
CHAPTER 1
INTRODUCTION

Pasteu re lla  multocida have been is o la te d  from a wide v a r ie ty  o f  
mammals and b ird s  and have been named acco rd ing ly . A lthough there  were 
demonstrable d iffe re n ces  between these s tra in s  from d if fe re n t  sources, 
the e ssen tia l c h a ra c te r is t ic s  were so s im ila r  th a t a l l  were inc luded  
under the multocida o r sep tica  species. They were: ( 1 ) p. b o l l in g e r i or 
bov isep tica , ( 2 ) p. a v ic ida  o r a v is e p tic a , ( 3) p. c u n ic u lic id a  or 
le p is e p t ic a , (4 ) Bacterium bov ic ida  o r p. buba lseptica , ( 5 ) p. v i t u l is e p t ic a ,
(6) p. m uric ida or B a c illu s  b ip o la r is , (7 ) p. pneumotropica and (8) p. 
gallinarum  ^  * ̂ ^

4
E ffectiv e  immunizing agents are in  demand in  many parts o f  

Thailand and elsewhere for the prevention o f P asteurella  in fec tio n s  which 
are economically important d iseases such as shipping fev er , fowl cholera 
and hemorrhagic septicem ia. Acute in fe c tio n  o f these d iseases can cause 
rapid death o f the ind iv idual and rapid spread of the d isease  through a 
herd, making d i f f ic u l ty  for e ffe c t iv e  antim icrobial therapy. The only way 
to  control th is  d isease  i s  by e f f ic ie n t  vaccination .

At the present, vaccine used in  prevention o f fowl cholera in  
Thailand i s  form alinized -  k il le d  whole c e l l  vaccine prepared from 
Department o f Live stock.
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For improvement o f appropriate vaccination , the main ob jective  
o f th is  research project i s  the p ro tective  study o f immunoglobulins 
prepared from whole c e l l  and capsular antigens o f Pasteurolla mbitPCIda.

1. D escription o f P asteurella  multocida 
1 .า Taxonomy

(3)p. m ultoc ida was c la s s if ie d  according to  Bergey ' '  ass
Genus Pasteu re lla
T ribe  Fhsteure lleae
Fam ily Brucellaceae
Order Eubacteria les
Class Schizomycetes

1.2 M icroscopic morphology and growth c h a ra c te r is t ic s
p. multocida was u su a lly  coccobac illa ry  or sho rt rod (0.25 micron

(น) to  0 .4 yน by 0 .6  /a to  2 . 6^1 in  s ize ) in  culture from diseased t is s u e j
s tra in  from hea lthy  animal was o fte n  pleomorphic w ith  longe r b a c i l la r y
form and occasional sho rt f ilam en t. I t  was gene ra lly  capsulated, but
noncapsulated forms have been repo rted . I t  was gram -  nega tive , b ip o la r

(.3 L)s ta in in g , nonmotile and nonspore -  fo rm ing. '  ’ ^ '

The organism was an aerobe and fa c u lta t iv e  anaerobe. I t s  optimum 
temperature fo r  growth was y f  c . The pH growth range was from 6 to  8 .5  

w ith  an optimum o f 7 . 2  to  7 .4

The use o f d igested p ro te in  media or proteose peptone s tim u la ted
the growth o f the organism. The organism could be grown in  beef in fu sion  
media, but b etter  growth was obtained from blood or chocolate agar where 
i t  produced sm all, nonhemolytic, translucent co lon ies with a ch a ra cter istic
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musty odor. (^>5>6) Non _ hem o ly tic , but most s tra in s  produced a brownish
. ( 3 )d is c o lo ra t io n  o f blood media in  reg ion  o f con fluen t growth. v '  I t  requ ired

. 1. 1 ( ไ )nicotinamide and pantothenic acid as accessory growth fa c to rs . '
The organism had th ree main c o lo n ia l typesะ ร (smooth), M (mucoid),

and R (rough). The smooth type was a lso ca lle d  the fluo re scen t type. To
th is  type belong almost a l l  fre sh ly  iso la te d  cultures which possessed
w e ll -  developed capsules. A c u ltu re  o f the mucoid type possessed the
mucoid antigen w ith  o r w ithou t the capsular an tigen . In  cu ltu re s  o f the
rough type, a lso ca lle d  blue type , no capsular nor mucoid antigen had

(7 )been demonstrated. v '

Bain (1954) divided the co lo n ia l forms o f p. multocida in to  several- 
phases, I and others. I t  was considered that phase I corresponds to the 
culture o f Carter*ร type B which possessed an unknown masked antigen other  
than the known capsule or, in  other words, that the culture o f phase I was 
the fu l ly  immunogenic form o f type B. He suggested that the phase may be

