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808 e SECTION Il Bacterial Diseases

Renaull, Reynal, and Delafond demonstrated its transmissi-
bility to various species by inoculation. In 1877 and 1878,
Perroncito of Ttaly and Semmer of Russia observed in tissues
of affected birds a bacterium that had a rounded form and
occurred singly or in pairs, In 1879, Toussaint isolated the
bacteriom and proved it was the sole cause of the disease (52).

Pasteur (126) isolated the organism and grew pure culftures
in chicken broth. In further studies, Pasteur (127, 128) used
the FC organism to perform his classic experiments in atienu-
ation of bacteria for use in producing immunity. Salmon (1353)
appears to have been the first to study the disease in the
United States. A good description of disease signs was
reported, however, as early as 1867 in Iowa, where losses of
chickens, turkeys, and geese had occurred (4).

Etiology

Classification

Fastenrellu multocida is the causative agent of FC. When
pronouncing multocida, the accent should be on the “¢i®
(16) rather than on the “to” as given in the 7th and 8th
editions of Bergey's Manual. In the past, the bacterium has
been given many names, including Mierococeus gallicidus,
1883; M. cholerae gallinarum, 1885; Octopsis cholerae galli-
narum. 1885; Bacterim cholerae gallinarum, 1886; Bacilly
cholerae gallinarum, 1886; P cholerae-gallinarum, 1887;
Coccobaciflus avicidus, 1888; P avicida, 1889: Bucterium
multicidun, 1899; P aviwm, 1903; Bacillus avisepticus., 1903;
Bacterium avisepticunt, 1903: Bacterium avisepticus, 1912:
and P aviseptica, 1920 (16, 19).

For a while, each isolate of B multocida was named accord-
ing to the animal from which it was isolated, such as P avicida
or B aviseptica, P. nuwricida or P ninriseptica. In 1929, it was
suggested that all isolates be referred to as P septica (170),
This name was used mainly in the United Kingdom and can
be found in recent literature. Pastewrella multocida, proposad
by Rosenbusch and Merchant (151), is now accepted as the
official name in Bergey’s Manual and is used exclusively
throughout the world.

Morphology and Staining

P nudtocida is a Gram-negative, nonmotile, nonspore-form-
ing rod oceurring singly, in pairs, and occasionally as chains
or filaments. It measures 0.2-0.4 % 0.6-2.5mm but tends to
become pleomorphic after repeated subculture, A capsule
can be demonstrated in recently isolated cultures using indi-
rect methods of staining (Figure 19.1). In tissues, blood, and
recently isolated cultures, the organism stains bipolar
(Figure 19.2). Pili have been reported (49, 135).

Growth Requirements

F multocida grows aerobically or anaerobically. The optimal
growth temperature is 37°C. The optimal pH range is 7.2-7.8,
but growth can occur in the range 6.2-9.0, depending upon
composition of the medium. In liquid media, maximum
growth is obtaied in 16-24 hours. The broth becomes cloudy,

Figure 19.1. Electron photomicrograph of Pasteurefia multocida-
encapsulated cell (C) and nonencapsulated cell (N) suspended in
India ink. x19,000.

and in a few days, a sticky sediment collects. With some iso-
lates, a flocculent precipitate occurs.

The bacterium will grow on meat infusion media; growth
is enhanced when the medium is enriched with peptone,
casein hydrolysate, or avian serum. Blood or serum from
some animals inhibits growth of P multocida. Inhibition is
greatest [rom blood of horses, cattle, sheep, and goats; blood
of chickens, ducks, swine, and water buffalo has little or no
inhibitory action (152). Several selective media for isolation
have been described (27, 28. 44, 99, 111, 160). Chemically
defined media have been described by Jordan (92). Watko
(167), Wessman and Wessman (169), and Flossmann et al.
(42). Berkman (8) found that pantothenic acid and nicotina-
mide are essential for growth. Dextrose starch agar with 5%
avian serum is an excellent medium for isolating and growing
P multocida,

Colonial Morphology and Related Properties

Colonial morphology observed with obliguely transmitted
light is one of the most useful characteristics in the study of P
multoeida. On primary isolation from birds with FC, colonies
may be iridescent, sectored with various intensities of irides-
cence, or blue with little or no iridescence (Figure 19.3).
Iridescence is related to the presence of a capsule. The term
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FC and fowl typhoid or fowlpox were concurrently present,
chloramphenicol treatment was not successful (81). A
chloramphenicol-dexamethasone-pyribenzamine combina-
tion was used successfully with vaccination in treatment of
FC in breeding turkeys. Respiratory problems, which occurred
1 week after the initial outbreak, responded readily to IM
administration of this drug combination (51). Water-soluble
erythromycin at the rate of 11b/50 gallon of drinking water
halted mortality in 12wo flocks of Muscovy ducklings infected
with P, multocida (62). Fluoroquinolones are used successfully
to treat FC. Pasteurella multocida isolates from poultry are
typically highly susceptible to fluorequinolones (47),
Antibiotics used in rations at very low levels for promotion
of growth, according to the experiments of Dorsey and
Harshfield (36), did not significantly influence the course of
FC infection in inoculated birds. At therapeutic levels, birds
that received penicillin and streptomycin in feed died at about
the same rate as controls, No deaths occurred in groups that

received sulfaquinoxaline or sulfamerazine, These workers *

also found oxytetracycline and chlortetracycline effective in
preventing mortality in experimental FC in a small flock of
laying birds; mortality was 80% in an untreated group com-
pared with 12% in a group receiving mash containing oxytet-
racycline at the level of 500gfton. In 6 naturally occurring
outbreaks, oxytetracycline at this level in feed checked mortal-
ity, but losses returned in 3 flocks after withdrawal of the
antibiotic,

