .  It i s  

s e r o l og i c a l l y  r e l a t ed t o  T ype B but s u f f i c i ent l y  di s s imi l a r  t o  

wa r rant the sepa rate serological cla s s i f icat ion (Carter,  1 9 6 1) . 

Recent ly a new capsular t ype , des ignated Type F ,  was isol ated f rom 

tu r keys ( Riml e r  and Rhoade s , 1 9 8 7) . It showed some s imi l a r i t y  t o  

T y p e  D b y  t h e  a c r i f l a v i n  t e s t . T o  d a t e  l i t t l e i n f o rma t i o n  i s  

ava i l able on t h i s  Type . 

T h e  a b o v e  i n f o r ma t i o n  s u gg e s t s  t h a t  t h e r e  a r e s i x t ype s o f  

P .  mul t ocida . Ho wever Carter ( 1 9 6 3) sugge sted that Type C should be 

dropped from the classi ficat ion a s  " it does not represent e ithe r an 

import ant type o r  group" . He consistantly found that ant ibody t it res 

t o  Type C were low and cons idered that it was " not a capsular type 

i n  t h e  s a me s e n s e  t h a t  t h e  o t h e r s  w e r e "  ( C a r t e r ,  1 9 6 7 ) . 

Nami oka ( 1 9 7 8) ree xamined t he existence of  Type C P .  mul t oc i da . He 

conc luded that the Type C reference s t r a in had become ant igenica l ly 

rough . This implies that a Type C grouping may exi st but , i f  so , no 

standa rd fully encapsulated prototype i s  ava ilable . 

Seve r a l  import a nt modi f i c a t i on s  o f  t he IHA a s s a y  have been made 

s i n c e  i t s  int r oduct i on by C a rt e r ( 1 9 5 5) . Carter and Rappa y ( 1 9 6 1) 

mod i f ied the a s s ay by us ing forma l inised human type 0 erythrocytes . 

T h i s  p r o c e d u r e e x t e n d e d  t h e s h e l f  l i f e  o f  t h e  s e n s i t i z e d  

erythrocytes and a lso resulted i n  ant ibody react ions o f  highe r t it re 

wh i c h  further i n c rea sed t he sens i t i v i t y  o f  t he t e s t  ( C a r t e r  and 

Rappay , 1 9 6 1) . Another modi f icat ion was the pret reatment o f  mucoid, 

hya luronic-ac id-conta ining st rains with hyaluronidase . This resu lted 

in an increase in the numbers of strains which we re typable (Carter,  

1 9 72) . This is d i s cus sed late r . 
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I n  f u rther deve loping the IHA assay Sawada , Rimler and Rhoade s ( 1 9 8 2 ) 

s ub s t i t u t e d  g l u t a r a lde hyde f i xed s h e e p  e ry t h r o c yt e s  f o r  human 

e rythrocytes . This  in itself i s  an advant age because sheep blood is  

read i ly ava ilable in Veterinary laborato r ies . Furthermore f ixat ion 

with glut araldehyde overcome s the problem of  hete rophi l ic ant ibodies 

a n d  f u r t h e r  e x t e n ds t h e s h e l f  l i f e  o f  t h e c e l l s . I H A a s s a ys 

perfo rmed with Human type 0 e rythrocytes o r  f ixed sheep e rythrocytes 

e s s e n t i a l ly g i ve t he s ame r e s u l t s ( S a w ada , Riml e r  and Rho a de s , 

1 9 8 2 )  . 

I I .  A Non Serological Approach 

P re ceeding the se rological ident i f ic a t i on of  capsular  type s by I HA 

a s s a y ,  v a r i o u s  a t t e m p t s w e r e  m a d e  a t  g r o u p i n g  s t r a i n s  o f  

P. m u l t ocida by other c r i t e r i a  ( Ca rte r ,  1 9 6 7 ) . T h i s  app roach w a s  

b a s e d  o n  c o l o n i a l  morph o l o g y  a nd t h e h o s t  sp e c i e s  f r om w h i c h  

dif fe rent colonial  types were iso lated . T h e  colonia l types f e l l  into 

th ree groups : muc o id, smooth and rough ( Ca rte r ,  1 9 6 7 ) . B raun ( 1 9 5 3 ]  

( s ee Ca rt e r ,  1 9 5 7 1 ) fo und that  the a c r i f lavin t e s t  ( se e  below ) , 

f i r s t  int roduced by Alles sandrini and S abatucci ( 1 9 3 3 ]  ( see Cart e r ,  

1 9 5 7 ) w a s  a mo re rel iable indicator of v a r iant type than w a s  s imple 

obse rvat ion of co lonial mo rpho logy (Carte r ,  1 9 5 7 1 ) .  Mucoid colonies 

cont a in l a rge amounts o f  capsule wh ich react s with a c r i f l avin t o  

give a s l imy precipitate . Rough colonies po s s e s s  l i t t le , i f  a n y ,  

c a p s u l e . T h e y  f l o c cu l a t e i n  a c r i f l a v i n  whe reas t h e  int e rmediate 

' smo o t h '  variety r e a ct s t o  g ive a homogeneous s u s pe n s io n . Rough 

s t ra ins tend not t o  be pathogen ic (Cart e r ,  1 9 5 7 1 ; Smith and Wilson,  

1 9 8 3 )  . This  me thod of  grouping s t ra ins w a s  of  cons ide rable value 

i n i t i a l l y ,  h o w e v e r i t  was l a rge l y  s u p e r s eded by t h e s upe r i o r  

dis c r iminat i ng powe r of  the IHA a s s ay . Neve rtheless rough va riant s 

a re untypable by t he IHA method due to t he i r  lack o f  capsule so  t he 

a c r i f l a vin test  i s  s t i l l  a u s e fu l  tool  f o r  s c reening i s o l at e s  to 

establish if  they a re rough (Carte r ,  1 9 5 7 1 ) . 
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1 . 2 . 3  D iscovery of S omat ic Ant igenic Groups 

Many of the earl ier s erological studies on P .  mul t oc i da resulted i n  

t he p u b l i c a t i o n o f  res u l t s  w h i c h  were n o t  c o n f i rmed by o t he r  

w o r ker s . T h i s  wa s i n  part due t o  a l a c k  o f  apprec i a t ion o f  the 

ant igen ic complexi t y  of the o rganism ( Namioka and Mu rat a ,  19 6 1 2 ) .  

Ca rter ( 1952 ) reported that P .  mul t ocida pos ses sed a somatic antigen 

common t o  all members of  the species . This v iew changed in 195 6 when 

Yaw and coworkers ( see Namioka and Brune r ,  1 9 6 3 )  st ated t hat the 

wide d i f ferences observed in host range could not be expla ined by 

va riat i on in caps u l a r  type a lone . Consequent ly they suggested that 

o rgani sms with dif ferent somat ic ant igens might exist t o  account for 

t h i s  phen omen o n . C a rter s uppo r ted t h i s  c o n cept ( C a rt e r , 1 9  6 1 ;  

Carter,  19 63 ) . He had typed many strains by their capsular  ant igen 

and suggested that other ( surface ) ant igens probably exi s ted . 

I t  might be a s s umed that P .  m u l t oc i da s oma t i c a nt igen s c ould be 

i n ve s t i ga ted u s i n g  o ne o f  t he t e c h n i q u e s  p rev i o u s l y u sed f o r  

studying the capsular ant igen . However di f f i c ulties were experienced 

when c onvent ional a gglut ina t i o n  pro cedu res were used to study the 

somatic ant igen . F o r  example, some isolates were not agglut inated by 

homologous ant i sera  whi le othe r s  showed mu lt iple c ro s s  rea c t i o n s  

( Ca rte r ,  196 7 ) . T h i s  was probably due to t h e  test interact ing with 

the capsular polys accharide 

A breakthrough occur red with the work of Namioka and Murata ( 19 6 1 2 ) .  

They found that agglut ination tes ts yielded more consi stent results  

i f  cultures , whether used for ant igen or ant i serum prepa rat ion , were 

f i r s t  t r e a t e d w i t h  Mo l a r  H C l  w h i c h  r em o v e d  t h e  c a p s u l a r 

polys a ccha ride . C ro s s  reac t i o n s  i f  t hey s t i l l  occu r red could be 

minimised by absorbing the rabbit sera w i t h  cross reacting st rains 

thus result ing in what they c a l led ' spec i f i c  fact o r '  sera spec i f i c  

f o r  somatic antigens . This approach of inc rea s ing the speci ficity o f  

sero l o g i c a l  rea c t i o n s  b y  ab s o rbtion is  s imi l a r  t o  t h a t  u sed f o r  

ent e r i c b a c te r i a  s u c h  a s  t he s a lmonel l ae . F o r  t h i s  rea s o n  t h e  
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s oma t i c  a n t i gen o f  P .  m u l t o ci da i s  of ten referred t o  a s  t he ' O '  

a nt igen ( C a rter , 1 9 6 7 ) . 

Namioka ( 1 9 6 1 2 , 1 9 6 1 3 ) ,  u sed cross  abs orbtion methods t o  divide the 

s oma t i c a n t i gen s o f  P .  mu l t o c i da into t w o  g r oup s : ' c ommo n '  and 

' speci fic ' ( see F igure 1 . 2 ) . He fu rther demonstrated the existence 

o f  s ix spec i f ic somatic antigens three of which were assoc iated with 

s t rains possessing Carte r ' s Type A capsule and t hree with Type D .  By 

c omb ining c a p s u l a r t ype nomenc l a t u re w i t h  t he s oma t i c  a n t igens 

Arabic number the s t r a i ns were a s s igned to a ' Serotype ' ( Namioka , 

1 9 6 1 3 ) . 

L a ter Nami o k a ( 1 9 6 3 )  i dent i f ied addi t i o n a l  s oma t i c a nt i gen s and 

demon s t r a t ed the re l a t i ve i ndependence o f  s oma t i c  a nd c a p s u l a r  

antigens . i e He had ea r l ier shown that a s t ra in o f  P .  mu l t ocida with 

a spec i f i c  c ap s u l a r  t ype c o u l d  p o s s e s s  one of seve r a l  s oma t i c  

antigens . H e  now showed t hat a s t ra in pos ses s ing a spec i f ic somatic 

g r oup could possess one of  seve r a l  capsular a ntigens . For  example 

( Table 1 . 1 ) , a s t rain o f  P .  mul t o c i da pos ses s ing a Group 3 somatic 

a n t igen could po s sess  e ither a Type A o r  a T ype D caps ule . Other 

s oma t i c  a n t igens we re f ound only in a s s oc i a t i on with one spec ific 

t ype o f  c a p s u l a r  po l y s a c c h a r i de . F o r  ex a mp l e ,  Group 9 s omat i c  

a n t i gen h a s  only been f ound a s s oc ia ted w i t h  a Type A caps ule . To 

d a t e  t w e l ve s o ma t i c  g r o u p s  h a ve been i de n t i f i e d  a n d t he i r 

relationship with the capsular type has been determined ( Table 1 . 1 ) . 



Table 1 . 1  P .  mu l t ocida Soma t ic Groups and their Relation to 
* 

Capsular Type . 

Capsu l ar Type Sornat i c  Group Serotype 

A 1 lA 

3 3A 

5 5A 
7 6 A  
8 B A  

9 9A 

8 6 68 

1 1  1 1 8 

D 1 10 

2 20 

3 3D 
4 40 

1 0  1 00 
E 6 6E 

1 1 F  

3 3F 

7 7F 

1 2  1 2F 
• From Cart erC 1 967) 

• •  Based on R i mier and Rhoades ( 1 987 ) 
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The exi stence of  somat ic subgroups w a s  shown b y  Namioka ( 1 9 6 1 3 ) and 

Namioka and Mu rata ( 1 9 6 3 ) . 

F igure 1 . 2  Ant igenic Cha racter istics of  P .  mu l t ocida .a 

WHOLE CELL 
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Cornmon 

Ant i g en 
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• Based on Nam i o k a ( 1 97 8 >  

Spec i f i c  

Ant i g en 
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� 

• Composed o f  sever a l  subg roups 

1 
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3 

4 

5 

6' 

7 

8' 
9 
1 0  
1 1  
1 2  
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1 . 2 . 4  Agreement between Typing Methods 

S h i g i d i  a nd Mu s t a f a ( 1 9 8 0 ) f ound t h a t  t h e r e  w a s  good a g re ement 

between the tube agglut inat ion assay of Namioka and t he AGID method 

in identi fying t he somatic ant igens . This implies that both methods 

invo l v e  t he s a me ant igens . H owever s e r o type s de t e rmi ned by one 

typing method do not always co r relate with result s us ing a dif fe rent 

me t h o d . B rogden and P a c ke r ( 1 9 7 9 )  compa red s i x d i f fe rent t yp ing 

methods . These were : 

i .  The s l ide agglut i n a t i on t e s t  o f  L i t t l e  and Lyon [ s ee 

Section 1 . 2 . 1 ] . 

i i . The I n d i r e c t  H a e m a g g l u t i n a t i o n  A s s a y  o f  C a r t e r  [ s e e  

Sect ion 1 . 2 . 2 ] . 

i i i . The AG ID test of Heddleston [ see Section 1 . 2 . 3 ] . 

i v . The s l ide and t ube agglut inat ion a s s ays o f  Namioka [ see 

Sect ion 1 . 2 . 1 ] . 

v .  The mouse protect ion test of Robe rts [ see Sect ion 1 . 2 . 1 ] . 

v i . The a c ri f lavin/ hya luronida se dec apsulation test o f  Carter 

[ see Sect ion 1 . 2 . 2 ] . 

Brogden and Packer ( 1 9 7 9 )  concluded that a correlation between typing 

methods could not be shown . Often isolates be longing t o  one serotype 

would f a l l  into several serotypes when a di ffe rent typing method was 

used . This phenomenon is  probably due t o  the complex nature of the 

P .  mul t ocida capsule . I s ol ate s with one o r  two se rotyping ant igens 

in common may d i f fe r  in othe r ant igens which anothe r typing method 

recognises ( Brogden and Packe r ,  1 9 7 9 ) . 

D i f f e rences between resul t s  o f  IHA and AG ID typing c an pos s ibly be 

exp l a i ned by t he invo lvement of diffe rent antigens . Originally it 

was thought that the IHA ant igen was l ipopolysacch a ride (Carter and 

Rappa y ,  1 9 6 2 ) . Howeve r it has s ince been shown that 

l ipopo lysaccharide is the ma j o r  ant igen respons ible for typing ba sed 

on t he AGID test whe reas the capsula r polysaccharide determines the 

result s obt a ined by IHA (Manning, 1 9 8 4 )  . 
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1 . 2 . 5  B a cteriophage Typing 

The existence of P .  mult ocida-specific bacteriophage s has  been known 

for many years . No succes s  has  been achieved in us ing bacteriophage 

as a t yping tool ( Ca rte r ,  1 9 6 7 )  

1 . 3  Ant igenic St ructure of P .  multocida 

The o c c u r rence o f  ant ige n i c  p o l ys a c c h a r ide s in P .  mul t ocida was 

f i r s t  r e p o r t e d  o v e r  f i f t y  ye a r s  ago b y  H o f f e n r e i c h [ 1 9 2 8 ]  and 

Dingle [ 1 9 3 4 ]  ( see Carter and Bain,  1 9 6 0 ) . S ince then the ant igenic 

structure of the o rganism has been shown to be complex . 

C a r t e r ( 1 9 5 2 ) u s e d  t u be a g g l u t i n a t i o n  a n d c a p s u l a r  s w e l l i n g 

technique s to show that P .  mul t oci da posses sed a caps ular ant igen . 

He p r e s umed t h i s  t o  be compo s e d  o f  p o l y s a c c h a r ide and produced 

e v i d e n c e  w h i c h  s u g g e s t e d  t h a t  s t r a i n s  a l s o  h a d a c o mmon 

(polys accharide conta ining) somatic ant igen . Carter and Annau ( 1 9 5 3 )  

late r a na lysed capsular ext ract s f rom s eve ral P .  mul t ocida strains 

and c o n f i rmed t h a t  the cap s u l a r  a nt igen w a s  indeed c omposed of 

polysaccharide . I nterest ingly a non- immunogenic mucoid 

p o l y s a c c h a r i de w a s  a l s o  r e c o ve r ed and u s i n g  a h y a l u r o n ida s e 

depolyme r is a t ion test i t  wa s ident i f ied a s  hya luron ic acid (Carter 

and Annau , 1 9 5 3 ) . 

Many f re s hly i s o l ated s t ra in s  o f  P .  mu l t o cida do n o t  agglut inate 

when m i x e d  w i t h  h omo l o g o u s  a n t i s e rum ( C a r t e r ,  1 9 7 2 ) . T h i s  i s  

surpri s ing be cause the po ss e s s i on o f  a capsule can be demonstrated 

in many o f  these st ra ins by us ing s imple c apsule - s t a i ning methods . 

Furthe rmo re the b i nding o f  Type - spe c i f i c  ant ibody t o  this capsule 

has been shown by capsular swe l l ing techniques (The capsule enla rges 

when ant ibody binds to it ) ( Ca rt e r ,  1 9 52 ) . With the knowledge that 

many e n c ap s u l a t e d  s t ra in s  o f  P .  m u l t o c i da do i n d e e d  b ind Type 

s pe c i f i c  a n t i b od y  i t  i s  n o w  t h ought t h a t  t he n o n - immunogenic 
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hyaluronic a c id on the surface forms a latt ice framework t h roughout 

the caps u le , rathe r than a discrete laye r . This latt ice i nte rfere s  

with agglut inat ion react ions b y  ste rically h indering t h e  binding o f  

o n e  ant ibody mo lecule t o  mo re t h a n  one b a c t e r ium . B inding o f  the 

a n t ibody t o  mo re t h a n one s i t e  o n  a s i n g l e  host i s  u n imp a i red 

( Ca rte r ,  1 9 6 7 ; Carter and Bain , 1 9 6 0) . 

The problems associated with the inhibition o f  agglut inat ion due to 

hya l u r o n i c  a c id ext e nds t o  t he i ndirect haemagg lut i n a t i o n  a s s ay 

( I HA) . T h i s  led C a r t e r  ( 1 9 7 2) to modi f y  t h e  IHA a s s a y . This  was 

discus sed in Section 1 . 2 . 2 .  

The product ion of hya luronic acid i s  most prol if ic in Carter Type A 

s t ra ins . T h i s  endows the c o l on ie s  w i t h  a mu coid appe a r ance ( s ee 

F igure 1 . 3) and thus they can be dist ingu ished from Type D st rains 

( s ee F i g u r e  1 . 4) w h i ch produ c e  l i t t le h y a l u r onic a c i d and f o rm 

smooth colonies . It  i s  not present in Type B stra ins and at tempted 

de c a p s u l a t i o n  o f  t h e s e  s t r a i n s  by h y a l u r o n ida s e  l e a v e s t h e m  

una f fected ( Carter,  1 9 6 7 ;  Carter a n d  Bain , 1 9 6 0) . 

From the work done by Carter and Annau ( see above) it may have been 

deduced t h a t  c a p s u l e  ext r a c t s  of P .  m u l t o c i da c o n t a i n o n l y  one 

a n t i ge n i c  s pe c i e s  i e  polys a c c h a r ide . Howeve r B a i n ( l 9 5 5) u s ed a 

saline /pot a s s ium thiocyanate ext ract ion method followed by a polar

organic-so lvent sepa ration method to isolate both a prote i n  fract ion 

and a p o l y s a cchar ide f raction f rom the capsule o f  Robe r t s  Type I 

s t ra ins . T h i s  type o f  of P .  mul t oc i da is equiva lent to Carter Type B 

strains ( see Section 1 . 2 . 2) . He t hen demonst ra ted that t he protein 

comp lex w a s  a prot e c t ive a n t i g e n  bec a u s e  rabbit a nt i s e rum when 

absorbed with the protein complex had a dimini shed protect ive powe r 

a s  shown by the mouse protection t e st . This clearly showed that the 

p o l y s a c c h a r i de wa s not the o n l y  p r o t e c t i ve ant igen in c a p s u l e  

ext ract s . Bain ( 1 9 5 5) sugges ted t ha t  this protein component could be 

used in fut u re P .  mu l t ocida vaccine s . 
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F igure 1 . 3 Type A Colonies of P .  mul t ocida . 

The colonies are approximately 2 . 0mm in diamet e r  a fter 

2 4h r s  incubat ion at 3 7 °C on blood agar . 

Note that the colonies a re mucoid . This is  in cont rast 

t o  Type D colonies ( see F igure 1 . 4 ) which are smooth . 

1 0 x  Magnificat ion 

Figure 1 . 4  Type D Colonies of P .  mul t o cida . 

The colonies are app roximately 2 . 0mm in diamet e r  a f ter 

2 4 h r s  incubat ion at 37 °C on blood agar . 

Note the smooth appea rance of  colonies as  i l lust rated 

by t he dema rcat ion of  a d j acent c o l onie s . This  is in 

cont rast to Type A colonies ( see Figure 1 . 3 ) which are 

muc o id . 

1 0 x  Magnif icat ion 
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Bain [ 1 9 5 5 ]  ( see Cart e r ,  1 9 6 7 ; Carter and Bain,  1 9 6 0 ) cont inued his  

a n t i ge n i c  a n a l y s i s  of  P .  m u l t o c i da a n d  u s i ng AGID p r o c e du re s  

revea led twe lve antigens in s a line extract s . P rince and Smith ( 1 9 6 6 1 ) 

u s e d  AG I D  a nd immunoe lect ropho r e t i c  [ I E P ] techniques t o  ident i f y  

eighteen s o luble ant igens o f  P .  mul t ocida . S i xteen o f  these ant igens 

we re shown to be common to Type A and B s t ra ins . Fu rthe rmo re seve ra l  

of these s ixteen ant igens we re found to b e  sha red by some othe r  Gram 

negat ive o rgan isms . The rema ining two a n t i gen s ,  denoted a and p ,  

we re found t o  be se rotype spec i f i c . That is , found only i n  Type A 

and Type B s t rains o f  P .  mul t oc i da respect ively ( P r ince and Smith,  

1 9 6 6 1 ) .  I t  s eems rea s onable t o  s uppose that these two ant igens (a  

a n d  Pl  r e p r e s e nt t h e  T ype - spe c i f i c a n t i g e n s . C l e a r l y  t he t ype 

spe c i f i c  a n t igen exi s t s  aga inst a complex background of sha red o r  

partially shared ant igens . 

S i n ce t he w o rk o f  P r i n ce a nd S m i t h ( 1 9 6 6 1 ) t he n umbe r o f  known 

s u rface a n t igens h a s  been further incre a s e d . Bha s in and Lapointe

Shaw ( 1 9 8 0 )  u sed cros sed immunoe lec t ropho re s i s  to analyse a st rain of 

P .  mul t o c i d a  be longing to Cart e r ' s Se rotype S : A .  They de s c r ibed 

nineteen c e l l  as sociated ant igens . 

Penn and Nagy ( 1 9 7 4 )  used AGID a nd immunoe lect rophoretic  techniques 

t o  s t udy e x t ra c t e d  c e l l u l a r  ma t e r i a l  f r om Car t e r  T ype B and E 

s t r a i n s  o f  P .  m u l t o c i d a . T h e y  r e p o r t e d s e v e r a l  l i n e s  o f  

p r e c ip i t a t i o n  by AG I D . H o w e v e r ,  t he y  o b s e rved t h a t  t w o  l i n e s  

r e p r e s e n t e d  t h e m o s t  c o mmo n s u r f a c e  a n t i ge n s . U s i n g  s o d i u m  

deoxycho l a t e  depolyme r i sation analysis t hey demonst rated t hat one o f  

t hese l in e s  was a non-proteinaceous Type- s pecific caps u l a r  ant igen 

( Penn and Nagy,  1 9 7 4 )  . By the s ame method t hey showed that the other 

l ine cont a i ned prote in. Interest ingly Type B prot e inaceous ant igens 

were prec ipit ated by antisera prepa red by us ing whole Type E c e l l s  

a s  immu n i z ing a n t i g e n  and vi c e  vers a . T h i s  i nd i c a t e d  t h a t  t h e  

p ro t e i n a c e ous ant igens ext racted fiom the capsule o f  Type B and E 

s t r a i n s  o f  P .  m u l t o c i d a w e r e  s im i l a r  ( P e nn a n d  N a g y ,  1 9 7 4 ) . 

F u rt he rmo r e  T ype B and E p o s s e s s  o t he r common a n t i g e n s  bec a u s e  
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Namioka and Murata ( 1 9 6 4) found that  they both bel onged t o  the same 

s oma t i c g r o up i ng [ vi z  group 6 ] , w i t h  t he except i o n  o f  a s ingle 

i s o l a t e  o f  a Se rotype 1 1 : B  s t r a i n  ( Nami o k a  and Mu r at a [ 1 9 6 4 ]  see 

Ca rter,  1 9 6 7) . 

I t  c o u l d  t he re f o re b e  c o n c l u d e d  t h a t  T ype B and E s t r a i n s  o f  

P .  m u l t o c i da repre s e nt simi l a r  o rgani sms d i f fering o n l y  in the i r  

capsule . This  s imi la rity i s  reinfo rced by t he knowledge t hat Type B 

and E s t r a i n s  c a u s e  s imi l a r  d i s e a s e s . T h i s  w i l l  be r e t u rned t o  

late r . 

The wo r k  o f  Penn a nd Nagy ( 1 9 7 4) ( s ee above) s h o we d  t ha t  s a l ine 

ext ract i o n  o f  P .  mu l t ocida yie lded a complex mixtu re o f  ant igens . 

Clea rly i f  one wished to study capsular polys accha ride a l one a much 

mo r e  s pe c i f i c ext r a c t i on a n d  p u r i f i c a t i o n t e c h n i qu e  had t o  be 

deve loped . A suitable method wa s e stabli shed two yea r s  later by Penn 

and Nagy ( 1 9 7 6) . Start ing with s a l ine ext racts of P .  mu l t ocida Types 

B a n d E t h e y  u s e d  a po l a r - o r g a n i c - s o l v e n t  b a s e d  f r a c t i o n a l  

prec ipit a t i o n  me t ho d  t o  sep a r a t e  capsu l a r polys a c c h a r i de ant igen 

from the e ndotoxin . They then used bio logica l tests t o  show that the 

capsu l a r  p o lys a c ch a r ide ( non-pyrogenic) had been c ompletely f reed 

f r om t he e ndot o x i n  ( pyroge n i c) f r a c t i o n . The pu r i f i e d  caps u l a r  

ant igen w a s  shown t o  be a high mo lecular weight ac idic 

po l y s a c c h a r ide whi c h  was poo r l y. irnrnunogen i c  in rabbit s .  Howeve r a 

dos e  dependent ant ibody response was achieved in catt le a s  shown by 
I 

t h e  mou s e  p r o t e c t i on t e s t  ( P e n n  and N a g y ,  1 9 7 6) . T h i s  c l e a r l y  

demo n s t r a t e s  t h a t  t h e  c a p s u l a r  p o l y s a c c h a r ide i s  a n  impo r t a n t  

protect i v e  antigen . Mu lticompo nent who le - ce l l  va c c in e s  a re o f t e n  

toxic because o f  the presence o f  endotoxin so  i t  i s  advant ageous t o  

u s e  a p u r i f ied c a p s u l a r  a n t i g e n  s o  t h e s e  worke r s  e x p l o ited the 

f i nding o f  a do s e  depende nt r e s p o n s e  in c a t t l e . U s i ng p u r i f ied 

capsule f r om both Type B and T ype E P. m u l t ocida they p roduced a 

c omme rc i a l  haemo r r h a g i c  s ept i c a emia v a c c ine ( Wa l k e r  and Foste r ,  

1 9 8 1) . 
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T h e  a b o ve di s c u s s i o n  i l l u s t r a t e s  t h a t  t he ant i ge n i c  ma keup o f  

P .  m u l t oc i da i s  complex and t h a t  the capsular ant igen and s oma t i c  

ant igen v a ry more o r  less independantly f r om strain t o  st rain ( s ee 

Sect ion 1 . 2 . 3 ) . Howeve r the two ant igens a re not e a s i ly s eparable in 

the laboratory . 

I t  i s  n o w  gene r a l l y  a c cept e d  t h a t  t h e  " c ap s u l e " ,  t ha t  i s ,  t h e  

fract ion removed f rom intact c e l l s  b y  s a l ine extraction,  is  made up 

of four b a s ic component s (Cart e r ,  1 9 6 7 ) : 

i .  Polysaccharide 

i i . Hya luroni c  Ac id 

i i i . Lipopolys accharides 

iv . P roteins 

The polysaccharide is  respons ible for Type spec ific immunity . 

Hya luronic acid is non-antigenic and probably augment s t he o rgani sms 

virulence . 

Lipopolys accharide is  a "cont aminant " of the caps ular extract . That 

i s , it represent s the soma t i c  ant ige n ,  of wh ich t he r e  a re twe lve 

types known ( see Sect ion 1 . 2 . 3 ) . Somatic ant igens a re norma lly found 

a s s ociated with the intact ce l l ,  howeve r a small proport ion of these 

a n t i ge n s  a re found in s a l ine extracted capsule prep a rat ions . The 

somat i c  a ntigens represent protect ive ant igens although they a re of 

lesser importance than the capsular polysaccharide [ see be low ] . 

P ro t e i n  complexe s ext racted f rom cap s u l a r  ma ter i a l  h ave not been 

widely s t udied . Howeve r ,  those a s sociated with Type B a nd E st ra ins 

o f  P. mul t ocida a re s imilar,  if not ident ical [ see above ] . Although 

p r o t e i n  componen t s  de r ived f rom t he capsule have been shown to be 

protect ive ( Bain,  1 9 5 5 )  a s ingle homogeneous protein which protects 

has yet to be i s o lated . Howeve r part i a l ly purifled protein f ract ions 

have been succe s s fully used t o  immunize mic e ,  cattle ( Carte r ,  1 9 6 7 )  
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and r a bb i t s  ( B a i n ,  1 9 5 5 ) . Re c e n t l y  Ka j i ka wa and Mat s umot o ( 1 9 8 4 )  

demonst rated that a protein component was also protect ive in b i rds . 

They p r e p a red a s a l ine ext ra c t  o f  P .  m u l t oci da S e r o t ype 5 : A and 

u s i n g  ge l f i l t ra t i o n  i s o l a t e d  a ( po l ys a c ch a r ide f re e ) c a p s u l e 

a s s o c i a t e d p r ot e i n  c ompo n e n t  w h i c h  w a s  p r o t e c t i ve f o r  t u rkeys 

( Ka j ikawa and Mat s umoto ,  1 9 8 4 )  . 

1 . 4  Toxigenic Stra ins of P .  mul t ocida
* 

The above discu s s i on implies that P .  mul t ocida is a pathogen solely 

be c a u s e  of i t s  i n va s ivene s s . H owever w i t h i n  the l a s t  dec a de the 

importance of a s econd virulence factor,  t oxin product ion,  has been 

estab l i s hed . 

Smit h [ 1 9 5 7 ] ( see Ca rter and Bain , 1 9 6 0 )  demonst rated the presence of 

a h e a t  l ab i l e t o x i n  in the s up e r n a t a n t  o f  s eve r a l  P .  m u l t o c i da 

strains after cel l lys is . He f ound t hat sterile f i lt rates o f  week

old b r o t h  c u l t u r e s  cont a ined 2 0  t o  1 6 0 mo u s e  l e t h a l  dos e s . This 

t o xi n  c o u ld be i n a c t i v a t e d  by f o rma l i n  but ( s u r p r i s ing l y )  w a s  

re s is t a nt t o  proteo lytic enzyme s ( see Carter and B a i n ,  1 9 6 0 ) . 

The s ig n i f i c a nce o f  Smit h s ' [ 1 9 5 7 ] work was not app r e c iated unt i l  

1 9 7 5  when I l ' ina and Za sukhin ( see D e  Jong , Oe i and Tetenburg , 1 9 8 0 )  

s howed t hat s t r a ins o f  P .  m u l t o c i da wh ich cont a ined a heat labile 

t ox i n ,  a s  dete rmined by the mous e  let h a l ity te s t  o f  Smi t h [ 1 9 5 7 ] , 

c o u l d  b e  i s o l a t ed f rom t he n a s a l  c a v i t y  o f  s w i ne s u f f e r ing f rom 

p rogres s ive at rophic rhini t i s  [ AR]  ( a  des c ript ion o f  t h i s  di sease is  

given i n  Sect ion 1 . 5 . 6 ) . They demonst rated that t oxigenic f i lt rates 

f rom t hese s t rains would produce AR-l ike lesions in t he nasal t ract 

o f  s pe c i f i c  pat hogen f ree [ S P F ]  piglet s .  This s t rongly s ugge sted 

that t oxigenic s t rains of P .  mul t ocida we re the cause of AR . It is  

tempting t o  speculate t hat the toxigenic strains i s o lated by Smith 

ove r a decade e a r l ier [ see above ]  could a lso produc e  AR- l ike les ions 

in S P F  piglet s . Howeve r t h i s  mus t  rema in specu l a t i o n  because the 
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origins o f  Smiths ' s  s t rains a re not clear a nd furthermore they a re 

not now avai lable . 

The use o f  SPF piglets in surveys to demonst rate AR- les ion-produc ing 

st r a i n s  i s  expen s i ve and cumbe r s ome . T h i s  problem w a s  pa rt i a l ly 

ove r c ome when De Jong , Oei and Tetenburg ( 1 9 8 0 )  demo n s t rated that 

t oxin-cont a ining ext ract s of  P .  mul t o ci da , as determined by the SPF 

piglet me thod,  c au s ed dermo n e c rot ic le s i on s  i n  guinea p i g s  when 

i n j ected int raderma l ly . This dis cove ry led t o  the t e rm De rmonec rotic 

Toxin ( DNT ) be ing used as a name for this toxin . 

The u s e  o f  g u i n e a  pigs t o  t e s t  f o r  P .  m u l t o c i da t oxin w a s  mo re 

c o n ve n i e n t  t h a n  i n t r a n a s a l  i n o c u l a t i o n  of S P F  p i g l e t s . H o wever 

i n  vi v o  t e s t s , i n c l u d i n g  t h e  gu i n e a  pig s k i n t e s t ,  a r e b o t h  

e xpe n s i ve a n d  c umb e r s ome w h e n  u s e d t o  s c re e n  l a rg e  numb e r s  o f  

i so lat e s . Thi s p roblem was s u rmounted whe n Rutter a n d  Luther ( 1 9 8 3 )  

s howed t hat a cytopathic e f fect is  produced in embryonic bovine lung 

( EB L )  c e l l  cul tures when they we re exposed to ste r i l e  f i l t rates of 

DNT - p r o duc ing s t r a i n s  of P .  m u l t o c i da . Penn ings and S t o rm ( 1 9 8 4 )  

s h o w e d  t h a t  a s imi l a r  c y t o p a t h i c  e f f e c t  c o u l d  b e  p r odu ced in 

p re s e n s i t i z e d  [ s e e  b e l o w ] Vero c e l l s . The s e  o b s e rva t i o n s  we re 

import ant because many isolate s could now be conveni ent ly s c reened 

f o r  toxin product ion . 

Many P .  m u l t o c i da i s o l a t e s  h a ve been examined a n d  w o r k e r s  have 

looked for a c o r relation between capsule type and t oxin product ion . 