(7 3 )a mucoprotein surface antigen. v * '

Co lon ia l forms could transform  from v iru le n t  to  a v iru le n t s tra in s
( ไ )o r in  the sequence mucoid to  smooth to  rough. v '  The d is s o c ia tio n  p a tte rn

of co lon ial v a rian ts  was as in  tab le  1 page 4 (1,9)
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Table 1 C la ss if ic a tio n  o f C olonial Variants o f P asteurella  multocida

i • Proposed Designations I Reaction in; Older Designations i------ --------------------- ——•• Capsule j
I Colonial \ Antigenic I ! A criflavlne

Mucoid.......................... mucoid M + + slim y p rec ip ita te
Fluorescent............... smooth ร + c e l l s  remain in  

suspension
Interm ediate............. smooth ร + p a r tia l f lo c c u la -  

-  tio n
Granular Blue........... smooth SR - flo ccu la tio n
Rough............................ rough R flo ccu la tio n

1.3  Biochemical c h a ra cter istics
Their fermentation o f severa l carbohydrates without forming gas 

was ch a ra c ter is tic .  ̂ '  Rosenbusch and Merchant ( 1939) divided p. multocida 
stra in s in to  three groups on the b asis o f sugar fermentations as shown in  
tab le  2 page 4 ( 5 ,9 ,1 ° )

Table 2 Types o f P asteurella

Sugar
P asteu rella  multocida Pasteurella

haemolyticaType 1 Type 2 Type 3
la cto se

- --------
- +

Xylose + + +
Arabinose + - +

D u lc ito l + - + +
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1 .4  Pathogenecity
P. multocida was pathogenic for a large number o f d iffer en t  

animals; however, the organism varied in  v irulence from the h igh ly  
v iru len t to the comparatively av iru len t types. Probably the most 
important ro le  that p. multocida played in  d isease  was that o f a 
secondary invader when the resistan ce  o f the animal had been reduced by

(4)various s tr e s se s .
The more su scep tib le  o f the experimental animals were the mouse, 

rabbit, and p ig . Guinea p igs were more r e s is ta n t . Chickens were more 
su scep tib le  to fowl s tr a in s , although highly v iru len t ovine and bovine

( 4  9 )stra in s  were able to produce death. '

1. 4.1 Antigenic structure
The antigens o f p. multocida were many and complex. Many 

attempts had been made to id e n tify  sero lo g ica l v a r ie t ie s  o f p. multocida.
Rosenbusch and Merchant ( 1939) c la s s if ie d  P asteurella  in to  

four groups by means o f agg lu tin ation  te s ts  and concluded that there was 
no evidence to j u s t ify  a zoo lo g ica l c la s s if ic a t io n  on the b asis o f  
sero lo g ica l properties or b io lo g ic a l ch a ra c ter is tic s .

By means o f s lid e  agg lu tin ation  t e s t s  L it t le  and Lyon ( 1943) 
id e n tif ie d  three serotypes which were r e fe r r e d ^  to as type 1 ,2  and 3 ; 
each type having no corre la tion  with host s p e c i f ic i ty .  (11>12 , 13)

Robert ( 1947) divided h is  stra in s in to  four p rin cipa l types, 
1 to 4 or groups by means o f serum -  protection  t e s t s  in  mice.

Carter ( 1955) employing an in d irec t hemagglutination t e s t ,  
was able to id e n tify  four d iffer en t types on the b asis o f  d ifferen ce  in  
capsular substances. (K antigens) (group A,B,C,D)
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I t  was ten ta tiv e  concluded, that the p rotection  substance o f  
P asteurella  organism obtained by Robert ( 1947) was the same as the K 
antigens.

Carter ( 1955) demonstrated a strong corre la tion  between 
sero lo g ica l types and host sp ecies ะ type B stra in s included most o f those 
causing ep izootic  p a ste u re llo s is  or hemorrhagic septicem ia o f c a t t le  
type A stra in s were iso la te d  frequently  from cases o f fowl cholera ( ^ ) !  
type c cultures occurred in freq u en tly , and at f i r s t  they had been believed  
to come from dogs and c a ts , but th is  was not confirmed and the category  
was subsequently abandoned (1 7 ,1 8 ). - t y p e  ฏ stra in s were associa ted  with  
a wide range o f in fec tio n s  in  c a t t le ,  sheep, p ig  and poultry, including  
for  example, shipping fever o f c a t t le ,  v ir a l pneumonia o f p ig , sporadic 
pneumonia in  c a t t le  and p ig , fowl cholera, and bovine m a tit is . Strains 
of p. multocida recovered from human in fec tio n s  were o f type A and D.^”̂  

