Pasteurella multocida is a gram-negative bacteria.

and Wilson but

pasteurell focids
employed and has™ Been. give Qﬂbusch and Merchant

since 1939. Th rilds wfrom the Latin meaning

many-killing,i @fF € for\.1 \ pecies of animals(1l).
The organism -\\e of an infectious
disease "pasteuf :i‘   ', \fuund world-wide in

human, animals cases of human

infections have ughout the world. It is
apparently often ovié; Jggﬁf pathogen (2). The failure
to diagnosg- ult a nfection orrectly is most
commonly e N gram stained smears
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or inadequate ahoratnryridentlflcat on techniques (3,4).

On the ﬂ,ﬂmﬂﬂlﬂiﬁtwm ﬂeﬁ as fowl cholera

in turkef#8 and poultﬁy and hemnrrhagic septicemia in
o QTR R FRILAAD FRGHY vecouse o
their! economic and veterinary importance (5). The diseases
in animals may be sporadic or occur in an outbreak leads
to economic losses and the difficulty in controlling and

prevention.



According to the first edition of Bergey's
manual of svstemic bacteriology 1984 (6), P. multocida has

5 of facultatively anaerobic

/at.eurellaceae.'fhere are 3
@ Haemophilus and

jetics distinguish them
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oxidase positive “‘-‘hqtg“‘ differe jation among genera

been classified in

gram-negative rods, famil
genera in this

Actinobacillus.

from each othe ‘species are usually

is easily pé Mon (7).

Genus into 6 species : P.

multocida, P. phe P. ureae,
P. aerogenes, and _:f-r'”% - The differential
chnracteristihs ng speci hown in table 1.
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tissues. Strains from healthy animals are often
pleomorphiec with longer bacilliary forms and occasional
short filaments.

The basic structure of the surface layers of P.

multocida resembles other gram negative bacteria (Figure 1)



Table 1 Differential characteristics of the species of the

genus Pasteurella®

1P 2.P. 3.p. 4.P. 5.P. 6.P.
Characteristics multocida haemo- ureae aerogenes gallinarum

Hemolysis ( )

Growth on

MacConkey's agar + -
Indole production - =
Urease activity + -
Gas from

carbohydrates + -
Acid production

from:

Lactose ,i n - -

Mannitol i . = o + - -

. J 11l d
a = Data Irn:uk;rter (7). Forgsymbols s atandard de itions.
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It possesses a capsule of polysaccharide or, less often, a
capsular matrix of glvcoprotein that overlays the
bacterial cell membrane or cell wall (8). The cell
membrane is composed of an inner and outer portion. The

former consists of the ell cytoplasm and cytoplasmic

membrane, and th up of a complex

trilamiﬂar structm -8 f . cans, lipoproteins and
prhospholipids gides. The capsular
material is as a component of
somatic antige specific when
appropriate me ping.

P. mu
acid which

capsular hyvaluronic
by testicular and

bacterial hyaluro Lapsule of type D contains

N.acetyl glugoss h aggregates with 0.1%

acriflavine hkfj— ——The CEpSules Of 1 _'B and E are small.

They contain Bra ari& and LPS but no

hyalumn}i%:ﬁtﬁﬁ-:m E,Lmﬁ:w S bl aditocads’ produse

capsules of wvarying Jizes whimh can be degmonstrated by
et B IR N BARY (0. mer
are frequently lost after several subcultures (7). The
capsules of type A are thicker than those of type D, B and
E. The average thickness of the type A capsular layer is
65 nm and that of the type D capsule is 20 nm (15).

Encapsulated strains of P. multocida are virulent for mice,



rabbits and some other animals but a mutant uncapsulated
strains are almost avirulent (16).

Colonies on blood agar (7) are non-hemolytic but
produce a brownish discoloration in regions of confluent

growth. They also produc distinctive smell of value in

recognition when agar. Colonies on media

without blood ame g @our variants : mucoid,
ﬁ
. \\\ e routine media for

-scent (grey or blue)

or infrequent®y can not grow on

MacConkey or
primary isola baceteria.
y=t, non-spore forming

and non-motile ‘between 25 C and 40 C

but optimum tempe aiﬂu';rf. lost avian strains and a
few others _grow 'L!%ﬂf“14_ se is positive and almost
always nxidaﬁy; E’ duced to nitrites.