T o x i g e n i c  s t r a i n s  o f  P .  m u l t o c i d a h a v e b e e n  f o u n d  t o  b e  

p redominant ly T ype D ( Na k a i ,  Sawata a nd Kume , 1 9 8 5 ;  S awata e t  a l ,  

1 9 8 4 )  . The rema inde r a re Type A ( P i j oa n  e t  a l ,  1 9 8 4 )  . An equa lly 

imp o r t ant que s t i o n  is  the d i s t r ibut i o n  o f  t oxin p roducing st rains 

among host spec ies . This has appa rent ly not recieved much attent ion 

and a t  p resent a l l  known t o xigenic s t ra ins have been i s o l ated f rom 

swine . 
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The Nature o f  P .  mul t ocida De rmonecrotic Toxin 

P .  m u l t o c i da de rmone c ro t i c  t ox i n  i s  a h e a t  l a b i l e irnrnunoge n i c  

1 6 0  0 0 0  Mr protein wh ich cont a ins s eventeen diffe rent amino acids 

( Na k a i  et a l ,  1 9 8 4 1 ; Nakai e t  a l ,  1 9 8 4 2 ; Rutter and Luthe r ,  1 9 8 3 ;  

Rutt e r  e t  a l ,  1 9 8 4 ;  De Jong , Oei and Tetenburg , 1 9 8 0 ) . The t oxin is 

synthe s i z ed in the cytop lasmic spa ce du ring the l oga r it hmic growth 

p h a s e  o f  P .  m u l t o c i d a i n  v i t r o .  Re l e a s e  o f  t o x i n  i n t o  t h e 

s u rrounding medium occurs du ring the stationary pha se o f  the growth 

cu rve ( S awata and Kume , 1 9 8 5 ;  Rutter and Mackenzie,  1 9 8 4 )  . 

The mode of act i on of P .  mul t o ci da t oxin is  unknown . Toxic effects 

a r e s i m i l a r  t o  t h o s e  p r o d u c e d  b y  a de rmo n e c r o t i c  t o x i n  o f  

B o r d e t e l l a  b r o n c h i s e p t i c a h o w e v e r t h e t w o  m o l e c u l e s  a r e 

s e r o l o g i c a l l y  d i s t i n c t  ( N a k a i  e t  a l ,  1 9 8 4 1 ) .  T o x i n - c on t a i n ing 

f i lt rate s have no s ignificant haemolyt ic or phospho l ipa se act ivity 

( Rutt e r  and Luthe r ,  1 9 8 4 ) . 

Pennings and Storm ( l 9 8 0 )  found that an enhanced toxic e ffect in Ve ro 

c e l l s  c o u l d be p r oduced by p r e t re a t me nt o f  t h e c e l l s  w i t h  a 

p h o s p h o d i e s t e r a s e  inh i b i t o r . P h o s ph o d i e s t e r a s e s  c a t a l y s e  t h e 

c o nve r s i o n  o f  c AMP t o  5 ' AMP . T h i s  s ugge s t s  t h a t  t he cyt opathic 

e f fe c t  may be c a u s ed by int r a ce l l u l a r  accumu l a t i o n  of cAMP . This  

a c t ion i s  s imi l a r  to the ente rotoxins produced by s ome members of  

E n t e r o b a c t e r i a c e a e  a n d  Vi b r i o n a c e a e  ( S p e i r s , S t a v r i c  a n d 

Konow a l chuk, 1 9 7 7 ;  Konowa lchuk , Speirs and Stavrik, 1 9 7 7 ; Guinee and 

Jansen,  1 9 7 9 ) . 
*

Note : also see Sect 1 . 5 . 6  
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1 . 5  Disease As s oc iat ions and Epidemiology of P .  mu l t oclda 

1 . 5 . 1  General 

The p ri ncipal di seases caused by P .  mul t ocida a re f o w l  which a f fects 

dome s t i c  and w i l d  b i rds , h aemo rrhagic s ept icaem i a  of c a t t l e  and 

buf f a l o e s , sh ipp ing feve r of s e ve r a l  host species e s pec i a l ly sheep 

and c a t t l e ,  pr ima ry or seconda ry pneumonia and ab s ce s s e s  in a wide 

r a n g e  o f  a n ima l s . The s e  d i s e a s e s  o f t e n  invo lve o t he r  a gents  in 

concert with P .  mul t ocida . The mos t  frequent coinfect ing agents a re 

P .  h a emolyt i ca and P a rainfluen z a  type 3 v i rus [ P I 3 ) . 

The f o l lowing t able , which i s  not exhau s t ive , i l l u s t ra t e s  the wide 

range o f  a n ima l s  from wh ich P .  mu l t oc i da has been i s olated,  e ither 

as  a disease agent or a s  a commensal . Anima ls fo·r which the o rganism 

i s  a ma j o r  p a t h ogen a r e  i n d i c a t e d ,  a s  a re a n ima l s  o f  comme r c i a l  

import a nce t o  New Zealand . 

Table 1 . 2 Host range of P .  m u l t oc i da .
* 

eo ... • .  Turkey• • M i n k 

Deer• • B u f fa l o  Mo l e  

Do g• • Car i bo u  Mouse 

D uck• • Cat Monkey 

Goat • • Ch i pmunk M u s krat 

Horse• • Dove Peacoc k 

Domest i c  Hen• • Gerb i l  Pe l i ca n  

Rabb i t • • G u i nea P i g  Rat 

s ... i ne• . Kang aroo Vo l e  

Sheep• • Man V u l t ure 

• :  From Cart er and B a i n ( 1 960 ) and Cart er < 1 967 ) . 

• • : P. mul tocida i s  a major d i sease-caus i n g  a g ent . 
Bo l d  Pr i nt : An i m a l  o f  commerc i a l  i m port ance t o  New Z e a l and . 

As the above t able illustrates  P .  mul t ocida causes many diseases o f  

ma n y  a n ima l s . Howeve r ,  t h e  o rg a n i s m  i s  n o rma l l y  a s s oc ia t e d  w i t h  

a nima l s  a s  a commens a l  o f  the uppe r respiratory t ract (URT ) but it 

cann o t  usua l l y  be isol ated f rom hea lthy lungs (Ca r t e r ,  1 9 6 7 ;  Ca rte r 
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a n d  B a i n ,  1 9 6 0 ;  Hamdy , P ounde r a nd Fe rguson , 1 9 5 9 ;  Nga t i a  e t  a l ,  

1 9 8 5 ;  Magwood Barnum and Thompson, 1 9 7 0 ;  Smith,  1 9 5 5 ) . 

Comme n s a l  s t r a i n s  o f  P .  m u l t o c i da a re imp o r t a n t  opp o r t u n i s t i c 

pathogens and phys iological " st re s s e s "  a re usually given the credit 

[ i f  t h a t  i s  t h e  r i ght w o rd ! ] f o r  i n i t i a t ing mo s t  o u t b r e a k s  o f  

pa s t eurellosis ( Ca rte r ,  1 9 6 7 ) . Such predispos ing fact o rs as  " st res s "  

cause t he commensal to become di sseminated . This wa s demonst rated by 

Cave l l e ro and S a 1 a  [ 1 9 5 1 ]  ( s e e  Carter and Bain , 1 9 6 0 )  who injected 

c o r t i s one ( wh i c h  is  re leased in l a rge amount s by t he body du r ing 

p e r i o d s  o f  s t r e s s )  i n t o  r a t s  w h i c h  h a d  a n  i n a pp a r e n t  n a s a l  

P .  m u l t o c i da i n fect ion . T h e y  o b s e rved that  a f t e r  t re a tme nt the 

i n a p p a r e n t  i n f e c t i o n  r a p i d l y  p r o g r e s s e d  to an a c u t e  s y s temic 

pas t eurellosis and many of the anima l s  died f rom the bacte raemia . 

The p athogen ic me chani sms by which P .  mul t ocida cause disease are 

n o t  k n own , h o w e v e r  i t  i s  t h o u g h t  t h a t  b a c t e r i a l  endot oxin i s  

r e s p o n s i b l e  f o r  t h e  c l i n i c a l e f f e c t s  a n d  d e a t h  i n  a c u t e  

bact e r aemias . The numbers o f  organisms present in a n ima ls dy ing of 

a c u t e  p a s t e u r e l l o s i s  i s  e n o rm o u s  ( C a r t e r ,  1 9 6 7 )  s o  a h i gh 

concent rat ion o f  endot oxin would be present in the b loodst ream . 

I t  i s  generally accepted that natural infect ions o f  P .  mu l t ocida are 

a c q u i r e d  by i n h a l a t i o n  o r  inge s t i o n  o f  t he orga n i sms . Howeve r ,  

Daubney and Hudson ( 1 9 3 4 )  suggested that a rthropods may b e  vectors o f  

haemo r rhagic sept icaemia . T h i s  view w a s  suppo rted by MacAdam ( 1 9 62 )  

w h o  demo n s t r a t e d  the t ra n s mi s s i o n  o f  acute pa s t e u re l l o s i s  f r om 

catt le to rabb i t s  us ing t ic k s  a s  a vector . This i s  intere s t ing but 

d i s e a s e  due t o  P .  mul t o c i da in rabb i t s  i s  not u s u a l l y  a s s oc i ated 

w i t h  t h e s a me t yp e s  o f  s t r a i n s  a s  t h o s e  w h i c h  c a u s e  a c u t e  

p a s t e u re l l o s i s  i n  cat t le s o  i t  i s  p robably not important i n  f ield 

condit ions . 
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1 . 5 . 2 Catt le 

The most impo rtant di seases o f  catt le a s s ociated with P .  mul t ocida 

a re s h ipping feve r ,  haemo r rhagic sept icaemia and pneumonia . Shipping 

feve r is t he mo s t  impo rtant of these and hence h a s  been the most 

s t u d i ed . This  i s  an acute s ystemic p a s t eure l losis  which typically 

occur s  after an anima l h a s  spent long pe riods in a stres sed state . 

e g  i n  t r a n s i t . I t  i s  f o u n d  w o r l d - w ide and i s  o ne o f  t he mo s t  

e c o n om i c a l l y  important d i s e a se s  o f  feedlot c a t t l e  i n  the United 

S t a t e s  ( Ca r t e r  a nd Ba i n ,  1 9 6 0 ) . Howeve r ,  de spite the wide - spread 

occu r rence o f  t he disease it has not been reported i n  New Zea land . 

S h i pp ing feve r i s  u s u a l l y  due t o  P .  mul t ocida in associat ion with 

othe r bacteria and vi ruse s . It is  thought t o  be init iated by a lung 

i n f e ct ion which progre s s es rapidly to a bacteraemi a resulting in a 

high grade feve r and often death . This view is  suppo rted by the wo rk 

o f  P a nc iera and Cors tvet ( 1 9 8 4 1 ) .  They inocu lated both P .  mul t ocida 

and P .  haemoly t i c a  into the lungs of c a lves . This induced pneumonic 

le s ions . All of the anima ls deve loped acute pneumonic pasteurellosis  

a n d  s ome anima l s  subsequen t ly died o f  a bacte raemia which can be 

rega rded as expe rimenta l  shipping fever . 

The conc lus ion that two o r  more organisms combine to cause shipping 

feve r doe s not at a l l  imply that they play equa l roles th roughout 

t h e  disease . Clearly the one which becomes most widely di sseminated 

t h roughout the body is  ult imatly the one which k i l l s  the anima l . I f  

s o ,  t he n  t h e mo s t  c r i t i c a l  o r g a n i s m i s  P .  m u l t o c i da be c a u s e  

C o l lier ( 1 9 6 8 )  said that t h i s  organism is  the princ ipa l cause o f  the 

advanced c l inical stage s  of shipping fever . 

Haemorrhagic sept icaemia i s  a clinically s imilar disease t o  shipping 

fever but it contras t s  in that it is an acute systemic 

p a s t e u re l l o s i s  c a u s ed by s ome s t ra in s  of P .  m u l t oc i da o n l y  ( se e  

S e c t ion 1 . 6 ) and is  found predominant ly in t ropica l  count ries . 



P neumonia in cattle can be caused by P. mul t oc i da e ither alone or in 

a s s o c i a t i o n  w i t h  o t h e r  o rgani sms . T h i s  w a s  s hown b y  C a rt e r  and 

Rou s e l l ( l 9 5 8 ) who is olated both P .  mul t ocida and P. h a emolyt i ca f rom 

t he pneumonic les ions o f  l ungs obt a ined from c a lves which had died 

f rom pneumoni a . It is now gene rally accept ed that P. mu l t ocida and 

ot h e r  agent s ,  espe c i a l l y  P. h a emolyt i c a  and P a r a in f lue n z a  Type 3 

( P I 3 )  v i r u s , c omb i ne w i t h  phys i o l o g i c a l  s t r e s s  t o  p r e c i p i t a t e  

pneumonia . 

The cont ribution to the init iat ion of  pneumonia in cat t le , due to 

P .  mul t ocida , by non-F . mu l t ocida o rganisms has  rai sed the quest ion 

of whether t he presence o f  the disease in a herd can be co rrelated 

wit h the type o f  nasal f lora ca rried by the anima l .  Magwood, Bar rum 

and Thompson ( 1 9 7 0 )  surveyed the bacterial f lora o f  the nasal cavity 

of c l in ic a l l y  no rma l c a l v e s  f rom both he a l thy and pneumonia-prone 

he r d s . T h e y  f ound t h a t  P .  m u l t o c i da w a s  one o f  t he mo st wide ly 

di s t r ibuted o rgani sms i n  both popu lations . Howeve r ,  the pneumonia 

pr o n e  herd w a s  not a s s oc iated w i t h  a na s a l  pop u l a t i o n  d i f f e ring 

ma r kedly f r om the n o r m . But it wa s obse r ve d  t h a t  P .  mu l t o c i d a 

dominated t he nasa l  flora of  the pneumon ia prone herd, in a state of 

a c t ive c o l o n i zat ion for s e ve r a l  days at a t ime a nd t ha t  bacte ria 

we re shed in la rge numbe rs du r ing this proces s .  This might sugge st 

that pneumonia prone anima ls a re phys iologica l ly more susceptible to 

P .  mul t oc i da dominat ing their nasal f lora . Howeve r in the i r  report , 

M a gwood,  B a r rum and T h ompson ( 1 9 7 0 )  did n o t  s a y  i f  the type s o f  

P .  mul t o c i da s t ra ins wh ich were isolated f rom the two he rds di f fered 

f rom each other so it c a n  be speculated that  t he pneumonia prone 

h e r d  ma y h a ve b e e n  a s s o c i a t e d  w i t h  a s t r a i n  

c o mme n s a l  wh i c h wa s m o r e  v i r u l e n t  ( t h a t  i s , 

p r opens i t y  f o r  being a n  oppo rtun i s t ic pathogen ) 

o f  P .  m u l t o c i da 

i t  h a d  a h i ghe r 

t h a n  the st r a i n s  

f o und in t he normal herd . Furthermore ,  the dominance o f  P .  mul t ocida 

i n  the nas a l  f lora is  a cyc lic event so the lack o f  l a rge numbe rs o f  

P .  mul t o c i da i n  the n a s a l  pa s s ages of pneumonic anima ls may b e  due 

t o  the t ime lag between high numbers of t he organism and the onset 

o f  c l i n i c a l  s ympt oms . At the c l in i c a l  s t a ge the n umbe r s  of the 
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o rgani sm i n  the n a s a l  c a vity would h ave returned t o  a low part o f  

the cycle . 

C a s e s  o f  P .  m u l t o c i da a s s o c i a t e d  ma s t it i s  h a v e  been reported i n  

c a t t le b o t h  ove rs e a s  ( Ca rter a nd Bain,  1 9 6 0 ; Carte r ,  1 9 7 6 )  and i n  

N e w Z e a l a n d  ( Ca rt e r [ 1 9 7 2 ]  ( s ee Woodgye r ,  1 9 7 6 ) . Howeve r ,  u n l i ke 

s he ep [ see Sect ion 1 . 5 . 3 ]  ma stitis  o f  this aetiology i s  not a ma j o r  

p r ob lem . 

I n  genera l ,  de spite the overseas s ituation pas teure l l o s i s  i s  not a 

ma j o r  problem in the New Zea land cattle indu s t ry . Thi s might be due 

( Cu rt i s ,  1 9 7 2 )  t o  the e xtens ive pa s t o r i a l  rea ring methods used in 

t h i s  count ry . I t  h a s  been s pe c u l ated t h a t  w o u l d  c hange i f  mo re 

i ntens i f ie d  methods of bee f produ c t ion a re embarked upon ( Cu rt i s ,  

1 9 7 2 ) . 

1 .  5 .  3 Sheep 

T h e  ma in d i s e a s e s  o f  s heep wh i c h  a re c a u s e d  by P .  mu l t o c i da a re 

s hipping feve r ,  pneumonia and ma s t i t i s  ( C a rt e r ,  1 9 6 7 ) . The rema rks 

c oncerning sh ipping feve r of catt le also apply to sheep so  will not 

b e  di s c u s s ed f u r t h e r  e xcept to s a y  t h a t  de a t h s  due to systemic 

p asteure l l o s i s  (a category which inc ludes sh ipping feve r )  which a re 

n o t  complicated by pneumonia a re ra re . Thi s  impl ies that the ma j o r  

r o u t e  o f  i n f e c t i o n  i s  vi a t h e  lungs . Un l i k e  s h ipping f e ve r o f  

c a t t l e ,  P .  m u l t o c i d a  a n d  P .  h a e m o l y t i c a p l a y  r o l e s  o f  e qu a l  

impo rtance i n  caus ing s ystemi c pasteure l lo s i s  of sheep ( Biberstein 

and Kennedy, 1 9 5 9 ) . 

P a s t e u re l l a  pne umon i a  o f  s h e e p  i s  mo r e  i mp o r t a nt i n  t empe r a t e  

c limates t han i n  the t ropics . Howeve r ,  P .  h a emolyt i ca i s  cons ide red 

t o  be a more common c a u se of t h i s  di sease than P .  mu l t o c i da . Th i s  

c omme nt e spe c i a l l y  a p p l ie s  t o  l ambs where Pas t e urel l a  pneumonia 

o ccurs principa l ly with in the first month o f  l i fe and i s  t he cause 

o f  c o n s i de r a b l e  l o s s o f  a n ima l s  ( Ma r s h ,  1 9 5 3 ; C a rt e r ,  1 9 7 6 ) . 
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Neve r t he le s s  P .  mu l t o c i da doe s  p l a y  a n o t - i n s ign i f i cant role in 

caus ing pneumonia in lamb s . This was demonstrated by Stevenson ( 1 9 6 9 )  

who u s ed P .  m u l t o c i da i n  combinat ion with myc oplasmas t o  produce 

p n e umo n i a  in s t re s sed l amb s . Howeve r ,  he c o u ld n o t  p roduce t he 

di s e a s e  in s t ressed l ambs us ing P .  m u l t o c i da a lone n o r  in norma l 

l ambs us ing e ither comb inat ion ( Stevenson, 1 9 6 9 )  . This sugge sts that 

othe r organisms and stre s s  a re import ant in predispos ing the animal 

t o  disease caused by P .  m u l t ocida . 

T h e  a b o v e  d i s c u s s i o n  d o e s  n o t  i mp l y  t h a t  P .  m u l t o c i d a a n d  

P .  h a em o l y t i c a a re n o t  i s o l a t ed t o gether f rom sheep pneumoni a s . 

P .  m u l t o c i d a i s  o f t e n  i s o l a t e d  f rom sheep p u lmo n a ry l e s i ons in 

c o n j unction with P .  h a emolyt i c a ,  howeve r in l ine with t he gene ral 

rule with s heep pneumonia P . h aemolyt i ca usually predominates (Hamdy , 

P ounder and Fe rguson, 1 9 5 9 ) . 

Be l s c hner [ 1 9 5 1 ]  ( s ee Ma r s h ,  1 9 5 3 )  i s o lated P .  mu l t o c i d a f rom the 

l ungs o f  s heep which h a d  died f rom pleuropne umon i a . He conc luded 

( incorrect l y )  that the o rganism was the aet i o l ogic a l  agent of this 

d i se a se . S ince this  work it h a s  been e s t a b l i shed that  Mycopla sma 

myc o i de s  i s  t he agent o f  p l e u r opneumo n i a . Howeve r ,  Be l s chne r ' s 

c o n c l u s i o n s  do i l l u s t r a t e  t he impo r t a n c e  o f  P .  m u l t o c i da a s  a 

secondary disease caus ing agent . This is enhanced by St Geo rge ( 1 9 7 2 ) 

who demonst rated the pre sence of P .  mul t o c i da in pneumonic lungs of 

Au s t r a l i a n  sheep which had died o f  ' Summe r P neumon i a '  . I t  i s  now 

gene rally a ccepted that P .  haemolyt i ca is the a gent o f  this disease . 

N o t w i t h s t a nding t h i s , T adaya n ,  Cheema and Muhammed ( 1 9 8 0 )  isolated 

P .  m u l t oc i da f rom lung abces ses in I ranian sheep . This sugges t s  that 

P .  m u l t oc i da nonethe l e s s can cause pr ima ry l ung di s e a s e  in t he s e  

anima l s . 

F rom the above discu s s ion it can be appreciated that P .  m u l t ocida i s  

a s so ciated with sheep diseases i n  many count ries . However the role 

of P .  mul t o c i da in New Zealand flock s ,  although suspected, is  poorly 

unde rstood . Alley ( 1 9 7 5 )  surveyed t he respira t o ry t ract f lora o f  both 
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normal and pneumonic s heep . Despite demons t r a t ing t he presence o f  a 

heterogeneous bacte r i a l  population he did not report the presence of 

P .  m u l t o c i d a . S a l i s b u r y ( 1 9 5 7 ) a n d D o w n e y ( 1 9 5 7 ) i s o l a t e d  a 

P .  m u l t o c i d a - l i ke o r ga n i s m  f r om sheep s u f f e ring f rom e n z o o t i c  

pneumonia ( i e chroni c  non-progre s s ive pneumonia [ CNP ] ) .  Howeve r it 

is  more probable that their iso lates were P .  h a emolyt i ca since this  

organism is  a lmost ubiquitous in CNP lesions ( P rince , 1 9 8 5 ) . 

Note : A problem in interpret ing early l it e rature on P .  mul t o c i da 

is  that in many accounts the ident i f icat ion o f  the species 

i s  not s u f f ic ient ly c le a r  t o  di f fe rent iate t he organi sm 

f r o m  o t h e r P a s t e u r e l l a  s p e c i e s ,  i n  p a r t i c u l a r  

P .  h a em o l y t i c a . F o r  t h i s  r e a s o n  many o f  t he e a r l i e r  

reports o f  P .  mul t o ci da should b e  t reated with a degree of 

scept icism . 

1 . 5 . 4  Goats 

The ma i n  diseases o f  goats caused by P .  mul t ocida a re pneumonias and 

s y s t emi c pasteure l l o s i s . I n f e c t ions o c c u r  wo rld-w ide a lthough it 

would s eem f rom the l it e ra t u re that a h igher preva lence occurs in 

t ropic a l  count rie s .  P a nde ( 1 9 4 1 )  iso lated a n  organism which f it ted 

t he de s c ript ion of P .  mul t o ci da from the l ungs of many goats which 

had died f rom pleuropneumonia in India . He c ited e a r l ie r  outb reaks 

w h i c h  h a d de c ima t e d  goat he r d s  i n  the a r e a  and s ugge s t e d  t h a t  

P .  mul t o c i da was t h e  caus a l  agent . .  Howeve r s ince 1 9 4 1  Myc opl a sm a  

myc o i d e s  has been a c cepted as t he cause o f  pleuropneumonia . It is 

t h e re f o r e l i ke l y  t h a t  the o r g a n i sms de s c r i b e d  by P a nde ( 1 9 4 1 )  

represent seconda ry i nvade rs a s s ociated with the prima ry mycoplasma l 

disea s e . 

Borgman and Wilson ( 1 9 5 5 )  showed that P .  mul t ocida could be i s o l ated 

f rom a l a rge propo r t ion of l ungs f rom g o a t s  wh i c h  had died f rom 

pneumo n i a . The d i s e a se p i c t u r e  i s  s imi l a r  to t h a t  wh ich a f fe c t s  

s heep ( Borgman and Wilson,  1 9 5 5 )  . Usually a few anima l s  die suddenly 
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due t o  a bacteraemi a . This i s  followed by c l inical evidence a lung 

i n f e c t i on w i t h i n  o t h e r  memb e r s  of t he he r d . The ma i n  s igns a re 

letha rgy , anorexi a ,  a mucopurulent di scha rge f rom the eyes and nose,  

cough , dyspnoea and a n  elevated temperature . The disease t akes one 

t o  t w o  w e e k s  t o  r u n  i t s  c o u r s e . D e a t h s  o c cur f rom the onset o f  

c l i n i c a l  s igns w i t h  mort ality rates ave raging approximately 1 0 %  of 

the infected he rd ( Bo rgman and Wi lson ,  1 9 5 5 )  . 

T h e  f i n d i n g  t h a t  P .  m u l t o c i d a c a n  b e  i s o l a t e d f r om a l a r ge 

p r o p o r t i o n  o f  g o a t s  w h i c h  d i e  f r o m  p n e u m o n i a  o r  s y s t e m i c  

pasteurellosis s ugge s t s  that , l ike cattle and sheep , P .  mul t ocida is 

a c o mme n s a l  o f  t h e u p p e r r e s p i r a t o r y t r a c t  a n d  i s  a l s o  a n  

opportunistic pathogen . This would imply that a la rge propo rtion of 

norma l anima ls would ca rry the o rganism in t heir nasal cavit y .  This 

is  s upported by Ngat i a  e t  a 1 ( 1 9 8 5 )  who su rveyed t he nasal f lora of 

c l i n i c a l l y n o rma l g o a t s in t h e U n i t e d  S t a t e s . T h e y  i s o l a t e d 

P .  m u l t o c i da f r o m  a pp r o x ima t e l y h a l f  o f  t h e  a n ima l s  s t ud i e d . 

F u r t he rmo re , t h e y  s h owed t h a t  P .  m u l t o c i da i s  o n e  o f  t he mo s t  

predomin ant bact e r i a  found i n  t he norma l nasal f lora i n  the sense 

that it can be recove red f rom a high propo rtion of animals . 

The above discuss ion sugge s t s  that the type s of diseases assoc i ated 

w i t h  P .  m u l t o c i da in goa t s  a re s imi la r  t o  those f ound in sheep . 

Howeve r ,  much o f  t he l iterature has been t a ken at face value and a s  

w i t h  s heep many e a r l i e r  repo r t s  o f  P .  m u l t o c i da a s  a c a u s e  o f  

di sease have confused the role o f  this o rgan ism ( usua l ly a secondary 

invade r )  with that of the p r ima ry pat hogen . eg pleuropneumonia i s  

c a u se d  by Myc opl a sma myc o i de s . Furthermo re ,  e a r l y  ident i f ic a t ion 

p r o ce d u r e s  d i d  not t a ke i n t o  a c c o u n t  the t he l a rge numbe r s  o f  

P a s t e u r e l l a  a n d  r e l a t e d  s p e c i e s  w h i c h  a r e n o w  r e c o g n i s e d . 

Consequently some reports o f  a P .  mul t oc i da - l i ke o rgan ism may have 

actua l ly refe rred t o  P .  h aemolyt i ca or a Yersini a spp . Nonethe l e s s  

P .  mul t ocida is  clearly an important pathogen of goat s especially in 

t ropica l  count ries .  The organism has not been reported a s  a problem 
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i n  New Zealand but with t he growing emph a s i s  o n  f a rming goat s here 

this c ould change . 

1 .  5 .  5 Rabbits 

Rabb i t s  a re ext reme l y  suscept ible to P .  m u l t ocida infect ions and t he 

o rg a n i sm is  respon s ible for ec onomic l o s s  in product ion unit s and 

c omp l i c a t ions o f  l aboratory resea rch p r o j ec t s  ( Pe r c y ,  Bha s in and 

Ro s e n da l e ,  1 9 8 6 ) . A n umbe r of c l i n i c a l  ma n i f e s t a t i o n s  o c c u r  

i n c l ud i n g  ' s n u f f l e s ' ,  pneumon i a ,  ot i t i s  medi a ,  c o n j un c t i v i t i s ,  

pyome t ra , orchit i s ,  subcut a neous abce s s e s  and sept ic aemia ( F l at t ,  

1 9 7 4 ;  Ca rte r ,  1 9 7 6 ;  D iGiacomo e t  a l ,  1 9 8 7 ; Hagen, Go rham and F l at t ,  

1 9 7 6 )  . 

The most common f o rm of pasteurello s i s  in rabbits i s  snuffle s . This 

disease is cha racte rised by a serous or mucopurulent nasal exudate . 

Rhini t i s  develops a fter two weeks f rom t he initia l nasal infect ion . 

I t  i s  a common b u t  s u rp r i s ing f i nding t ha t  prewe a n l ings a re not 

a f f ected,  even i f  the doe is infected ( G iacommo , Ga r l inghouse and 

Van Hoo s ie r ,  1 9 8 3 )  . This appa rent res i st a nce of p reweanl ings seems 

to be unique to rabbit s . 

P .  m u l t ocida exi s t s  as  an upper respi r a t o ry t ract comme n s a l  i n  a 

h i g h  p r opo r t i o n  o f  c l i n i c a l l y  no rma l r abbit s .  I f  r e s i s t an ce is  

l o w e r e d , f o r  e xa mp l e  due to s t r e s s  r e l a t e d  e xp e r iment a l  u s e ,  

i n f e c t i o n c a n  s p re a d  t o  o t h e r  p a r t s  o f  t he b ody r e s u l t i n g  i n  

c l i n ical manifest a t ions ( F latt , 1 9 7 4 ) . 

F rom the uppe r respi ratory t ract P .  mu l t o cida infect ion can spread 

to t he lungs and cause acute pneumon i a . This  often leads to death 

due to sept icaemia which i s  respons ible for between f ive and f i fty 

pe r cent of deaths in overseas rabbit colonies ( Flatt , 1 9 7 4 ;  Manning 

et a l ,  1 9 8 6 ) . 
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Spread o f  P .  mul t o cida to the middle e a r  leads t o  otitis  medi a . This 

can be c omp l i c a t e d  by f u r t he r  s p r e a d  to t he i n n e r  e a r  [ ot i t i s  

i nt e rna l . T h i s  i n fe c t i o n  i s  cha r a c t e r i sed b y  h e a d  t i l t  w i t h  an 

a s s oc iated loss o f  balance and is called t orticollis o r  colloqu i a l ly 

a s  w ry-neck ) . An anima l in this  condit ion is  difficult t o  t reat w ith 

a n t i b i ot i c s  due to the i n a c c e s s ib i l i t y  o f  the s it e  o f  i n f e c t ion 

( Flatt , 1 9 7 4 ) . Unt reated cases often lead to death due t o  s t a rvat ion 

because the anima l is  unable to orientate it self to eat . 

1 . 5 . 6  Swine 

P .  m u l t o c i da c a u s e s  a v a r i e t y  o f  d i s e a s e s  in s w ine . The more 

imp o r t ant o f  these is  at rophic rhin i t i s  [ AR ] r seconda ry pneumonia 

a nd s wine plague . Next t o  the mycopla sma s ,  P .  mul t ocida is  the most 

common organi sm i s olated f rom pneumonic pig lungs ( Goi s ,  Kukea and 

S ie a k ,  1 9 8 0 ) . In New Zea l a nd P .  mul t o c i da has been i s o l a t ed f rom 

c a s e s  of swine abo rt ion Carter [ 1 9 7 2 ] ( see Woodgyer ,  1 9 7 5 ) . 

AR in swine is  characteri sed by degene rat ion of the nasal turbinates 

r e s u l t i n g  i n  s n o u t  de f o rm i t y . It is of c o n s i de r a b l e  e c o nomic 

imp o r t a nce ove r s ea s , e s pe c i a l ly in E u rope ( P ede r s o n  and N i e l s en , 

1 9 8 3 ) . A mild f o rm of AR h a s  been de te cted ( Hedge s ,  1 9 8 1 )  in New 

Zea land, howeve r t here is no report of t he isolation of P .  mul t ocida 

f rom pigs with t h i s  condition . 

Ove r s e a s  re s e a r c h  h a s  s hown t ha t  t h e  p r e s ence o f  AR i n  a h e rd 

c o r re l a t e s  w i t h  t he pre sence o f  B orde t el l a  bron ch i sep t i c a a nd / o r  

t oxigenic st r a i n s  o f  P .  m u l t oc i da [ t he toxin o f  P .  mul t o c i da wa s 

d i s c u s s e d  i n  S e c t i o n  1 . 4 ]  ( D e  Jong a n d  Akkerma n s , 1 9 8 6 ;  Rhode s 

e t  a l ,  1 9 8 7 ; Sawata et a l ,  1 9 8 4 ;  Lugtenburg, Van Boxtel and De Jong , 

1 9 8 4 ) . B .  bron c h i s ept i ca a lone , o r  i n  concert w i t h  non-t oxigenic 

P .  m u l t o c i da ,  causes a mi l d ,  t rans ient t u rb inate at rophy known as 

' r e g r e s s i v e  A R ' . T o x i ge n i c  P .  m u l t o c i d a  c a u s e s  a mo r e  s e ve re 

progre s s ive atrophy of the t urbinate s . This sugge s t s  that the t oxin 

i s  respon s ib l e  f o r  the mo re severe l e s ions . Thi s is s uppo rted by 
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Pede r s on and Barfod ( 1 9 8 2 )  who ins t i l led purified P .  mul t ocida t oxin 

i n t o  the n a s a l  c a v i t i e s  of pigs and p r o duced l e s ions which were 

s imi l a r  t o  t h o s e  of progre s s ive AR . The s eve r i t y  of t he l e s ions 

produced was proportiona l t o  the amount of toxin given (De Jong and 

Akke rmans , 1 9 8 6 ;  Pederson and Barfod, 1 9 8 2 ; P ede r s on a nd B a r f o d ,  

1 9 8 1 ;  De Jong, Oe i and Tetenburg, 1 9 8 0 )  . 

C h e m i c a l  i r r i t a t i o n  o f  t h e  n a s a l  mu c o s a  o f  p i g s  p r i o r  t o  t he 

introduct ion of t oxigenic P .  mul t ocida re sults in a mo re rapid onset 

o f  c l inical AR . T h i s  raises t he pos s ib i l ity that B .  bron ch i s ep t i ca 

may cause a mi ld i rritat ion which progres ses to progre s s ive c l inical 

AR a fter infec t i o n  by toxigenic P .  mu l t o c i da . Wh ile the importance 

of co infect ing agents rema ins to be c l a r i f ied in det a i l ,  the mode of 

act i on of P .  mul t ocida toxin is t o  st imu late bone reabso rpt ion and 

s u pp r e s s  o s t e o i d  s yn t h e s i s  ( G o i s ,  J o h n - B a rnes  a nd Ro s s ,  1 9 8 3 ;  

Pederson and E l l i ng,  1 9 8 4 )  . This expl a i n s  the changes in gross snout 

mo rphology observed in this disease . 

1 . 5 . 7 Dee r 

L i t t l e  is  known about pasteure l l o s i s  i n  deer but a h aemo rrhagi c 

septicaemia- like disease due to P .  mu l t o c i da h a s  been des c r ibed in 

re i ndee r  ( No rd k v i s t  and Ka r l s s on [ 1 9 6 2 ] , see C a rt e r ,  1 9 6 7 ) . The 

st rains invo lved were not typed but f rom the nat ure o f  t he di sease 

i t  would seem that deer may be sus cept ible to the s ame P .  mu l t oci da 

se rotypes � s  c a t t le and t hese strains may cause s imi l a r  di seases in 

both spec ies . 