Later, a further -  type E -  was recognized by Carter ( 1961) 
and type c was shown to be not true capsular type. T h e r e  were therefore  
only four capsular types, namely A,B,D and E (20*21)

C arter's type A and B were probably the same as Roberts'
2 and 1, resp ec tiv e ly ! c and D might correspond to Roberts' 3 and 4 ‘

To reveal the somatic antigen Namioka and Murata ( 1961) 
removed the capsular m aterial by treatment with N HC1, suspended the 
washed organisms in  sa lin e  a t pH 7 .0  and tested  them against an tisera  
prepared in  rabbits by in jec tio n  with sim ila r ly  decapsulated organism.
By the use o f agg lu tin ation  and absorption t e s t s ,  they estab lish ed  s ix

( 1 2 }0 group on the b asis o f somatic antigens ' '  \ and Ogata (า 968) found
th at by a combination of capsular and somatic antigens 15 serotype
could be recognized containing 12 0 groups. (22)
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The question arised  as to  what type o f substance remained 
as the somatic antigen a fter  the HC1 treatment. Bain ( 1961)^ ^  considered  
that i t  consisted  o f a part o f the c e l l  wall substance and th erefore , i t  
was probably appropriate to c e l l  such a somatic antigen a c e l l  w all 
antigen. Therefore, i t  was assumed that the substance was a lip o p o ly -

(7 )saccharide combined with a p rotein . ' '

According to the most w idely used system, p. multocida was 
typed se r o lo g ic a lly  by the in d ir e c t hemagglutination method o f Carter 
( 1955) which determined capsular type, and the d irec t agg lu tin ation  t e s t  
of Namioka and Murata ( 1961) which id e n tif ie d  somatic antigens (0 group) 
o f acid extracted c e l l .

In th e ir  expanded c la s s if ic a t io n , the id e n tif ic a tio n  o f a 
serotype required the recognition  o f both the capsular and somatic 
components, the former being designated by a ca p ita l le t t e r  and the 
la t t e r  by an arabic number. Two important serotypes causing fowl cholera  
were designated 5 ะ A and 8  ะ A. > 3 9 )

The follow ing tab le  re la ted  C arter'ร c la s s if ic a t io n  with
(9)the e a r lie r  design ation s.

Carter............... ........................... A B c D
Rosenbusch and Merchant.. . . 1 2
L it t le  and Lyon........................ 1 2 3
Roberts......................................... 2 1 3 4

Carter ( 1957) gave further a tten tion  to co lo n ia l varia tion  
and antigenic c h a ra cter is tic s  o f p. m ultocida. Colonial morphology was 
studied by ob liq uely  transm itted l ig h t ,  and antigen ic ch a ra cter is tic s  
by behavior with 1 ะ 1000 a cr ifla v in e  so lu tion . His proposed designations 
were related  to older designations as shown in  tab le  1 page A
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C h aracteristics o f the 0 antigen o f p. multocida were
( 7 )examined with the fo llow ing r e su lts  : ' '

-  Because there were many stages o f lo s s  varia tion  o f  
capsular antigen or mucoid varia tion  in  the organism, i t  was d i f f ic u l t  
to obtain constant 0 agg lu tin ation . 0 antigens o f the organism could 
only be prepared by trea tin g  the culture with N HC1. With such antigens, 
true 0 an tisera  could be produced.

-  I t  seemed that the 0 antigen o f the organism did not 
change read ily  to rough antigen when cultures were subcultured for a 
year or more.

-  In a l l  the culture employed the organisms possessed 0 
antigen ic re la tio n sh ip s .

-  By absorption t e s t s ,  0 antigens o f p. multocida were 
divided in to  two antigens, common and sp e c if ic .

-  Cultures belonging to types A and D o f Carter ( 1955) 
could be divided in to  two types according to th e ir  sp e c if ic  0 antigen  
(0 group)

No exotoxins had been demonstrated but powerful endotoxins
( 5)were present in  some s tr a in s . ' ' Weil had demonstrated nontoxic 

aggressins or " in fec tio n  -  favoring " substances in  the inflammatory 
exudates of Phsteurella  -  in fec ted  animals.