Gelatinase ig n

iﬂe negative. Lysine
decarboxylase arginine gdihydrolase are not produced.

Drn1th1neﬂ uﬂbgmg w j w‘gq ﬂ’ﬁ“‘"’ 4 SRy e

facultativelv anaerobi€. Glucoge and other fermentable

comthutte | 0L Lokl Y DB EEL R ot acsa wue

usually no gas. P. multocida biotypes can therefore be
classified by means of their fermentation reactions
(18,19,20). Other bacterioclogical characteristics are

shown in table 2Z.



Table 2 characteristics of Pasteurella multocida (17)

Nutrient broth with 6% NaCl =

Test performed Signs x o+
Morphology short rods
Motility non-motile
Gas from glucose [ =1 o
Action on bloed v
Fermentative or oxidative [ F ]
Carbohvdrate base F
Acid from
Glucose 100
Xvlose 67
Mannitol 78
Lactose 8
Sucrose 100
Maltose 2
10% Lactose 8
Catalase 98
Oxidase a7
Growth on :
MacConkey 2
58 0
Simmon Citrate 0
Urea chriu; nSen 0
Nitrate re 99
Gas from nit: 0
Indole ‘ 589
TSI slant, ac d a8
TSI bu 99
s n—ﬁ ﬁﬁl?ﬂﬂﬂﬁwmﬂi 0
Hz S lPh paper) 76
1
"ﬂ‘m Nﬂim um'mma el o
fatin hydrolysis * o
Litmus milk - 3A
Growth at :
25 ¢ * 91
35 c + 99
42 ¢ v 3z
Esculin hvdrolysis - 1]
Lysine decarboxylase - 0
Arginine dihydrolase i 1]
Ornithine decarboxylase [ +1 94
Nutrient broth without NaCl v 68
2




P. multocida is susceptible to penicillin and other
antimicrobial drugs for gram-negative bacteria such as
Ampicillin,tetracyvcline,chloramphenicol,and cepholosporins
(3). However, susceptibility testing of isclates should

always be performed since strains of P. multocida vary . in

susceptibility to qha*u‘x ic agents (21). Penicillin-

dgescribed in a few human

L

strains (24).

resistant strainz~;;37-

cases (22,23) a

in water for 7 to 25
days and in s ‘ ‘_;‘” ‘.  (25). In carcasses of

fowl, the organi up to 60 days (25). It

is killed by exposur sunlight for 10 min (3).

It has beentf = upper respiratory

V=

tract of pecﬂ_&

and in patiengp with «ch ic pulmonary disease (27).

omwnﬂug.@ngw@wm@@ﬂ %

well patients without¢ underlying chronig, pulmonary or

sind ek @ﬂmmmawmmﬂ from the

digestive svstem or respiratory tract of domestic cats and

"xqgsad to animals (26).

dogs, rats, mice, rabbits, cattles, sheep, swine,
reindeer, horses, monkeys, buffaloes and lions (3). In the
oral cavities of 70-90% of cats and 50-60% of dogs are

found to harbour this organism (28,29).



Most human infections result from direct
inoculation via bites or scratches,however animal exposure
in the absence of bites or scratches may cause of
infections if P. multocida is inhaled through indirect

contact with animal secretions (30). Deposits of the

organism on skin injury’ ‘ot | ¥icking on a mucosal surface
= in some cases. Males

'*L::g e very young (0 to 4

\
AN

contaminated foge " ¥ ; \\\ licated as a source of

£255 wvears) have higher

attack rates oups (2). Human to

human spread of documented, nor has

infection (3).
P. m .-,v{aﬁgyyf l Pper respiratory tract of
or turkey but P. multocida

from infect:-n‘w~rv—“;~—j:——~~::;;::__1; ia excretions from
the nose or uﬁ uf? rom birds with fowl
g f i

rabbits and mice (5).