1 . 5 . 8  Cat s and Dogs 

P .  mult ocida d i s ease in cats and dogs i s  not as common a s  i t  i s  in 

t he anima l s  men t ioned earlier in t h i s  sect ion . Neve rthe l e s s  it has 

been i s o la t ed a s  a comme n s a l  of t he mouth and t h roat of a l a rge 

p roportion of c a t s  and dogs overseas ( C a rter and Bain,  1 9 6 0 ;  Carte r ,  

1 9 6 7 ) . T h i s  w o u ld appea r  t o  b e  a l s o  t he c a s e  i n  N e w  Z e a land cats 
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because Woodgyer ( 1 9 7 5 )  h a s  s hown that 4 2 %  of  a s ample of  New Zealand 

cats c a r ry P .  mu l t o ci da in t he i r  mouths . 

As a disease agent of  c a t s  a nd dog s P .  mu l t o c i d a  h a s  been f o und 

a s s o c i a t e d  w i t h  a b c e s s e s  o f  both spec i e s , abo r t i on in dogs a nd 

pneumon ia in cats  ( Carter and Bain , 1 9 6 0 ; Namioka and Brune r ,  1 9 62 ;  

C a r t e r ,  1 9 6 7 ) . L i t t l e  w o r k  h a s  b e e n  d o n e  i n  N e w  Z e a l a n d t o  

i n v e s t i g a t e  di s e a s e c a u s e d b y  P .  m u l t o c i d a i n  t h e s e  a n ima l s . 

Howeve r ,  Ca rte r [ 1 9 7 2 ]  ( see Wo odgye r ,  1 9 7 6 )  i s o l a ted the o rganism 

f rom a cat  with pneumonia . This  is  a s o l it a r y  isolat ion but it is  

nonet heless cons i s tent with overseas findings . 

1 . 5 . 9  Man 

Al t h ough n o t  c ommo n ,  human i n f e c t i on s due to P .  m u l t o c i d a a re 

becoming more widely recogn i sed . Infect ion does occ a s s iona lly result 

f rom dog and cat b ites so  it is not s u rpris ing that biochemic a l ly 

and mo rphologica l ly human st rains tend t o  be ve ry s imi lar to f e l ine 

s t r a ins (Talbot and Sneath , 1 9 6 0 )  howeve r the respi ratory t ract can 

become infected vi a other sou rces . The s t rains invo lved appe a r  t o  be 

op p o r t u n i s t i c  p a t h o ge n s  p r o duc i n g  l o c a l  l e s i o n s  o n l y . Wh i l e 

infect ion as  a re sult of  animal bite s c learly represent a z oono s i s  

p a t i e n t s  s u f f e r i n g  f r o m  r e s p i r a t o r y  t r a c t  i n f e c t i o n s  a r e  

p r e domi n a n t l y  f r om f a rm i n g  b a c k g r o u n d s . T h i s  a l s o  s u g ge s t s  a 

zoonotic relat ionship ( Carte r ,  1 9 6 7 ; Rut t e r  and Luthe r ,  1 9 8 4 ) . 

P .  m u l t ocida has been isol ated f rom one human sputum s ample in New 

Zea l and . Inte rest ingly the pat ient had s ymptoms s imi l a r  to those of 

tuberculos is  ( Mi l le r ,  1 9 6 3 )  

1 . 6  The Relat ionship of Type of P .  mul t ocida t o  Hosts and Diseases 

T h i s  sect ion cons iders the capsular Type ( i e A, B, D, E ,  

a l l u de s o n l y  t o  t h e c a p s u l a r  p o l y s a c c h a r i d e . I t  

F ) , which 

i s  t o  be 
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dist inguished f r om the Se rotype , which refers t o  the comb i na t i on of 

c aps ular type and the somatic ant igen ( eg 1 : A,  3 : A, 3 : F ,  6 : B ,  6 : E ) . 

I .  Relat ionship of Capsul a r  Type to D isease . 

D iseases due t o  P .  mu l t o cida can often be correlated with the host 

animal af fected and the st rain Type ( i e  A, B ,  D,  E o r  F)  a s s o c iated 

with the di sease ( see Table 1 . 3 ) . 

Table 1 . 3  Re l a t i onship o f  P .  mul t ocida Capsular Type t o  Disease .
* 

Type 

A 

B 

D 

E 

F 

D i sease Assoc i at i on 

Fow l cho l era. 
Pr i mary and second a ry i n fect i ons in a w i d e  

range o f  spec i es. • •  

Haemorrh a g i c  sept i c aem i a  o f  cat t l e  and 

b u f fa l oes. 

Sw i ne p l a g ue .  

Pr i mary and second a ry i n fect i ons i n  a w i d e range 
o f  an i m a l  spe c i es. • •  

Haemorrh ag i c  se pt i caem i a  o f  cat t l e  i n  Cent ra l 

A fr i ca. 

Pr i mary d i sease of turkeys. 

• Based on Cart er ( 1 976 ) . 

• •  See Ta b l e  1 . 2  for a l i st 

of spec i es i nvo l ved . 

As i l l u s t r a t e d  above P .  mul t o c i d a  i s  a n  important disease-caus ing 

agent . Neve rt heles s ,  t he organism e x i s t s  primarily as pa rt of the 

n o rma l flora a nd can be recove red f r om the nasal cavity of healthy 

a n imals . Fo r e xample Types A, B and D st rains are recoverable f rom 

t h e  n a s a l  c a v i t i e s  of healthy cat t l e . Howeve r the dist ribution o f  

s e r ot ype s i n  t he nose is  n o t  exact l y  pa r a l leled by t he r e l a t ive 

p reva lence of these types as disease caus ing agent s . Thus in catt le 
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Type A is  by f a r  the most common type isolated f rom pneumonic lungs . 

T h i s  d i s e a s e  i s  predominant ly f ound in t empe rate c l imates .  On the 

othe r hand haemo rrhagic sept ic aemia i s  a disease o f  c a t t l e  wh i c h  

we re re a red i n  t ropi c a l  c l imates a n d  is  a s s o ciated with s t r a ins of 

P .  m u l t ocida Type B .  The reason for this i s  unclear but P .  mul t oc i da 

i s  a n  opportun istic pathogen and l i ke many such pathoge n s  i t  tends 

to c ause d i s e a s� f o l lowing sub j e c t i on of the host to " s t re s s " .  It 

might plausibly be sugge sted that t he stre s s  as sociated with cold,  

wet we ather p redi spo s e s  the anima l to the Type A related disea s e ,  

wh i c h  i s  p n e umo n i a . H o t , d r y  we a t h e r  on t he othe r h a n d ,  might 

predispose the anima l t o  the Type B re lated diseas e ,  haemor rhagic 

sept icaemia . 

I I . Re lat ions h ip of Serotype to D i s e a se . 

" Se r otype " i s  de f ined a s  a the comb ination o f  capsul a r  t ype with 

soma t i c  ant igen . 

P .  mu l t o c i da s t r a i n s  which c a u s e  f o w l  cho l e ra a re a l l  t he s ame 

c a p s u l a r  t ype . i e  Type A .  Howeve r Robe r t s ( 1 9 4 7 ) , us ing t he mou s e  

protection t e s t ,  e s t a b l i shed t h e  exi stence o f  th ree immuno logical 

" types "  a s so c iated with fowl cholera . The idea that seve r a l  "type s "  

o f  P .  m u l t o c i d a c o u l d  c a u s e  f o w l  c h o l e r a  w a s  r e i n f o r c e d  b y  

Heddleston [ 1 9 6 2 ]  ( see C a rter,  1 9 6 7 )  who studied isolates us ing both 

an immun i z a t i on-chal lenge test in chickens and a complement fixat ion 

t e s t . H i s  r e s u l t s  demo n s t r a t e d t he exi s t a nce of t w o  " t ype s "  o f  

P .  m u l t o c i da f r om c a s e s  o f  f o w l  c h o l e ra . These t w o  " t ype s "  a l s o  

di f fe red b i o c hemi c a l l y  i n  t he i r  a b i l it ie s  t o  f e rme nt xy l o s e  and 

dul c itol . 

T h u s  R o b e r t s [ 1 9 4 7 ] f o u n d  t h a t  t h r e e  s e r o l o g i c a l  " t ype s "  o f  

P .  m u l t o c i d a w e r e  r e s p o n s i b l e  f o r  f o w l  c h o l e r a , w h e r e a s  

Heddleston [ l 9 62 ]  had proposed that only t wo " types "  were involved . 

Howeve r a l l  i solates were Type A st r a ins . 
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Namioka ( se e  Sect ion 1 . 2 . 3 ) discovered diffe rent soma t i c  ant igens of 

P .  m u l t o c i d a a n d  g a ve t h em a n umbe r to d i s t i n g u i s h  t hem f r om 

( capsul a r )  Types . It is  rea s onable to suggest that t he dif ferences 

in the avian is olat e s  of Robe rt s [ 1 9 4 7 ] and Heddles t on [ 1 9 62 ]  lay in 

t h e i r  s om a t i c  a n t i ge n s . T h i s  w a s  

B r u n e r ( 1 9 6 3 )  f ou n d  t h a t  S e r o t y p e s  

s u pp o r t e d w h e n  N a m i o k a  a n d  

S : A a n d  B : A w e r e  t h e  mo s t  

prevalent i s olates f rom fowl cho le ra . They further showed that these 

t wo s e r o t ypes equ a t e d  t o  t he two immunogenic t yp e s  i s o lated by 

Heddle s t o n [ 1 9 6 2 ]  ( s e e  C a r t e r ,  1 9 6 7 )  Namiok a a nd Mu r a t a ( 1 9 6 4 )  

re ite r a t e d  t he r o l e  of S e rot ype S : A a s  a caus a l  a ge n t  o f  f o w l  

cho lera a n d  i n  addit ion re fined Se rotype B : A to Subserotype B a : A  ( S a  

being a subgroup o f  somatic group 8 )  . They also added a n  addi t ional 

Serotype [ 9 : A ] t o  c ompile a f in a l  l i s t o f  three Se rotypes caus ing 

f o w l  c h o l e r a . T h i s  c o n c l u s i o n  is c o n s i s t e nt w i t h  t h e e a r l i e r  

findings o f  Robe rts [ 1 9 4 7 ] ( see above ) who s a id that t hree dif fe rent 

st rains we re invo lve d .  

I t  should b e  clear f rom the above discu s s ion that f o w l  chole ra i s  

c a u s e d  b y  c e r t a i n Se ro type s o f  P .  m u l t o c i da only . I nt e re s t ingly 

corre l a t i o n s  have a l s o  been seen between part icu l a r  P .  m u l t o c i da 

Serotype s and t he age and spe c i e s  o f  b i rd ( dome s t i c  hen,  t u rkey, 

duck e t c )  a f fected . For example Heddleston [ 1 9 6 2 ]  ( see Ca rte r ,  1 9 6 7 )  

obse rved t hat his t ype 1 s t ra in [ equiva lent t o  Carter Se rotype S : A]  

was pathogenic for 1 6 -wee k - o l d  a nd 4 5 -we e k -old c h i c ke n s . Type 3 

[ equ ivalent t o  Carter Se rotype B : A]  wa s pathogen ic f o r  1 6 -week-old 

t urkeys a n d  4 5 -wee k - o ld chickens but w a s  o f  low pathogenicity for 

1 6 -week-old chickens .  

S ince the work ( se e  above ) wh i c h  demons t r ated the invo l vement o f  

cert a i n  S e rot ypes o f  P .  m u l t o c i da i n  c a u s i ng fowl c h o l e r a , other 

worke rs h a ve shown that such a relationship occurs with diseases in 

some other anima l species ( see Table 1 . 4 ) . 
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Table 1 . 4  Re lat ionship of P .  mul t oc i da Se rotype to Host and Disease . 

An i ma l  Host D i sease Serc•t y pe Refet·ence 

Fow l Fow l Ch o l era 5 : R  Cad er < 1 '367 > , 

8a : R  Nam i o ka and M urat a ( 1 '364J 

'3 : R  

Cat t l e  Haemorr h a g i c  6 : 8 Sh i g i d i  and Must a f a ( 1 '3 7'3J 
-Sept i caem i a  6 : E  

Sw i ne Pneumon i a  1 :  A •  Cart e r  ( 1 '367 > , 
3 : A  Cart e r  and Ba i n  ( 1 '360 ) , 

1 :  D Nam i o ka and 8runer ( 1 '363J 

2 : 0  

4 : 0  

Rabb i t s  Res p i ra t ory 1 2  : A. G i acommo, Gar l i n g h o use 

Tract 3 : A  ar1d Van Hoos i er ( 1 '383J , 

1 2 : 0  Mann i n g et a l  ( 1 '386 > 

3 : 0  

• Predom i nant d i sease-caus i n g Serot ype. 

I n  summa r y  t he ident i f icat i on of " Serotypes "  on the ba s i s  of both 

the capsule and soma t ic ant igens has allowed a more re f ined ana lys i s  

o f  t he r e l a t ionship between t h i s  and di sease produced in a variety 

o f  h o s t s . The above d i s c u s s i o n  indic a t e s  t h at s ome c o r re l a t ion 

exis t s  b e t ween the S e rotype o f  P .  mul t oc i da ,  the species o f  h o s t  

infected and the disease caused . 
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1 . 7  Immunity and Vaccines 

Immunity to P .  mul t ocida is prima r i ly humoral ( Cart e r ,  1 9 6 7 )  a nd the 

ant ibodies p roduced a re bacteric ida l ( Walke r and Foster , 1 9 8 1 )  . 

The f i r s t  P .  m u l t o c i da vacc ine w a s  a c c ident a l ly produced by Loui s  

P a steur i n  1 8 7 8 . This wa s in the f o rm of  a broth culture o f  ( almost 

c e r t a inly Type A)  orga n i sms which h a d  been le ft t o  s t and a t  room 

t empe rature f o r  such a length of t ime as to rende r t he o rg anisms 

n o n - i n f e c t i o u s . T h i s  w a s  d i s c o v e r e d  b y  P a s t e u r  a f t e r  h e  

unsucces s fu l ly t r ied t o  produce fowl cholera i n  chickens us i ng the 

o l d  c u l t u re . H oweve r ,  t he sign i f i c a n ce of  the d i s c ove ry w a s  not 

a pp r e c i a t e d  u n t i l  he r e i n o c u l a t e d  t he s ame f o w l  w i t h  a f re s h  

virulent s t r a i n . The bi rds did not cont ract the disease and P a steur 

c o r rect ly concluded concluded that they had somehow been ' protected' 

by the old cult ure . 

Act ive immun i z a t ion o f  fowl with a v i rulent vacc ines was cont inued 

f o r  seve r a l  de c ade s a f t e r  P a s t e u r ' s d i s cove rie s . Howeve r t h e i r  

p o p u l a r i t y  d i m i n i s h e d  b e c a u s e  v a c c i n e s  p r e p a r e d ,  a t  l e a s t  

o s t e n s i b l y ,  b y  P a s t e u r s  me t hod w e r e  not c o n s i s t a n t l y  e f f e c t ive 

( C a rter and Bain,  1 9 6 0 ) . 

E a r l y  a ttemp t s  we re made a t  pa s s i ve l y  immuni z ing a n ima l s  against  

s e ve r a l  P .  m u l t o c i da d i s e a s e s  e sp e c i a l l y  s h ipping f e ve r w h i c h  

r e qu i r e s  o n l y  s h o r t  t e rm p r o t e c t i o n ( C a r t e r  a n d  Ba i n ,  1 9 6 0 ) . 

Howeve r ,  this  was di scont inued due t o  a gene ral lack o f  e f f ic acy . In 

h i n d s i g h t  t h i s  i s  n o t  s u r p r i s i n g  b e c a u s e  o n l y  o n e  t yp e  o f  

P .  mul t o cida w a s  used t o  produce t he antise rum whereas t he di sease 

c a n  invo lve a n other type o f  P .  mul t o ci da or even be due to othe r 

o r gani sms , e g  P .  h aemolyt i ca .  The re f o re the immuni z ing s e ra , which 

was serotype speci f i c ,  was not protect ing against diseases caused by 

other organi sms . 
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B a in [ 1 9 5 2 ] ( s ee Carte r ,  1 9 6 7 )  prepa red a vacc i ne for haemorrhagic 

s epticaemia (a disease of cattle in t ropic a l  count ries )  by blending 

o rganisms with mine ral o i l  and lanolin . Good protect ion was obta ined 

with a min imum of t i s sue damage . Bain s ta ted t hat an o i l  adj uvant 

c ombined with a high number of organi sms were both import ant factors 

in prepa ring vaccines to P .  mul t ocida ( see Carte r ,  1 9 6 7 ) . 

The demons t ra t ion by B a i n  [ 1 9 5 2 ] ( s ee above ) o f  t he importance o f  

u s i n g  a n  a d j uvant i n  P .  mu l t o c i da va c c i ne s  led Hedd l e s t on and 

H a l l  [ 1 9 5 8 ]  ( s ee Cart e r ,  1 9 6 7 ) t o  s t udy seve r a l a d j uvant s f o r  use 

with fowl cho lera vacc ine s . They found that antigen emu l s i f ied in an 

o i ly adj uvant elicited g reater protection that aqueous suspensions . 

T h i s  f i nd i ng was s i mi l a r  t o  t h a t  o f  B a i n ' s .  La t e r  Heddleston in 

a s sociation with Re is inge r [ 1 9 5 9 ]  ( see Carter,  1 9 6 7 )  used mineral oil 

and arlacel a s  an adj uvant for a fowl cholera vacc ine conta ining a 

s ingle ( Se rotype 5 : A) st rain of  P .  mult ocida . This vacc ine was found 

t o  be effective against cha l lenge from the same strain of organism . 

H oweve r ,  when used in t he field it was found t o  be ine f fect ive due 

t o  the occurrence of " vaccine breaks " .  In hinds ight , these " vacc ine 

b reaks " we re not surpris ing because later Namio ka and 

c owo rke rs [ 1 9 6 2 - 1 9 6 4 ]  ( see Section 1 .  4 )  showed that fowl cholera was 

c aused by t hree Se rotype s of  P .  mu l t ocida . Although this informat ion 

w a s  not k n own to H e dd l e s t on and Re i s inge r t hey did nonethe l e s s  

s uspect t he involvement o f  more t han one s t r a i n  i n  t he aetiology o f  

t he disea s e . I n  1 9 6 0  ( see Ca rte r ,  1 9 6 7 )  they modi f ied their vaccine 

by adding an ext r a  s t r a i n of P .  mu l t o c i da ( Sero type 8 a : A ) . T h i s  

v a c c i n e  w a s  f o u n d  t o  b e  e f f e c t i ve i n  t h e  f i e l d . They f u r t h e r  

modif ied this  vacc ine by subst itut ing the o i l -arlacel adj uvant with 

a luminium hydroxide . They f ound that this e l l icited protect ion f o r  

t he same length of  t ime as  oil-arlacel ( approximately one yea r )  but 

d i d  c a u s e  a s  mu c h  t i s s ue damage ( C a r t e r ,  1 9 6 7 )  C o n s e que n t l y  

a luminium hydroxide h a s  s ince become the adj uvant o f  cho ice f o r  most 

P .  mul t o c i da vacc ine s whether f o r  fowl cho l e ra o r  o t he r di s e a s e s  

( Wa lke r a n d  Foste r ,  1 9 8 1 ) . 
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Heddleston and Re is inge r ' s two-se rotype -conta ining vacci ne a f fo rded 

protect i o n  in the f ield although it was later shown that three type s 

o f  P .  m u l t o c i da a re r e s p o n s i b l e  f o r  f o w l  c h o l e r a . T h a t  i t  wa s 

e f fect ive could suggest that t he third type ( Serotype 9 : A) was not 

present in the a re a s  whe re f l ocks were immuni zed . Howeve r Serotype 

9 : A was t he last f owl cholera s t rain to be de sc ribed ( Namioka a nd 

Mu r a t a ,  1 9 6 4 )  wh i c h  s u g ge s t s  t h a t  i t  i s  n o t  a s  i mp o rt a n t  a s  

Serotype s S : A  or 8 a : A  in caus ing fowl cholera . 

S ince 1 9 6 0  P .  mul t ocida vacc ines have predominant ly been ' bacterin'  

based . T h at is , made from k i l le d  cultures or component s of  killed 

cultures ( Ca rter ,  1 9 6 7 ) . The diseases protected against inc lude fowl 

cholera , shipping fever and s wine pneumonia . There a re many repo rt s 

of  s u c c e s s  or f a i l u re in immu n i z ing anima l s  aga i n s t  P .  mul t o c i da 

u s i ng b a c t e r i n s . Howeve r ,  a s  a gene r a l  rule it c a n  be s a id that 

bacterins a re not usually ef fect ive unless  used with an adj uvant . I f  

succe s s fu l ,  protection is  usua l l y  only short term .  

U n t i l  t h e l a s t  de c a de wh o l e - c e l l  P .  m u l t o c i d a v a c c i n e s  w e r e  

re lat ively undefined . That i s ,  t hey cons isted of a n  inact ivated cell 

suspe n s i on st anda rdi zed on the ba s i s  of  c e l l  numb e r s  and blended 

w i t h  a n  a d j uvant . S uch vac c i n e s  a c t  by st imul a t i n g  b a c t e r i c idal 

ant ibodies which a re di rected against ce l l  surface antigens and as  

such t end t o  be s e ro-spec ific . 

I f  the number of  se rotypes o f  a pathogen i s  l imited t he formulat ion 

of  a vacc ine is  re lative ly s i mple . Howeve r ,  when seve ral serotypes 

a re i nvo lved as is the c a s e  with P .  m u l t ocida i n f e c t ions of s ome 

hos t  species , mul t icomponent vacc ines mu st be used . The se vacc ines 

may not be pract i c a l . For example if a h igh numbe r of cells  for each 

o f  s e v e r a l s e r o t yp e s  a re a dded t o  a v a c c i n e , t o x i c  l e ve l s  o f  

endot oxin may b e  present o r  t he required inoculum may b e  excess ively 

l a rge . It w o u l d  t he r e f o re be advant a ge o u s  to pu r i f y  immu n i z ing 

a n t i g e n s  a nd s u c h  a vacc i ne h a s  been p repared f o r  h a emo r rhagic 

sept icaemia . P u r i f ied capsul a r  polysaccharide is  not immunogenic in 
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a l l  anima l s  ( P enn and Nagy, 1 9 7 6 )  but when puri f ied f rom st rains o f  

P .  mul t o c i da which cause haemo rrhagic sept ic aemia,  i e  Se rotypes 6B 

a nd 6 E  ( th e  bovine -haemo rrhagic-s ept icaemia s t rains ) , it has been 

s hown to be immunogen i c  in catt le ( Penn and Nagy,  1 9 7 6 ) . This has 

been exp l o i ted and a mu l t i - s t r a i n  vaccine cont aining t he purif ied 

a n t igens ( B  and E )  i s  now a va i l ab le c omme r c i a l ly ( Wa l ke r and 

Foster,  1 9 8 1 ) . 

The haemo rrhagic sept icaemia vaccine discussed above is  except ional 

b e c a u s e  W i t h  some o t he r a n ima l d i s e a s e s ,  eg pneumo n i a  in sheep 

( Came ron a nti Beste r ,  1 9 8 4 ) , an e f fect ive whole -ce l l  multicomponent 

vacc ine has  been e f fect ive . 

I t  has been shown that a combined infection of  

B o rd e t e l l a  b r o n c h i s ep t i c a and de rmo n e c r o t ic - t o x i n - p roduc i n g  

P .  mul t oc i da Type D w i l l  induce progre s s i ve a t rophic rh init is  (AR) 

i n  pigs ( s ee Sect i o n  1 . 5 ) . Pede rsen and B a r f od ( 1 9 8 2 )  vacc inated 

pregnant gilts  with a whole -ce l l  bacterin made from a DNT -produc ing 

P .  mul t o c i da Type D .  T hey demo n s t rated that both t he gilt and its 

o f f spring were pro t e c t ed aga i n s t  AR . Howeve r ,  i t  has s ince been 

f o und t h a t  Type A s t r a i ns of P .  mul t o c i da can a l s o  produce DNT 

( P i j o an et a l ,  1 9 8 4 )  which sugge s t s  that an ef fect ive AR vacc ine 

will need to be composed of more than one s t ra in of  P .  mul t ocida . 

The de s i r a b i l i t y  o f  produ c ing a n  e f fe c t ive n on-toxic vacc ine f o r  

P .  m u l t o c i d a l e d  t o  a t  l e a s t  o n e  h i g h l y  u n o r t h o d o x  a pp r o a c h  

( E i s en s t e i n [ 1 9 7 8 ]  s e e  P h i l l ip s  a nd R iml e r ,  1 9 8 4 ) . T h i s  approach 

invo lved the ext ra c t i o n  o f  ribosome s f rom t he bact e r i a  and u s ing 

them as  a n  immuniz ing antigen . Contrary t o  what might reasonably be 

expected,  t h i s  w a s  h i ghly succe s s ful . However, in a mo re critical 

study o f  this approach , Phillips and Rimle r ( 1 9 8 4 )  reinvest igated the 

u s e  o f  r ib o s ome s a n d  s h owed t h a t  w h e n  h i gh l y  p u r i f ie d ,  t he i r  

immun i z ing capacity w a s  diminished o r  lost . However this  immuni z ing 

c apac it y  was rest ored not only t o  P .  mul t o cida· ribosomes but a l s o  

Aspergi l l us spp ribos ome s a n d  a v i a n  r ibosomes provided that these 
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w e r e  exp o s e d  t o  t race amount s o f  P .  mul t o c i da l ipopo l y s a c c ha r ide 

( LP S )  . 

W i t h  h i nds i ght i t  i s  c l e a r  t h a t  t h e  r ib o s ome s a c t  a s  a potent 

a d j uvant f o r  s ome s u r f a c e a n t i g e n s  o f  P .  m u l t o c i da . Wh i le t he 

o r i g i n a l  repo rt t h a t  P .  m u l t o c i da ribo s ome s w e r e  a n  e f f e c t i ve 

ant igen to p rotect against P .  mul t ocida i s  at lea st ( in one sense ) 

nonesence , neverthe l e s s  i t  i s  c o r rect in that they a c t  a s  potent 

vaccines because they have a st rong adjuvant e f fect on t race amount s 

o f  P .  mul t o c i da LP S ant igens . This approach therefore seems t o  be of  

p o t ent i a l  u s e  because r ibosome s t hemse lve s  a re not t oxic and t he 

t race amount s of  LPS needed to be immunogenic a re not toxic at these 

levels . 

Mo re recent l y ,  ie  within the last yea r ,  the po s s ib i l ity o f  a l ive 

P .  mul t oci da vacc ine has been reexamined . The reader may reca l l  that 

l ive (or at any rate not intent iona lly killed) P .  mul t o ci da vacc ines 

we re used by Pasteur . 

S h imi zu e t  a 1 ( 1 9 8 7 ) u s e d  ultra v i o let and chemical mutagene s i s  to 

t re a t  a s t r a i n  of DNT - p roduc ing P .  m u l t o c i da T ype D .  They thus 

obta ined a temperature sensit ive ( t s )  mut ant . Wild type s t ra ins grow 

between 3 0 °C and 4 1 °C but the mut ant did not grow above 3 4 °C .  i e  it 

would not grow at phys i o logical t emperature . This implies that the 

t s  s t rain could be used a s  a l ive vaccine because it cannot grow in 

the host a n ima l and c o ns equent ly c annot c a u s e  d i s e a s e . They then 

u s ed this t s  strain t o  immunize mice and f ound that the mice we re 

p r otected a ga in s t  the w i l d  t ype s t ra i n . T h i s  w o r k  w a s  done only 

r e c en t l y  and as yet t he a pp r o a c h  h a s  n o t  been ext e nded t o  t he 

immunizat i on of  anima l s  of  greater commercial importance than mice . 

I t  i s  however a promis ing avenue . 

D igiacomo e t  a1 ( 1 9 8 7 )  used select ive media to isolate a s t reptomyc in 

dependent ( Smd) strain of P .  mul t oci da Se rotype 1 2 : A .  They t hen grew 

this  strain in broth culture and admin istered it int rana s a lly into 
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r a b b it s . T h i r t y  da ys l a t e r t he y  c h a l l enged h a l f  o f  t he t reated 

rabbits  with the equiva lent wild type . The rema inder of t he t reated 

r ab b i t s  w e r e  c h a l lenged w i t h  s t rept omyc i n  s e n s i t ive c e l l s  of a 

di f fe rent S e rotype ( 3 : A ) . The rabb i t s  t reated with t he wild type 

1 2 : A  a l l  developed a mild nas a l  infect ion which res olved after two 

wee k s . T h o s e  c h a l lenge d  w it h  t he 3 : A  s t r a i n  dev e l oped a c h ronic 

n a s a l  i n f e c t i on wh ich d i d  not progre s s  to  t he s e ve re condit ion . 

Unvacc inated cont ro ls a l l  deve loped seve re pa steurellosis  and some 

died . 

T h e s e  re s u l t s  sugge s t  t h a t t he S md s t r a i n may be e f f e c t i ve a t  

protect ing r abbit s against seve re disease due t o  Type A se rotype s of  

P .  m u l t ocida . Howeve r t o  g ive complete protect ion the results would 

imply that a mixture of  s e rotypes a re necce s s a ry . 

1 . 8  Antibiotic Re s istance and the Presence of P lasmids 

The amount o f  lite rature c oncerning the antibiotic sensit ivities of  

P .  mu l t ocida i s  va st (Carter and Ba in,  1 9 6 0 )  but t he relat ionship o f  

t h i s  t o  p l a smid c a r r i age has  not been extens ive ly examined . Chang 

a n d  C a r t e r ( 1 9 7 6 )  demon s t rated t h a t  mu lt i p l e  drug re s i s t ance i s  

commonly found in strains  of  P .  m u l t ocida i s o l ated f rom cat t le and 

swine . They showed that over 8 0 %  of is olates posses sed res i s tance t o  

o n e  or more of  the drugs St reptomyc in , Penic i l l i n ,  Tet racycl ine and 

Chloramphenicol . Re s i stance to St rept omycin was f ound to be the most 

f re quent . Be rman and H i r s h ( 1 9 7 8 )  i s o lated a s t r a in of P .  mult ocida 

f r om f o w l  c h o le r a  o f  t u r ke y s  a nd s h o we d  i t  t o  be r e s i s t a nt t o  

T e t r a c y c l i n e , S t r e p t o m y c i n  a n d  s u l p h o n a m i de s . T h e y  f u r t h e r  

demons t rated that it c a r r ied two re s i st ance - c a r rying plasmids [ R

p l a s m i d s ] . O n e  o f  t h e s e  w a s  s h o w n  t o  e n c o de r e s i s t a n c e  t o  

S t rept omyc i n  and sulphonamide s . The othe r coded res ist ance to a l l  

t h re e  o f  t he a n t i b i o t i c s . B o t h  p l a s m i d s  w e r e  s hown t o  b e  n o n  

t r ansmi s s able (Berman a n d  Hirsh,  1 97 8 )  . 
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H i r s h ,  Ma r t i n  a nd Rho ades ( 1 9 8 5 )  s u rveyed many tu rkey s t ra in s  o f  

P .  mult ocida f o r  plasmids . Approxima tely 6 0 %  conta ined plasmids and 

1 0 %  o f  t h e s e  encoded r e s istance t o  Tetracycl ine , St rept omycin and 

s u l p h o n a m i d e s .  T he s e  R - p l a s m i d s  w e r e n o n t r a n s mi s s a b l e . T h e s e  

f indings a re s imi l a r  t o  both t h o s e  o f  Be rman and Hirsh ( 1 9 7 8 )  [ see 

above ] who a l s o  worked w ith P .  mu l t o c i da iso lated f rom t urkeys and 

S i l ve r  e t  a 1 ( 1 9 7 9 )  w h o  demo n s t r a t e d R- p l a s mids i n  s t r a i ns o f  

P .  mul t oc i da i s o lated f rom cattle with pneumonia . 

T h e  a b o ve d i s c u s s i o n  s h o w s  t h a t  a s i g n i f i c a n t  p r o p o r t i o n  o f  

P .  m u l t o c i da s t ra i ns c a rry one o r  mo re p l a smids . F u r t h e rmo re a 

s igni f i cant a nd growing proport ion o f  the se s t ra ins c a r ry plasmids 

which enc ode resis tance ( R-plasmids ) to Tet racyc l in e ,  St rept omycin 

and S u lphonamides . The s e  are the p redominant ant ibiot i c s  used for 

t h e r a p y  a n d  p r o p h y l a c t i c  t r e a t me n t  o f  d i s e a s e s  c a u s e d  by 

P .  mul t ocida . This sugge sts that t he evo lut ion of res i st ant strains 

is  cont inuing and in future they may become a ma j o r  problem as  t he 

use o f  t h e s e  a nt ibiot i c s  i s  cont i nued . For example S u lphonamide s 

h a v e b e e n  a dded t o  c h i c k e n  f e e d  t o  p r e v e n t  f o w l  c h o l e r a  f r om 

be coming e s t abl i s hed in f l o c k s . T h i s  h a s  p r obably a s s i s t e d  the 

s e l e c t i o n  o f  s t r a i n s  of P .  m u l t o c i da wh i c h  c a r ry S u lp h o n amide 

res istance ma rkers . 

Woodgye r ( 1 9 7 6 )  demonst rated that  s t rains o f  P .  mu l t o ci da iso lated 

f r om c a t s i n  New Z e a l a nd w e r e  n o t  r e s i s t a nt t o  S t rept omyc i n ,  

S u lphonamide , T e t r a c y c l ine , Ch l o r amphe n i c o l  o r  P e ni c i l l in . This  

would appea r  to be the only report o f  antibiotic sens itivit ies being 

det e rmined f o r  P .  mu l t o c i da s t r a i n s  which have been i s o l ated f rom 

New Zealand animals so it is not s u rpri sing that t he presence of R

plasmids in New Zealand strains a l s o  has not been reported . 
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1 . 9  I s o l at ion a n d  Identification of P .  mul t ocida 

Many s t r a i n s  o f  P .  mu l t o c i da a re highly pat hoge n i c  f o r  mice a nd 

rabbit s .  Pure cu ltures o f  the organism can be recovered f rom the se 

a n ima l s  a fter i n t rape r itone a l  inocu l a t i on ( P ede r sen and N i e l s en , 

1 9 8 3 )  . However this  method i s  not a s  e f fect ive as us ing s o l id media 

for rea s ons which a re discussed later ( see Sect ion 2 . 1 ) . 

The p a s teurellae g row wel l  on blood agar so this is  the medium of 

choice for t he i s o lat ion of P .  mu l t o c i d a  f rom c l inical spec imens . 

P .  mu l t o c i da i s  di f f i cult t o  i s o l ate i f  the medium used doe s  not 

cont a i n  b lood ( Ca rte r ,  1 9 8  4 )  Howeve r s e l ect ive media have been 

de s c r i b e d  f o r  t h e  i s o l a t i o n o f  P .  m u l t o c i d a f r o m  h e a v i l y 

contaminated materials ( See Chapter 2 ) . 

P .  m u l t ocida can , with expe rience , be ident i f ied, i n  mixed culture 

on s o l i d  medium . Typical colonie s ,  grown on 5 %  horse blood aga r ,  a re 

1 - Smm i n  diameter a fter 4 8 h r s  growth a t  3 7 °C ( see F igures 1 . 3  and 

1 . 4 ) . T hey a re raised, greyi s h  in colou r ,  non haemo lytic and usually 

po s s e s s  a smoo t h  to mucoid appea rance , depending on the amount of 

caps ule produced . 