1 . 4.2  D iseases caused by P asteurella  multocida
p. multocida was the primary causative agent o f fowl cholera  

and of hemorrhagic septicem ia o f rab b its, r a ts , horses, sheep, dogs, c a ts , 
ch in ch illa , and swine. I t  was a lso  o ften  found to be associated  with 
pneumonia in  various animals. #24)
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Fowl cholera (avian p a ste u re llo s is )  was an in fec tio u s  d isease
a ffe c t in g  p r a c tic a lly  a l l  sp ecies o f fow ls. I t  u su ally  appeared as a
septicem ic d isease  associated  with high morbidity and m orta lity , but
chronic m anifestations were a lso  o f frequent occurrence, p. multocida
in fe c tio n  was prim arily a res ira to ry  d isease . The response when the
organisms were introduced in tra n a sa lly  was varied , some chickens
developing acute septicem ic cholera and others developing lo c a liz e d
in fec tio n s  such as r h in it is  and w attle involvement, s t i l l  others became
healthy ca rr iers . In occurrence o f outbreak, there must be some secondary
factors such as season, weather, or n u tr it io n . Inadequate v e n tila tio n
had a lso  been suggested as an important contributing factor  to the
spread and se v e r ity  o f fowl cholera outbreaks. The actual number o f
organisms in  the a ir  required to produce d isease was le s s  than the

( 9 )number required by subcutaneous in je c tio n .
-  Symptoms: The d isease  occured in  a l l  age group, except 

during the f i r s t  month o f l i f e ,  when i t  was very seldom seen. Peracute, 
acute and chronic forms were known. In peracute cases death without 
previous symptoms might be the f i r s t  in d ica tion  o f the d isea se . Symptoms 
in  acute forms included anorexia, t h ir s t ,  fev er , ru ffled  fea th ers , mucous 
discharge from the mouth, diarrhea, f i r s t  with mucoid white droppings
followed by l ig h t  greenish one. In chronic form swollen hock jo in ts  or

. 1 ( 25)emaciation often  occured. ' '
-  Gross le s io n s  ะ In peracute cases a few p etech ia l hemorrhages

might be the only le s io n s  observed. In acute form o f the d isease  u su a lly  
wide -  spread hemorrhages occured in  d iffer en t serus and mucous membrane. 
The l iv e r  was u su ally  enlarged, sometimes covered with a th in  layer  o f
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f ib r in , that might be e a s ily  removed. Under the cap o f the l i v e r ,  many 
pinpoint to m ille t  com  s iz e  yellow  n ecrotic  fo c i might be observed. 
These small n ecrotic  fo c i were only v is ib le  i f  we look very ca re fu lly  at 
the l iv e r  and washed the surface o f the l iv e r  with water. Sometimes 
sm aller and larger necrotic  fo c i were present. In the abdominal cav ity  
a small quantity o f yellow ish  exudate might be present. The spleen was 
sometimes normal, or might be enlarged and contained sm all, yellow  
n ecrotic  fo c i .  ( ^ )

P etech ia l or echymatic hemorrhages occured in  the pericardium,
and epicardium, e sp e c ia lly  on the coronary band. The heart o f water fowl
shew larger hemorrhages than poultry. Sim ilar hemorrhages might occur in
the v isc e r a l serosa in  the a ir  sa cs, in  syrinxes, and in  the mucous

(25)membrane of the in te s t in e s . ' '
The serosa o f the small in te s t in e s  was hyperaemic, th e ir

mucous membrane was a lso  markedly hyperaemic, sw ollen, and might contain
hemorrhages. The annular bands o f the small in te s t in e s  were sw ollen, and
might be white or reddish in  co lor . The in te s t in a l contents were u su ally

(25)w aterly, mixed with large amounts o f v isc id  mucus. v
The pathanatomical changes o f fowl cholera were very sim ilar

to  the changes found in  duck plaque. The d ifferen t diagnosis might be
based on changes in  oesophagus and cloaca while in  fowl cholera oesophagus
and cloaca were without changes, in  duck plaque they used to have

(25)pathognomonic le s io n s . ' '

I f  the c l in ic a l  symptoms and the changes did not give a c lear  
b asis for d iagnosis, microscopic examination o f the blood or l iv e r s  smear, 
bacteria  culture and virus is o la t io n  should be attempted. Many b ip o larly



11

sta in in g , small rods in  a fre sh ly  dead ducks’blood or l iv e r  must cause 
suspicion  of cholera, which should be ascertained by cu ltu ra l examination.

Because i t  had been rare ly  recognized as an in fe c tio n  o f man 
the mechanism o f in fec tio n  was not w ell known. I t  might be introduced 
through b ite  wounds, or la te n t  in fe c tio n  in  the resp iratory tra c t might 
be mobilized by in jury or co ex istin g  d isease .