. £ _ —I‘if’,"‘
human he1ng_1s notﬁﬁﬁ{f'ﬁu

cholera will k111

Cnlnmzaﬂau Ej:q ‘ﬂ.ﬂ ‘wéﬁ w Bﬂﬁ% of the upper

resplrato tract of ‘carrler animals pla&g an important

o1d| W}G\%ﬂ‘ﬁeﬁh} $1 9% THH FiBerion (s

Secre ions or discharges from infected animals are usually

usually

transmitted to other susceptible animals (31,32,33)
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4. eure infec

4.1 Human pasteurellosis
P. multocida is a common cause of infection

following animal bites or scratches which are mostly

caused by cats or 134). causes the typical

SN/
clinical manifestat of" loping cellulitis at the

site of injury. THE dibfec 1::-%1&1&11? dangerous and

can cause a _@rosf 3z Jaw- stion of deep tissues and

septicemia | be isolated as a

commensal or \tory tract of patients

with underlyingfp ut serious respiratory

empyema and lung

tract infectio umonia,

abscesses may ocida often acts as an

opportunistic yjses bacteremia in patients

with livexsSdysTun n septie “eathritis in damaged

Y]

Fw ng and elderly and
i

pulmonary colonization nr invasion in patients with
o

underly;ﬂ uﬁQﬂﬁ‘n ?w mﬂﬁl ities. Domestic

animals Yre a pntentlﬁ} threat ta patlents with cirrhosis

ﬂspﬁ}lﬁfﬂ AATFIR SMQ IR G s ocours

(34, El. The incubation period is uncertain but a short

Joints, men “

incubation period is suggested by the patients who
developed peritonitis after endoscopy and a prolonged
incubation period has been suggested in a patient who was

bitten by a dog 5 months before developing peritonitis (37).
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Some patients develop peritonitis with septicemia
subsequent to infection. However, cases with septicemia
without peritonitis have also been described (38,39,40).
Isolation of identical biotypes from both animal and
patient in the case of animal exposure suggests that the

animal is the source of

P. m pathogen of systemic
infections brain  abscess,
spontaneous bac itenitis atra-abdominal abscess

) and renal abscess

multocida is very

rare, only tw frén st |\ specimens have been

(3), wurinary

(43,44). Inte

isolated (3,44 P wf;_ﬁ,’ :ctions have also been

reported and th DG ';'; ed sepsis due to P.

in many species of

animals and capahle of causing serious epizootic

i“f‘*““i“ﬂ‘EJEl’JVIEJVIﬁWEJ’]ﬂ’i
MINYAY

9 Touaéant has been isolated and proved that P.

multocida was the sole cause of fowl cholera since 1879(47).
The disease usually appears as a septicemic disease associated
with high morbidity and mortality, however chronic or

benign conditions occur often. It occurs sporadically and
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rapidly spreads through flocks of chicken, turkeys, pigeons,
sparrows, ducks, other domesticated and wild fowl (31,48).
Turkevs are more susceptible to infection than chickens
and adult chickens are more susceptible than young (49).
There is no evidence of transmission of fowl cholera

through the eggs Serotvpe A:1 and A:3

are important causes of [ow era (7). Capsular group D
organism has pieved_to & ﬁtla pathogenicity (16)

and group F st ; ary in.pathogenicity in mice and

turkeys (51).

described as nop#

serotype B:4 ey in Texas can cause
2 W\,

fowl cholera in nd. hs 3:1 isolated from a

swan in Califor i 1 fowl cholera in some

turkeys (52).

Emeaae occurs mainﬂ in tropical and
subtrnpiﬂ]ylﬂlﬁrnﬂﬁi ﬁﬁ’[ﬁ in (Asian strain)
and 6:E QJ( ca ive pathogens of

1? 31 ﬁ’ strain) is
not q{ﬂjﬁ mype m omﬂ H septicemia

following infection. Hemorrhagic septicemia is recorded
chiefly in cattle, yaks, camels and water buffaloes.
Hemorrhagic septicemia in pigs is identical with that in

cattle (56) but is now very rare throughout the world
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(57). The disease occurs in outbreak and spread occurs by
the ingestion of contaminated food-stuffs, the infection
originating from clinical normal carrier or clinical
cases, or possible by tick (58) and biting insects. The

organism can be isolated

from saliva and blood stream

during the early and 3'5' f the disease (59).

P. I

a common and important

secondary ons causing many cases

of chronic pment, transport and

crowding of g inclement weather
are predispos

The osfagigh alsofl callsés Pneumonia in goats and
sheep which i l
hemolytica (59).