T h e  P a s t e u r e l l a c e a e  a r e f a c u l t a t i ve l y  anae rob i c  G r a m  negat ive 

coccobac i l l i  . They are dis t i nguishable f rom the other two fami l ies 

of  t h i s  group [ En t eroba c teria ceae and Vibri ona ceae] because they a re 

oxida s e  posit ive , nonmot ile and most species ferment glucose to acid 

but without gas product ion . The pasteurellas  a re dist ingui shed f rom 

Haemoph i l us because they do not requi re the growth factors NAD and 

Haemin ( Ca rte r ,  1 9 8 4 ) . The c olonial morphology of  t he act inobacilli 

i s  s im i l a r  t o  P .  mul t o c i da a nd it c a n  be dif ficult t o  dist inguish 

bet w e e n  t he t w o . Howeve r t he y  can be di f f e rent i a t ed because t he 

act inobac i l l i  p o s s e s s  a u n i que ' st ic ky '  coloni� l texture ( Smit h ,  

1 9 7 4 )  . 
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The Genus P a s t e u rel l a  i s  composed o f  s ix spec ies ( C a r t e r ,  1 9 8 4 ) . 

P .  m u l t o c i da i s  di s t i n gu i s h a b l e  f r om t he o t he r f i ve s pe c i e s  

biochemi c a l ly and the mai n  dist inguishing rea c t i ons a re presented in 

T able 1 . 5 .  Colonies o f  P .  mul t o ci da on blood agar have a dist inct ive 

odour use f u l  in its iden t ificat ion . 

T able 1 . 5  D i f ferent ial Characteristics of Pa s t e urel l a  Species . a 

Ch aract et' i st i cs 

(3 Haemolys i s  
Growt h o n  McConkey A g ar 

I nd ole Prod uct i on 

Urease Act i v i t y  
Ac i d  from Lact ose 

LEGEND 

M :  P. mul toci da 

P :  P. pneumo b'opi ea 

H :  P. haemo l yt i ca 

U :  P. tweae 

A :  P. aerogenes 

6 :  P. ga l l  i nar'ttm 

M 

+ 

. ' . .  ' . .  

p H u A 

+ 
+ + 

+ 
+ + + 
V .. y ll  

• based or1 Carter ( 1 '384 ) 
' ' va r i a ble react i on '  

G 
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CHAP TER 2 

I s o l a t i o n  o f  P .  mu l t ocida f rom t he Na s a l  Cavit y : Evalu a t i on and 

Modi f icat ion of a Selective Medium .  

2 . 1  Int roduct ion 

P .  m u l t o c i da c a u s e s  ma ny d i s e a s e s  in di f f e rent a n ima l s pe c i e s  

(Carter and Bain , 1 9 6 0 )  and i t  i s  pos sible t o  iso l ate the organism 

f rom severa l organs . Depending on t he s ite of infect ion,  it may or 

may not be as sociated with an excess of  other bacteria . eg it may be 

pre sent in pure ( o r  nearly p u r e )  c u l t u r e  and in h ig h  numbe rs in 

s ubcut aneous abces sess . 

In  cont rast nasal s wabs usua l ly cont ain many species o f  bacteria in 

low numbers (Ngatia et a l ,  1 9 8 5 ;  Ca rter and Bain , 1 9 6 0 ) . The se may 

inc l ude bacteria which are pre sent in greater numbers or repl icate 

mo re rap idly than P .  mul t o ci da . Othe rs ( eg some mot i le spec ies of 

En t eroba c t eri a ceae and Vibri on a ceae) can spread on t he surface o f  an 

aga r p l a t e . The p r e s e n ce o f  s u ch o rg a n i sms in t he n a s a l  f l o ra 

hamp e r s  t he de tect ion o f  P .  m u l t o c i da because they overgrow t he 

medium ( Morris , 1 9 5 8 ;  Smith and Baske rvi l le ,  1 9 8 3 ;  Knight , P a ine and 

S pe l l e r ,  1 9 8 3 ) . T h i s  p r o b l e m  c a n  be s o lved b y  s e l e c t i n g  f o r  

P .  mul t o ci da i n  vi vo o r  i n  vi t ro .  

Encap s u l ated s t r a ins o f  P .  m u l t o cida a re pathogenic f o r  mice so  a 

pure culture may be obt a ined by intraperitoneal inoculat ion o f  n a s a l  

mat e ri a l . T h i s  met hod has  several di s a dvantages . F o r  examp l e ,  i f  

mo re t h a n  o n e  s t r a in o f  P .  m u l t o c i da i s  present i t  s e l e c t s  t he 

s t ra in which is  most virulent f o r  mice ( Pede rsen and Nielsen,  1 9 8 3 )  

and t he l a rge ' ·. n umbe rs o f  mice requ i red f o r  rout ine s c reening and 

isolat ion work makes this method cumbersome and expens ive ( Pede rsen 

and Nielsen,  1 9 8 3 )  
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Va rious i n  vi t ro s e lect ive medi a  f o r  the i s o lation o f  Past e urel l a  

spec ies have been reported . The s e  u s e  a ba s a l  medium incorporat ing 

the s e l e c t ive prope rties o f  a h igh pH and ant imicrobial chemica ls 

i n c l u d i n g  a n t i b i o t i c s  ( C a r t e r ,  1 9 6 7 ; Mo r r i s ,  1 9 S 8 ; Smith a nd 

B a s k e r v i l l e ,  1 9 8 3 ; Kn ight , P a ine a nd Spe l le r ,  1 9 8 3 ; De Jong and 

Bo rst , 1 9 8 S ) . A s e lect ive medium ( 8 HPG)  de s igned spec i f ica l ly for 

the i s o l a t ion of P .  mul t oci da f rom the na s a l  tract o f  pigs has been 

de s c r ibed by Smit h  a nd Baskerv i l le ( 1 9 8 3 ) . It is based on alkal ine 

nut r ient agar  [ pH 8 . 6 ] which a l s o  cont a i ns four a n t i b i ot i c s  vi z 

Myco s t a t i n ,  S O Uml - 1 ; Bacit ra c i n ,  SUml - 1 ; P o lymixi n ,  0 . 2ugrnl - 1  and 

- 1  Gent amyc i n ,  0 . 0 3 ugml . 

F o r  a s e l e c t ive medium t o  b e  e f f e c t i v e it mu s t  h a ve t w o  ma i n  

att ribute s :  it mu s t  e f f ic ient l y  propagate the ta rget organism but 

must suppre s s  the background f l o ra . 

P .  mul t o cida colon i ze s  many o f  t he anima l species which are found in 

New Z e a l and the re f o re an ide a l  select ive medium should a l low the 

i s o l a t i o n  o f  the o rganism f rom all o f  t hese anima l s . To eva luate 

such a medium it i s  necce s s a ry to obt a in is olates o f  P .  mul t ocida 

from a v a riety of  anima l s ,  t o  test the selective mediums ability to 

e f f i c i e n t ly propagate the i s o l at e s  and t o  eva luate t he ability of 

t h e  s e l e c t i ve me d i um to i n h i b i t  t h e g r o w t h  o f  c o n t ami n a t i n g  

organi sms , especially those present i n  the upper respiratory t ract . 

T h i s  c h a p t e r  e v a l u a t e s  t h e s e l e c t i v e m e d i u m  o f  S m i t h  a n d 

Baskerv i l le ( 1 9 8 3 )  and de s c r ibe s t he development a nd t e s t ing o f  a 

modi f ied medium f o r  isolat ing P .  mult ocida f rom New Zea land anima l s . 
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2 . 2 Mate rials and Methods 

2 . 2 . 1  P repa rat ion of Media 

BA (Blood Aga r )  

S e e  appendix . 

BA + Individual Ant ibiotics 

BA p l a t e s  con t a in ing di f fe rent concent rat ions o f  one o f  four 

ant ibiotics were prepa red a s  fol lows : 

Medium Ant ibiot i c  Concentrat ions 

BA plus Mycostat in : Uml -1  

[ BA+M ] 

BA plus Bacit rac in : Uml -1  

[ BA+B ] 

BA plus Polymixin ugml - 1  

[ BA+P ] 

BA plus Gent amyc in : ugml - 1  

[ BA+G ] 

BA + 4 Ant ibiot ics ( BA+ 4 )  

2 . 5 5 

0 . 2 5  0 . 5 

0 . 0 1 0 . 0 2 

0 . 0 0 1 5 0 . 0 0 3  

Ant ibiotic S o lut ion ( see 8HPG Medium) 

Liquef ied BA 

10  

1 

0 . 0 4  

0 . 0 0 6  

2 5  s o  

2 . 5  5 

0 . 1  0 . 2 

0 . 0 1 5 0 . 0 3 

The 8HPG ant ibiot ic solution wa s used to prepare 1 0 0 %  ' BA + 4 

Ant ibiot i c '  p lates . Dilut ions o f  this  antibiot ic s olut i on were 

used to prepa re BA cont a ining 5 ,  1 0 ,  1 5 ,  2 0 ,  2 5 ,  S O ,  75 percent 

s t rength media . 

BHI Broth ( Brain Hea rt Infus ion ) 



See appendix . 

8 HPG Medium ( select ive medium as per Smith and Baskervi l l e ,  1 9 8 3 )  

Mycost a t i n  ( Squibb ) : 5 0 0  O O OU 

Bacit r a c in ( S igma ) 5 0  O O OU 

Po lymixin B Sulphate ( S igma ) 2 0 0 0ug 

Gentamycin Sulphate ( S igma ) 30 0ug 

Disti l led Water l O Oml 

Nut rient Agar (pH 8 . 6 ) 

57  

i .  The ant ibiotics were dis s o lved in the dis t i l led water and 

sterili zed by f iltrat ion u s ing a 0 . 2 um f i lter . 

ii . T h i s  ant ib i o t i c  s o l ut i o n  w a s  s t o red at + 4 °C i n  a da rk 

bott le . 

i i i . F o r  use lml of the ant ibiotic solut ion was mixed with 9 9ml 

l i quefied ( 5 0 °C )  nut rient agar . This was dispensed equally 

between four st anda rd pet r i  dishes . 

Modi fied Select ive Medium ( SM)  

A mixed antibiot ic solut ion w a s  prepa red as  fo l lows : 

Mycosta t in ( Squibb ) : 5 0 0  O O OU 

Bacitracin ( S igma ) 5 0  O O OU 

Gentamycin Sulphate ( S igma ) 3 0 0 ug 

Dist i l led Water l O Oml 

lml o f  t h i s  s o lut ion w a s  mixed with 9 9ml l iquef ied ( 5 0°C )  BA 

and di spensed between four st anda rd pet ri di she s . 



Nut rient Aga r [ pH 8 . 6 ] 

Nut rient Aga r [pH 7 . 4 ]  
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T h e  me dium [ NA ]  ( D i f c o )  w a s  prepa r e d  a s  per manu facture r ' s 

inst ruct ions . The pH was adj usted us ing lM NaOH and the medium 

wa s dispensed i nto l O Oml bott les and a ut oclaved . For use t he 

medium was me lted and 2 5ml a l iquots were dispensed between four 

st anda rd pet r i  dishe s as  requi red . 

N . B .  P lates were stored at +4 °C f o r  not mo re than one week . 

2 . 2 . 2 P reparation and St anda rdi zat ion of Cult ures 

Ten c u l t u re s  [ s ee b e l o w ]  of P .  mu l t o c i da f r om a r ange of h o s t s  

l i sted b e l o w  w e r e  g rown , a s s ayed a n d  s t o red us ing t h e  f o l lowing 

protoco l :  

Cultures 

1 .  Fowl 6 .  Sheep 

2 .  Fowl 7 .  Goat 

3 .  Bovine 8 .  Cat 

4 .  Swine 9 .  Rabbit 

5 .  Dog 1 0 . Swine 

i .  Cultures were removed from - 8 0 °C sto rage a nd propagated on 

BA for 1 2hrs at 3 7 °C .  

i i . C o l o n i e s  we re t r a n s f e r re d  t o  S m l  B H I b r o t h  u s i n g  a 

bacte r i o l og i c a l  l o op . T h i s  w a s  incub a t e d  a t  3 7 °C o n  a n  

orbit a l  s haker ( at approximate ly 1 2 0 rpm) unt i l  the culture 

had reached mid-logarithmic growth phase ( ie O . D  = 0 . 2 at 

S O O nm) . 
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i i i . Sterile g lyce ro l was added t o  g i ve a final concent ration 

of 2 0 % . The mixture was mixed t h o roughly and lml a l iquots 

were stored at - 8 0 °C .  

i v . A lxlml a liquot from each of  the ten cultures was used t o  

establ i s h  the viable count o n  BA . 

2 . 2 . 3  Eva luat ion o f  BHPG Medium 

i .  One culture from e a ch of ten d i f ferent stock cultures of 

P .  mul t o c i da [ see 2 . 2 . 2 ]  was r emoved f rom - 8 0 °C sto rage 

and thawed . 

i i . The cultures were di luted in ste rile BHI broth so that 5 0 -

l O O  v i a b l e  o rg a n i sms were c o n t a ined i n  a known v o l ume 

within the range o f  2 0 - l O Oul . 

i i i . A v o l u m e  [ s e e  i i . ]  f r o m  e a c h o f  t h e  t e n  c u l t u r e s  

s u f f i c i e n t  t o  p r o d u c e  5 0  t o  1 0 0  c o l o n i e s  o n  B A  w a s  

i n o c u l a t e d  o n  t o  t he s u r f a c e  o f  t e n  o f  e a c h o f  t he 

fol lowing aga r plate s : 8HPG,  BA, NA [ pH 8 . 6 ] ,  NA [ pH 7 . 4 ] . 

iv . Us ing a g l a s s  spreader the i n ocula we re spread ove r the 

surface of the plates and left to dry . 

v .  The p l a t e s  we re then inve rted and incubated at 3 7 °C for 

4 8hrs and the co l ony count s recorded . 

2 . 2 . 4  The E f fect o f  Ant ibiotics on the G rowth of P .  mul t ocida and 

the Suppre s s ion of Othe r Organisms 

i .  The n a s a l  cavity o f  ten New Zea land White rabbit s ( f rom a 

P .  m u l t o c i da - f ree colony)  were individually swabbed with 
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cotton buds soaked i n  B H I  broth . Each swab was pl aced i n  

5ml BHI broth and t ransfe rred t o  t he laboratory . 

i i . T he b r o t h s  cont a i n i n g  t he s w a b s  were a g i t ated u s ing a 

vortex mixer . 

i i i . One culture from each o f  ten d i f ferent stock c u ltures o f  

P .  mu l t o ci da [ see 2 . 2 . 2 ]  w a s  removed f rom - 8 0 °C sto rage 

a nd thawed . 

iv . The cultures were diluted in 

a .  sterile BHI broth and 

b .  rabbit nasal material cont ain ing broth ( see i i . )  

s o  that 5 0 - 1 0 0  viable o rgani sms were cont ained in a known 

volume of di luent within the range of 2 0 - l O O u l ,  for each 

dilut ion of the ten cultures . 

v .  A v o l u me o f  e a c h  o f  t h e  d i l u t e d c u l t u r e s w a s  t h e n  

i n o c u l a t e d  on t o  t h e s u r f a c e o f  s ome o r  a l l  o f  t h e 

following media : BA, BA+ 4 ,  BA+M , BA+B, BA+P , BA+G . 

vi . The in o c u l a  we re di s t r ibuted ove r the s u r f a ce us ing a 

glass spreader and the plates we re left t o  dry . 

v i i . The plates were then i nverted and incubated 4 8 hrs at 3 7 °C 

and the colonies of  P .  mul t ocida we re counted . 

2 . 2 . 5  I noculat ion o f  Modi f ied Se lect ive Medium (SM) 

i .  The n a s a l  cavity of  ten New Zealand White rabbits  ( f rom a 

P .  mu l t oc i da - f re e  c o l o n y )  we re individually s wabbed with 

cotton buds which had been soaked in BHI brot h .  Each s wab 

w a s p l a c e d  in 5 ml B H I  b r o t h  a n d  t r a n s f e r r e d  t o  t h e  

laborato ry . 
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i i . The b r o t h s  cont a i ning t he s wa b s  were a g i t ated u s i n g  a 

vortex mixer . 

i i i . One culture from e ach of  ten d i f fe rent s t ock cultures of  

P .  mul t o c i da [ s ee 2 . 2 . 2 ]  wa s removed f rom - 8 0 °C sto rage 

and thawe d .  

iv . The cultures were di luted in 

a .  steri le BH I broth and 

b .  rabb i t  nasal material cont a in ing broth ( see i i . )  

so  that 5 0 - 1 0 0  viable organi sms were conta ined in a known 

vol ume o f  di luent within the r ange o f  2 0 - 1 0 0u l ,  f o r  e ach 

dilut ion of the ten culture s . 

v .  A v o l u me o f  e a c h o f  t h e d i l u t e d  c u l t u r e s  w a s t h en 

inoculated respect ive ly on t o  t he surface of  each o f  a BA 

plate a nd an SM plate . 

vi . Us ing a gla s s  spreader the inocula were di stributed over 

the s u r face of  the plates and left to dry . 

vii . The plates were then inve rted, incubated 4 8 hrs at 3 7 °C and 

colonies  counted . 

2 . 3  Results 

2 . 3 . 1  Evaluation of BHPG Medium 

An i n i t i a l  expe r iment eva luated t he e f f iciency of B HPG medium for 

propagat ing a r a nge of  P .  mult ocida i s o lates derived f rom di f f e rent 

species . An i de n t i c a l  inocu lum of t e n  P .  mul t o c i da i s o l a t e s  f rom 

e i ght different host species was plated on four dif ferent media ( vi z  

a l ka l i ne n u t r i e n t  a g a r  p l u s  f o u r  a n t i b i ot ic s ( 8 H P G ) , a l k a l ine 
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nut rient agar ( NA-A) , neut ral p H  nut rient agar with neut ra l pH ( NA) , 

blood agar  ( BA)  ) . The number of  result ant co lonies was expres sed as 

a percent age o f  those growing on blood aga r . The re sults  a re shown 

on Table 2 . 1 .  Note that only 1 of  1 0  iso lates grew on BHPG medium . 

More i s o l a t e s  ( 7  out of  1 0 )  g rew on ( NA-A ) which represents B HPG 

medium without ant ibiotics and more ( 9  out of 1 0 )  grew if a neut ral 

pH was u sed in addit ion to no antibiot ics ( NA) . 

Table 2 . 1  The Abi l ity of BHPG Medium to P ropagate P .  mult ocida
* 

. 

M e  d l • 

8HPG 

NA-A 

NA 

BA 

Legend 

... - - - - - - - - - - - - - - - - - - - - - - - l e o l a t e  N o - - - - - - - - - - - - - - - - - - - - - - - - -.  

1 2 3 4 5 7 8 g 1 0  

0 0 Ill 0 0 0 0 0 0 80 

0 0 1 5  55 1 0  50 0 35 20 75 

40 35 20 35 30 1 0  1 5  35 0 1 05 

1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 

• Res u l t s  ex pressed as � g rowt h [ No co l on i es rounded t o  t h e  

nearest 5� ] com pared t o  t h e  number o f  co l on i es o n  BA. 

Or igi n of P. mu l t oc i da C u l t ut·es 

8HPG : S e l ect i ve med i um of Sm i t h  

and Baskerv i l l e ( 1 383 ) 
< see Sect i on 2. 2. 1 )  

1 .  

2. 
3.  

Fow l 

Fow l 
Bov i ne 

6 .  S h ee p  

7 .  Goat 

8.  Cat 

NA-A 

NA 

BA 

N u t r i ent a g ar E pH 8. 6 ]  

N u t r i ent a g ar E pH 7 . 4 ]  

B l ood a g ar 

4. 

5.  

Sw i r•e 9.  R a bb i t  

Dog 1 0 .  Sw i ne 



6 3  

I n  a subsequent experiment the medium of  Smith and Ba skerville ( 1 9 8 3 )  

was modif ied by subst ituting blood aga r a t  neut ra l pH for alkal ine 

nut rient aga r . This modi f ied medium was t e s ted us ing a s e r i e s  o f  

dilut ions of  the mixed antibiot ics for i t s  ab i l ity t o  ( a )  propagate 

strains of  P .  mul t o c i da and (b) suppre s s  othe r o rganisms . The 

result s a re shown on T able 2 . 2 and 2 . 3 .  I n  Table 2 . 2  it can be seen 

that a n  antibiot ic c o ncent ration of 2 5 %  o r  les s will not suppres s  

the background f l o r a  whe re a s  a concent rat ion o f  5 0 %  will  suppre s s  

background f l o r a  but is  inhibit o ry for 3 out o f  1 0  i s olates ( note 

that [ Ta b le 2 . 3 ,  i s o l ate 6 ]  even a concent rat ion of  1 0 %  inhibited 

the growth of one sheep strain)  . We conc lude that no dilut ion of  the 

a n t i b i o t i c  mi xt u r e  f u l f i l l e d  t h e t w o  n e c e s s a r y c r i t e r i a  ( t o  

propagat e  the target bacteria but suppre s s  o ther o rgani sms ) for an 

e f f e c t i ve s e l e c t ive medi um . T h i s  led us t o  t e s t  t h e  i n h ibit o ry 

ef fect o f  the individual ant ibiotics on P .  m u l t ocida is olates . 

2 . 3 . 2 The Effect of  Antibiot ics on the Growth of P .  mul t ocida on BA 

An expe r iment was de s igned where the inhibit ory e f fects of the f our 

ant ibi o t i c s  were t e s ted individually using t he f our mos t  sensit ive 

stra ins of P .  mul t oc i da as test  organ isms . The result s ( Table 2 . 4 ) 

show that three ant ibiotics ( Mycostatin, Gentamycin and Bacitracin)  

are not s igni ficant ly inhibitory even at concentrat ions used in 8 HPG 

medi um . I n  cont r a s t , no g r o w t h  o c c u r re d  in t he p r e s ence o f  the 

f o u r t h  a n t i b i o t i c  ( P o l ym i x i n )  when t h i s  w a s  p r e s e n t  at  t h e 

concen t rat ion ( 0 . 2 ugml - 1 ) used in 8HPG medium . This ant ibiot ic was 

inhib i t ory to one o vine s t ra in of  P .  mu l t ocida even at 0 . 0 2ugml- 1  

( one tenth o f  the concent ration used in 8HPG)  . 



Table 2 . 2 The Effects  of  D i f fe rent Leve l s  o f  a Combinat ion o f  
Ant ibiot i c s  on P .  mu l t ocida . 

I • o 1 a t  • 

i 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

� - - - - - - - - - - - - - - - - - - � ft t l , l o t l a  L e v e l - - - - - - - - - - - - - - - - - - - - � 

100" 
p N p N p N p N p N 

1 00 og 75 og 85 70 50 55 0 0 

1 00 og 1 05 o g  1 00 '30 1 05 '30 85 85 

1 00 og 65 og 0 0 0 0 0 0 

1 00 o g  1 05 o g  0 0 0 0 0 0 

1 00 o g  6 5  og 75 50 70 65 50 45 

1 00 og 0 og 0 0 0 0 0 0 

1 00 og '30 o g  1 5  1 0  0 Ill 0 0 

1 00 o g  '30 og 85 75 '30 75 0 5 

1 00 o g  20 o g  20 1 5  0 0 0 0 

1 00 o g  1 1 0 o g  80 75 80 80 '30 85 
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• Res u l t s  e x pressed a s  I g rowt h [N• co l on i es rounded t o  t h e 

nearest 5�J compared t o  the number o f  co l on i es on BR.  

Legend 

BR w i t h  I 8HPG ant i b i ot i c 

com ponent as i nd i ca t ed 

I noc u l a  

P :  Pure brot h cu l t ure of 
P. mul toc: i da cont a i n i n g 
50- 1 00c fu per i nocu l um 

N :  P. mul t oc: i da free rabb i t  
nasa l swa b mat er i a l  seeded 
w i t h  50- 1 00 cfu P. mul toc:i da 

per i nocu l um 

Scor i r,g 

og : P l at e  overg rown by 

bac k g round f l ora 

Or igi n o f  P. mul toc:ida C u l t ures 

1 .  Fow l 6. Sheep 

2 .  Fow l 7 .  Goat 

3. Bov i ne a.  Cat 

4 .  Sw i ne 9.  Rabb i t  

5. Dog 1 0. Sw i ne 
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Table 2 . 3  The Effects  o f  Low Leve ls o f  a Combinat ion o f  Ant ibiot i c s  
o n  P .  m u l t ocida . 

N o t e : T h e s e  s t r a i n s  w e r e  t h e  f o u r  mo s t  a n t i b i o t i c  
s e n s itive a s  determined f rom Table 2 . 2 .  

r - - - - - - - - - - - - - - - - - - A R t t • t o t t o  L e v e l - - - - - - - - - - - - - - - - - - - - �  

. . .  , . . .  p N p N p N p N p N p N 

3 1 00 og 95 og 1 00 og 90 og 85 o g  60 o g  

4 1 00 og 1 00 og 1 00 og 1 00 og 95 o g  95 og 

6 1 00 og 70 og 0 og 0 og 0 o g  0 o g  

9 1 00 og 95 og 1 00 og 90 og 90 og 20 og 

• Res u l t s  e x pressed as � growt h [ N• co l on i es round ed t o  t h e 
nearest 5�] com pared t o  t h e  number of co l on i es on BR. 

Legend 

BR w i t h  � 8HPG ant i b i ot i c  

component a s  i nd i c a t ed 

I nocu l a  

P :  Pure brot h cu l t ure o f  

P. mul toc i da cont a i n i n g 

50- 1 00cfu per i nocu l um 

N :  P. mul toc i da free ra b b i t  

nasa l swa b mat e r i a l  seede d  

w i t h  50- 1 00 c f u  P. mul t oc i da 

p e r  i nocu l um 

Scor i ng 

og : P l at e  overg rown by 
bac k g round f l ora 

Or igi n o f  P. mul t oc i da C u l t ures 

3. Bov i ne 
6 .  Shee p 

4 .  Sw i ne 

9 .  Ra b b i t  
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2 . 3 . 3  Eva luat ion o f  Modi f ied Select ive Medium (SM) 

From the above results it was concluded that an e f fect ive select ive 

medium might be compo sed of blood agar at a neut ral pH cont a i ning 

t h ree ant ibiot i c s  ( vi z  Myco stat i n ,  B a c i t ra c in a nd Gent amyc i n )  a t  

concent rations  e qual t o  that o f  8 HP G  medium . i e  with n o  P olymixin 

addi t i on . T h i s  modi f ied s e lect ive me dium ( SM )  wa s e va lu a t e d  by 

plat ing standa rd inocula of ten P .  mu l t ocida test s t ra ins w i t h  and 

without nas a l  f lora . The results are s hown in Table 2 . 5  and F igure 

2 . 1 .  It can be seen (Table 2 . 5 )  that f o r  any test stra i n ,  at least 

6 5 %  of  the organisms plated on BA can be recovered on SM . That is , 

SM propagated P .  mult ocida with an e f f i c iency which we cons ide red to 

be s imi lar to t hat of BA . In a pa rallel  experiment the same number 

of organi sms ( mixed with nasal swab material ) wa s plated on BA and 

SM . It w a s  found ( Table 2 . 5 )  that no P .  mu l t o c i da c o l o n i e s  were 

i de n t i f i e d  on BA . The s e l e c t ive me d i um p r oduced ide n t i f i ab l e  

P .  m u l t o c i d a c o l o n i e s  w h i c h  w e r e  c o u n t e d  ( T a b l e  2 . 5 ) . On the 

se lect ive medium a number of  the colonies repre sented t he background 

growth of organisms which could not be readily quant itated because 

t hey were too sma l l  ( s ee Figure 2 . 1 ) . I t  should howeve r be noted 

t h a t  in the s e lect ive medium which w a s  heavily cont amin a t e d  with 

n a s a l  swab mate rial at  least 6 0 %  of  the tot a l  number of  P .  mu l t ocida 

c o lonies present on blood agar we re obse rved . 
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Figure 2 . 1  The Suppress ion of Nasal Bacte rial Flora by a 

Select ive Medium (SM) 

A n a s a l  s wab was t a ken f rom a rabbit and broken o f f  

i n t o  b r o t h . A l o w  c o n c e n t r a t i o n  ( e n o u g h  t o  g i ve 

approxi mately 50 c f u )  of P .  m u l t ocida wa s a?ded and 

the prepa rat i on wa s plated on Blood Aga r ( le f t ) and 

Select i ve Medium ( r i ght ) and incubated f o r  4 8 h r s  at 

3 7 °c .  

N o t e  t h a t  t h e  s e l e c t i v e  m e d i um s u p p r e s s e d  t h e  

b a c k g r o u n d  f l o r a  b u t  p e r m i t t e d t h e  g r o w t h  o f  

P .  mul t o c i da colonies . 





Table 2 . 4  The E f fects  o f  Individu a l  Ant ib i o t i c s  at  D i f f e rent Concent rat ions 
on the growth of P .  mul t o c i da . 

Mycost at i n  

Um l - 1 

Bac i t rac i n  

Um i - 1 

Po l yra i x i n  

u g m i - • 
Gentamyc i n  

u g m l - • < x h'l - • l 
I so l at e  N° BA 2!i � 10 25 50 1,25 .50 � C!i � .01 .02 �4 .1 0  .20 .15 .30 .60 45 4.0 1  
3 :  Cat t l e  1 00 85 95 80 

4 :  Sw i ne 1 1{)0 80 90 '30 

6 :  Sheep 1 00 50 '35 '30 

9 :  R a b b i t  l llllll '35 Bill '35 

80 80 95 8 5  95 80 75 81{) 95 80 0 0 95 81{) 

80 80 80 8 5  9 5  9 5  9 5  7 5  95 95 0 0 95 80 

'35 75 '35 75 75 95 95 75 0 0 0 0 '35 75 

80 81{) 95 95 91{) 95 95 95 95 91{) 20 I{) 95 95 

• Res u l t s  e x pressed as � g rowt h [N• co l on i es 

rounded t o  t h e  nearest 5�] compared t o  t h e  

n u mber o f  co l on i e s on BA. 

81{) 80 81{) 

80 80 80 

95 90 75 

' 
95 91{) 95 

0\ 
CD 



Table 2 . 5 .  The Ability of SM Medium to Recove r P .  mul t oc i da
*

. 

11 • .  I a 

BA 

SM 

BA* 

SM* 

r - - - - - - - - - - - - - - - - - - - - - l • o l a t e  • • - - - - - - - - - - - - - - - - - - - - - - - - - - �  

1 

1 00 

95 

erg 

60 

·::> .... 

1 00 

90 

erg 

75 

3 4 5 

1 00 1 00 1 00 

90 1 00 90 

og og og 

85 95 75 

6 7 8 9 1 0  

1 00 1 00 1 00 1 00 1 00 

65 1 00 90 65 65 

og og og og og 

60 85 85 60 65 
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• Res u l t s  e x pressed a s � growt h [No co l on i e s  rounded t o  t h e 
nearest 5�] compared t o  t h e  num ber o f  co l on i es on BA. 

Legend 

BA B l ood a g ar i nocu l at ed 

w i t h  pure c u l t ure 
BA* B l ood a g ar i nocu l at ed 

w i t h  nasal m a t er i a l  
SM Mod i f i ed se l ect i ve 

med i um i noc u l ated w i t h  
put'e c u  1 t ure 

SM* Mod i f i ed se l ect i ve 
med i um i noc u l a t ed w i t h  

nasa l mat e r i a l  

O r i g i n o f  

1 .  Fow l 
·::> '-'- •  Fow l 

3.  Cat t l e 
4. Sw i ne 
5 .  D o g  

P. nw l t oc i da C u l t ures 

6. Sheep 
7. Goat 

8. Cat 

9. Rabb i t  
1 0 . Sw i ne 

Note : The numb e r s  of  c o lonies reco rded f o r  SM * plates did not 

i n c l u d e  s p e c i e s  o f  b a c k g r o u n d  f l o r a  w h i c h  w e r e  n o t  

suppres sed by the antibiot ic s . However it c a n  b e  seen f rom 

Figure 2 . 1  that i n  spite o f  othe r  orga n i sms P .  mul t ocida 

could be di st inguished . 

2 . 4  Discussion 

The detect ion of low numbers of P .  mul t ocida in the nas a l  cavity i s  

d i f f i c u l t . T o  i n c re a s e  t he e f f i c i e n c y  o f  de t e c t i o n  a s e l e c t ive 

med i um c a n  be u s ed be c a u s e  it h a s  t w o  impo r t a n t  p r opert i e s : it 
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e f f i c iently propaga t e s  the requ i red bact e r i a  and suppresses other 

o r g a n i s ms . Smi t h  a n d  B a s k e rv i l le ( 1 9 8 3 )  u s e d  a s e l e c t i ve med i um 

( 8 HPG )  . This had an nut rient aga r ba s e ,  was modified by ad justment 

to a l k a l ine pH and conta ined four antibiot ic s . It was deve loped for 

use with pigs . 

Our i n i t i a l  expe r ime nts inve s t igated the relative abi l ity o f  8 HPG 

and non -select ive media to propagate ( ma in l y  New Zea land) is olates 

of  P .  mul t oci da f rom a wide variety of  animal species .  The re sults  

( T a b l e  2 . 1 ) indi c a t ed that 8 H P G me dium f a i l ed to  g r o w  9 of  1 0  

i s o l at e s  te sted but it should be noted that  the only s t ra in which 

grew was isolated f rom pigs . The other porc ine strain did not grow . 

Thi s  data demonstrates that 8 HPG medium i s  not sat i s factory for the 

isolat ion of P .  mul t o cida at least from spec ies othe r than pigs . 

The results ( Table 2 . 1 ) sugge sted that f o r  the e f f i c ient i s o l a t i on 

o f  P .  m u l t o c i d a  i t  w a s  n e c c e s s a ry t o  mo d i f y  t h e medium by t h e  

add i t i on o f  b l o o d  a nd b y  t he use o f  a neut ral pH . T h i s  comb ined 

cha nge gave an inc reased e f f ic iency of propagation of P .  mu l t o c i da 

f r om a s t a nda rd i nocu lum ( T able 2 . 1 ) . T h e s e  changes a r e  c le a r ly 

advant ageous for p ropagat ing pure cultures o f  P .  mu l t ocida but t he 

med i um i s  not i nh ibitory f o r  cont ami n a t ing organ i s ms p r e s e n t  in 

c l i n i c a l  mate r i a l  such a s  n a s a l  s w a b s . Ho weve r ,  when t he f o u r  

a n t i b i o t i c s  p r e s e n t  i n  8 HP G  medium w e r e  added t o  t h i s  mod i f ied 

medium it suppre s sed not only the background flora but a l s o  most of 

t he st andard test s t ra ins of P .  mul t o c i da ( Table 2 . 2 ) . Furthermore,  

when the mixture of antibiot ics were diluted to 5 0 % ,  2 5 %  or even a 

l ow e r  concent r a t i o n ,  they rema ined inhibit ory for some s t ra ins of  

P .  mul t ocida but below a concent ration o f  50%  failed t o  suppre s s  the 

b a ckgr ound f l o r a . Thus , t he re wa s n o  c oncent r a t i on o f  t h e  mixed 

ant ibiotic which was non-inhibitory for P .  mul t o cida and suppre s sed 

t he background f l o ra . 