Prevention and Control

Management Procedures

Prevention of FC can be effected by eliminating reservoirs of
P. multocida or by preventing their access to poultry flocks.
Good management practices, with emphasis on sanitation,
are the best means of preventing FC. Unlike many bacterial
diseases, FC is not a disease of the hatchery. Therefore, infec-
tion occurs after birds are in the hands of the producer, and
consideration must be given to the many ways that infection
might be introduced into a flock.

The primary source of infection is usually sick birds or
those that have recovered and still carry the causative organ-
ism. Only young birds should be introduced as new stock;
they should be raised in a clean environment completely
isolated from other birds. Isolation should be extended to
housing. Unless separate houses can be provided for first-
and second-year layer flocks, the older flock should be
marketed in its entirety. Different species of birds should not be
raised on the same premises. The danger of mixing birds from
different flocks cannot be overemphasized. Farm animals
(particularly pigs, dogs, and cats) should not have access to
the poultry area. Water fountains should be self-cleaning,
and feeders should be covered to prevent conlamination as
much as possible.

P, multocida has been recovered from many species of free-
flying birds and warrants consideration as source of bacteria
to poultry; wit measures should be taken to prevent their

association with the flock. Raising (urkeys in areas where FC
Is a serious problem may warrant their confinement in houses
from which free-flying birds, rodents, and other animals can
be excluded. If an outbreak of FC occurs, the flock should be
quarantined and disposed of as soon as economically feasible.
All housing and equipment should be cleaned and disinfected
before repopulation.

Vaccination

Vaccination should be considered in areas where FC is preva-
lent, but it should not be substituted for good sanitary prac-
tice. Commercially produced bacterins and live vaccines are
available. Bacterins usually contain whole cells of serotypes I, 3,
and 4 emulsified in an oil adjuvant. Because a bacterin will
not provide protection against an FC challenge from a sero-
type not contained in that bacterin, an autogenous whole-cell
bacterin containing a locally isolated strain other than sero-
types 1, 3, of 4 may be used (63). The choice of adjuvant
for an autogenous vaccine can be water-in-oil emulsion or
aluminum hydroxide (9). Autogenous baclerins using aluminum
hydroxide as the adjuvant are useful for the vaccination of
turkey breeder or brailer breeder flocks that are in lay because
the water-in-oil emulsion, in combination with the whole
bacterial cell, results in a significant tissue response by the
bird. This response can result in significant declines in egg

_ production. The negative effect on egg production is less with
-‘aluminum hydroxide adjuvant whole-cell FC bacterins. It has

been well documented that aluminum hydroxide bacterins do
not stimulate the immune response as well as water-in-oil
bacterins (69, 107). Therefore, if an aluminum hydroxide
bacterin is used, revaccination may be required to afford
inmmunity to a flock for an entire laying cycle.

Three live vaccines available for use in the United States are
CU, a strain of low virulence; M-9, a mutant of CU with very
low virulence; and PM-1, a mutant of CU intermediate in
virulence between CU and M-9. Vaccination of chickens and
turkeys with these live P multocida vaccines induces protec-
tion against heterologous serotype challenge, The use of live
FC vaccines stimulates an effective immune response but has
the disadvantage of potentially resulting in mortality in the
vaccinated birds (I1). If the mortality post vaccination
becomes excessive, it can be reduced by the administration of
an antibiotic. This should be avoided, if possible, until at least
4 days post vaccination when there will be at least partial
immunity induced by the vaccine (123).

When considering the most appropriate vaccination program
for FC, the following should be taken into consideration:
prevalence of FC in the area, most prevalent serotypes of
P multocida in area, age of birds to be vaccinated, and the
value of the birds to be vaccinated (i.e., breeder turkeys vs.
commercial turkeys or parent chicken breeders vs. grandparent
chicken breeders). There have been many successful vaccina-
tion protocols for chicken breeders against FC. Bacterins, live
vaccines, or both are used, and usually 2 doses are given; the
first at 8-10 weeks of age and the second at 18-20 weeks of
age. Protection occurs only against serotypes contained in the
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“C and fowl] typhoid or fowlpox were concurrently present,
‘hloramphenicol treatment was not successful (81). A
‘hloramphenicol-dexamethasone-pyribenzamine combina-
ion was used successfully with vactination in treatment of
*C in breeding turkeys. Respiratory problems, which occurred

week afler the initial outbreak, responded readily to IM
idministration of this drug combination (51). Water-soluble
srythromycin at the rate of 11b/50 gallon of drinking water
1alted mortality in ©2wo flocks of Muscovy ducklings infected
with P mudtocida (62). Flnoroquinolones are used successfully
o reat FC. Pasteurella multocida isolates [rom poultry are
ypically highly susceptible to fluoroquinolones (47).