P a steu re llo sis  in  man followed two p rin cipa l patterns: ( 1) 
a wound in fe c tio n  most commonly or ig in atin g  with an animal b ite  or 
scratch and (2 ) nontraumatic in fe c t io n s , o ften  more or le s s  obviously  
rela ted  to the respiratory tra c t but with no demonstrable extraneous 
source o f the agent. In both cases, in fec tio n s  might reach other organ 
systems but were u su ally  traceable to one o f these two kinds o f entry  
p o rta ls . O ccasionally, cases did not read ily  f i t  in to  e ith er  o f these  
types (e .g .  urinary tra c t in fe c t io n , CNS involvement, e n te r i t i s ,  and 
p e r ito n it is )

The organism was u su a lly  transm itted by oral or nasal
excretions from in fec ted  animals and ord in arily  entered t is s u e s  through
mucous membranes o f the upper a ir  passage but might gain entrance through

(27)the conjunctiva or cutaneous wounds. ' '

Since many cases o f human p a ste u r e llo s is , p a r ticu la r ly  those  
a ffe c tin g  the resp iratory tr a c t , could not be traced to animal con tacts, 
the p o s s ib i l i ty  o f p. multocida lead in g  a commensal ex isten ce in  the human 
upper respiratory tra c t had been ra ised .

1 .5 Resistance
p. multocida was read ily  destroyed by 3 percent c r e so l, 1 percent 

phenol, 0.1 percent form alin, and 1 : 5000 b ich loride o f mercury. At 60 c,

( 2 5 )
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the organism was destroyed in  10 minutes. I t  remained v iab le  in  manure 
for a t le a s t  a month and about 3 months in  the decaying carcass and in  
garden s o i l .  Ducks dead o f cholera should be burned or buried deep, because 
the cholera organism could survive for  long periods in  carcasses. The 
organism survived in  dried blood smears on g lass for 3 days a t room 
temperature. ( 1 >4->9>20' 29)

Stock cu ltu res died sh ortly  a fter  being stored in  the refr igera tor;
however, most a ir  -  t ig h t  cu ltures KOuld survive for months and even years 
when stored at room temperature.

Virulent stock cultures could be preserved on blood agar in  sealed
( 1)tubes or by ly o p h iliz a tio n . ' '

This organism was se n s it iv e  to many of the commonly used a n tib io tic s
such as penici l l in , chloramphenicol, te tr a cy c lin e , polymyxin B, erythromycin

( 1)  . 1 .or carbomycin v ; however considerable resistan ce  to streptomycin,
b acitracin , neomycin, and viomycin was reported by Muysson and Carter ( 1959) . 
The su lfa  compounds, especial..ไ.y su lfa th ia zo le , sulfam ethazine, and 
sulfam erazine, were e ffe c t iv e  against i t  in  v ivo . >3®") The organism was 
very su scep tib le  to p e n ic i l l in  (2 -  u n it d isc ) in  v itr o .

Because p. multocida was se n s it iv e  to as l i t t l e  as 0.1 u n it o f
p e n ic i l l in  per m i l l i l i t e r  o f culture media, i t  could be d iffer en tia te d  
from other gram negative b a c i l l i ,  p a r ticu la r ly  Haemophilus in flu en zae ,

. c 3"|with which i t  was e a s ily  confused in  routine b actér io log ie  d iagn osis . v
1 .6  Treatment,Prevention and Contr o l

Sulfonamides, and a n tib io tic s  could be used in  in fected  flock s to  
reduce lo s se s  and to trea t newly a ffec ted  ducks. Sulfamethazine or sodium 
sulfamethazine was recommended in  0.5  -  1$ in  the feed or 0 .1$  in  the 
drinking water. 0 . 5$ sulfamerazine in  mash feed for 5 days s ig n if ic a n t ly
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reduced m orta lity , but a fter  withdrawing the treatm ent, fowl cholera
. ( 25)recurred. ' '

Sulfaquinoxaline in  the rate o f 0.05 -  0 .02  %, i , e .  1 ะ 2000 -  
1 ะ 4000 in  the drinking water or 0.1 -  0.05% in  the mash for 5 days was 
u su ally  su ccessfu l in  trea tin g  in fec ted  flock s and for prophylaxis. The 
treatment should be started  during the early stages o f  outbreaks. In la te r  
stages, when the d isease became chronic r e su lts  were u n satisfactory . Often 
recurrence o f m orta lity  occured a fte r  treatment was discontinued. In such 
cases an in term itten t treatment ( 2 - 3  days treatment, and 2 - 3  days 
pause) was advisab le. ' จ '