This  led us t o  a s sess  the e f fect o f  t he antibiot i c s  s ingly . I n  our 

h an d s  t h ree o f  t he a n t i b i o t i c s  ( vi z  Myco s t a t i n ,  B a c i t r a c i n  and 
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Gent amyc in)  at the full concent ration de s c r ibed for 8HPG medium did 

n o t  s i g n i f i c a n t l y  s u pp r e s s  t he g r o w t h  o f  a n y  t e s t  s t r a i n o f  

P .  mul t ocida . I n  cont rast to this the fourth ant ibiot ic (Polymixin ) 

w a s  h i gh l y  i n h i b i t o r y  ( s ee T a b l e  2 . 4 ) . T h e s e  r e s u l t s  led us  t o  

f o rmu l ate a modi f ie d  medium ba sed o n  8 HP G . Howeve r t h i s  modi f i e d  

medium di ffers from 8HPG medium i n  three re spect s :  I t  is  compo sed o f  

a blood aga r base with a neut ral p H  and doe s  not cont ain P o lymixin . 

It resembles 8HPG medium in three respect s :  I t  cont ains Mycostatin,  

Bac i t r acin and Gent amyc in a t  the concent rations spe c i f ied by Smith 

and B a s ke rv i l le ( 1 9 8 3 ) . T h i s  modi f ied medium had only a ma rgina l 

i n h i b i t o ry e f fe c t  on any o f  t he t e s t  s t r a i n s  but s uppre s s e d  t he 

b a c k gr ou nd f l o r a  p re s ent i n  n a s a l  s wa b s  t a ken f rom r abbi t s  ( s ee 

Table 2 . 5  and Figure 2 . 1 ) . 
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CHAPTER 3 

I s o1at ion of P .  multocida ,  Serotyping o f  I solates and Comparison o f  

Thes e  by SDS -PAGE and Restriction Endonuclease Analysis ( REA) . 

3 . 1  Int roduct ion 

The r a nge o f  host species colonized by P .  mul t o c i da i s  unus ua l l y 

wide a nd the organ i sm a lmost certainly causes s ignificant di sease in 

anima l s  in New Zea l and . Neve rthele s s  the import ance of P .  mul t o c i da 

in t h i s  count ry has  been little studied a nd is olates f rom di f fe re nt 

ho s t  s p e c i e s  h a ve not been compa red . A s  a cont r ibut i o n  t o  t he 

a s s e s sment of  P .  m u l t o cida stra ins present in New Zea land we have , 

i n  t h i s  s e c t i o n ,  de s c r i bed t he i s o l a t i o n  o f  P .  m u l t o c i da f r om 

s e ve ra l  spe c i e s  a n d  compa red the i s o l a t e s  with re f e rence t o  t he 

f o l lowing prope rt i e s : 

A .  Serotype s . 

B .  Their protein as  demonst rated by SDS-PAGE . 

C .  The c l e a v a ge o f  t he i r  DNA by Re s t r i c t i o n  Endonu c l e a s e  

Ana lys is . 

3 . 2  Materials and Methods . 

3 . 2 . 1  Isolation and Identification of P .  mul tocida 

3 . 2 . 1 1 Materials 

Blood Aga r ( BA)  

Brain Heart Inf u s i on Broth ( BH I )  

Mat e rials f o r  Identif ication Test s  

See appendix 
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Modi f ied Se lect ive Medium ( SM )  

S e e  section 2 . 2 . 1  

3 . 2 . 12 Methods 

I .  I so1ation and Identification o f  P .  mul t ocida f rom P ig and Rabbit 

Lungs . 

i .  Pneumo n i c  lungs we re obta ined f rom pigs at s laughter and 

from angora rabbit s which had died f rom pneumonia . 

i i . A sma l l  piece o f  pneumonic l u ng t i s sue wa s removed and 

rubbed ove r one quadrant of a BA plate . A bacterio logical 

loop wa s then used t o  s t re a k  t he inoculated material  to 

obt a i n  s i ngle c o l o n i e s . The c u l t u re was i n cubated f o r  

2 4hours a t  37 °C .  

i i i . P .  m u l t o c i da w a s  pr ovi s i o n a l l y  i dent i f i e d  by c o l o n i a l  

mo rphology, Gram and oxida se react ions and ident i f icat ion 

was completed as  per Section 1 . 9 ) . 

iv . P .  mul t o c i da iso lates were cultured in Sml BHI broth for 

2 4hrs a t  37 °C on an orbital  s h ake r ( s et a t  approximately 

120 cpm) . Glyce rol was added t o  a final c oncent rat ion of  

2 0 %  and the culture was  stored at - 8 0 °C in 2ml a liquot s .  

I I . Iso1ation and Ident ification f rom Rabbit Nas a1 Cavitie s . 

i .  The nas a l  t ract o f  angora rabbits was s wabbed with cotton 

buds s oa ked in BHI broth . 

i i . The b r o t h s  c o n t a i n ing t h e  s wa b s  we r e  a g i t ated u s ing a 

vortex mixer . 
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i i i . 1ml a l iquots were inoculated o n  t o  one SM plate each . The 

inoculum was spread and left t o  dry . 

iv . The plat e s  were incubated at 3 7 °C for 48 hrs and examined . 

v .  P .  mu l t o c i da - l i k e  colonies were ident i f ied a s  de s c r ibed 

above . 

I I I . I s o lation and Ident ificat ion from Cat s and Dogs . 

i .  I solates a l ready ident i f ied a s  P .  mul tocida were supp l ied 

by t h e M i n i s t r y o f  Ag r i c u l t u r e and F i s h e r i e s  ( MAF ) , 

P a lme r s t o n No r t h  a s  b l o o d  a g a r  cu lt u r e s  s t r e a ke d  f o r  

single co lonies . 

i i . Seve r a l  colonie s were re st reaked on to BA and propagated 

for 2 4h rs at 3 7 °C .  The ide nt i f icat ion of t he cultures as 

P .  m u l t o ci da was then con f i rmed as de scribed above . 

3 . 2 . 2 P rocedures for the IHA As say. 

3 . 2 . 2 1 Materials 

Alseve rs Solution (pH 6 . 1 ) 

Glucose : 2 0 . 5gl -1 

Trisodium C i t rate : S . Ogl- 1  

NaCl 4 . 2gl-1  

Citric Ac id 0 . 5 5gl-1  

Dist i l led Water 

The pH w a s  a d j u s t e d  u s ing 0 . 1 M NaOH and t he s o l ut i o n  w a s  

autoclaved a nd stored at + 4°C .  
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Fo rma l in-PBS 

F o rma l in was mixed with PBS to a f i n a l  concentration of 0 . 4 % 

and stored a t  + 4°C in a da rk cont a ine r . 

1 . 0 % Glutara ldehyde -PES 

i .  2ml of  5 0 %  Glut ara ldehyde Solut ion ( S igma ) was mixed with 

9 8ml PBS [ see appendix] . 

i i . The s o lut ion was autoclaved and stored at + 4 °C .  

Mic rotitre plates 

Linbro Tit retek 12x8x0 . 2 5ml V bott omed plates . .  

0 . 8 5 %  NaCl Solut ion 

See appendix 

P B S  ( P hosphate Buf fered Sa l ine ) 

See appendix 

PBS -A Solut ion 

Bovine Serum Albumin ( BSA) ( S igma ) : 0 . 2 5g 

Sodium Az ide (NaN3 ) ( S igma ) : lg 

PBS t o  l O O Oml 

The c o mp o n e n t s  w e r e  di s s o l v e d  i n  t he P B S , s t e r i l i z e d  by 

f i l t ration a nd stored at +4°C .  



7 6  

P B S -B So lut ion 

T h i s  wa s prepa red as per PBS-A S o l u t ion ( see above ) with t he 

ommis s ion o f  BSA . 

3 . 2 . 2 2  Methods 

I .  Production of P .  mul t ocida Antiserum in Hens . 

Step 1 :  Prepa rat ion of Ant igen (Bacte rin) . 

i .  A c u l t u r e  was removed f rom - 8 0 °C sto rage and propagated 

12hrs a t  3 7 °C on blood aga r ( BA)  . 

i i . F i ve de x t ro s e  s t a r ch aga r p l a t e s  were i n o c u l ated w i t h  

c o l o n i e s  us ing a bacte rio logic a l  loop . T h e  inoculum w a s  

dist ributed over t he surface u s i ng a gla s s  spreader . 

i i i . The plates we re dried and incubated for 1 8 hrs at 3 7 °C .  

iv . Colonies we re sc raped from the p lates using a sterile f lat 

edged spatula , suspended in approximately three volumes of 

F o rm a l i n - P B S  a n d i n c u b a t e d  f o r  4 8 h r s at 3 7 ° C w i t h 

occa s ional mixing . 

v .  A loopfull  of the suspension was  st reaked on t o  a BA plate 

a n d  i n c ub a t e d  f o r  2 4 h r s  at 3 7 ° C t o  c o n f i rm t ha t  the 

culture had been sterilised . 

vi . The suspension was diluted with sterile P BS t o  a turbidity 

equal to McFarland' s Standard # 4 . 
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v i i . The di l u t e d  su spen s i on [ re f e rred t o  as  a b a ct e r i n ]  w a s  

stored in 3ml a l iquots a t  - 2 0 °C .  

Step 2 :  Immun i z ation P rocedure . 

i .  1 - 2ml b lood was c o l lected f rom the wing ve in of  each o f  

two dome s t i c  hens . 

i i . E a c h  s e r u m  w a s  s e p a r a t e d ,  p r e s e r ved ( by a dd i n g  N a N 3 

( S igma ) t o  a f inal concent ration of  0 . 1 % )  and stored at -

2 0 °C .  

i i i . E a c h  h e n  w a s  i n o c u l a t e d  b o t h  i n t r a ve n o u s l y  w i t h  1ml 

bacterin and int ramuscularly ( O . Sml into each leg o f  e a ch 

hen )  with 1ml of ant igen in FCA prepa red a s  fol lows : 

Freunds Complete Ad juvant : 1 . 5ml 

Who le Ce l l  Bacte rin : O . Sml 

Purified Capsule
*

[ 1 0 0mgml - 1 J : O . Sml 

* . . 
Note : See sect1on IV for prepa rat 1on . 

iv . I n t r avenous i n j e c t i ons o f  1 . 0 ml of  b a c t e r i n  were g i ven 

twice wee kly for up to three mon ths or unt i l  an acceptable 

serum ant ibody titre was reached . An accept able t it re was 

de f ined as at leas t  a 1 6  fold increase above the pret itre 

( see Sect ion VI ) . 
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S tep 3 :  Collect ion of Ant i serum . 

H e n s  w e r e  e x s a n g u i n a t e d  a n d  t h e  s e rum w a s  s ep a r a t e d  a n d  

preserved b y  a dding NaN3 ( S igma ) t o  a f inal concentration o f  

0 . 1 % . I t  w a s  t hen dispens ed in Sml a l iquot s a nd s t o red a t  -

2 0°C .  

I I . Standardization of Antisera . 

S e r u m  a nt ib ody t i t r e s  t o  T ype s A ,  B ,  a nd D P .  m u l t o c i da we re 

mea s u red by the f o l lowing modi f ication of t he technique de scr ibed in 

S ect ion VI : 

i .  Us ing PBS -A serial two-fold dilut ions of  a se rum were made 

in t r ipl icate in a microt i t re p late . The dilution range 

used was f rom 2 to 2 0 4 8  fold . 

i i . 2 5 ul a l i quots o f  Type A ,  B and D sensiti zed ( i e ant igen 

coated)  GRBCs ( s ee Sect i on V ]  were added to one row of  

wells  each . 

i i i . The p l a t e  was roc ked gent ly and the c e l l s  were l e f t  t o  

settle [ approximately two hours ] . 

iv . The t it re of  ant i s e rum wa s de f ined a s  the greate s t  s e rum 

di lut ion which caused agglut inat ion . 

v .  Us ing P B S -B s o lut i on , an a l iquot of  each s tock antise rum 

was diluted so that it had a t i t re of 8 unit s . ie caused 

agglut ination up t o  a di lut ion o f  1 : 8 .  

vi . I f  any antiserum c ro s s -reacted w ith a heterologous ant i gen 

it was  a b s o rbed w i t h  the het e ro l ogous ant igen (before 

dilut ing ) as  follows : 
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Absorption o f  Serum by Heterologous P .  mul tocida St rains . 

T he ant ise rum was mixed w ith a 1 / 1 0 t h  vo lume s a l ine-ext racted 

c a p s u l e  [ s e e  S e c t ion I l l ]  of t h e  h e t e r o l ogous P .  mu l t o c i da 

ant igen and w a s  retested for spec i f ic ity . I f  the cross reaction 

was not el imi nated larger vo lume s o f  capsule we re added unt i l  

no cro s s  react ion wa s obse rved . 

I I I . P reparation o f  Saline Extracted Capsule . 

i .  A culture wa s removed f rom - 8 0 °C sto rage a nd propagated 

12 hrs at 3 7 °C on blood agar ( BA )  . 

i i . Ten dext r o s e  s t a r c h  a g a r p l a t e s  w e r e  i n o c u l a t e d  w i t h  

c o l o n i e s  o f  propagated c u l t u re us ing a b a c t e r i o l og i c a l  

loop . The inocu lum w a s  dist ributed ove r the surface u s ing 

a glass spreader . 

i i i . The plates were dried and incubated for 1 8hrs  at 37 °C .  

iv . Colonies were sc raped from t he plates u s ing a sterile f l at 

edged spatula and s uspended in approximately one volume of  

PBS . 

v .  H y a l u r o n i d a s e  [ S i g m a ] w a s  a dd e d  t o  g i v e a f i n a l  

c o n c e n t r a t i o n  o f  2 0 0 Um l - l  a n d  t h e p r e p a r a t i o n  w a s  

incubated at 37 °C for 2hrs with occas ional mixing . 

vi . The diges t  was hea ted at 1 0 0°C f o r  1hr,  left to cool a nd 

cent ri fuged at 1 0  O O O xg for 2 0mins . 

v i i . The s upe rnat ant w a s  c o l lected, preserved by adding NaN3 

( S igma ) t o  a f i n a l  c oncent r a t i on o f  0 . 1 % and s t o red at 

+4 °C .  
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IV . P reparation o f  P urified Capsule . 

i .  A culture was removed from - 8 0 °C storage and propagated on 

blood aga r ( BA) for 1 2hrs at 3 7 °C .  

i i .  S m l  B H I b r o t h  w a s  i n o c u l a t e d w i t h  c o l o n i e s  u s i n g  a 

bacterio logical l oop and incub a t ed at 3 7 °C on an o rb i t a l  

shaker ( a t  approximately 1 2 0 rpm) unt il t h e  culture reached 

mid- loga r i thmic growth pha se . That i s ,  it had an opt ical 

de n s i t y ( OD )  of a p p r o x i ma t e l y  0 .  2 at  5 0 0 nm u s i n g  a 

Spectronic 2 0 . 

i i i . 1 1  dext rose s t a rch broth was inoculated with 4ml of  t he 

b r o t h  c u l t u re a n d i n c ub a t e d  a t  3 7 °C f o r  1 8 h r s  o n  a n  

orbita l  s haker ( at approximately 1 2 0 rpm) . 

i v .  N a C l  w a s  a dded t o  g i ve a f i n a l  c o n c e n t r a t i o n  o f  2 % . 

Forma l i n  was a lso added t o  give a final concent rat ion o f  

0 .  4 % . 

v .  This prepa rat ion was incubated at  3 7 °C for a further 2 4hrs 

and cent r i fuged at 1 0  O O Oxg for 2 0mins . 

v i . The supe rnatant was reta ined and the pel let disca rded . 

v i i . Hya luronidase [ S igma ] was added t o  the supe rnatant t o  give 

a f in a l  concentration of  2 0 0 Uml- 1 . It was then incubated 

for 2hrs a t  3 7 °C in a water bath . 

v i i i . The dige s t  w a s  p a s sed t h rough f i l t e r s  o f  succe s s ively 

smaller po re diameter down to 0 . 4 5um . 

i x . The f i l t rate was concent rated t wenty-fold using an Amicon 

f i l t e r  ( U M 1 0 ) .  T h i s  w a s  p e r f o r me d a t  + 4 ° C u s i n g  

pressuri zed nit rogen ( N2 ) .  
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x .  The concentrate w a s  dialysed a g a inst s e ve r a l  change s  o f  

dis t i l led water, at + 4°C for Sdays . 

x i . Sodium acetate was added t o  give a final concent rat ion o f  

1 %  ( this a ids the precipitat ion o f  antigens ) . 

x i i . 3 vo lume s o f  methanol were added . The suspens ion was mixed 

and allowed to stand for Smins at room tempe rature . 

x i i i . The pre c ipit ate was  removed by f i ltrat ion us ing Whatman 

N° 1 p a p e r and t he f i l t r a t e  re t a ined . T h e  p r e c ip i t a t e  

(which cont ained most of  the endo t oxin) was disca rded . 

xiv . 1 v o l ume o f  a c e t o n e wa s a dd e d  t o  t h e  f i l t r a t e . T h e  

suspension wa s a l lowed t o  st and a t  4 °C f o r  1 2 hrs . During 

this t ime a precipitate ( capsular po lysaccharide ) formed ,  

sett led o u t  and adhe red to the s u rface of  t he tube . 

. 
xv . The t ube a nd conten t s  we re cent r i fuged a t  1 0  O O O xg f o r  

30mins . 

xvi . The supe rnat ant was decanted and discarded . The cent ri fuge 

tube , which cont a ined the pre c ip i t ate ( pu r i f i ed caps u l e )  

was then l e ft a t  3 7 °C f o r  1 2 hrs t o  dry . 

xvi i . The pre c ipitate was removed from t he tubes by s c raping out 

us ing a spatula , we ighed and reconst it uted in d i s t i l led 

wate r t o  g ive a 1 0 0mgml-1 solut ion . This was preserved by 

adding NaN3 ( S igma ) to a f in a l  concent ra t i on of 0 . 1 % and 

stored at + 4 °C .  
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V .  P reparation o f  Sens it i zed Blood Cells . 

Step 1 :  P reparat ion of GRBCs . 

i .  2 0 ml o f  s h e e p  b l o o d w a s  c o l l e c t e d in a h ep a r i n i z e d  

' vacuta iner ' .  

i i . The blood was mixed with l O Oml o f  c o ld Al severs solut ion 

and cent rifuged at 6 5 0 xg at 8°C f o r  2 0mins . 

i i i . The cells we re washed s i x  t imes by repe atedly suspending 

in 5 vo lumes o f  cold 0 . 8 5 %  NaCl s o lut ion and cent ri fuging 

as  above . 

iv . T h e  c e l l s  we re t h e n  s u s pended i n  app r o x i ma t e l y  n i ne 

vo lume s  of s t e r i le c o ld PBS to g ive an appro xima te 1 0 %  

suspens ion . 

v .  An equa l volume of  a 1 . 0 % glut a r a lde hyde-in-PBS solut ion 

w a s  added t o  t he w a s h e d  b l o o d  c e l l  s u s p e n s i o n . T h i s  

e f fect ive ly gave a 5 %  blood ce l l  suspension . 

v i . This was incubated at + 4°C for two hours with s low mixing . 

v i i . The c e l l s  we re cent r i f uged a t  2 5 °C for 1 0mi ns and then 

washed three t imes with cold sterile PBS . 

v i i i . After t he f i n a l  wash t hey we re suspended in approximately 

nine volumes of  PBS -B so lut ion (to g ive an approximate 1 0 %  

suspension)  a nd stored a t  + 4°C unt i l  required . 
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Step 2 :  Sen s i t i zat ion of GRBCs . 

For each isolate 

i .  0 . 2ml o f  a 1 0 %  s u s pens ion o f  GARBCs [ f rom S t ep 1 ]  we re 

mixed with an equal volume o f  a 2 5 %  suspens ion of s a line 

ext racted capsule [ from Sect ion I I I ]  in PBS . 

i i . The mixtu re wa s incubated at 3 7 °C for one hour with s low 

mixing . 

i i i . The c e l l s  were then washed t h ree t ime s in c o ld s t e r i le 

PBS , cent r i fuging at 6 5 0xg for l Omins each t ime . 

iv . They were then suspended in 4ml PBS-A solut ion to give an 

approximate 0 . 5 % suspension o f  sensiti zed cells and s t o red 

at + 4 °C unt il requi red . 

VI . P rocedure for the Indirect Haemagglutination As s ay ( IHA) . 

for each of Type A, B and D sera : 

i .  Us ing a microt i t re plat e ,  2 5 u l  of  st anda rdi z ed ant ise rum 

( cont a in i ng 8 haemagglut inat ing unit s )  was di luted in t wo

fold steps us ing PBS-A solut ion t o  give a 1 in  8 dilut ion . 

i i . 2 5ul o f  sensit i zed GRBCs [ see Section V ]  was added t o  each 

w e l l . T h e p l a t e  w a s  r o c k e d  a n d  l e f t  t o  s e t t l e 

[ approximately two hours ] . 

i i i . After t h i s  t ime t he caps ular  po lysaccha ride P .  m u l t o ci da 

i s o l a t e  [ see result s ] was det e rmined from t he pattern of  

agglut inat ion . 
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3 . 2 . 3  P rocedures for SDS-PAGE Analysis . 

3 . 2 . 3 1 Materia l s  

1 0 %  Acetic Ac id S o lution 

A s t o c k  s o l u t i o n  ( 1 0 1 )  w a s  p r e p a r e d  a n d  s t o r e d  a t  r o om 

t empe r a t u r e . U s e d  s o l ut ion wa s re cyc l e d  by p a s s i ng t h rough 

decolouri z ing charcoa l .  

Running Ac rylamide 

Acrylamide : 3 0 0 . 0 g 

Methylene -bi s -Acrylamide S . O g 

Distilled Water to 1 0 0 0ml 

i .  The a c r y l a mide wa s added t o  app r o x i mat e l y  7 0 %  o f  t he 

Disti l led Water and stirred unt i l  the solut ion returned to 

room temperature . 

i i . The Met hylene -bis -Ac rylamide wa s added and the prepa rat ion 

was made up to volume with D i s t i l led Wate r ,  pas sed t hrough 

one laye r of Whatman N°1 pape r and stored at +4°C .  

Stacking Ac rylamide 

Acrylamide : 3 0 0 . 0gl- 1  

Methylene -bi s -Ac rylamide : 1 6 . 0gl - 1  

Distil led Wate r  

This mixture w a s  prepa red as per Running Gel ( see be low)  . 



8 5  

Ammo nium Persulphate Solut ion 

A 1 0 %  s o l u t ion was prepared and kept f o r  no longe r than one 

hour . 

Bra i n  Heart I n f u s ion Broth ( BH I )  

See appendix 

Coomassie-Blue Reagent 

Cooma s s i e -Blue G-2 5 0  O . lg 

9 5 %  Ethanol  5 0 . 0ml 

8 5 %  wv- l  P hospho ric Acid : l O O . Qml 

Disti lled Water to l O O Oml 

i .  The e t hanol and phosph o r i c  a c id were mixed and t hen the 

dye w a s  completely dis s olved in the solut ion . 

ii . The mixture wa s made up t o  v o l ume , p a s sed t h rough two 

l a y e r s  o f  W h a t m a n  N ° 1 p a p e r  a n d  s t o r e d  a t  r o o m 

tempe rature . 

I s opropanol S t a in 

I s opropyl Alcoho l ( P ropan-2 -ol )  

Acetic Ac id (Glacia l )  

Cooma s s ie Blue R-2 5 0  (Brill iant B lue ) 

Dist i l le d  Water to l O O Oml 

2 5 0ml 

l O Oml 

0 . 4g 

i .  The I s opropyl Alcohol and Acetic Acid were mixed t ogether . 

ii . The Cooma s s ie Blue dye w a s  di s s o lved comp l e t e ly in t he 

mixt u re be f o re ma k ing up t o  volume with D i s t i l led Water 

and s toring at room tempe rature . 



SDS Sample Buf fer 

�-Me rcaptoethanol 

Upper T r i s  Buf fer 

SDS 

: l O . Oml 

: 2 5 . 0ml 

: 6 . 0g 

Dist i l led Water t o  l O Oml 

The component s were mixed and st ored at room tempe rature . 

1 0 %  SDS So lut ion 
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A 1 0 %  w v - l s o l u t i o n o f  S o d i um D o de c y l  S u l p h a t e  ( L a u r y l  

Sulphate ) ( S igma ) w a s  prepared in Dist i l led Water and st ored at 

room temperature . 

TEMED 

N , N . N1 , N 1 -Tet ramethylethylenediamine ( S igma ) 

Tracking Dye 

Bromophenol Blue 

Glyce rol 

: O . l Og 

: 8 . 0ml 

Disti l led Water t o  1 0ml 

The components were mixed and s tored at room tempe rature . 



Tris -Glycine Reservo i r  Buffer ( pH 8 . 3 )  

Tri zma Base 

Glyc ine 

SDS 

: 6 . 07g 

: 2 8 . 8g  

2 . 0g 

D i st i l led Water t o  2 0 0 0ml 

The component s were mixed and stored at room tempe rature . 

Lower Tris  Buffer (pH 8 . 8 ) 

Tri zma Base 

1 0 %  SDS Solution 

1 8 . 1 7 g  

4 .  Oml 

Dist i l led Water to 1 0 0ml 
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This mixture wa s prepa red a s  per Uppe r Tris  Bu f fe r  ( see be low)  . 

Uppe r Tris  Buf fer (pH 6 . 8 )  

T r i zma Base 

1 0 %  SDS Solution 

6 . 0 6g 

4 . 0ml 

Dist i l led Water to 1 0 0ml 

i .  The T r i zma Base was added to approximately 9 0ml D i s t i l led 

W a t e r  a nd s t i r re d  u n t i l  t he m i xt u re r e t u r n e d  t o  r o om 

t emperature . 

i i . T he pH w a s  a d j u s t e d  w i t h  1 2 N  H C l  a nd t he m i x t u re wa s 

b rought up t o  volume and stored a t  + 4°C .  



3 . 2 . 3 2 Methods 

I .  P reparation o f  Samples for P rotein As say . 

for e ach sample 
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i .  A l O Oml B H I  broth c u l t ure o f  P .  m u l t o c i da ( wh ich was in 

the mid- l ogar ithmic phase of growth)  wa s cent r i fuged at 

10 O O O xg for 2 0mins , wa shed twice with cold PBS , and the 

pel let s u spended in app roximately one volume of  cold PBS . 

i i . The suspens ion w a s  p l a ced in a n  i c e  bath and the ce l l s 

were dis rupted by sonic vibration at 7 0 cps f o r  3mins . 

i i i . The lysed cell suspens i on was s t o red at - 2 0 °C .  

I I . P rotein As say . 

i .  The lysed cell mate r i a l  wa s removed f rom - 2 0 °C sto rage and 

a O . lml a l iquot wa s di luted ten- f o ld, thirty-fold and one 

hundred- fold in 0 . 2M NaOH . 

i i . O . lml a l iquots o f  the above d i l ut ions were heated for 3 

mins in a boil ing water bath and left to cool . 

i i i . 5ml o f  Cooma s s ie-B lue Reagent w a s  added t o  e ach o f  t he 

O . lml samples and mixed . 

iv . The abso rbance of  e a ch s amp le a t  5 9 5nm w a s  mea sured and 

t h e i r  p r o t e in cont e n t  c a l c u l a t e d  f rom a s t a ndard cu rve 

which wa s c onstructed f rom t he absorbance s of a range of  

Bovine Se rum Albumen ( BSA) ( 0 - l O O ug/ O . lml ) which had been 

a s sayed u s ing the met hod des cribed above . 
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I I I . P reparat ion o f  Gels . ( 1 7 0mmx l3 0mmxl 5mm) 

A) Mould P reparat ion 

Ge l moulds we re prepa red a s  per I onas ( l 9 8 3 ) . The se con s isted of  

two s u i t a b l e  s h eet s of  g l a s s  h e l d  t ogethe r b y  1 5mm-t h i c k  

pe rspex space r s  coated with pet roleum j e lly . 

B )  P repa rat ion and Pouring of  Gel Components 

Run n i n g  Gel : A 1 0 %  a c r y l a mide running ge l was prepa red a s  

fol l ows . 

Lower Tris Buf fer (pH 8 .  8 )  5 .  Oml 

Runn ing Acrylamide 6 .  7ml 

D i s t i l led Wat e r  8 . 3ml 

Ammon ium Persulphate Soln O . lml 

TEMED O . O lml 

i .  The bu f f e r ,  a c rylamide and d i s t i l led wa t e r  were mixed 

together by swirling so as not to create bubbles . 

i i . The ammo n i um persJp h a t e  and TEMED were mixed in t o  t he 

mixt u re and an l l cm l ong ge l w a s  immedi a t e l y  pou red by 

decant ing suf ficient into the prepared mould . 

i i i . The mould was rocked t o  create an even s u r f a ce on the top 

of  the ge l .  A small vo lume (�l . Oml ) of  di s t i l led water was 

then di s t r ibuted ove r the surface o f  the mixture and the 

gel was left to polyme rize . 
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Stac king Ge l :  A 3 0 %  acry lamide /  1 . 6 % Met hylene -b i s -acrylamide 

s t a ck ing ge l was prepared a s  fol lows . 

Uppe r Tris  Bu f fe r  (pH 6 . 8 ) 

Stacking Ac rylamide 

D i s t i lled Water 

Ammonium Persu lphate Soln 

TEMED 

2 . 5ml 

l . Sml 

6 . 0ml 

0 . 0 5ml 

O . O lml 

i .  The b u f f e r ,  a c ryl amide and di s t i l l ed wa t e r  we re mixed 

together by swirling s o  as not to create bubbles . 

i i . The ammon ium persuphate and TEMED were mixed in t o  the 

mixt ure and the s u r f a ce of  the ( polymerized)  running gel 

was was hed with appro ximately 0 . 5ml of the mixture after 

the wat e r  ove r lay had been de c anted . The mould was then 

f i l led with st acking-gel mixt u re to 5 . 0mm f rom its top ,  a 

1 0  t ooth comb was inse rted to a depth of  1 0 - 1 5mm and left 

unt i l  the ge l had polymeri zed . 

i i i . The comb was care f u l ly removed, t he we lls we re then washed 

o u t  w i t h  1 0 ml o f  T r i s - G l y c i n e  B u f f e r  a n d  t h e b o t t om 

perspex spacer was removed 

i v . The a s s emb ly w a s  a t t a t c h e d  t o  a di s c on t i nu o u s -bu f f e r  

vert ica l e lect roph o re s i s  t a nk ( s ee I ona s , 1 9 8 3 )  and the 

tanks were fil led with Tris -Glycine buf fer . 

IV . P reparation of Samples for E lectrophoresis . 

i .  To a 1 0 0u l  al iquot o f  lysed ce l l  material wa s added 12 5ul 

of SDS S ample Bu f f e r  and 2 5u l  T rack ing Dye . The mixture 

was agitated us ing a vortex mixe r and heated at 1 0 0 °C for 

3mins ( t o  solubilize t he protein)  . 
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i i . T h e  p r e p a r a t i o n  w a s  t h e n  c o o l e d  f o r  S m i n s  a t  r o o m 

temperature and cent rifuged at  2 0 0 0 xg for 1 0mins at room 

tempe rature . 

i i i . U s i n g  a m i c r o p i p e t t e ,  v o l ume s o f  supe r n a t a n t  w h i c h  

cont a i ned 8 0 ug
* 

protein we re added t o  the acrylamide we lls  

( Sect ion I I I ) . 

* 
8 0 ug had previou s l y  been de t e rmined ( re s u l t s  not 

s hown ) as the opt imum l oading of  P .  m u l t ocida protein 

for a 1 0 %  polyacrylamide ge l . 

V .  Gel Elect rophoresis and Staining . 

i .  The l oaded buf fer tank wa s conne cted to a suitable power 

supply ( anode to top tank ) . 

i i . The gel was elect rophoresed at a constant cur rent o f  1 5mA 

un t i l  t he t r a c k i ng-dye f r ont reached the s t a c k i ng-ge l 

runn ing-ge l i n t e r face . T he cu rrent w a s  then reduced t o  

l OmA unt i l  the dye f ront w a s  1 cm f rom t h e  bottom o f  the 

ge l . That i s ,  the dye f ro n t  had e l e ct ropho r e s e d  a c r o s s  

1 0 cm o f  running ge l .  

i i i . The power source was swit ched o f f  and the ge l wa s removed 

f rom the mou l d ,  imme rsed i n  I sop ropano l S t a i n  and l e f t  

overnight o n  a shaker . 

iv . The g e l  w a s  de s t a ined i n  1 0 %  Ace t i c  Acid s o lut i o n  and 

phot ographed us ing Kodak Techpan f i lm .  



3 . 2 . 4  P rocedures for Restriction Endonuc1ease Ana1ys i s  (REA) . 

3 . 2 . 4 1 Mat e r i a l s  

0 . 2M EDTA 

EDTA ( di -sodium s a lt )  : 2 2 . 3 3g 

Glacial  Acetic Ac id 

D i st i l le d  Water to 3 0 0ml 

9 2  

i .  T h e  EDTA w a s  mixed w i t h  approxima t e ly 2 8 0ml D i s t i l led 

Wat e r ,  ad j u s t ed t o  pH 7 . 2 with G l a cial Acet i c  Ac id and 

brought to vo lume with D i s t il led Water . 

i i . The solut ion was ste r i l i z ed by aut oclaving and st ored at 

+ 4°C .  

Elect ropho re s i s  (E) Bu f fer lOx Concentrated 

Trizma Base ( S igma ) : 9 6 .  8 8g 

EDTA 7 . 4 4g 

S odium Acetate 8 . 2 0g 

Glacial Acetic Ac id 

Dist i l led Water to 2 0 0 0ml 

i .  The Tri zma Ba s e ,  EDTA and Sodium Acetate were d i s s o lved in 

approximat e l y  1 8 0 0ml D i s t i l led Wat e r  and a d j u s ted t o  pH 

7 . 8  us ing Glacial Acetic Acid . 

i i . The mixture was made up t o  volume with Disti l led Water and 

s t o �ed at + 4 °C .  For u s e  it was  di l uted l O X  in dis t i l led 

water . 
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P ronase 2 5mgml - l S o lut ion ( S igma ) 

A s o lut ion was prepa red i n  dis t i l led water,  incubated for 2hrs 

( to remove DNAse act ivity and stored at -2 0°C .  

Restrict i on Endonuc lease (RE) Buffer 

As p r e s c r i b e d  b y  t h e m a n u f a c t u r e r s  of t h e  r e s t r i c t i o n  

endonuclease used . 

Runn ing Buffer 

lM T r i s -HCl 

0 . 2M EDTA 

: O . l Oml 

: O . O Sml 

Glycerol : 2 . 0 0ml 

1 0 %  SDS Solut ion : O . O Sml 

D i s t i l led Water to l O . Oml 

The components were mixed and stored at room tempe rature . 

1 0 %  SDS S o lution 

A 1 0 %  wv- l S odium Dode c y l  Su lphat e  ( Lauryl S u lphat e )  ( S igma ) 

solut ion was prepa red w i t h  dis t i l led water and s t ored at room 

t empe rature . 
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Sal ine-Tris -EDTA (S TE) Buf fer lOx Concentrated 

SM NaCl Solut ion : 2 0 . 0ml 

lM Tris -HCl Bu f fer : S O . Oml 

0 . 2M EDTA : S . Oml 

D i s t i l led Wate r  to l O Oml 

The component s were mixed, ste rili zed by autoclaving and s t o red 

at room tempe rature . For use it was di luted l Ox
*

. 