Laborato

\l d with infection by PF.

infected by P. multocida

both direc i‘i—____'“_* (60)., It is normal

microbial flo}ﬁ of lucogel surfaces (61). and

stress plays & gmajor ra in the infection (60). It is

seneran1f] UiGhk 4ol INBAA T oonse aeen ot

disease 1n rabbits (62,83). Chramic form ofgpasteurellosis
1= LAY ADIUUNLINARE e asreceen
rabbits are often being used in long-term studies which

are at high risk of being terminated by infection (60).
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5. Prevention and control

Pasteurellosis in animals is usually a major cause
of economic losses because of death and the costs of

e of considerable value for

&cine and fowl cholera
---ih

vailable in Thailand.

treatment. Vaccinations

prevention and con
Hemorrha
vaccine are
They are the Biological Products,
Department of ich comes under the
jurisdiction Agriculture and
Cooperative (6
It is accine prepared from 6:B
local strain oxide gel as adjuvant.
Its indicat" agic septicemia in

cattle, huffa s and pe Te ‘wsirw in sheep and goats.

and the o Wtlndatic) 113 WEINT1T

ST Nt b1k jeioh I TU VYT

local strain. The vaccine is used for prevention of fowl

Immunityiarrsisiua& to 6 months dependent on the individual

cholera in birds such as chicken and geese. Immunity
persists for three months, so that wvaccination every
three months is recommended. The efficacy of this vaccine

is 70 per cent dependent on the virulence of an outbreak.
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CU strain is another kind of fowl cholera vaccine.
It is a live vaccine prepared from the Clemson University
strain of an attenuated P. multocida (65). CU strain has
antigenic characteristics of Heddleston serotype 3 and 4

lable in the United States of

: Thailand.
i é specific serotyped

of overcrowding

{66). This vaccine

America but is not be:

Besides

strain, good .-:f"f"n -‘--ﬁ ‘:;;;;ance
should be taken af ac o f

. multocida have evolved

Serologice
over the vears. Lign} studied the serotypes in

order to coj e them'w host specificities (57)

and many isgestigators = ,rfh the serological

methods for !nlassl Cc& and epigootiological studies

:inz quﬂhiﬁﬁ:r s%ralagmal studies
LARIAYAAEYC A b

somatic serotypes. The two systems (67) most commonly used

to serotype isolates of P. multocida are :
a. Carter-Heddleston system

b. Namioka-Carter system

015839
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TABLE 3 Early serological studies on pasteurella multocida (16)
Investigators procedures Results
Cornelius (1929) Agglutination Group I,II,III and IV

_Dchi'119331 Type A,B,C and D

Yusef (1935) Group I1,II,II1 and IV

Rosenbusch and Group I,II and III

Merchant (13
Little and Lyogff Type 1, 2, and 3
(1843)

Robert (1947) Type 1,II,II1,and IV

AULINNINYINg
ARIANTAUNNING A Y



17

Carter syvstem is the procedure for capsular typing
and the result is designated with a capital letter A,B,D
and E.

Heddleston or Namioka system is the procedure for

somatic typing. Although their methods and serotypes are

different, the methods are still

designated with number; type 1-11 for
Namioka's and 7 dleston's. One capsular
serotype may of different somatic
serutjpe#. f (Carter-Heddleston
svstem) or &: svstem).

Carter (8 [fiaf inlrdi . the \IHA test for Capsular
serotyping.The ofga '.;"f‘ I'; \\ =d on the basis of the
substance known igen. These antigens which
deposited on the ells (67), are extracted
from the —‘—_“”‘ at 56 C. They a;re

Qﬁﬁﬁfl? polysaccharides
i

also bel iev&tﬂ te
in nature (69). ¢U ing the IH test, the capsular serotypes

sre crasfleldsd] ’ﬂa‘iﬂ»ﬂ‘% NEISIIg, o o nton

are Rubert s type 111,111 a IV resnﬁftxvely {16).
Tvpgcwq aﬁlm 5& u:w;]iq %Hq a‘l%] strains of
type C are not of a capsular nature in the same sense that
the others are and the titers of the type C sera are
always low (16). Subsequently, serotype E is added. This
serotype has been isolated from bovine cases of hemorrhagic

septicemia in Central Africa (653). Rimler and Rhoades (51)
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has recently found the serogroup F which was isolated
from +turkeys in various parts of the United States.
_an-a-days capsular serotypes A,B,D,E and F are known.
Cross reactions appear to be rare by this procedure in

that isolates fall

.fnly one capsular type (8). The
relationship of capsular serotypes to
diseases is shuﬁ}

Namioks onstrate the slide

atyplng with similar

\‘}}\\\ idescent colonies.