A n tib io tic s , used in  small doses for growth promotion, were not 
e ffe c t iv e  in  prophylaxis or treatment o f fowl cholera. C hlortetracycline  
and oxytetracycline 500 g /ton  o f mash feed was e f fe c t iv e  in  experimental 
conditions and in  f ie ld  outbreaks as w e ll. But in  h a lf  the cases lo s se s  
recurred a fter  withdrawal o f the a n t ib io t ic . ( ^ )

In farms, where fowl cholera occured repeatedly a prophylactic  
vaccination  was recommended. Breeder or layer  flock s should be vaccinated  
tw ice, f i r s t  in  2  -  3  month age then 1 - 2  month la te r .  A  6  months 
immunity might be expected from two vaccin ation s. I f  necessary, booster

(25 )vaccination  every 6 months would prolong the immunity. v J ’

Fowl cholera, caused by v iru len t p. multocida organisms, was an 
in fec tio u s  d isea se . The most e f fe c t iv e  way of p rotecting  flock s against 
fowl cholera was to prevent the introduction  of the in fec tio u s  agent.
As fowl cholera was u su ally  not egg transm itted the introduction  of the 
v iru len t F hsteurellas was dependent mainly on the owner, who should fo llow

( 2 5 )the ru les o f hygenic management.



Sick b ird s , or recovered ducks should not be introduced in  a flock
o f ducks, as these might be carr iers o f v iru len t organism. Only young
b ird s, under 4 weeks o f age, should be introduced as new stock. The
d iffer en t age group should be kept in  separate houses. F igs, dogs, cats
and wild birds might be ca rr ier s . They should be kept away. The water in
canals, la k es, and ponds might contain Thsteurella; and therefore ducks
should not be allowed to in fec ted  waters. Water supply should be provided

(25)from a w ell or from the main supply. v '

I f  an outbreak of fowl cholera occured in  a f lo c k , i t  should be
quarantined and slaughtered as soon as economically f e a s ib le . A new flo ck

(25)could be introduced only a fte r  a thorough d ein fection . ' '
( 32)1 .7  Production o f vaccine ' '

1.7 .1  S e lec tio n  o f stra in s
At present th is  i s  based on t r ia l  and error. Certain stra in s  

which were known to immunize e f f e c t iv e ly  were used in  many la b o ra tor ies.
I t  was p ossib le  that b etter  stra in s ex isted  in  nature and in  the near 
future these might become d etectab le  by simple antigen ic  a n a ly sis . When 
se lec ted  on the b asis o f th e ir  y ie ld  o f immunizing antigen they could be

( 32)grown in  media designed for maximum development o f these antigens. v '
1 .7 .2  Preservation o f seed

P asteu rellas could change in  two ways during su b cu ltivation . 
They a ltered  phenotypically in  response to the environment, g iv ing varying  
y ie ld s  o f th e ir  d iffer en t antigens, or they might a lte r  genotyp ica lly  and 
lo se  some antigens a ltogeth er . I t  was a reasonable assumption th at the 
id e a l p asteu rella  was the one which grew in  the animal body in  the course 
o f in fe c tio n . This was the kind o f bacterium that the animal had to combat
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and. hence i t s  antigen ic  pattern should be maintained as nearly as p ossib le
( 3 2 )in  any vaccine* ' '

1 .7.3 K illin g  cultures
Formalin i s  used u n iv ersa lly . I t  i s  cheap and e ffe c t iv e  and 

i s  a good preservative as w ell as a b a cter ic id a l agent. M erthiolate and 
a n tib io tic s  produced sa tis fa c to r y  k il le d  suspensions for short term use 
but they had no advantage over form alin. K illin g  by heat was detrim ental 
to  the vaccine. Formalin i s  probably e ffe c t iv e  because o f i t s  f ix a t iv e  
and toxoid ing action  on the important protein  antigens. Formalin -
k il le d  cu ltures commonly became inagglu tinab le in  an tisera  and for  
agglu tination  t e s t s  m erthiolate was b e tter . ^

1 . 7 .4  Types o f vaccine ava ilab le
For p ra ctica l purposes a vaccine was considered worthwhile 

only i f  i t  could be e a s ily  made and d istr ib u ted  and produced la s t in g  
immunity from a s in g le  in jec tio n  o f small volume without undesirable 
reactions in  the rec ip ien t animals. Problems o f d istr ib u tio n  in  Asia 
weigh against l i v e  attenuated vaccines a t present, even i f  a stab le  
r e lia b le  one was a v a ila b le . Freedom from adverse reaction s such as shock, 
pain or sw ellin g  were most d esirab le  in  a vaccine, as these fa u lts  were 
not viewed kindly by populations which were ju st being convinced of the 
value o f prophylactic vaccination . E ffectiv en ess , s t a b i l i t y ,  sa fe ty  and
blandness were the desired  properties o f a vaccine to  which might be added