*
Note : This  d i lution i s  t a ken into account w i t h  mo s t  o f  t he 

buf fe r  formulae de scribed in t h is section . 

Tris-EDTA (TE) Bu f f e r  

l M  Tris -HCl Buffer : 4 0 . 0ml 

0 . 2M EDTA : 2 0 . 0ml 

D i s t i l led Wate r  to 4 0 0 0ml 

The component s were mixed fresh ly f o r  use . 

lM T r i s -HCl Bu f f e r  

T r i zma HCl : 4 7 . 2 8g 

SM NaOH 

D i s t i l led Wat e r  to 3 0 0ml 

i .  T h e T r i z m a  H C l  w a s  m i x e d  w i t h  a pp r o x i m a t e l y  2 8 0 ml 

D i st i l le d  Wate r ,  adj usted t o  pH 7 . 5  with Glacial  Acetic 

Acid and brought t o  volume with Distilled Water . 

i i . The s o l u t ion was s t e r i l i z ed by autoclaving and sto re d  at 

+ 4°C .  



3 . 2 . 4 2 Methods 

I .  Extraction o f  DNA . 

9 5  

i .  A 5 0ml BHI broth culture of  P .  mul t oci da which wa s in the 

late - l ogarithmic phase of  growth ( that is , had an opt ical 

de n s i t y  ( O D )  o f  a p p r o x i m a t e l y  0 .  6 a t  5 0 0 n m )  w a s  

cent r i f uged at 1 3  S O Oxg for 2 0mins , wa shed twice with 2 0ml 

cold P B S ,  and t he pe l l e t  s u spended in S a l ine - T r i s -EDTA 

( STE ) buf fer to approximately Sml . 

ii . The s u spen s i on w a s  p l a c e d  i n  a 1 5ml c apped cent r i fuge 

t ube , 1 0 0 u l  of a 2 5mgml - 1  s o l u t i o n  o f  P r ona s e  ( S igma ) , 

2 0 0 u l  o f  a 1 0 %  S D S  s o l u t i on and 5 u n i t s  o f  DNAs e - free 

Ribo n u c l e a s e  w a s  added and t he m i x t u r e  w a s  i n c u b a t e d  

ove rnight at 5 0 °C i n  a wate r -bath . 

iii . 0 . 3ml o f  a 3 . 4M s olut ion o f  s odium pe rch lorate was added 

t o  t h e  t u b e s  a n d  r e i n c u b a t e d  f o r  1 h r . D u r i n g  t h i s  

i n c u b a t i on pe r i od a 2 5 : 2 4 : 1  phe n o l -chloro f o rm- i s o amyl 

a l c o h o l  s o lut i o n  ( Ext r a c t i on Mixt u r e ) w a s  p repa red a nd 

equ i l ibra ted by adding 1 / 1 0 t h  vo lume o f  STE b u f f e r  a nd 

standing for 3 0mins . 

iv . Sml o f  Ext ract i o n  Mixt ure wa s added to t he t reated cell 

suspens ion , the tubes were capped and then rocked unt i l  a 

milky emulsion was formed . 

v .  The t ubes were left t o  s t a nd ( vert ically)  f o r  1 0mins and 

cen t r i fuged at 10 O O O xg at + 4°C for 2 0mins . 

vi . Us ing serolog i c a l  pipettes t he upper laye r  ( aqueous ) was 

removed, re-ext racted unt i l  c lear and dia lysed against TE 

buf f e r  at + 4°C for two days . 
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vii . T h e  d i a l y s e d  f r a c t i o n  w a s  de c a n t e d  i n t o s t e r i l e 4ml 

b o t t le s ,  i n c u b a t e d  a t  6 5 °C f o r  1 0 mi n s ( t o  n e u t ra l i z e 

DNAse )  and stored at + 4°C .  

I I . As say o f  DNA . 

i .  1 ml of  a 1 / 2 0  s o lution o f  dia lysed DNA in TE bu f fer was 

pla ced in a cuvette and it s abso rbance
* 

at the following 

wave lengths was measured us ing TE buf f e r  as a blank : 

2 5 8nm .  Absorbance of  DNA . 

2 7 0nm .  Abs orbance of  Phenol . 

3 0 0 nm .  Absorbance of  P rote in . 

* ' ' 
Us lng a Cec l l  CE2 7 2  Spect rophot ometer . 

i i . S u itably ext ra cted DNA prepa r a t i o n s  we re deemed to have 

2 5 8 / 2 7 0  and 2 5 8 / 3 0 0  values of > 1 . 0 .  

i i i . The DNA content o f  the prepa ration was c a l c u lated us ing 

' * 
the fol lowlng f ormu la : 

[ DNAmgml - 1 ] 

2 0  

x dilut ion factor . 

where OD opt ical dens ity at de f ined wave lengths . 

2 0  DNA absorbance const ant ( 1mgml- 1 DNA has a n  OD 

of 2 0  absorbance units at 2 5 8nm) . 

* 
Brenner and Fa lkow ( 1 9 7 1 )  

In  the above case the dilut ion factor i s  2 0  s o  the formula 

condenses t o : 

[ DNAmgml - 1  ] 
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I I I . Digest ion o f  DNA with Restriction Endonuclease . 

i .  A volume of DNA solution cont a ining Sug DNA was p laced in 

a 2ml Eppendo rf Mic rofuge t ube with RE Buf fer and mixed . 

i i . 5 U Re s t r ict ion E n zyme ( i e  1 U per l ug DNA) w a s  added ,  

m i x e d  by t a pp i ng the t ub e , pu l s e d  i n  a M i c r o f u g e  and 

incubated at 37 °C for 4 5mins . 

i i i . T h e  t ube w a s  t h e n  i n c u b a t e d  a t  6 5 ° C f o r  l O m i n s  ( t o  

ina c t i vate t he en zyme ) and c ooled rapidly a t  - 2 0 °C ( t o  

prevent reannealing o f  the cut DNA ) . 

iv . A 1 / 2 0  volume o f  SM NaCl w a s  added and mixed by t apping 

t he t ube . 2 volume s of c o l d  ( - 2 0 °C )  ethanol w a s  added, 

mixed by inve r s ion and le ft at  -2 0°C for at lea st 2 h r s  for 

the DNA to prec ipitate . 

v .  The t ube was cent rifuged f o r  l Omins ( in a Microfuge ) ,  the 

supe rnatant was decanted and discarded, the pellet washed 

once w ith cold ethanol and left for 3 0mins at 3 7 °C to dry . 

vi . The DNA was solub i l i zed by adding 4 5 u l  o f  Running Bu ffer 

and mixing by tapping the t ube . I t  was t hen cent ri fuged 

f o r  l O m i n s i n  a M i c r o f u g e  a n d  a 4 0 u l  a l i q u o t  o f  

supe rnatant was removed, placed into a we l l  in  an agarose 

gel and elect rophoresed . 

IV . Preparation of 0 . 7 % Agarose Gels . 

i .  0 . 7 g Ult rapure Aga rose (Bi o -Rad) was  mixed with l O Oml E 

Bu f f e r  in a r ound -bot t ome d 2 5 0 ml f l a s k ,  b o i l e d  unde r 

ref lux for Smins on a heat ing mant le and le ft t o  cool to 

approximately 5 0 °C .  
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i i . Us ing Ce l l ot a pe a gel mo uld w a s  p r epared b y  s t ic king a 

length of  t ape a round the pe r imeter of  a 2 0 cmx1 6cm glass 

plate and sea l ing one face (ie the bottom o f  t he plate)  . 

i i i . The mould was leve l led and the cooled gel mixture decanted 

in to it . Bubbles were removed us ing a hot wire and a 1 0  

t ooth ( 2mmx 1 0mm) comb was pre s sed into on end o f  the ge l 

and left t o  set . 

iv . The comb and Cellot ape was removed . The plate and ge l were 

pl aced in a continuou s -buffer hori zontal elect rophore s i s  

tank and E Bu ffer w a s  added unt i l  t he gel wa s s ubme rged . 

DNA s amp l e s  we re added to t he we l l s  and t he system w a s  

connected t o  a suitable powe r source ( wells at anode end) 

for elect rophoresis  as  fol lows . 

V .  Elect rophoresis and Photographing Gels . 

i .  A const ant volt age of  B O v was applied across the ge l unt i l  
* 

the buffer f ront had t ravelled 1 5cm . The power source was 

di s conne c t e d  and t he ge l v i s ua l i z e d  by s l iding o f f  t he 

glass plate on to an ultra violet l ight box . 

i i . A permanent record w a s  made by expos ing with T ri-X f i lm 

f o r  1 5 s e c s  a t  an ape rture o f  4 . 5  and deve l oping a s  p e r  

manufacture r s  instructions . 

* 
This is  taken a s  being RNA which has  been placed in 

a spa re we ll and visual i zed us ing long-wavelength UV 

light . 
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3 . 3  Re sult s 

3 . 3 . 1  I s o lat ion of P .  mu l t ocida and Some Epidemiological Aspects 

S ome s t r a i n s  of P .  m u l t o c i da were obta ined f rom ove rs e a s  culture 

c ollection s . These prototype strains had been i s olated f rom a range 

o f  anima l s  ( fowl , buf f a l o ,  pig , goat , dog and s heep ) . Three of these 

s t r a i n s  ( f o w l , b u f f a l o  a n d  p i g )  w e r e  s e r o t yp e s A ,  B a n d  D 

respect ive ly and were used to produce st anda rd a ntise rum for the IHA 

a s say ( see Sect ion 3 . 2 . 2 ) . 

T o  obt a i n  f ield i s o l a t e s  from New Zea land anima ls we attempted to 

i solate P .  mult ocida f rom a range o f  dome s t i c  anima ls and obta ined a 

t ot a l  of  7 2  i solates f rom five species . The s e  were ( with numbe r of 

i s olates i n  b racket s ) : Dog ( 2 1 ) , Cat ( 1 0 ) , Deer ( 1 ) , Rabbit ( 2 5 )  and 

Swine ( 1 5 ) . 

C a ni ne st r a i n s  were i s o lated f rom prema t i n g  vagina l s wa b s . N i ne 

f e l ine s t r a i n s  we re i s o l a ted f r om wounds . The rema i n i n g  f e l ine 

i solate wa s from a pne umonic lung . The cervine strain wa s isolated 

f rom a lung . These dog ,  cat and dee r stra ins were suppl ied to us by 

The Minis t ry of Agriculture and F i sheries (MAF ) at P a lme rston North . 

Howeve r most
* 

rabbit and swine s t ra ins were i s o lated in t he course 

of the present study . 

* 
One rabbit a n d  one swine i s o l a t e  were 

suppl ied by MAF . 

• • • f � ... - • 

. . 
' ( 
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Isolates o f  P .  mul t ocida from Rabbits . 

I s o l a t e s  w e r e  o b t a i n ed f r om t h r ee r a bb i t  c o l o n i e s  l o c a t ed i n  

dif ferent a re a s  ( P a t e a , Wa i t o t a r a  Va l le y  a nd Uppe r Hutt ) . Hea lthy 

animals and anima l s  which had c l inical s igns of respiratory disease 

we re chosen at ra ndom and t he i r  na s a l  c a v i t ie s  s wabbed . The s wab 

mat e r i a l  w a s  plated on s e lect ive medium ( see Chapter Two ) for the 

isolation of P .  mu l t o cida . I f  the anima l had died f rom pneumonia a 

piece o f  pneumonic ( i e  conso lidated) lung t i s sue was plated on b lood 

aga r . 

P .  mul t o ci da was i s o lated f rom t he n a s a l  t ract o f  rabb i t s  in a l l  

three c o lonies . The results ( Table 3 . 1 ) show that the proport ion o f  

diseased rabb i t s  which showed c a rri age o f  P .  mul t oc i da was highe r 

than that found in healthy anima l s . This di f ference was s ign if icant 

(p< 0 . 0 1 )  when t he c omb ined r e s u l t s  o f  t he t h ree c o l o n i e s  w e r e  

analysed . The di fference was a l s o  signif icant f o r  t he Patea (p<0 . 0 1 )  

and Uppe r Hutt (p< 0 . 0 2 5 )  dat a  when treated s eparately . The remaining 

data ( Wa it otara Va lley)  was not a large enough sample s i ze to apply 

s t a t i s t i c a l  an a lys i s . Furthermo re ( re s u l t s  not shown ) , several of 

the P a t e a  rabb i t s  w e re s u f f e r i ng f r om t o r t ic o l l i s ,  a s ympt om o f  

inne r e a r  i n f e c t i on which i s  a s s o c i a t e d  w i t h  P .  m u l t o c i da ( s ee 

Section 1 . 5 . 5 ) . The o rganism wa s isolated f rom the nasal cavity of  

a l l  o f  t hese anima l s . 



Table 3 . 1  P .  mul t o cida St rains Is olated from Rabbit s . 

O r i g i n  
o f  St t· a i  n 

Pat ea 

Wa i t ot ara 
Val l ey 

Upper 
Hut t 

P orcine I s olates 

Date o f  

I so l at i on 

June 
1 987 

JLme 
1 987 

A u g u s t  
1 987 

Cor.d i t  i or• 

o f  An i ma l  

Hea l t h y  
D i seased 

Tot a l  

Hea l t h y  
D i seased 
Tot a l  

Hea l t h y  
D i sea sed 
Tot a l  

A n i ma l s  

Tested 

20 
33 

53 

3 
1 
4 

43 
1 3  
56 

• PM = P. mu l t oc i da 

1 0 1" 

PM• 
Pos i t i ve 

1 
1 7  
1 8  

0 

1 
1 

1 
4 
5 

Swine strains were iso lated from pneumonic lung tissue ,  obta ined at 

s laughte r ( Kiwi Bacon Company ) , from pigs wh ich came f rom at lea st 

f ive di ffe rent farms in t he Manawatu . Pneumonic lungs we re sampled 

once in winter and once in s umme r . The res u l t s  a re shown on Table 

3 . 2 .  
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T a b l e  3 . 2  T h e  P r opo r t i o n s  o f  P n e u mo n i c  L e s i o n s  f r om w h i c h  
P .  mul t oci da was I solated in Winter and Summe r . 

Dat e 
E x am i ned 

J une 
1 '386 

December 
1 '386 

Tot a l  N° 
o f  P i g s 

300 

1 00 

L Lm g s  w i t h  
L e s i ons 

_t!O " 

20 7 

30 30 

Recovery o f  
P. mul t oci da 

__No " 

3 1 5  

1 4  4 7  

The propo rt ion of lungs with les ions in December ( 3 0  o u t  o f  1 0 0 )  was 

s igni f icantly di f fe rent (p< 0 . 0 1 )  than the proport ion f ound in June 

( 2 0  out o f  3 0 0 )  . The proportion of pneumonic lungs which conta ined 

P .  mul t o ci da in December ( 1 4  out of 3 0 )  was highe r than that found 

in June ( 3  out of 2 0 )  but this was not s ignif icant at the 9 5 %  level 

(p< O . 1 ) . 
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3 . 3 . 2 Se rotyping: Va l idat ion of  !HA As say and its Appl icat ion t o  t he 

Typing of F ield Strains 

Us ing t he !HA a s s a y  ( see Section 3 . 2 . 2 2 )  P .  mul t ocida isolates were 

se rotyped . ie They we re a s s igned to Type A, B, D o r  were rega rded a s  

N o n - t y p a b l e  ( N T ) . T he re s u l t s  o f  s e r o t y p i n g  a re s hown i n  t h e  

following two section s : 

3 . 3 . 2 1  Va l idating the !HA Assay 

We i n i t i a l l y a t t emp t e d  t o  p r o duce t y p e - s p e c i f i c  a n t i s e rum i n  

r a b b i t s .  T h i s  wa s u n s a t i s f a c t o r y ( s e e  d i s c u s s i o n ) b u t  w e  w e r e  

succes s ful i n  produc ing typing se rum i n  hens b y  the method de scribed 

in Sect ion 3 . 2 .  

P rototype strains ( se e  Section 3 . 3 . 1 ) we re examined by the st andard 

!HA a s s ay used to e s tablish the s e rotype o f  isolates . The result s 

a re shown in Table 3 . 3 .  

Table 3 . 3 Serotyping P rototype Strains o f  P .  mult ocida by !HA As s ay .  

A n i ma l  of 

I so l at i on 

No of 

S t ra i ns Serot y p e  

Bov i ne 1 s• 

Fowl 2 A• , 

Sw i ne 2 o• ' 

Sheep 1 nk 

Goat 1 nk 

Dog 1 nk 

Legend NT : Non-t y pa b l e  ( see Sect i on 3. 3. 2 )  
n k : Serot ype not known b y  supp l i er 

r.k 

D 

Res u l t  of I HA 
Serot y p i n g 

B 

A,  A 

D, D 

A 

D 

NT 

• :  St ra i ns u sed t o  prod uce st and ard ant i serum for I HA assay 
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T he a nt i s e r um prepa red aga i n s t  t he prot o t ype s t r a in s  we re Type

spec i f ic ( i e  Ant i-A s e rum reacted with Type A but not Type B o r  D 

a nt igen e t c )  We c o n c lude t h a t  i n  o u r  h a nd s  t he I HA a s s a y  c a n  

dist ingu i s h  A,  B and D strains . The rema ining four prototype s t ra ins 

( vi z  F o w l ,  S w ine , S heep and G o a t ) were f ound to be of the mo st 

p robable s e rotype c o n s ide r ing t he spe c i e s  f r om wh i c h  t hey were 

i s o l ated . T hu s ,  sheep and go ats a re known to be a s s oc iated with A 

and D s t r a i n s  which i s  consistant with our result s and fu rthe rmore ,  

dog s t r a i n s  tend t o  b e  rough a n d  therefore untypable . We conc lude 

that a lthough the numbe r of  strains of  known serotype i s  sma l l  the 

results v a l idate the IHA assay . 

T h e  I H A a s s a y  w a s  t h e n  u s e d  t o  s e r o t y p e  f i e l d  i s o l a t e s  o f  

P .  mul t o c i da ( see Sect ion 3 . 3 . 1 ) . The re s u l t s  a re s hown i n  Table 

3 .  4 .  

3 . 3 . 2 2 Se rotyping of Fie ld I s o lates 

Table 3 . 4  S e rotype s o f  Field Is o lates as Determined by t he 
I HA As say. 

Host N• o f  I so l at es of Each Serot ype Tot a l  

A B D NT* -

Dog 2 0 0 1 9  2 1  

Cat 3 1 1 5 1 0  

P i g 0 0 4 1 1  1 5  

Deer 0 0 1 0 1 

Ra b b i t  0 0 0 25 25 

• NT = Non-t ypab l e  
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These re s u l t s  a re dis cussed late r ( see Sect ion 3 . 4 ) but t he f inding 

t hat a l l  ( 2 5 )  rabbit i s o lates a re untypable was unexpect ed because 

the literat�re indicates that most rabbit P .  mul t ocida i so lates a re 

t ypable . Howeve r ,  o u r  re s u l t s  might be exp l a ined i f  the i s o la t e s  

repres ented one or a f e w  stra ins which had become dis seminated . T o  

invest igate t h i s  pos s ib i l ity w e  examined a n d  compared t he proteins 

of rabb i t  is olates by SOS -PAGE . 

3 . 3 . 3  SOS -PAGE Ana lys i s  o f  Strains o f  P .  mu l t ocida 

The p r o t e i n  p a t t e r n s  o f  a v a r i e t y  o f  m i c r o o rg a n i s ms h a ve b e e n  

compa red u s ing SOS -P AGE but no work h a s  appa rent ly been done with 

P .  m u l t o c i d a a p a r t  a l i m i t e d  s t udy o f  memb r a n e p r o t e i n s  o f  

e x o t o x i g e n i c  s t r a i n s  f r om s w i n e ( L u g t e n b u r g , 1 9 8 4 )  a n d  t h e  

c h a r a c t e r i z a t i on o f  l ipopo ly s a c c ha r i de s i n  some r a b b i t  s t r a i n s  

( Manning e t  a l ,  1 9 8 6 ) . I f  P .  m u l t o c i d a  w a s  a homoge neous spe c i e s  

with respect t o  protein patterns then the t e chnique could b e  used t o  

ident i f y  t he organ i s m . I f  i s o l at e s  from a va riety of host species 

were heteroge nous between species but homogeneous within a species 

i t  c o u l d  be used to ident i f y  t he spe c i e s  o f  o r i g i n . If ( a s  w e  

init i a l ly and correct ly a s sumed in the present wo rk)  i s o lates f rom a 

s ingle species of host anima l a re heterogeneous it could be used t o  

ident i f y  stra ins . 

T h i s  s e c t i o n  e x a m i n e d  t h e  2 5  r a b b i t  i s o l a t e s  b y  S O S - P AG E  t o  

estab l i sh i f  t hey represented few o r  many s t rains o f  t he o rganism . 

Howeve r ,  t o  ob t a i n  an ove r a l l  p i c t u re o f  t h e  h e t e r ogene i t y  o f  

P .  m u l t o c i da init i a l  expe r imen t s  examined s t r a i n s  f r om di f f e rent 

host s pecies . 

One repre sentat ive s t ra in f rom each of four hos t s  was compared . The 

res u l t s  a re shown i n  Figure 3 . 1 .  It can be seen that s ome bands a re 

common t o  a l l  four strains . H oweve r the o verall patterns show that  

P .  mul t ocida is  hete rogeneous when i solated f rom dif fe rent species . 
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F igure 3 . 1  SOS -PAGE P rotein Ana lys is of P. mul t ocida I s olated 

f rom Several Animal Species . 

The i s o l a t e s  ( l e f t  t o  r ight ) we re obt a i ned f r om a 

rabbit , pig, cat and dog . 

N o t e  that the isolates  c a n  be dist ingu i s hed de s p ite 

t he presence o f  some common bands . 





1 0 7  

I n  f u r t h e r  expe r iments ( re s u l t s not shown )  some common bands were 

found between P .  m u l t ocida and P .  haemolyt i ca so SDS -P AGE is not an 

appropr iate method to use to ident i fy the bacterial spe c ies . 

Eight repre sent a t ive st rains  f rom e a ch of  three h o s t s  ( s wine , dog 

and c a t ) were then examined . T he re sult s ( F igure s  3 . 2 , 3 . 3 ,  3 . 4 ) 

show that stra ins i s olated from within each of the h o s t  spec ies a re 

heterogeneous in that although many bands were common , each of  t he 

e ight i s o lates had a unique ove rall pattern of bands . 

Three s t rains of  P .  mu l t o c i da wh ich had been isolated from rabbits 

of t h re e  di f f e re n t  c o l o n i e s  in N e w  Z e a l a nd we r e  e x amined . The 

re s u l t s  a re s hown in F igure 3 . 5  whe re it  can b e  s e en that t he 

s t ra ins are different with respect to banding patterns . We therefore 

conc l ude that s t r a ins o f  P .  m u l t o c i da i s o lated f rom rabbits ( l ike 

canine , feline and porc ine s t rains ) a re heterogene ous . This led us 

t o  examine strains from within individual rabbit colonies . 

Four representat ive stra ins o f  P .  mul t ocida from each of  two rabbit 

c o l o n i e s  ( P a t e a  a nd Uppe r H ut t ) w e r e  c ompa red by S D S - P AGE . The 

res u lt s a re shown in Figures 3 . 6  where it can be seen that st ra ins 

i s o l ated f rom t he same rabb i t  co lony were homogeneo u s . This f inding 

h a s  implicat ions wh ich a r e  cons ide red in the d i s c u s s ion ( S ect ion 

3 . 4 ) 

3 . 3 . 4  Epidemio logical Trac ing of P .  mul t ocida by SDS-PAGE 

S o  f a r  SDS-PAGE examination of P .  mul t ocida stra ins f rom rabbits was 

l im i t ed to n a s a l  i s o l a t e s . They we re homoge n e o u s  w i t h i n  r abbit 

co lonies but heterogeneous between colonies . It is generally a s s umed 

t h a t  du r i ng t h e  course o f  di s e a s e  P .  m u l t o c i da spreads f rom t he 

n a s a l  cavity t o  the lungs (particularly with r abb i t s  in a s t res sed 

c o n d i t i o n ) . T h i s  imp l i e s  t h a t  t he s t ra i n s  c a r r i e d  i n  t he n a s a l  

c a v i t y  should b e  identical t o  those which colon i z e  t he lungs . This 
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F igure 3 . 2  SDS -PAGE Analysis o f  P. mul t ocida Is olates from Swine . 

Note that  the i s o l a t e s  can be di st ingu i s hed de spite 

the presence of  some common bands . 
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Figure 3 . 3  SD S -PAGE Analysis o f  P. mul t ocida Isolates f rom Dogs . 

Note t h a t  the i s o l a t e s  can be dist ingu i s he d  de spite 

the pre sence of  some common bands . 



-::. 
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Figure 3 . 4  SDS -PAGE Analysis of P. mult ocida Isolates f rom Cats . 

The i s o lates can be distinguished despite the pre sence 

of some common bands . 
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F igure 3 . 5  SOS -PAGE Analys i s  o f  P .  mult ocida Is olates from 

Rabbits . 

T h e  i s o l a t e s  we r e  de r i ved 

rabb i t s  from ( le ft to right ) 

and Upper Hutt . 

f r om t h re e  c o l o n i e s  o f  

Patea , Wa itot ara Va lley 

Note that the i s o l a tes can be di st ingu i s hed de spite 

the pre sence of some common bands . 
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F igure 3 . 6  SDS -PAGE Analys i s  of P .  mul tocida from Rabbit s .  

Seve ra l I solates Derived from Rabbit s in Each o f  Two 

Colonies are Compared . 

Four is olates ( l e f t ) we re from a Patea rabbit co lony 

and four ( right ) f rom an Upper Hutt colony . 

N o t e  t hat t h e  i s o l a t e s  f r om any one r a bb i t  c o l ony 

c a n n o t  be d i s t i n gu i s hed but i s o l a t e s  f r om t he t w o  

colonies are diffe rent . 
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w a s  t e s t ed b y  compar ing n a s a l  a nd l ung i s o l a t e s  de rived f rom the 

s ame rabbit colonies . 

We c ompa red two nasal strains o f  P .  mu l t ocida with t wo st rains which 

h a d  been i s o l a ted f rom t he lungs o f  rabb i t s  w i t h  pneumonia . The 

re s u l t s  ( F igure 3 . 7 )  indicate that t he nasal and lung strains a re 

h omogeneous w i t h  respect t o  the i r  protein patterns so  we conc lude 

that  they represent the s ame stra in . 

3 . 3 . 5  The Sou rce of a P .  mu l t oc i da I s o late Assoc iated with an 

. . * 
Epldemlc of  Snuffles 

T h e  i s o l a t i o n  of P .  m u l t o c i d a f r om P a t e a  r a b b i t  n a s a l  s w a b s  

coinc ided w i t h  a n  outbreak of  snu f f le s . This outbreak was expla ined 

by t he impo rtat ion of a new batch of rabbit s f rom Germany in Ma rch 

1 9 8 7 . S i nce P .  mu l t o c i da is a hete ro gene o u s  spe c i e s  and v a r i e s  

bet ween c o l o n i e s  in New Z e a l and it can be rea sonably a s s umed that 

t he pathogeni c  strain of  P .  mul t o cida imported f rom Germany would be 

di f f e rent to l o c a l  s t ra in s . The MAF labo r a t o r i e s  had p re v i o u s l y  

i s o l ated ( September 1 9 8 6 )  a strain of  P .  mul t o ci da from t h i s  co lony 

( Pa t ea ) . I f  t he outbreak of snuf fles was caused by the int roduct ion 

o f  a new s t r a in of P .  m u l t o c i da de r i ved f rom the infected rabbits 

t he n  it would be reasonable to a s s ume that the MAF i s o late obtained 

be f o re importat ion would di f fer f rom the new st rain de rived f rom the 

imported rabbit s . 

U s i ng SOS-PAGE we compared the protein pattern o f  t he rabbit isolate 

w i t h  t he pat te rns o f  t h ree recent ( Ma rch 1 9 8 7 )  n a s a l  i s o l a t e s  of  

P .  mul t o c i da f rom the s ame rabbit c o lony (Patea ) . The results a re 

s hown in F igure 3 . 8 .  It can be seen that , cont rary t o  expectation s ,  

t he strains were homogeneous . This i s  discussed later ( Sect ion 3 . 4 ) . 

* See Sect ion 1 . 5 . 5  
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F i gure 3 . 7  SDS -PAGE Analys i s  of P .  mul t ocida from Rabbits . 

A comparison o f  lung and nasal t ract isolates . 

Four isolates , 

Two i s olates  

f rom one rabbit colony,  a re compa red . 

( le ft )  were obt a ined f rom the lungs of  

= � bb i t �  �� i � h h � rl  rl i e d of pneumon i a . The rema in ing 

i s o l a t e s  ( r i g h t ) o r i g i n a t ed f rom n a s a l  s wabs t a ken 

f rom rabbits with respi ratory disease . 

The lung and n a s a l  tract isolates are 

indi st inguishable . 
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F igure 3 . 8  SDS -PAGE Analys is of P .  mul t ocida I s olates from 

Rabbit s .  

A comparison o f  i solates obtained be fore and a fter the 

int roduction of animals , from ove rsea s ,  to a rabbit 

co lony . 

Four isolates , f rom one rabbit co lony , a re compa red . 

One i s o la t e  ( le f t )  wa s obtained f rom the lung o f  a 

r a bb i t ,  w h i c h  h a d  d i e d  o f  p n e umo n i a , b e f o r e  t h e  

int roduct ion o f  impo rted rabbits into t he co lony . The 

rema ining isolates ( right ) originated from nasa l  s wabs 

t a ke n  f r om i mp o r t e d  r a bb i t s  wh i c h  h a d  cont r a c t e d  

respiratory disease a f t e r  int roduct ion t o  t h e  colony . 

Note that a l l  four isolates are indist i nguishable . 
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3 . 3 . 6  Compa r i son of P .  mu l t ocida Se rotypes with SDS-PAGE and REA 

The detect i o n  o f  t he s e r o t ype o f  a n  i s o l a t e  o f  P .  mu l t o c i da is a 

l a b o u r - i n t e n s i v e  p r o c e s s . I s o l a t e s  o f  P .  m u l t o c i d a c a n  b e  

d i s t inguished By SDS-PAGE and REA c an be used t o  dist ingu ish othe r 

o rg a ni sms . With this in mind we examined se rotypes o f  P .  mul t ocida 

t o  s e e  i f  t h e y  c o u l d  b e  c o r r e l a t e d  w i t h  e i t h e r  S D S -PAGE o r  REA 

patterns . 

U s i n g  S D S - P AGE we examined repre s entat ive s t r a ins of  P .  mult ocida 

Type s A ,  B and D .  The r e s u l t s  a re shown in F i gure 3 . 9 .  It can be 

seen that s ome bands a re common to a l l  se rotype s ,  however no bands 

w e r e  unique to any one s e rotype so we conclude t ha t  " se rotyping" 

P .  m u l t o c i da by SDS-PAGE of prote ins is not poss ible . 

I t  i s  po s s ible ( even i f  not part i c u larly l i ke ly ! ) that REA digest 

p a t t e rn s  c ou l d  be c o r r e l a ted w i t h  P .  m u l t o c i da s e rotypes s o  we 

examined representat ive s t rains of P .  mu l t oci da Types A and D by REA 

( see Section 3 . 2 . 4 ) us ing EcoRl . The re s ult ( F igu res 3 . 1 0 and 3 . 1 1 )  

s how that a lthough cert a in bands a re common t o  a l l  test stra ins o f  

P .  mul t oci da ,  n o  band i s  unique t o  one se rotype . This s ituat ion was 

a l s o  found u s ing a di f f erent s i x-base cutt ing enzyme ( Xho - 1 )  ( see 

F igures 3 . 12 and 3 . 1 3 ) . 

S ince nei t he r  the SDS-PAGE or the REA pattern produced corre l at ions 

in any obvious way w i t h  the serotype o f  P .  mul t o c i da we conclude 

t h a t  P .  m u l t o c i da c a n n o t  be " s e r o t yp e d "  b y  e i t he r  S D S - P AGE o f  

proteins o r  by REA o f  DNA . 
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F i gure 3 . 9  SDS-PAGE Ana lys is of P .  mult ocida Serotype s A, B and D .  

N o t e  t h a t  t he p r o t e i n  b a n d i n g  p a t t e r n s  c a n n o t  b e  

r e l a t e d  t o  t h e i r  s e r o t y pe s . I t  f o l l o w s  t h a t  t h e 

s e r o t ype o f  a new i s o l a t e  c a nnot b e  e s t a b l i s hed by 

examining the prote ins by SDS-PAGE . 
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F igure 3 . 1 0 Restrict ion Endonuclease Analys i s  of P .  mul t ocida . 

a .  A comparison o f  serotype A i s olates us ing Eco Rl . 

b .  A comparison o f  serotype D i s olates us ing Eco Rl . 

c .  A comparison of serotype A i s olates us ing Xho 1 .  

d .  A comparison o f  se rotype D i s olates us ing Xho 1 .  

The le f t  hand t rack in each phot ograph ( digested DNA 

f r om P h a g e Lamb d a ) r e p r e s e n t s mo l e c u l a r w e i gh t  

ma rkers . 

H e t e r o g e n e o u s  p a t t e r n s  w e r e  o b t a i n e d  f o r  a l l  

i s o l a t e s . i e  no t wo i s o l a t e s  were ident i c a l . T h i s  

ext reme hete rogene ity indicates that the REA pat terns 

cannot be correlated with the se rotype . ie  REA o f  the 

DNA gives no informat ion about t he serotype . 



a b 

Mr ( M  dill ) 
M r (Mdal ) 

c d 
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3 . 4  Discuss ion 

P .  m u l t ocida is an organism which causes disease in many spec ies of  

anima l s . We is olate d  P .  mul t o c i da from the spec ies inve st igated so  

c l e a r ly P .  mul e o c i da i s  ubiqu itous in New Zea land anima l s . In  our 

l im i t e d  s t udy t he di s t r i bu t i o n  o f  s e r o t ypes in N e w  Z e a land w a s  

s imi l a r  to that found overseas and in rabbits at lea s t , t h e  s t ra ins 

which co loni zed t he lungs were ident ical to nasal i s o lates . 

The ma j o r  problem in our hands wa s the production o f  type - spec i f ic 

ant i s e ra . Repeated attempt s ( data not shown ) were made at produc ing 

ant iserum in rabbit s but with l ittle succe s s . This problem had a lso 

been encountered by P rince ( 1 9 8 5 )  when she a ttempted t o  produce type

spe c i f i c  ant i s e rum to P .  h a emolyt i ca . She found that satis factory 

a n t i s e r um c o u l d be p r o d u c e d  in dome s t i c h e n s  a l t h o u g h  c r o s s  

react ions occurred . Fol lowing the work o f  P rince ( see above ) we used 

dome s t i c  hens t o  p roduce s a t i s f a c t o r y  t ype - spec i f ic a n t i s e r a  t o  

P .  m u l t ocida . Howeve r w e  a l s o  obt ained c r o s s  react ing se rum but this 

wa s removed by abs o rpt ion with heterologous ant igens . 

The hope that the SDS-PAGE and REA patterns could be co rrelated with 

the s e rotypes wa s not rea lised so at present there i s  no a lternat ive 

to se rotyping by the classical  method . 