However, thedT wfth j wn and is not being

agglutination

results to

used by an} re
Furthermt 1~ 54 gical test for capsular
tvpe A and D are -4;9{;,ﬁ _ ) but there are no non-

sernlngical'--s ' "‘*ﬂéfff g B and E.

Cari}ﬁf"'“*:' idel’ jEE‘be the methed for

identificatiodgbf P, ‘multoeids tyvpe Al by using a strain of
Staphy lg?ﬁgggg fapreus produging hyvaluronidase enzyme. The
principl ig mﬂmghwegj ::lftlnj depolymerization

ronic acid in fhe capsude b getion of enzyme
mﬁm&mmmmmm&w

growth at the intersection of the two organisms on culture

media.
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TABLE 4 Relationship of the capsular type of Pasteurella
multocida and diseases

Capsular type Diseases

A
condary infections in
animal species.
B e Septicemia of cattle and
bally. (Strains of
N th different somnéic
ade been found)
D ondary infections in
ge of an#mnl species.
E septicemia in cattle in
i ——_ —_— _,d
F m o if;turkeys in the United

. i

Stateslgf America.

INAS
ImTa

MR TN INGA Y

‘o
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Carter and Subronto (11) use acriflavine neutral
in a dilution of 1:1,000 to identify P. multocida type D.
Capsule of type D has N-acetyl galactosaminuronic acid
that its physical characteristic resembles the Vi antigen
of Salmonella tvphi.

acriflavine will

substance when it reacts with

avy flocculant precipitate
which becomes in. After 30 min, it
settles and ledVE atant.

Heddleston et al (73)
f P. multocida. Both

ways, i.e. their

Ha@inké
have studied
groups extract thi
antigens are o -:;33 p}, \ amioka's antigen |is
the residue lef \ acid treatment, which
is proposed to be a St y of the 0 somatic antigen
AFd). - By Sdng he  ’a ingtion test, these 0
somatic anf&iﬁL___“_A‘frr VVE‘;ntn 11 groups.

More than Iﬂ serotypes have eeﬂest&blish&d when the

Q13 121 i S
MY R KTV 135l 101

LPS component. (74). Further study of Brodgen and Reber
(76) reveals that LPS is a major component of the heat-
stable antigen responsible for the type specific. This
antigen is extracted from whole cells by heating for 1 hr

at 100 €. Using the GDPT, the antigens are classified



21

into 16 different types designated as type 1-18 (73,76).
One strain may possess more than one serotype dependent on
its antigenic complexity.

Prince and Smith(77,78,79)have studied the serotype

of P. multocida on he basis of Ouchterlony's gel

precipitation and phoresis. They state that

, haride and adsorbs to
-—--i.

e st. ot —Complex is

probably a pelys &5%&%\- omplex and closely

'\\?\ ach has one or more

AN
\

p—antigen is types

red cells in, Porter’

adherent to munogenic. J-Antigen
is the LPS
different Namioka's

antiéenic detegiili ¥ - _ g-tt

O or somatic sepd

ts throughout the world on

P. multocida from animals. Several
researchers:éfFEEE?TiTTTT’_"=;Z:f:E;; for preparing the

vaccine in i@der .

animals.Howevergthere are not,many reports on P. multocida

sorotspeflibbiihad DAY, C—

Carter syatem to determine the serotype ofypatients. They

ol B Tehed Gl 110 s B ke ana rouna

that antisera against capsular antigen was 20 to 2560 and

aﬁ gsame disease in the

5 to 640 against somatic antigen within 2 weeks after the
first clinical sign. Carter (81) state that capsular
serotypes of human are type A and D, however, untypable

strains are reported as well.In additien, Blackburn et al
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{82) state that human somatic serotypes are serotype 1;3;