.  1 , 1 ( 3 2 ไs im p lic ity  and economy in  i t s  production. '
1 .7 .4 .1  Plain Bacterin

In one form or another b ac terin s had been in  use
against p a s teu re lla  in fec tio n  fo r eighty  years. In f a c t ,  a dead fowl



cholera cu ltu re  on Pasteur5ร workbench was the forerunner of a l l  b a c te r ia l
vaccin es.D esp ite  th is  i l lu s tr io u s  beginning, however, they had never 
performed very w ell in  the f ie ld  aga inst any o f the animal p a ste u re llo s is  
unless given in  large doses a t f a ir ly  c lo se  in terv a ls  o f  tim e. The only  
lo g ic a l  use for bacterin  nowadays i s  for vaccination  in  the face o f  
outbreaks. ( 32 )

1 .7 .4*2  Delpys5 Vaccine
This con sisted  o f agar -  grown p asteu rella s ly sed  

in  d is t i l l e d  water or with the aid o f pepsin and f in a l ly  combined with 
saponin as an adjuvant. A stra in  must be se lected  which ly s e s  read ily  
and which was not to x ic . Contamination was prevented by m erth iolate. I t  
was made on a large sca le  in  Iran but i t  had not been adopted in  other 
countries as i t s  production required the tedious process o f c u ltiv a tio n  
on agar.

1 . 7 .4*3 Alum -  p rec ip ita ted  Vaccine
This was prepared very simply from broth bacterin .

I t  was not free  from shock reaction  so that some cautions were needed with  
large doses. The method was to add enough of a 10$ potash alum so lu tion  
to  formalized suspension to give a concentration o f 1$ alum in  the vaccine. 
I t  might be necessary to adjust the pH to produce f lo c cu la tio n . Usually 
th is  meant adding a lk a li  to bring the pH to about 6 . 5 . The vaccine was 
in jec ted  subcutaneously in  the same dosage as p la in  bacterin . Some 
reactions occured a t the s i t e  o f in ocu la tion . ( 32 )

1 .7 .4«4  Oil -  adjuvant Vaccine
This was designed to re ta rd  absorption of the vaccine

and prolonged the an tigenic stimulus to the antibody -  forming c e l ls .  The
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b a cter ia l suspension, k il le d  by form alin, was em ulsified  in  l ig h t  mineral 
o i l  using a s ta b il iz in g  agent su itab le  to  a water -  in  -  o i l  emulsion. 
Vegetable o i l s  were le s s  e ffe c t iv e  than mineral o i l s .  The emulsion must 
be of the water -  in  -  o i l  type so th at the droplets o f b a c ter ia l suspension 
were d istr ib u ted  throughout the o i l .  A reverse emulsion would be u se le ss  
as the bacteria  would be absorbed quickly leav in g  only in e r t o i l  a t the 
s i t e .  Emulsions must be made with care so that the in d iv id u al droplets o f  
suspension in  the d isperse phase were small enough and s u f f ic ie n t ly  
s ta b iliz e d  to prevent coalescence. Coarse emulsions were absorbed too

(32)rapidly with lo s s  o f prolonged stim ulating e f f e c t s .  ' '

Since Pasteur (IS80) made the f i r s t  b a c ter ia l 
vaccine to combat fowl cholera, i t s  success have been the b asis o f  other 
stu d ies that la id  the foundation of our knownlege o f a r t i f i c i a l  
immunization aga inst in fec tio u s  d isea se . The Pasteur vaccine con sisted  
o f l iv in g  cu ltures o f two grades o f v iru len ce. I t  was administered as a 
prophylactic measure in  two doses, a few days apart, the f i r s t  being le s s  
v iru len t than the second. This type o f vaccine was no longer used.

Pasteur ( i s s o )  developed a l i v e  vaccine, an 
attenuated p. multocida vaccine, that worked under laboratory con d ition s, 
but behaved e r r a t ic a lly  under f ie ld  con d ition s. ( 33 )  Sinha e t  a l  (1957) 
found that a l iv in g ,  non letha l, h igh ly  capsulated mouse av iru len t stra in  
o f Ih steu re lla  was a b etter  immunizing agent than heat -  k il le d  s tr a in . v

R ecently, development o f a l iv e  vaccine u t i l i z in g  
an aviru lent stra in  and administered in  drinking water has shown promise 
in  f ie ld  use under a v a r ie ty  o f conditions and in  w idely separated regions.
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Hyperimmune serum could provide passive immunity for
the immediate protection  o f animals but a n tib io tic  medication was 
preferred. '■ 35)