The S D S  pa ttern o f  individu a l  i s o l at e s  were s o  heterogeneous that 

i n d i v i du a l  s t ra i n s  c o u ld be d i f f e r e n t i a t e d . T h i s  a l l owed s ome 

epidemiological a spects of disease in rabbits to be studied . This is  

conside red in the general di scus sion . 
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CHAP TER 4 

The Detection o f  T oxigenic Strains of P .  mul tocida Derived from New 

Zealand Animals . 

4 . 1  Int roduct ion 

At rophic Rhinit i s  ( s ee Sect ion 1 . 5 . 6 ) is  a ma j o r  cause of  economic 

loss  in European s wine he rds and a mi ld f o rm has been recogn ised in 

N e w  Z e a l a nd . T he c a u s e  o f  t h i s  di s e a s e  h a s  been a t t r i b u t e d  t o  

stra ins of  P .  mu l t ocida which produce a heat labile exot oxin . This 

e x o t o x i n  c a n  be demon s t r a t e d  i n  vi t r o  b e c a u s e  it p r o du c e s  a 

cytopathic e f f e c t  ( CPE ) in Emb ryo nic Bovine Lung ( EBL) c e l l s  ( see 

Sect i on 1 . 4 ) . 

Exotoxigenic strains of P .  mul t ocida have not been is olated f rom New 

Zealand swine he rds nor have they been i s olat ed from othe r spec ies 

in the world . It  is  not clea r howeve r if exotoxigenic s t rains a re 

c o n f ined t o  pigs  o r  whe t h e r  t he absenc e o f  repo r t s  o f  t oxigenic 

s t r a i n s  i n  o t h e r s pe c i e s  r e f l e c t s  t h e a pp a re n t  a b s e n c e  of a 

syst emat ic sea rch for toxin producing i s o l ates f rom other species . 

T h i s  s e c t i o n  e s t a b l i s he s  a n  in vi t ro a s s a y  f o r  t he e x o t oxin of  

P .  m u l t ocida using a standa rd of  exotoxigenic P .  mul t o ci da and ba sed 

on t h e  met hod de s c r ibed by Rut t e r  and Lut he r ( 1 9 8 3 ) . It h a s  been 

f u r t h e r  modi f i e d  by u s i n g  t h e  me t h o d  de s c r ibed by S a w a t a  a nd 

Kume ( 1 9 8 5 )  for  p repa ring c e l l - free f i lt rates of the test  organism.  

Us ing this assay s t ra ins which had been iso lated f rom pigs i n  New 

Zeal and, overseas s t ra ins and New Zea land st ra ins othe r  t han swine 

were examined . 
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4 . 2  Materials and Methods 

4 . 2 . 1  P reparation of Reagent s and Media 

Ac idic Gent ian Violet Solution 

A 0 . 2 %  wv- 1  s o lution o f  gent ian violet in 2% acet ic acid was 

prepared and s t o red at room temperature . 

Bica rbonate Solut ion (4 . 4 %) 

Sodium Hydrogen Carbonate 

D i s t i l led Wat e r  to 1 0 0ml 

4 . 4g 

The component s were mixed and dispensed in 2 0ml a liquot s . The 

l ids were f i rmly t ightened, the p repa rat ions were aut ocla ved 

and then s t o red at + 4 °C .  

Blood Aga r ( BA)  

See appendix . 

BH I Broth 

See appendix . 

Bovine Se rum 

T h i s  wa s c l a r i f ie d ,  s t e r i l i z e d  b y  p a s s i ng t h r o ugh a 0 . 2 um 

f ilter and s tored in 5 0ml volume s a t  - 2 0 °C .  

Ce l l  Culture Mic rotitre Plates 

Falcon 9 6 -we l l  f lat bottom dispo s ab le . 
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Eagle s  Base 

This was prepared as  pe r manufacturers ( Gibco ) directions f rom 

dr i - f o rm m a t e r i a l  ( G ibc o ) , s t e r i l i z ed by pa s s i ng t hrough a 

0 . 2 um f i l t e r  a n d  s t o r ed i n  3 8 0 m l  a l i q u o t s  a t  + 4 ° C u n t i l  

required . 

Min ima l Eagles Medium (MEM ) 

4 . 4 % Bicarbonate Solut i on 

TPB 

PSK 

Eagles Base 

Amphotericin B ( Smgml - 1 ) 

2 0 . 0ml 

4 0 . 0ml 

1 . 0ml 

3 8 0 . 0ml 

0 . 2ml 

Bicarbonat e  Solution,  TPB,  P S K ,  Eagle s Base and were prepa red 

sepa rately ( see individual headings ) .  

All components were added to the Eagles Base . 

N . B .  The c o lour o f  the me dium s ho u ld be t ange lo o range when 

used . I f  not then it is  requ i red to restore the c o r rect pH 

by bubbling sterile co2 through the medium . Wa rm medium t o  

3 7 °C be fore us ing . 

Complete MEM Medium 

This was p repa red a s  per MEM with the addition of  4 0ml Bovine 

Serum ( t o  g ive a f inal concent ration o f  1 0 % )  . 

F ixing Solut ion 

A 1 2 % s o l u t ion o f  f o rma l i n  in PBS was prepa red and s t o red at 

room tempe rature . 
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F reez ing Mixture 

Complete MEM Medium 

Bovine Se rum 

Dimethyl s ulphoxide ( DMSO)  

3 3 . 5ml 

6 . 5ml 

l O . Oml 

The c omp o nents  we r e  di s s o l ve d  in t he d i s t i l l e d  w a t e r .  The 

p repa r a t i o n  w a s  t h e n  s t e r i l i z e d  b y  pa s s ing t h rough a 0 . 2 um 

f i lter and stored in 5ml volume s at -2 0 °C .  

Phosphate Bu f f e red Saline ( PBS ) 

P SK 

See appendix 

( Pen/ Str / Ka n )  

Peni c i l l i n  lxl 0 7 IU 

St reptomycin l Og 

Kanamyci n  l Og 

PBS to l O O Oml 

The component s were dis solved in the PBS . The preparat ion was 

then ste r i l i zed by passing th rough a 0 . 2 um filter and stored in 

2ml volume s at - 2 0 °C .  



Tryps in Ve rsene Solut ion ( TV) 

NaCl 0 . 8g 

KCl 0 . 0 4g 

Glucose O . lg 

NaHC03 0 . 0 5 8 g  

Phenol Red 0 . 0 2ml 

Tryp s in 0 . 05g 

EDTA 0 . 0 2g 

D i s t i lled Wat e r  t o  l O Oml 
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T h e  c ompone n t s were di s s o l ved i n  t he di s t i l l e d  w a t e r . T h e  

p r e p a rat i o n  w a s  t h e n  s t e r i l i zed b y  p a s s ing t h rough a 0 . 2 um 

f i l t e r  and stored in 2ml volumes at - 2 0 °C .  

Tryptose P hosphate Broth ( TPB)  

T ryptose (Difco)  : 2 0 . 0gl 

Glucose 2 . 0gl 

NaCl S . Ogl 

Na2 HP04 2 . 5gl 

D i s t il led Wat e r  t o  l O O Oml 

T h e  c o mp o n e n t s  w e r e  m i x e d ,  d i s p e n s e d i n  4 0 m l  a l i qu o t s ,  

autoclaved and then stored a t  +4°C .  

4 . 2 . 2  Met hods 

I .  Cultivation of Embryonic Bovine Lung ( EBL) Cells . 

Note : An Embryonic Bovine Lung w a s  kindly donated by Gibco 

( N Z )  Ltd . This l ung was s t o red for twelve hours ( on 

ice)  be fore use . 
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i .  A s ma l l  port ion of t i s sue ( approx 5 cmx5cmx1cm) wa s removed 

f rom a lobe o f  a foet a l  c a l f  lung ( t he f o e t u s  w a s  aged 

between one and two mont hs f rom term )  . 

i i . The t i s sue was washed with MEM . 

i i i . Sma l l  piece s ( approx 5mm3 ) were removed, washed in fresh 

T ryps in Ve r s ene Solut ion ( TV)  and t rans f e red to a 2 5 0ml 

conical flask  which conta i ned a sma l l  magnet ( " f le a " ) . 

iv . The pieces were washed twice in TV . F resh TV was added and 

s t i r r e d  a t  3 7 ° C u s i n g t h e ' f l e a ' w h i c h  w a s  s p u n  

e c cent r i c a l l y  ( t o  a i d  d i s rupt ing t he t i s s ue ) u nt i l  t he 

medium became turbid due t o  individual cel ls . 

v .  The medium w a s  then t ra n s f e r red, u s ing a pipet t e ,  t o  a 

s t e r i l e c e n t r i fu ge t ub e  i n  a n  i c e  b a t h . T h e  removed 

( tu rbid) medium was replaced with f resh TV and the proce s s  

w a s  repeated f ive t imes . 

vi . The pooled suspended c e l l s  were cent ri fuged for 1 0  minutes 

and the supe rnatant di s c a rded .  

vii . The pellet was re suspended in approximately 3 0  volumes of  

Complete MEM Medium . 

v i i i . T h e  re s u s p e nded c e l l s  w e r e  p o o l ed . Sml a l i qu o t s were 

dispensed into 50ml t is s ue culture flasks and incubated in 

5%  co2 atmosphere at 3 7 °C .  

ix . F la s ks were examined da i l y  for the adherence and growth of  

the cells into monolaye r s . 

x .  Monolayers not requi red f o r  immediate use were p a s s aged t o  

obtain a s t o c k  o f  c e l l s  which were t hen sto red ( see next 

s e c t ion) in liquid N2 . 
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I I . Storage o f  Cu1tured Ce11s . 

i .  The monolayer was t rypsini zed and the cells were suspended 

in 5ml Complete MEM Medium . 

i i . The ce l l s  we re di luted t o  g ive a f i n a l  concent rat ion of 

1x1 0 7ml- 1 . 

i i i . 0 . 5ml a l iquot s o f  F re e z ing Mixture were d i spensed into 

sterile glass ampou les . These were placed on ice and 0 . 5ml 

of cell suspens ion was added t o  each . 

iv . The ampoules we re s e a led, placed in an ins u lated conta ine r 

which was placed f o r  12hrs at - 8 0 °C .  

v .  The ampoules we re t hen transferred to LN2 . 

I I I . S ource of P .  multocida I s o lates . 

S t ra ins o f  P .  mult ocida were obt ained from a ra nge o f  animals 

a s  de s c r ib e d  i n  S e c t i on 3 . 3 . 1 .  A t ot a l  o f  7 2  N e w  Z e a l a nd 

i s o l a t e s  we re obt a i ned f rom f i ve s pe c i e s . The se were ( with 
I 

number o f  i s o lates in bracket s ) :  Dog ( 2 1 ) , Cat ( 1 0 ) , Deer ( 1 ) , 

Rabbit ( 2 5 )  and Swine ( 1 5 ) . In addit ion eight prototype st rains 

we re imported . These st rains had been isolated f rom a range of  

a n imals ( fowl,  buffalo , pig,  goa t ,  dog and sheep ) . One porcine 

s t ra i n ,  known to produce e x o t ox i n , w a s  u s e d  a s  a p o s i t i ve 

cont rol . 

IV . P reparation o f  Cell-Free Filtrates o f  P .  mul tocida . 

i .  A culture was removed f rom - 8 0 °C storage and propagated on 

blood agar ( BA)  f o r  12hrs at 3 7 °C .  
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i i . Co l onies were i noculated into 1 0ml o f  B H I  b roth and this 

w a s t he n  i n c u b a t e d  at 3 7 ° C o n  an o rb i t a l  s h a k e r  ( at 

approximately 1 2 0 rpm) for 4 8 hrs . 

i i i . The cells were dis rupted by sonic vibration for 1 0mins at 

7 0 cp s  and the p repa rat ion was cent r i fuged for 6 0mins at 

10 O O Oxg at 4°C .  

iv . The s upe rn a t a n t  w a s  c o l l e c t e d ,  p a s s ed t h r ough a 0 . 2 um 

f i lter and stored at +4 °C for up to 4 8 hrs . 

V .  P rocedure for the in vi tro As s ay of P .  mul t ocida in Embryonic 

Bovine Lung Cells (EBL as say) . 

i .  A s uspens ion o f  EBL c e l l s  conta ining between 1 . 5x 1 0 5 and 

2 . 0 x 1 0 5 cells . ml -1  in Complete MEM was prepa red . 

ii . P .  mul t ocida c e l l - f ree f i lt rates ( see above ) were diluted 

1 0 ,  3 0 ,  1 0 0 ,  3 0 0  a nd 1 0 0 0  f o l d  u s i ng the diluted c e l l  

s u spens ion as  di luent . Toxin-free cont rols were included . 

i i i . A 0 . 15ml a l iquot o f  each dilution wa s dispensed into the 

wel l s  of a cell  culture mic rot i t re p l ate and incubated at 

3 7 °C in a humidi f ied- 5 %  co2 a tmo s phe re unt i l  mon olayers 

w e r e  f o rme d i n  t he we l l s  w h i c h  r e p re s e n t e d  n e g a t ive 

cont rols . 

iv . T h e  c e l l s  w e r e  t h e n  f i x e d ,  s t a i n e d  ( s e e  b e l o w )  a n d  

examined mic r o s copically for t he presence o r  absence o f  a 

cytopathic e f fe ct . 

Fixing artd Staining EBL Cel l  Cultures 

i .  Medium was removed f rom the plate s . 



1 2 8  

i i . 2 - 3  drops of a s o lut ion conta ining equal volumes o f  F ixing 

Solut i on and Acidic Gent ian Violet Solution were dis pensed 

i nt o  e a c h  we l l  and the p l a t e  w a s  in c ubated f o r  2 h rs  at 

37 °C in a humidif ied containe r . 

i i i . The wel l s  were washed with water and dried at 37 °C .  

4 . 3  Results 

Va lidation of the EBL As s ay and its Applicat ion to the Screen ing of 

F ield Strains o f  P .  mul t o cida for Exot oxin P roduction . 

Initia lly we a t t empt ed t o  produce a CPE in " sensit i zed" Vero cells 

u s ing a known t oxigenic s t ra in o f  P .  mul t o c i d a  ( da t a  not s hown ) . 

T h i s  wa s u n s u c c e s s f u l  b u t  we we r e  a b l e  t o  produce a p o s i t i ve 

react ion in c u l t ured EBL c e l l s  u s i n g  t he procedu re de s c r i obed i n  

Sect ion 4 . 2 .  

Us ing the EBL a s say ( see Section 4 . 2 . 2 )  P .  mul t ocida i s o la t e s  were 

s c reened f o r  e xo t o x i n  p roduct i o n . T h e  r e s u l t s  a re s hown in t he 

f o llowing two s ect ions . 

4 . 3 . 1  Va lidat ion of the EBL Assay 

P rototype st r a ins ( see Sect ion 4 . 2 ,  P art I I I )  were examined by t he 

EBL assay . The results a re shown in Table 4 . 1 .  

B o t h  po r c i n e  p rot o t ype s t ra i n s  c a u s e d  a CP E i n  E B L  c e l l s  ( s ee 

F i gures 4 . 1  and 4 . 2 )  a l t hough ( re s u l t s  n o t  s h o wn ) the p o s it ive 

c ont rol produ c e d  a h igher t i t re . The i s o lates obta ined f rom othe r 

s p e c i e s  did n o t  produce a CPE . I t  w a s  c o n c l uded that  t h e  a s s ay 

c ondit ions used we re adequate to detect P .  mul t oci da exot oxin . 



1 2 9  

F igure 4 . 1  Ce l l  Culture Mono l aye r of Embryonic Bovine Lunq Cells . 

A c e l l - f r e e  e x t r a c t  o f  a n o n - t oxige n i c  s t r a i n  o f  

P .  m u l t ocida was added t o  the culture . 

N o t e  t hat t he mo n o l a y e r  i s  int a c t  a f t e r  f o u r  days 

incubat ion . The c e l l s  a re l a rge with p a l e  s t a in ing 

nuc lei (compa re with F igure 4 . 2 ) . 

4 0 x Magnificat ion . 

Stained with Gentian Violet . 

F igure 4 . 2 Ce l l  Culture Mono l aye r of Embryonic Bovine Lung Cells . 

The cytopathic effect of P .  mult ocida exotoxin . 

A c e l l - f ree ext r a c t  o f  a toxin-p roduc i n g  s t r a i n  o f  

P .  mul t ocida was added t o  the culture . 

Note that the mono laye r is  incomplete a fter four days 

incuba t ion . The c e l l s  a re sma l l  and s p indle s haped 

with darkly sta in ing nuclei compared with norma l cells 

( see F igure 4 . 1 ) . 

4 0x Magnificat ion . 

Sta ined with Gent ian Violet . 
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Table 4 . 1  Assay o f  P rot otype St rains o f  P .  mul t ocida f o r  Exot oxin 
P roduction 

Legend 

An i ma l  o f  
I so l at i on 

Bov i ne 

Fow l 

Sw i ne 

Sheep 

Goat 

Dog 

+ : CPE prod uct i on 

. No CPE prod uct i on 

No o f  

St ra i ns 

1 

2 

2 

1 

1 

1 

CPE 
Prod uct ion 

-

- -
' 

+" ' + 

-

-

-

• :  Known t o x i gen i c  st ra i n  < Pos i t i ve cont rol > 

4 . 3 . 2 Assay of  F ie ld Isolates 

The EBL assay wa s then used to screen f ie l d  isolates o f  P .  mul t o cida 

( s e e  Sect i on 4 . 2 ,  P a r t  I I I ) . The re s u l t s a r e  shown in T ab l e  4 . 2  

whe re it can be s een that no New Zealand i solates produced exotoxin . 

Th i s  i s  di scussed in Section 4 . 4 .  



Table 4 . 2  As s ay o f  Field I solates of P .  mul t ocida for Exot oxin 
P roduct ion 

Legend 

An i rn a l  

Host 

Do g 

Cat 

P i g  

Deer 

Ra b b i t  

Exotox i n  

Prod uct i on 

+ -

0 2 1  

0 1 0  

0 1 5  

0 1 

0 25 

+ : E x ot o x i n  prod uct i on 
- :  No e x ot o x i n  prod uct i on 

4 . 4  D iscussion 

Tot a l  

2 1  

1 0  

1 5  

1 

25 

1 3 1  

N o  New Zea land f ield i s o late s we re s hown t o  produce exotoxin . This 

s ugge s t s  t h a t  e it h e r  t o xigenic s t r a i n s  of P .  m u l t o c i da a re not 

pre s ent in New Zea land o r  a re present at a f reque ncy which i s  too 

low t o  be detected with the sample tested . 

I t  must be apprec iated however that dur ing the course of t h i s  s t udy 

we were not a b l e  t o  ident i fy any herd of pigs which had At rophic 

R h i n i t i s . We c o n c l u de t h a t  a re a s s e s sme n t  of t he p r e s e n c e  o f  

t oxigenic s t r a i n s  i n  pigs should be unde rtaken in t he event that an 

outbreak o f  At rophic Rhin itis  occurs . 
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CHAP TER 5 

Comparison of New Zealand I s olates o f  P .  mul t ocida With P a rt icular 

Ref e rence to P l asmids . 

5 . 1  Int roduction 

P revention and t reatment o f  di s e a s e s  due t o  P .  mu l t o c i da may be 

e f f e c t e d  u s i n g  t h e a n t i b i o t i c s  P e n i c i l l i n ,  T e t r a c y c l i n e , 

St reptomyc in a nd S u lph onamide s . The rout ine u s e  o f  t h e s e  a gent s 

o v e r s e a s  h a s  l e d  t o  a n  i n c re a s e  i n  t he preva lence o f  re s i st ant 

st r a ins of  P .  mul t ocida and re s istance has been as sociated with the 

po s sess ion of  pla smids ( Hirsch, Ma rtin and Rhoades , 1 9 8 5 )  whi ch a re 

between 1 Megada lton (Mda l )  and 5 Mda l s  in s i ze . 

P l a smids can c a rry informat ion for the synthe s i s  of  prote ins . This 

sect ion examines strains of P. mul t oc i da isolated in New Zeala nd for 

the pre sence of pla smids ( between 1 Mda l and 5 Mda ls in s i ze )  and 

at tempt s to e s t ablish if  a re lat ionship exists  between the c a rriage 

o f  p l a smids , a n t ib i o t i c  r e s i s t a n c e  a nd t h e  p r e s e n c e  o f  unique 

proteins as  evidenced by SOS-PAGE analysis . 

5 . 2  Materials and Methods 

Source o f  P .  mul tocida Isolates . 

Strains o f  P .  mul t ocida were obt a ined f rom a range o f  animals 

a s  de s c r i be d  i n  S e c t i o n  3 . 3 . 1 .  A t o t a l  o f  7 0  Ne w Z e a l a nd 

i s o l a t e s  were o b t a ined f r om f i ve spe c ie s . The s e  were 

numbe r of  i s o l a t e s  in b r a c ke t s ) : Can ine ( 1 9 ) , F e l ine 

( w ith 

( 1 0 ) , 

Cervine ( 1 ) , Laprine ( 2 5 )  and P or c ine ( 1 5 ) . In addi t ion three 

prot otype ( 1  canine , 2 swine ) st rains were tested . 
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5 . 2 . 1  Examinat ion o f  P .  mult ocida f o r  P lasmid Carriage . 

5 . 2 . 1 1 Mate r i a l s  

See Sect ion 3 . 2 . 4  

5 . 2 . 12 Methods 

i .  DNA w a s  ext r a c ted and a s s a yed a s  de s c r ibed in Sect ion 

3 . 2 . 4 , P a rt s  I .  and I I .  DNA was a l s o  ext racted f rom a 

culture of  E .  coli V5 1 7  which was used as  a ma rker strain 

be c a u s e  i t  c o n t a in s  e ig h t  p l a smids of  known mo lecu l a r  

weight s . 

ii . A vo lume which contained 5ug DNA was pla ced into sterile 

Eppendorf tube s , a 1 / 2 0  volume o f  5M NaCl was added and 

t h e  p r epa r a t i o n s  w e r e  mi x e d  by t a p p i n g  t h e t u b e s . 2 

vo l ume s o f  c o l d  ( - 2 0 ° C )  e t h a n o l  we re adde d ,  mi xed by 

inve rs ion and left at - 2 0 °C for at least 2hrs for t he DNA 

to p recipitate . 

i i i . The t ubes were cent r i f uged for 1 0mins ( in a Microfuge ) , 

the supernat ants were dec anted and disca rded, t he pellet s 

washed once with cold ethanol and left for 3 0mins at 3 7 °C 

t o  dry . 

iv . The DNA was s olubi li zed by adding 4 5 ul o f  Running Buf fe r  

a n d m i x i n g  b y  t a p p i n g  t h e t u b e s . T h e y w e r e  t h e n  

cent ri fuged f o r  1 0mins i n  a Microfuge and a 4 0 u l  a liquot 

o f  s upernatant were remove d, p l a ced in we l l s in a 0 . 7 %  

a g a r o s e  ge l w h i c h  h a d  b e e n  p r e p a r e d  a s  de s c r i bed i n  

Sect ion 3 . 2 . 4 , P art I V .  

v .  T h e  s a mp l e s  w e re t h e n  e l e c t r o p h o r e s e d ,  s t a i n e d  a nd 

phot ographed a s  described i n  Section 3 . 2 . 4 , P a rt V .  
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Concent rations * o f  Antibiot ics . 
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* Based on the Aga r D ilut ion Te st o f  Wa shington 

5 . 2 . 2 1 Mat e r i a l s  

and Barry a s  de scribed b y  Lennett e ,  Spaulding 

and Truant ( 1 9 7 4 ) . 

Ant ibiotic Sensit ivity P lates 

MHA p l a t e s  w e r e  p r e p a r e d  w h i c h  c o n t a i ne d  o n e  o f  t h r e e  

ant ib i o t i c s  ( Te t r a cycl ine , S t reptomycin and Sulphadi a z ine ) at 

concent rat ions ranging f rom 0 . 2 5ugml - 1 to 2 0 4 8 ugml - 1 . Further 

p l a t e s  w e r e  p r e p a r e d  w h i c h  c o n t a i n e d  P e n i c i l l i n a t  

concent rat ions ranging from 0 . 2 5  IUml - 1  to 2 0 4 8  IUml - 1 . 

Blood Aga r ( BA) 

See appendix 

Brain Hea rt I nfus ion Broth ( BH I )  

See appendix 

Mue ller-Hinton Aga r ( MHA) 

Mue l l e r-Hinton Broth (Difco)  was prepared as per manufacture r ' s 

inst ruct ions with the addit ion o f  1 7 g l- 1 aga r . The medium was 

dispe n s ed into 1 0 0ml bot t le s ,  autoclaved and 2 5ml a l i quots were 

dispens ed between four standa rd pet ri dishes as requ i red . 



NaC l Solut ion ( 0 . 8 5 % )  

See appendix 

5 . 2 . 22 Met hods 
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i .  A culture of  P .  mul t o c i da wa s removed from - 8 0 °C sto rage 

a nd propagated on blood agar ( BA)  f o r  12hrs a t  3 7 °C .  

i i . l Oml BH I b roth was inocu lated with colonies and incubated 

at 3 7 °C on an orbit a l  s ha ker ( a t approxima t e ly 1 2 0 rpm) 

unt i l  the cu lture reac hed mid-loga r ithmic g rowth pha se . 

That is , it had an opt i ca l  den s it y  (OD ) o f  approximately 

0 . 2 at 5 0 0 nm us ing a Spectronic 2 0 . A culture of  E .  col i 

( ATCC 2 5 9 2 2 )  wa s a lso grown and used as a cont rol because 

t he MIC of several ant ibiotics to this strain were known . 

i i i . The turbidity of the cult ure was adj usted t o  a McFarlands 

S t a nda rd # 1  u s ing 0 . 8 5 %  N a C l  S o l ut ion
* 

a n d  diluted by 

adding approximately one volume of diluent . 

* 
Note . Ant ibiotic plates were inoculated with test 

strains within 3 0min s  from t h i s  t ime .  

iv . 0 . 5ml vo lume s of each test strain were de l ivered into t he 

we lls  of a " Steers Repl icator" and Antibiotic Sens it ivity 

P lates were then st amped . 

vi . T he plate s were dried,  incub a t e d  f o r  7 2 h r s  a t  3 7 °C and 

examined for growth . 

v .  T he Minimum Inhib i t o ry Concent r a t ion o f  t he a n t ibiotics 

w a s  des ignated a s  t he lowest concent rat ion o f  ant ibiotic 

which prevented growth of the test s t rain . 
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5 . 2 . 3  P rocedure s for SOS-PAGE Ana1ysis 

See Section 3 . 2 . 3  

5 . 3  Results 

S e v e n t y  t h re e  ( 7 3 )  P .  m u l t o c i d a  i s o l a t e s  f rom seve r a l  di f fe rent 

s p e c i e s  o f  a n ima l s  ( s e e  S e c t i o n 5 . 2 . 2 )  w e r e  s c r e e n e d  f o r  t he 

p r e s e n c e  o f  sma l l  ( i e  between 1 Mda l a nd 5 Mda l )  p l a smids . The 

res u lt s ( T able 5 . 1 ) show that plasmids were present in i s o lates of 

P .  mu l t o c i da f rom c a t s  and dogs but were not detected in isolates 

f rom rabb i t s ,  pigs o r  deer ( se e  Table 5 .  1 )  . In the c a se of  t hose 

i s o l a t e s  wh i c h  c o n t a ined p l a s mids ( s e e  T a b l e  5 .  2 )  t wo p l a smid 

species we re inva riably present . 

Table 5 . 1  As say of Strains of P .  mu l t ocida for P lasmids . 

An i ma l  o f  

I so l at i on 

Dog 

Cat 

Rabb i t  

P i g  

Deer 

N• o f  

St ra i ns 

20 

1 0  

25 

1 7  

1 

N• w i t h  

P l asm i d s 

5 

7 

0 

0 

0 

The pla smids within an isolate were dis t inguished by their mobility 

but the mobility of plasmids f rom different is olates were s imi l a r  if  

not i de n t i c a l  ( s e e  F i gu re s  5 . 1 ,  5 . 2 and T a b l e  5 . 2 ) w i t h  t wo 

except ions (CS  and D S ) . 
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F i gure 5 . 1 Agarose-Gel Elect rophoresis o f  DNA from P la smid

Cont aining Feline I s o lates of P .  mul t ocida . 

The mob i l it y  o f  p l a smids c o n t a ined in s e ven f e l ine 

isolates were compa red . 

The le f t  hand t ra c k  (pla smids recovered f rom E .  coli 

V5 1 7 ) represent s mo lecular we ight ma rkers . 

Note t h a t  any one i s o l a t e  p o s s e s s e d  t w o  spe c i e s  o f  

pla smid which a re s imi l a r ,  i f  not ident i c a l ,  to  the 

p l a sm i d s  f o u nd i n  t h e o t h e r s i x fe l i ne i s o l a t e s . 

S imi l a r  plasmids we re present in some cani ne isolates 

( see F igure 5 . 2 ) . 
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F igure 5 . 2 Agarose-Gel Electrophoresis o f  DNA from Plasmid

Containing Canine I s o lates o f  P .  mul t ocida . 

The mob i l i t y  o f  p l a smids c o n t a ined i n  f i ve c a n i n e  

isolates were compa red . 

The left hand t ra c k  (pla smids recovered f rom E .  coli 

V5 1 7 )  repre sents mo lecular we ight ma rkers . 

Note t h at any one i s o l a t e  p o s s e s s ed t w o  spe c i e s  o f  

pla smid which a re s imi l a r ,  i f  not iden t ica l ,  to the 

p l a s mids f o und in the o t h e r  f o u r  c a n i ne i s o l a t e s . 

S imi lar plasmids were present in some fel ine i s o lates 

( see F igure 5 . 1 ) . 



Mr (Mdal) 



T able 5 . 2 An Eva luat ion of Plasmids Ca rr ied by Strains o f  
P .  mu l t ocida . 

A n i m a l  eo f  
I seo l at i eon 

C a t  

D o g  

I so l at e  
I d ent i t y  

C l  

C2 
C3 

C4 

C5 
C6 

C7 

0 1  

D2 
03 

04 

D5 

P l asm i d  
D escr i pt i on 

____M• Mr l 

2 2. 4 

2 2. 4 
2 2. 4 

2 2. 4 

2 1 .  8 

2 2. 4 

2 2 . 4 

2 2. 4 

2 2 . 4 

2 2. 4 

2 2. 4 

2 2. 5 

fY1t'2 

1 . 4 
1 . 4 
1 . 4 

1 .  4 
( 1 .  4 

1 . 4 

1 . 4 

1 . 4 

1 . 4 

1 . 4 

1 .  4 

1 .  5 
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Legend Mr 1 : A p prox i ma t e  mo l ecu l ar w e i g h t  < Md a l ) o f  l argest p l asm i d  
Mr2 : A p preox i ma t e  mo l ecu l ar we i g h t  ( fYld a l >  o � sma l l est p l asm i d  

5 . 3 . 1  The Antibiot ic Sensitivity o f  Strains of  P .  mu l t o c i da 

T he antibiot ic sensit ivity (MIC)  o f  isolates were determined and the 

results obt a ined for s t rains with a nd without plasmids were compared 

( see Table 5 . 3 ) . The s t rains va ried in the i r  sensitivities but none 

w e re " re s i s t ant"
* 

t o  any o f  t he ant ibiot i c s  in the sense norma l ly 

u sed in a diagnost ic l aboratory to def ine r e s i stance . F u rthermore ,  

t he re w e r e  n o  co n s i s t a nt di f f e re n c e s  i n  a n t ib i o t i c  s e n s i t i v i t y  

between s t r a ins which carried plasmids and t hose which did not ca rry 

plasmids . 

* 
A strain o f  P .  mul t oc i da is cons ide red t o  be re s ist ant i f  

i t  g r o w s  i n  t h e  p r e s e n c e  o f : � 3 2 I Uml - 1  P e n i c i l l i n ,  

� 3 2 u gm l - 1  T e t r a c y c l i n e ,  � 3 2 u gm l - 1 S t r e p t o my c i n  o r  

� 1 0 2 4ugml - 1  Sulphonamide . 



Table 5 . 3  Minimum Inhibitory Concent rations o f  Antib iot i c s  For 
P .  mul t oc i da . 

An i ma l  o f  

I so l at i on 

Cat 

Dog 

P i g 

I so l at e  

I d ent i t y  

C l  
C2 
C3 

C4 

C5 
C6 
C7 
ea 
C9 
C 1 0  

D 1  
D2 
D3 

D4 

D5 

D6 
D7 
DB 

D9 

D 1 0  
D 1 1 

D 1 2  

D 1 3  

D 1 4  

D 1 5  

D 1 6  

D 1 7  

D 1 8  
D 1 9  

D20 

P 1  

P2 
P3 
P4 

P5 
P6 

P 7  

PB 
P9 

P 1 0  

P 1 1 

M i n i m um I nh i b i t ory Concent rat i on 

Pe Te Sm S u  
I Um i - 1  ug m i - 1 ug m i - 1 u gm i - 1 

1 1 6  2 64 
i0. 25 8 1 6 4  
i0. 25 2 2 1 6  

.5.0. 25 8 2 8 

0. 5 1 6  2 256 
8 1 6  0. 5 256 

.i0. 25 8 1 256 
1 1 6  2 64 
0. 5 1 6  2 256 

.i0. 25 1 6  1 1 2 8  

.i0. 25 2 2 256 
1 1 6  2 1 28 
8 1 6  0. 5 256 
0. 5 1 6  2 1 28 
1 1 6  2 1 28 

1 .i0. 25 4 1 6  
1 1 6  2 64 

0. 5 32 32 1 28 
0. 5 8 2 256 
4 1 6  ·::> L. 32 

.i0. 25 2 2 5 1 2  

1 1 28 4 256 
8 1 6  0. 5 64 

.5.0. 25 8 0. 5 1 28 
.i0. 25 8 2 256 

1 1 6  2 1 28 
1 1 6  2 256 

.5.0. 25 2 2 32 
1 1 6  2 256 

.i0. 25 8 1 1 28 

1 .5.0. 25 2 3 2  
1 .5.0. 25 2 64 

1 .5.0. 25 2 64 
0. 5 32 4 64 

0. 5 8 2 1 28 

1 1 6  2 1 28 

0. 5 1 6  2 1 28 
1 1 6  2 64 
1 1 6  2 64 

1 2 2 1 28 
1 1 6  2 256 

1 4 0  



Table 5 . 3  Contd 

P 1 2  
P 1 3  
P 1 4  
P 1 5  

P 1 6  
P 1 7  

R a b b i t  • R 1  

R2 

R3 
R4 
R5 
R6 
R 7  

R8 
R9 

R 1 0  

R 1 1 
R 1 2  

R 1 3  

R 1 4  

R 1 5  

R 1 6  

R 1 7  

R 1 8  
R 1 '3  
R20 

R2 1 
R22 
R23 
R24 

R25 
. 

Deer X 1  

Legend : Ant i b i ot i cs 

Pen i c i  1 1  i n  G < Pe >  

T e t  racyc 1 i r.e H C l  < Te >  
St rept omyc i n  so. < Sm >  

S u l ph ad i a z i ne < S u >  

i.0. 25 
.i0. 25 
.i0. 25 

0 . 5 

i.0. 25 
0. 5 

0 . 5 
i.0. 25 

i.0 . 25 
.i0. 25 

0 . 5 
.5.0. 25 

0 . 5 
0 . 5 

.i0. 25 

.5.0. 25 

0. 5 

.5.0. 25 

.5.0. 25 

0 . 5 

.5.0. 25 

0 . 5 

.5.0. 25 

0 . 5 
.5.0. 25 
.5.0. 25 

0 . 5 

0 . 5 
.5.0. 25 

0 . 5 

0 . 5 

0 . 5 

1 4 1  

1 6  2 256 

8 1 256 

8 1 1 28 

8 1 1 28 

8 1 1 28 

8 2 1 28 

8 1 256 

4 1 256 

4 1 256 

2 1 256 

2 1 256 

2 1 1 28 

2 1 256 
2 1 256 

2 1 64 

4 1 256 

4 1 256 

2 1 256 
·:::> L. 1 256 

4 1 256 

2 1 256 

4 1 256 

4 1 256 

2 1 256 

2 1 256 
, .  