3,4; 4; 6; 4,12; 12 and 13..Dn13 one case of P. multocida

infection in human has been reported in Thailand. The

serotype of P. multocida from this iseoclate has not

been performed (4). In addition, only two reports of

capsular serotypes published in many animals

tested (83,84).

analyses of cell

Over
surface proteiyg bacilli have been
studied. The pro that nearly half of
the mass of the is protéin (85). Most
proteins are thﬂuiiégﬁg&ﬁ;' ted in the outer membrane,
although e __are nd ———in the—3n cer membranes and the
cytoplasm {B

SDS-PAGE 15 one of the most w1dely used techniques

for the ﬂ%gi’}ﬂn Hﬂnﬁiw Ejf'];ﬂ;fjms and peptides

(88). Thigutechnique ha% the advantages of hlEh rnsolutlnn
~ARIGANTUIINGAR Y. e o
size f the gel can be controlled by the percentage of the
acrylamide and polymerizing agents used to make up the
gel. The lower the percentage polyacrylamide gels are, the
larger the pore sizes will be. The lower percentage gels
are suitable for the separation of the compounds with

higher molecular weights or vice versa (89).



23

The principle of protein analysis by SDS—PAGE is
based on the interaction between SDS and proteins. In the
present of 2-mercaptoethanol and SDS, proteins are
dissociated into polypeptide chains and bound with a

constant ratio (W/V) of SDS. The overwhelming negative

charge provided bs coating makes any charge

contributed by ible, and seperation is
therefore dep size of the protein.
Thus, the si chains of a given
protein can ' / ddternin : Y comparing their
eletrophoreti to the mobilities of

marker proteig ixed and stained with
Coomassie llalue 90 51) o }? ) .
SDS-PAGE i’:r--;';:'f huous buffer is used by

Laemmli for study the protein of bacteriophage

T4(92). His :;m ¥ investigatorﬂ to

determine thﬂ m LPS of gram-negative

g

bacilli, such ag t.ut:h,lr on g oli outer membrane protein

oo wfl LA RHNTHY NS cons areeto

(94). The menhrane prot#éins of Pe multocida, have also been
stuama aﬁ nsmuew&‘;nﬂ Qtalﬂave studied
the cell surface prntein (95) and membrane protein and LPS
patterns (96) of P. multocida strains that caused atrophic
rhinitis in swine. According to these stuéies, they state
that the protein profiles of cell envelope or cell

membrane show distinct protein patterns with specific
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pyntein band that may respond for protective antigen when
further study has been done.Lee et al(97)have investigated
the membrane protein of CU strain and other P. multocida
serotype 3,4 strains by using the lysozyme treated cells

for sonication. This studsy geveals that different protein

patterns of the macffii

the P. mu

As ntification of human

pasteurellosi ,l \u Most bacterioclogists
are unfamiliar &:J and many identify it
something else. For & M,a study of the hacteriu}a-
gical charasteriStics wil. n dmprovement in the

jdentificatil 5’_ﬁ_mm"_~“"'”' .;’

It is ell now ':-':erut-@=ng is the usefulness

;;:::aﬁma B3
M) MR 1 VN L

cattle or pigs (31). In Asian countries, serotype 6:B

(Asian strain) causes hemorrhagic septicemia in cattle but
serotype 11:B (Australian strain) does not, even though
they possess the same capsular serotype. If there is any

study on P. multocida serotypes in human and animals in
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Thailand, it should be the documentation of human and

animal serotypes.

Furthermore, SDS-PAGE is a valuable technigue in
the study of the protein profiles of cell envelope or cell

membrane proteins of plicroorganisms. Earlier studies

reveals that-diff? 1 datterns among strains may
be obtained if J@;ﬁ"; meTHOAS are used to extract the

proteins. For whole cell snnicated

extracts of P. nm m human and anlmals

AN

\QS? --d:tlnnnl information
The P wlm ' - .-‘7 ‘. - =
the characterizatfon. ot~ P *\ cida

basis of :

are studied,
about these stra,
| herefore focused on
isolated from human
and animals in Thﬁil
1 ;ﬁﬂ'v ics

2. Stfﬁ'hwwﬂ

r&JtEr-Heddlestan

2 ﬁﬂﬁ‘ﬁﬂﬂﬁlﬁ R
QRININTAUNMINYIAD
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