2. Preparation of capsular polysaccharide
2.1 D efin ition  and demonstration of capsular polysaccharide

The capsule was a ge la tin ou s, ex tra ce llu la r  layer  (th ickness 
^200 ชุ(น) composed o f e ith er  protein  or polysaccharide, which could be 
resolved by the l ig h t  microscope. I t  was not e s se n tia l for c e l l  v ia b i l i t y  
and was chem ically and immunologically d ifferen t from the c e l l  w all. ( 36, 37) 

Capsular polysaccharides could be demonstrated by a v a r ie ty  o f  
sta in in g  techniques. The periodate -  S ch iff  sta in  and the A lcian blue 
sta in  had been suggested for the sp e c if ic  demonstration o f capsular 
polysaccharides, the la t t e r  dye sta in in g  the capsule without preliminary  
mordanting. Capsules were b est demonstrated by techniques in  which the 
capsule was outlined  while in  a wet (unshrunken) s ta te . Thus, in  the 
wet -  film  Indian ink method, which Duguid ( 1951) considered the most 
r e l ia b le , inform ative, and generally  applicable method, the s iz e  and 
shape o f the capsular m aterial were outlined  by p a r tic le s  o f Indian ink  
unable to penetrate the gelationous capsule. ( 36, 37)

Structural d e ta ils  in  unstained l iv in g  c e l l s  might be observed by 
phase contrast microscopy, which saved time and damage to  the c e l l .  ( 36*37) 

Most capsular and slim e substances had a very low a f f in it y  for  
various dyes and e lectron  microscopy had estab lish ed  that in  general they  
were le s s  e lectron  -  dense than the c e l l  w all and cytoplasm. ( 36*37)

Negative sta in in g  was probably the sim plest and quickest technique 
used. I t  was u se fu l in  the studying o f tin y  objects such as v iru s,
b acteria . This method con sisted  o f p lacing the specimen in  a drop o f
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"stain" such as phosphotungstic acid . The metal atoms penetrated between 
and around the sm allest spaces and structurer o f the specimens and revealed  
images not seen by other methods. The space would appear w ell defined in  
negative con trast. ' When viewing in  the electron  microscope, the 
p a r tic le s  appeared as l ig h t  areas due to th e ir  low sca tter in g  power, 
surrounded by the e lectron  dense s ta in . This was the opposite o f  p o s itiv e  
sta in in g  which made p a r tic le s  v is ib le  by ac tu a lly  combining a heavy metal 
s a lt  with them. ( 39 )

2 .2  General properties o f capsules
In mice, the capsule seemed to be a potent contributing factor  to 

viru lence and the e ffe c t iv e  immunity against these organisms was 
associated  with antibodies d irected  against th is  capsular m aterial.
Other fa c to rs , as yet u n id en tified , might a lso  a f fe c t  the viru lence of 
th is  bacterium for mice.

There were some evidences to show that the capsular antigen of  
p. multocida may confer protection .

The organism u su ally  possessed a capsule when recen tly  iso la te d  
from d isease  processes. Capsules vary grea tly  in  s iz e  and composition.
The presence o f hyaluronic acid  in  the large capsules o f some stra in s  
was demonstrated independently by Carter and Bain ( 1960) 3 ^  V irulent 
stra in s might lo se  th e ir  capsular m aterial a fter  continued subculture on 
a r t i f i c ia l  media.

Properties o f the capsular antigen suggested th at i t  was a high  
molecular weight ac id ic  polysaccharide.

Capsular antigen was free  from endotoxic a c t iv ity . Capsular 
antigen was stab le  when b o ilin g  for 10 minutes (m in.) or autoclaving a t  
121 c  for 10 min.
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No e f fe c t s  o f d igestion  were d iscern ib le  when the antigen was 
digested  with pronase. Capsular antigen was d isso lved  in  0.05 M. 
t r i s  -  a c e tic  b u ffer, pH 3 .0  to a concentration o f 10 m illigrams per 
m il l i l i t e r  (mg/ml). Pronase (2 mg/ml) was added and the mixture was 
incubated a t 37 "c for 13 hours (h r).

Separation o f the capsular antigen and endotoxin from sa lin e  
extracts o f P. multocida type B was achieved by fra c tio n a l p rec ip ita tio n  
from aqueous so lu tion  by addition  o f polar organic so lv en ts . B io lo g ica l 
t e s t s  for the presence o f endotoxin shew that i t  was absent from capsular 
antigen preparation so obtained. The so lvent fra ction ation  method was 
found to be equally  applicable to separation o f capsular antigen and 
endotoxin o f p. multocida type E.
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