2 1 256 

4 2 1 28 

2 2 1 28 

4 2 1 28 
2 2 1 28 

2 2 1 28 

8 1 256 

• Not es 

R 1 - R 1 9  from Pat ea co l ony 

R20 from Wa i t ot ara Va l l ey co l ony 
R21 - R25 from Upper H u t t  co l ony 

Canine , f e l ine and porc ine s t ra i ns ( see Table 5 . 3 )  o f  P .  mul t ocida 

s howed mo re variat ion in t he i r  sens i t i vi t ies t o  ant i b i o t i c s  t ha n  

rabbit i solates . T h i s  can b e  s een in Figure 5 . 3  and i s  dis cus sed i n  

Sect ion 5 . 4 .  
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* 
Figure 5 . 3  Va riation of MICs Between Stra ins of P .  m u l t ocida . 
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I I .  Can i ne St ra i ns 
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I 1 1 .  Porc i ne St ra i r1s 

1 00 
" 

90 
s 
t 80 
r 
a 7 0  
i 
Yl 60 
s 

50 
s 
e 40 
Yl 
s 30 
i 
t 20 
i 
V 1 0  
e 

0 

1 00 
" 

90 
s 
t 80 
r 
a 7 0  
i 
Yl 60 
s 

50 
s 
e 4 0  
Y"l 
s 30 
i 
t 20 
i 
V 1 0  
e 

0 

Pen i c i  1 1  i n  

-2- 1 0 1 2 3 4 5 6 7 8 9 1 0  
Ant i b i ot i c  Concent rat i on 

< Log. I Urn l - 1 > 

Streptomyc i n  

- 2 - 1  0 1 2 3 4 5 6 7 8 9 1 0  
A nt i b i ot i c  Concent rat i on 

< Lo g .  u g rn l - 1 > 

1 00 
" 

90 
s 
t 80 
r 
a 70 
i 
n 60 
s 

50 
s 
e 40 
Yl 
s 30 
i 
t 20 
i 
V 1 0  
e 

0 

1 00 
" 

90 
s 
t 80 
r 
a 7 0  
i 
Yl 60 
s 

50 
s 
e 4 0  
n 
s 30 
i 
t 20 
i 
V 1 0  
e 

0 

1 4 4  

Tet racyc l i ne 

�� 
� 
m 

-2- 1 0 1 2 3 4 5 6 7 8 9 1 0  
Ant i b i ot i c  Concent rat i on 

< Log. u g rn l - 1 > 

Su l ph ad i az i ne 

-2- 1 0 1 2 3 4 5 6 7 8 9 1 0  
Ant i b i ot i c  Concent rat i on 

< Log. u grn l - 1 )  



I V. R a b b i t  St r a i ns 
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5 . 3 . 2  Compa rison of P rote ins of  P .  mul t ocida . P la smid Carrying 

S t ra ins Ve rsus Non-Pla smid Carrying S t ra ins 

1 4 7  

The proteins o f  1 6  strains of  P .  mul t ocida ( 8  canine , 8 fel ine ) we re 

c omp a red by SDS-PAGE . Ha l f  o f  the 1 6  s t r a ins t e s ted ( 4  canine , 4 

f e l i ne )  carried pla smids . The re sults are shown in F igures 5 . 4  and 

5 . 5 .  The SDS-PAGE pat tern of strains with and without pla smids did 

not a l low us to di st ingu i s h  between the two groups . We conclude that 

i f  t h e p l a s m i ds c o de f o r  p r o t e i n s  t h e n  t h e s e  a re not readi ly 

detectable by SDS -PAGE . 

5 . 4  Discus sion 

I s o l ates of  P .  mul t ocida f rom New Zealand anima l s  were s c reened for 

pla smids . We found that s ome canine and fel ine st rains were the only 

i s o l ates to ca rry plasmids ( Table 5 . 1 ) . It was interest ing that all 

o f  t he s e  p l a smid - c a r r y i n g i s o l a t e s  had t w o  p l a s m i d s  and t hat 

p l a smids f rom both the dog and cat s t r a i n s  were , with two sl ight 

except ions , t he same s i z e  ( i e 2 . 4  Mda l and 1 . 4  Mda l ,  see Table 5 . 2 ) . 

T h i s s ugge s t s  t h a t  t he p l a smids o f  di f f e re n t  i s o l a t e s  might be 

re l a ted or a re ident ical . 

Ant ibiot ic r e s i s t ance c a n  be a s s oc ia t ed with p l a smid c a r r i age in 

P .  m u l t o c i d a ( S i l v e r  e t  a l , 1 9 7 8 ) . W e  e x a m i n e d  s t r a i n s  o f  

P . m u  1 t o  c i d  a f o r  t h e i r  s e  n s i t i v i  t i e s  ( M I C  s ) t o  t h e  f o u r  ma i n  

t he r apeut ic ant ibiot ics ( P enici l l in , Tetracyc l in e ,  S t reptomycin a nd 

S ulphonamide s )  and found t hat no iso late was res i st ant . Furthermore , 

t he plasmid-carrying iso lates showed s imilar  sensit ivities t o  those 

i s o l ates which did not c a r ry pla smids . We conclude that t he plasmids 

d i d  n o t  c a r r y a n t i b i o t i c  re s i s t a n c e  ma r k e r s  a t  l e a s t  t o  t he 

a n t i b i o t i c s  t e s t ed ( P en i c i l l in , T e t r a c yc l i ne , S t reptomy c in a n d  

S u lphonamide s ) . 
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Figure 5 . 4  SOS-PAGE Ana lys is o f  P .  mul t ocida I s olates from Dogs . 

A comp a r i s o n  o f  p l a smid- c o nt a i n i ng i s o l a t e s  w i t h  

i solates which do not contain plasmids . 

F o u r  p l a s m i d - c o n t a i n i ng i s o l a t e s  ( l e f t ) and f o u r  

i s olates ( r ight ) which did not p o s s e s s  pla smids were 

compa red . 

The pa t t e r n s  were e xamined f o r  t he p r e s e n c e  o f  a n  

ext ra band ( or bands ) common to t he pla smid-cont a ining 

i solates . N o  such bands were detected.  



. ..  
ci . 
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F i gure 5 . 5  SDS -PAGE Ana lys is of P .  mul t ocida I so lates from Cats . 

A c omp a r i s o n o f  p l a smi d - c o n t a i n i n g i s o l a t e s  with 

i s o lates which do not contain p la smids . 

F o u r  p l a s m i d - c o n t a i n i ng i s o l a t e s  ( l e f t ) a nd f o u r  

i s olates ( r ight ) which did not po s s e s s  pla smids were 

compa red . 

The p a t t e r n s  we re examined f o r  t h e  p r e s e n c e  o f  a n  

ext ra band ( o r  bands ) common to t h e  plasmid-cont aining 

i s o lates . No s uch bands were detected . 
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I t  w a s  obse rved ( Table 5 . 3 )  that  s t r a ins o f  P .  mul t ocida i s o l ated 

f rom rabbits  exhibited very s imilar  leve l s  of sens it ivity to a l l  of 

t h e  test  ant i b i ot ics . T h i s  was in c o n t r a s t  to fe l ine , c a n ine and 

p o rc ine s t r a i n s  which s howed cons ide rably mo re variat ion . E a r l ier 

w o r k  ( s e e  S e c t i o n  3 . 4 )  had s h o w n  t h a t  i s o l a t e s  obt a i n e d  f r om 

i n d i vidu a l  rabbit  c o l o n i e s  we re homogene ous w it h  respe c t  t o  the 

p r o t e i n s  ( a s  demon s t r a t e d  by S D S - P AG E )  a n d  the re f o re p r obably 

rep resent mu l t iple isolates of one s t ra in . The s imi l a r i t y  i n  the 

a n t i b i o t i c  s e n s i t i v i t i e s  o f  r a b b i t  i s o l a t e s  s u p p o r t s t h i s  

conc lusion . 
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CHAP TER 6 

General Discuss ion . 

Pa s t eurel l a  mul t ocida ,  as its name implie s ,  causes di sease in many 

di f ferent a n ima ls . It i s  therefore not surpris ing t hat f o r  decades 

the organism h a s  been de s ignated by diffe rent names beca u s e  of its  

wide host range and the many disea ses wh ich it causes . The di scove ry 

( w i t h i n  t he l a s t  t h i r t y  ye a r s ) t h a t  P .  mul t o c ida i s  compo sed o f  

di f f e r e n t  s e r ot yp e s  l e d  t o  t h e re c ogn i t i o n  t ha t  i s o l a t e s  f r om 

va r ious host species and di seases belonged to a single spec ies and 

underl ines the patholog ical s igni f icance of t h i s  bacterial species . 

Because of i t s  impo rtance as a pathogen P .  mul t ocida has been much 

studied ove rseas but , perhaps surpris ingly, has been l i t t le studied 

in New Z e a l a nd de spite t he economic importance of anima l s  in this 

count ry .  T h i s  the s i s  s hould be rega rded a s  a cont r ibut i o n  to the 

u n de r s t a nd i n g  of t he d i s t ribu t i on of and the va r i a t i o n s  between 

P .  mul t o c i da s t rains recovered f rom a nima ls in New Zealand . Thus we 

de s c ribed t h e  i s o l a t i o n  of P .  mul t o c i da f rom diffe rent species of 

an ima l in N e w  Zea land and compa red the s e  i s o l ates u s i n g  s eve r a l  

techniques . 

Typica lly P .  mul t ocida is found in a n ima ls in a s s ociation with other 

b a c t e r i a  wh i c h  a re u s u a l l y  present in la rge exce s s , so e f f ic ient 

i s olat ion of P .  mul t o c i da requires a select ive medium . Consequent ly 

we a s s e s s e d  t h e  v a l ue of s e l e c t i ve med i um 8 HPG w h i c h  h a s  been 

de s c r ibed b y  Smith and B a s ke rv i l le ( 1 9 8 3 )  wh o used i t  to i s o late 

P .  m u l t o c i da f rom t h e  n a s a l  t r a c t  o f  p i g s . I n  o u r  h a nds it was 

uns at isfact o ry because it inhibited the growt h of many New Zealand 

i s o lates of P .  mul t o c i da de rived f rom a range of host spe c ies ( s ee 

T a b l e  2 . 1 ) We there f o re a t t empt e d  to f o rmu l a t e  a mo re s u i t able 

medium . 



6 . 1  The Deve 1opment of a Se1ective Medium for the Iso1ation 

o f  P .  mul t ocida in New Zea1and 
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T h e  c ompo n e nt s o f  8 H P G  me dium w e r e  e xamined individu a l l y  ( s e e  

Sect ion 2 . 3 ) and i t  w a s  found t h a t  the basal medium ( Nut rient Aga r )  

f a i led t o  p r opagate s everal o f  o u r  t e s t  s t r a ins and o t h e r s  were 

i n h ibited b y  t he high a l ka l i n i t y  o f  8 HPG me dium . In addit ion t o  

th i s ,  8 HPG medium conta ined polymixin which inhibited a s ignif icant 

proport ion of the New Zea land is o lates o f  P .  mul t ocida . 

F o l l o w i n g  a s s e s s me n t  o f  t h e i n h i b i t o r y e f f e c t s o f  i n di vidu a l  

a n t ibiot i c s  o n  a range o f  New Z e a land s t ra in s  o f  P .  mu l t o c i da we 

f o rmul ated a modi fied se lect ive medium ( SM)  which had a b lood agar 

b a s e  at n e u t r a l  pH ( S e c t i o n  2 . 2 . 1 )  and c o n t a i n e d  B a c i t ra c i n ,  

Ge n t amy c i n  a nd Myc o s t a t i n a s  de s c r ibed f o r  the o r i g i n a l  medium 

( 8 H P G ) . SM ( see Table 2 . 5 )  was f o und to p ropagate a l l  of the New 

Z e a l and t e s t  s t r a i n s  of P .  mul t o c i da and s uppressed most bacte ria 

( s e e  F i gu re 2 . 1 ) wh i c h  were p r e s ent i n  na s a l  swabs de r i ved f rom 

rabbit s .  It wa s t he re f o re used to i s o l a t e  P .  mul t o c i da f rom the 

na s a l  cavity o f  rabbits inc luding hea lthy animals and a n ima l s  with 

respirat o ry dise a s e . We be l ieve t hat t h i s  medium has cons iderable 

potent i a l  for use in rout ine vete rinary inve s t igat ions . It could for 

example be u sed to s c reen the na s a l  flora o f  impo rted pigs for t he 

pre sence o f  P .  mu l t o ci da . I s olates  obt a i ned could t hen be examined 

f o r  t he p r o du c t i o n  o f  exo t o x i n  ( u s i n g  t he c e l l  c u l t u r e  me t h o d  

de s c ribed in Chapter 4 )  and thus p revent t h e  introduction of severe 

at rophic rhinitis into the count ry . 

6 . 2  I s o 1 a t i on and S e r otypinq o f  P .  mu l t o c i da f rom New Z e a 1and 

Anima1 s  

U s i n g  t r a d i t i o n a l  i s o l a t i o n  m e t h o d s  ( p l a t i ng on b l o o d  a g a r )  

augmented with our s e lective medium, P .  mul t ocida wa s i s o l ated f rom 

several species of animal in New Zea land ( ie Cat , Dog , Rabbit , P ig 

and Dee r )  . 
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It w a s  f ound ( see T a b le 3 . 1 ) t h a t  a highe r p ropo r t i o n  o f  rabbits 

with c l i n i c a l  respi r a t o ry t ra c t  infe c t i on c a r r ied P .  mul t ocida in 

the i r  n a s a l  t ract than did hea lt hy cont rols . This is consi stant with 

the gene r a l ly ac cepted concept t ha t  P .  m u l t oci da c a r r i ed in t he 

uppe r re s p i ratory t ract can ( especially i n  the presence of st res s )  

spre ad t o  t he lungs and cause pneumonia . F u rther expe riment s which 

examined i s olates by SDS -PAGE a n a lys i s  ( see Sect ion 6 . 4 )  confirmed 

that the s t ra ins i s o l ated f rom t he lungs of diseased rabbits we re 

indi s t inguishable f rom the st rains isolated f rom the n a s a l  cavity . 

The indi r e ct haemagglut inat i o n  a s s ay ( I HA ) is  the accepted method 

f o r  typ i n g  s t ra ins of P .  mul t oc i da . T h i s  technique , which has not 

previo u s l y  been u s e d  in New Z e a l and , had to be v a l idated in o u r  

hands be fore field iso lates c o u l d  b e  typed . A ma j o r  problem w a s  to 

p r oduce t ype - s pe c i f i c  a n t i s e rum . As t h e  l i t e r a t u r e  w i l l  ve r i f y  

( B rogden and P a c ke r ,  1 9 7  9 ) , t h i s  proce s s  is  di ff icult because , on 

i t s  own , t he t ype - s pe c i f i c  a n t igen ( c a p s u l a r  po l y s a ccha r ide )  i s  

poo r ly ant igenic or  non antigenic . 

Using whole cells and purif ied capsula r ant igen of P .  mul t ocida with 

F reund' s Complete Ad j uvant as a n  immun i z i ng ant igen we f a i led t o  

produce t ype- spec i f i c  ant ise rum i n  rabbits but later p roduced typing 

ant i se r a  of adequate specificity by immuni z ing dome s t i c  hens . Whi le 

muc h  o f  t he l i t e r a t u re s ugge s t s  that rabbit s a re s a t i s factory for 

producing P .  mul t oc i da typing s e rum the fact that some other worke rs 

used hen s , which a re not common expe riment a l  anima l s , s uggests that 

others have exper i enced di f f ic u l t y  in immuni zing rabb i t s  with this 

ant igen . 

Us i ng the IHA a s s a y  and avian antisera we were able t o  dist inguish 

between s e rotypes A ,  B and D ( see Table 3 . 3 ) . 

I s o l a t e s  o f  P .  mul t ocida f rom dogs , c a t s  a nd pigs i n  New Zea l and 

we r e  p re dominant l y  Types A and D so we c oncluded, unsurp r i s ingly, 
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t h a t  t he serotypes car ried by these h o s t s  i n  Ne w Z e a l a nd a re the 

s ame a s  those c a r r ied by t he s ame spe c i e s  o f  an ima l ove r s e a s . A 

s ingle i solate f rom a deer proved to be Type D .  We a re aware of only 

one dee r  isolate be ing typed oversea s . It a l so was Type D .  

Two f indings we re unexpected ( see Table 3 . 4 ) : A fel ine isolate of 

P .  m ul t o ci da wa s Type B .  The se are norma l l y  associated with cattle 

and b u f f a loe s . All the rabbit isolates ( f rom three rabbit colonie s )  

we re u n t ypable w h i ch i s  i n  c on t r a s t  t o  ove r s e a s  f i ndi ngs where 

approximately 5 0 %  of rabbit st rains a re untypable and the rema inder 

are Types A and D .  

No t w i t h s t anding t he latter  r e s u lt , which is  di s c u s s e d  be l o w ,  we 

conclude that the New Zealand results mi rror oversea s f indings . 

6 . 3  SOS-PAGE Analysis o f  Field Isolates o f  P .  mul tocida 

T h e  e f f o r t i n v o l v e d  i n  s e r o t y p i n g P .  m u l t o c i d a b y  I H A i s  

cons ide rable and an alterna t i ve method i s  not ava i l ab le . It s eemed 

p o s s i b l e  t h a t  t h e re might b e  a c o r r e l a t ion b e t w e e n  p r o t e i n s  of 

P .  m u l t ocida ( a s  examined by SOS-PAGE analysis ) and t he s e rotype of 

a n  i s olate . We examined this possibility but found that P .  mult ocida 

i s o l a t e s  were hete rogeneous not only when is olated f rom diffe rent 

h o s t  s p e c i e s  ( F igure 3 . 1 ) b u t  a l s o  when mu l t ip l e  i s o l a t e s  were 

obt a in e d  f r om a s i ngle h o s t  spe c i e s  ( F igures 3 . 2 , 3 . 3  and 3 . 4 ) . 

There f o re ,  our attempt to c o r relate proteins with s e rotypes was not 

s ucce s s ful which pe rhaps accounts for the absence of data conce rning 

SDS -PAGE profile s  o f  P .  mul t ocida in the l iterature . 

T h e  e x t reme h e t e r ogene i t y  o f  S D S - P AGE p a t t e r n s  o f  P .  m u l t o c i da 

a l l o w e d  u s  t o  u s e  S D S - P AGE a n a l y s i s  t o  comp a re n a s a l  and l u ng 

i so la t e s  f rom rabbits ( see F igure 3 . 7 )  and we were able t o  s how that 

t he s ame s t ra ins were involved ( see Section 3 . 3 ) which s upport s the 

c o n c e p t  t h a t  p n e umon i a  i s  c a u s ed by t h e  di s semi n a t i o n  o f  n a s a l  

s t rains . 
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Examinat ion o f  P .  mul t ocida p roteins b y  SDS-PAGE a l s o  enabled u s  t o  

c a s t  l i ght o n  t h e  source o f  P .  mul t ocida which caused an outbreak o f  

re s p i r a t o ry d i s e a s e  i n  r a bb i t s . D i s e a s e  had o c c u r red a f t e r  t he 

int rodu ct ion of imported rabb i t s  into a co lony so  i t  was concluded 

t h a t  a n e w l y  i n t roduced s t r a i n o f  P .  mu l t d c i d a h a d  c a u s e d  t h e  

o u t b re a k . H oweve r S D S - PAGE a n a l y s i s  o f  i s o l a t e s  o b t a ined f r om 

di s e a s ed rabb i t s  be f o re a nd a fter the import at ion o f  new rabb i t s  

( F igure 3 . 8 ) showed that the strains we re indist ingu ishable . S ince 

i s o l a t e s  f rom d i f f e rent f l o c k s  a re hete rogeneous we conclude that 

the p a t hogen ic st rain of P .  mul t o c i da was pre s ent i n  New Zea land 

be f o r e  t he impo r t a t i o n  of t he new r a bb i t s  and t h a t  the disease 

o u t b re a k  was probably unconnected with t he int rodu c t ion o f  a new 

is o l a t e  of P.  mul t ocida . 

A s  a l l uded t o  a bove i t  wa s f ound t h a t  a l l  rabbit i s o lates  were 

u n t y p a b l e  when examined by t he IHA a s s a y . T h i s  w a s  unu s u a l  ( see 

Chapte r  3 )  so we specu lated that these is olates repre sented mult iple 

i s o l a t ions of o ne , or at a t  any rat e ,  a sma l l  numb e r  o f  strains . 

T h i s  w a s  s uppo rted be cause when examined by SDS -PAGE ( F igure 3 . 6 ) 

i s o l a t e s  f rom i ndividu a l  rabbit colon i e s  were homogene o u s . Thus , 

s ince only three rabbit colonies were examined our rabbit iso lates 

probably represent only three stra ins . 

I n  c o n c l u s i on , S D S - PAGE w a s  f o und t o  be a u s e fu l  t o o l  t o  st udy 

epidemio logi cal a spec ts of di sease ( at least in rabb it s ) cau sed by 

P .  m u l t ocida but could not be used to distingui s h  between se rotypes . 

6 . 4  Compa rison o f  P .  multocida Serotype s by Restrict ion Endonuclease 

Analysis (REA) 

A s  d i s c u s sed a bove the I HA a s s a y  i s  a laborious t echniqu.e s o  an 

alte rnat ive met hod of serotyp ing P .  mul t o ci da would be advantageous . 

SDS-PAGE ana lys is  did not co rrelate with s erotype s o  we cons ide red 

REA a s  a poss ible alternative because it had been success fully used 
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b y  Ma r s ha l ! ,  W i l t on and Robe rtson ( 1 9 8 1 )  t o  diffe rent iate between 

s e r o v a r s  of Lep t ospira . Howeve r ,  the e lect roph o re s i s  p a t t e rns o f  

diges t ed DNA f rom P .  mul t oc i da ( see f igures 3 . 1 0 ,  3 . 1 1 ,  3 . 1 2 ,  3 . 1 3 )  

did n o t  c o r r e l a t e  with s e r o t ypes . The hete rogene o u s  p a t t e rn s  o f  

di f f e rent i s o l a t e s  w o u l d ,  l i ke S D S - P AGE , a l l ow e p i demi o l og i c a l  

studi e s  o f  i ndividual s t r a i n s  but w e  did not pursue this  approach 

with re spect to REA . 

6 . 5  As say for Exotoxigenic St rains of P .  mul t oci da 

P rogress ive atrophic rhin i t i s  ( AR) i s  an impo rtant disease o f  pigs 

in o ve r s e a s  c o unt ries and a mild f o rm has been de s c r ibed in New 

Ze a l a n d . The d i s e a se is  c a u s ed by exot oxin produ c ing s t r a ins of 

P .  m u l t o c i da . T h e s e  c a n  b e  det e c t e d  in vi t r o by p r o du c i n g  a 

cytopathic effect (CPE)  in cultured t i s sue ce l l s  by expos ing them to 

ce l l - f ree ext racts of toxin-produc ing st ra ins of P .  mul t ocida . 

We s o ught t o  e s t a b l i s h  i f  t oxigenic s t ra i n s  o f  P .  m u l t o c i da a re 

present in thi s count ry u s ing cell cult ures as  a s c reening method . 

Th i s  me t h o d  h a d  t o  be v a l idated in o u r  h a nds a n d  h a s  not been 

previous ly used in New Zea land . 

Emb ryonic Bovine Lung ( EBL)  cel l s  and " sens i t i zed" Vero cells  have 

b e e n  u s ed t o  de t e c t  ex o t o x i g e n i c  s t r a in s  o f  P .  m u l t o c i da ( s ee 

Sect i o n  1 .  4 ) . I n  our hands a CPE wa s not v i s ible in " se n s i t ized" 

Ve r o  c e l l s  ( da t a  not s h o w n ) but w a s  produced in EBL c e l l s  ( see 

F i g u r e s  4 . 1  and 4 . 2 ) . Consequently the EBL ce l l  cult ure a s s ay was 

used to screen f ield isolates for exotoxin product ion . 

None o f  t he New Zealand s t r a ins o f  P .  mul t ocida which were tested 

( s e e  T a b l e  4 . 2 )  pr oduc e d  a CPE in E B L  c e l l s . i e  n o ne p r o duced 

exot oxin . Th i s  w a s  not unexpected because none of our New Zealand 

i s olates had been recove red f rom pigs with AR and we were unable to 

ident i fy any herd with the disease during the course o f  this study . 

We conclude t h at the pre s ence of t oxigenic stra ins o f  P .  mul t ocida 
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mus t  rema in a n  open que s t ion unt i l  e ither a n  outbreak of  AR occurs 

and i solates f rom the na s a l  t ract of  these pigs can be examined or 

in t h e a b s e n c e  of t h e  d i s e a s e . T h i s  r e qu i r e s  a p r o j e c t  wh i c h  

s y s t emat ically screens anima ls ,  especially pigs , i n  New Zealand for 

t h e  c a r r i a g e  of P .  m u l t o c i d a a n d  e x a m i n e s i s o l a t e s  f o r  t he 

product ion of  endotoxin . 

6 . 6  Ant ibiotic Re s i stance and its Re lat ionship to Plasmids in New 

Zealand St rains of P .  mult ocida 

The occurrence of ant ibiot ic re s i s tance in P .  mu l t ocida is  a problem 

i n  s ome c o u n t r i e s  a n d  h a s  b e e n  a t t r i b u t e d  t o  t h e  ( l a r ge l y  

i n d i s c r im i n a n t ) u s e  o f  a n t ib i o t i c s . P e n i c i l l i n ,  Tet r a c y c l ine , 

S t reptomyc in and Sulphonamides , are often u sed t o  t reat disease due 

t o  P .  mul t o c i da in domest ic anima l s  in New Zea l and so it t herefore 

seemed possible that " re s i stant " st rains of P .  mul t ocida , i e  s t ra ins 

w i t h  a sensit i vity below a de fined level ( s ee Sect ion 5 . 3 . 1 ) could 

be i s o lated f rom anima l s  i n  this count ry . 

We dete rmi ned the se n s i t i v i t y  ( M I C ) of  New Z e a l a n d  s t r a i ns o f  

P .  mul t ocida but found that none had a re s i stance high enough t o  be 

des ignated " re s i stant " . Cat , dog and pig isolates possessed var iable 

s e n s i t iv i t i e s  but rabb i t  i s o l a t e s  w e re homogeneous . T h i s  latter  

res u lt wa s not  surpris ing because it had previous ly been concluded 

( s e e  Sect ion 3 . 4 )  t ha t  o u r  rabb i t  i s o l a t e s  represented mu l t ip l e  

i s o l at ions o f  a total of  t h ree s t rains only . 

T h e  p r e s e n c e  o f  ant i b i o t i c re s i s t a n c e  i n  P .  m u l t o c i da i s  o ften 

a s s ociated with plasmids between 1 Mda l and 5 Mdal s  in s i ze ( Hirsch,  

Ma r t in and Rhoade s , 1 9 8 5 )  . Met hods for e xt r a c t ing p l a smids f rom 

b a c t e r i a  no rma l ly involve a techn ique ( eg Ekha rt method) which is  

gen t le enough t o  ext ract , in an intact form, relat ive ly l a rge ( ove r 

l O O Mda ls ) pla smids . Howeve r ,  we used a harsher method ( see Sect ion 

5 . 2 . 12 ) , which ext racted total  DNA for use in both the plasmid a s s ay 

a n d  R E A . T h i s  me t h o d  d i d  n o t  r e c o ve r  l a r ge p l a s m i d s  b u t  we 
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d e mo n s t r a t e d  ( s e e  F i g u r e s  5 . 1  a n d  5 . 2 )  t h a t  p l a s m i d s  up t o  

approximat e ly 5 Mda l s  i n  s i z e  were pres ent . Therefore this  met hod 

w a s  suitable for detect ing resistance plasmids in P .  mul t ocida . 

We found that several cat and dog st rains o f  P .  mul t oc i da pos se s sed 

p l asmids which had molecular we ight s of approximate ly 1 . 4  Mdals and 

2 . 4  Mda l s . Howeve r ,  s ince these s t r a ins did not possess  " re s i stance" 

t o  the t e s t  a nt ibiot i c s  we conc lude that t h e s e  p l a smids , u n l i ke 

s im i l a r  p l a smids in P .  m u l t o c i da i s o l ated ove r sea s ,  do not c a r r y  

r e s istance ma rkers . 

6 . 7 Out look 

Despite its  impo rtance a s  a pathogen of swine , cat t le ,  sheep , fowl 

a nd rabbit s ,  P .  mul t o c i da has been l it t le s tudied in New Zealand . 

T h i s  the s i s  repre sent s a prelimina ry step to a f ulle r understanding 

o f  the import ance of  P .  mul t oc i da in this c ount ry and t o  t he be st 

means of  cont rol . The pos s ibility o f  outbreaks o f  at rophic rhinitis 

due t o  t he int roduc t i on of  toxigenic s t r a i n s  of P .  m u l t o c i d a  in 

" carrier pigs " may we l l  s t imulate furthe r work of this nature . 



B lood Aga r 5 %  

Defibrinated Horse Blood 

Blood Aga r Base 

APPENDIX 

5 0mll - 1  

i .  The Blood Aga r Base was me lted and cooled t o  5 0 °C .  
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i i . D e f i b r i n a t e d  H o r s e  B l o o d wa s a dde d t o  g i ve a f i n a l  

concent rat ion o f  5 %  and 2 5ml vo lume s of this preparat ion 

were dispensed in st anda rd pet ri dishe s . 

Blood Aga r Base (Difco ) 

The me d i um w a s  p r e p a red a s  pe r manu f a c t u re r s  inst ruct ions , 

autoclaved in 1 0 0ml bottles and stored at room tempe rature . 

Bra in-Heart Infusion Brot h (Difco)  

The medium was prepa red a s  per manufacture rs ins t ruct ions and 

autoclaved in appropriate cont ainers . 

Dext rose St a rch Aga r ( D i f c o )  

The me dium w a s  p re pa red a s  pe r man u f a c t u re r s  inst ructions , 

autoclaved in 1 0 0ml bottles and stored at r oom temperature . 



Dext rose Starch Broth (pH 7 . 3 )  

P roteose Peptone N°3 (Difco ) : 1 5 .  Ogl - 1 

Bacto Dext rose ( Difco)  : 2 . 0gl- 1  

S o l uble Starch : 1 0 . 0gl - l  

NaCl 5 .  Ogl- 1 

D i s odium Phosphate 3 . 0gl - 1  

D i s t i l led Wate r  
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The components we re mixed and the pH adj us ted us ing NaOH . The 

prepa rat ion was then auto c l aved in appropriate cont a iners and 

stored at + 4°C .  

* 
Kovacs Reagent 

Amyl ,  Isoamyl ,  or Isobutyl Alcohol 

. . * *  
pa ra-Dlmethylamlnobenza ldehyde 

Concentrated Hydrochloric Acid 

1 5 . 0ml 

1 .  O g  

5 . 0ml 

The a ldehyde wa s disso lved completely in the a lcohol . The acid 

wa s then added ( s lowly) and the preparat ion was stored at + 4 °C 

in a da rk cont a i ner . 

* 
Based on Blair et a 1 ( 1 9 7 0 ) . 

* *  
T h e  r a w  a l d e h y de s h o u l d  b e  

l ight o f  colour . 



�cConkey Aga r ( D i f c o )  
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T h e  medium w a s  prepared a s  pe r ma n u f a c t u re r s  instruc t i on s , 

a ut oclaved i n  1 0 0ml bot t le s  and s t o red at room temperature . As , 

requi red 1 0 0ml of medium was melted and dispensed between f our 

s t andard pet r i  dishes . 

Mot i l i ty Medium
* 

Peptone 1 0gl - 1 

NaCl Sgl -l  

Davis Aga r : 3gl - l  

D is t i l led Wat e r  

The component s were di s s olved i n  t h e  D i s t i l led Wate r ,  adjusted 

to pH 7 . 5  us ing NaOH , di spensed in t ubes , autocl aved and stored 

at +4 °C .  

NaCl S olut ion ( 0 . 8 5 % )  

* . 
Based on Blalr e t  a 1 ( 1 9 7 0 )  

N a C l  w a s  d i s s o l v e d  i n  D i s t i l l e d  W a t e r  t o  g i v e a f i n a l  

c oncent r a t i o n  o f  0 . 8 5 % . The s o l ut i o n  was then autoc laved and 

stored at + 4°C .  



* 
Oxida se Reagent 

1 62 

i .  A f r e s h  1 %  s o l u t i o n  o f  D i - o r  T e t r a - m e t h y l - p 

pheny l e n e d i amine d i c h 1 o r ide w a s  p repa red i n  di s t i l l e d  

water . 

ii . As c o rb i c  a c id ( a  s t abil i z e r )  w a s  added t o  g ive a f in a l  

concent ration of 0 . 1 1 % . 

i i i . 5mmx5 0mm st rips of Whatman N° 1 f i lte r paper were soaked in 

the prepa rat ion , air dried a t  3 7 °C and stored at 4°C in a 

sea led c ontainer . 

PBS ( Phosphate Buf fered Sa l ine ) 

NaCl : B . Sgl -1  

NaH2 Po 4 . 2 H20 

Distilled Wat e r  

0 . 4gl -1 

* . 
Based on Bla1r et  a1 ( 1 9 7 0 ) . 

The component s were mixed, autoclaved and stored at + 4°C .  

Pept one Water (pH 7 . 2 )  

P eptone 

NaCl 

1 0 g l -1 

Sgl -1  

Distilled Wat e r  

The component s were mixed and the p H  w a s  adjusted us ing NaOH . 

The prepa rat i on was then autoclaved a nd stored a t  +4°C .  



Peptone Water S uga rs 

- 1  Bromocre s o l  Purple : 2 5ml l 

Peptone Wate r  (pH 7 . 2 -7 . 3 ) 
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i .  The ingredient s were mixed and Sml vo lumes were dispensed 

in l o z  bottles . 

ii . A d u r h a m  t u b e  w a s  a d d e d  t o  e a c h  b o t t l e  a n d t h e  

preparat ions were autoc laved . 

iii . The preparations were sto red a t  + 4°C .  At the t ime o f  use , 

0 . 2 5ml of ster i le 1 0 %  suga r s o lut i on was added t o  each 

bott le . 

T r iple Suga r I ro n  Aga r ( T S I )  

The medium was prepared a s  per manufacturers in structions . 

Trypto-Soy Aga r (Difco)  

The me d i um w a s  prepa red as per ma n u f a c t u re r s  inst ruc t i ons , 

autoc laved in l O Om! bottles and s t o red at room tempe rature . As 

requi red l O Oml of medium was me lted and dispensed between four 

standa rd pet ri dishes . 

T rypto-Soy Broth (Difco)  

The medium was prepa red as  pe r manufacturers inst ruct i on s . 

Urea Aga r ( D i fc o )  

The medium w a s  prepa red a s  p e r  manu f a c t u re rs i n s t ruc t ions . 
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