Antibiotics used in rations at very low levels for premotion
of growth, according to the experiments of Dorsey and
Harshfield (36), did not significantly influence the course of
FC infection in inoculated birds. At therapeutic levels, birds
‘hat received penicillin and streptomycin in feed died at about
‘he same rate as conlrols. No deaths occurred in groups that
eceived sulfagninoxaline or sulfamerazine. These workers
1lso found oxytetracycline and chlorietracycline elfective in
sreventing mortality in experimental FC in a small lock of
aying birds; mortality was 80% in an untreated group com-
pared with 12% in a group receiving mash containing oxytel-
racycline ar the level of 500g/ton. In 6 naturaily occurring
autbreaks, oxytetracycline at this leve] in feed checked mortal-
ity, but losses returned in 3 flocks after wilhdrawal of the
antibiotic,

Prevention and Control

Management Procedures

Prevention of FC can be effected by eliminating reservoirs of
P, mulrocida or by preventing their access to poultry flocks.
Good management practices, with emphasis on sanitation,
are the best means of preventing FC. Unlike many bacterial
diseases, FC is not a disease of the hatchery. Therefore, infec-
tion occurs after birds are in the hands of the producer, and
consideration must be given to the many ways that infection
might be introduced into a Nock.

The primary source of infection is usually sick birds or
those thal have recovered and still carry the causative organ-
ism. Only young birds should be introduced as new stock;
they should be raised in a clean environment completely
isolated from other birds. Isolation should be extended 10
housing. Unless separate houses can be provided for first-
and second-year layer flocks. the older flock should be
marketed in its entirety. Different species of birds should not be
raised on the same premises, The danger of mixing birds [rom
different flocks cannol be overemphasized. Farm animals
(particularly pigs, dogs, and cats) should not have access to
the poultry area, Water fountains should be sell~cleaning,
and feeders should be covered to prevent contamination as
much as possible.

P multoeidy has been recovered from many species of, free-
[ying birds and warrants consideration as source of bacteria
to poultry; wil measures should be taken to prevent their

association with the flock. Raising turkeys in areas where FC
is & serious problem may warrant their confinement in houses
from which free-flying birds, rodents, and other animals can
be excluded. I an outbreak of FC occurs, the flock should be
quarantined and disposed of as soon as economically feasible.
All housing and equipment should be cleaned and disinfected
before repopulation.

Vaccination

Vaccination should be considered in areas where FC is preva-
lent, but it should not be substituled for good sanitary prac-
tice. Commercially produced bacterins and live vaccines are
availuble. Bacterins usually contain whole cells of serotypes 1, 3,
and 4 emulsified in an oil adjuvant. Because a bacterin will
not provide protection against an FC challenge from a sero-
type not contained in that bacterin, an autogenous whaole-cell
bacterin containing a locally isolated strain other than sero-
types 1. 3, or 4 may be used (63). The choice of adjuvant
for an autogenous vaccine cun be water-in-oil emulsion or
aluminum hydroxide (9). Autogenous bacterins osing aluminum
hydroxide as the adjuvant are useful for the vaccination of
turkey breeder or broiler breeder [ocks that are in lay because
the water-in-oil emulsion, in combination with the whole
bacterial cell, results in a significant tissue response by the
bird. This response can result in significant declines in egg
production. The negative efTect on egg production is less with
aluminun hydroxide adjuvant whole-cell FC bacterins, It has
been well documented that aluminum hydroxide bacterins do
not stimulate the immune response as well as water-in-oil
bacterins (69, 107). Therelore, if an aluminum hydroxide
bacterin is used, revaccination may be required to afford
immunity to a flock for an entire Jaying cycle.

Three live vaccines available for use m the United States are
CU, a strain of low virulence; M-9, a mutant of CU with very
low virulence; and PM-1, a mutant of CU intermediate in
virulence between CU and M-9. Vaccination of chickens and
turkeys with these live £ nmultocida vaccines induces protec-
tion against heterologous serotype challenge. The use of live
FC vaccines slimulates an effective immune response but has
the disadvantage of potentially resulting in mortality in the
vaccinated birds (11). If the mortality post vaccination
becomes excessive, it can be reduced by the administration of
an antibiotic, This should be avoided, if possible, until at least
4 days post vaccination when there will be at least partial
jmmunity induced by the vaccine (123),

‘When considering the most appropriate vaccination program
for FC, the [ollowing should be taken into consideration:
prevalence of FC in the area, most prevalent serotypes of
P multocida in atea, age of birds to be vaccinated, and the
value of the birds to be vaccinated (i.e., breeder turkeys vs.
commercial totkeys or parent chicken breeders vs. grandparent
chicken breeders). There have been many successful vaccina-
tion protocols fox chicken breeders against FC. Bacterins, live
wvacgines, or both are ysed, and usually 2 doses are given:-the
first at 8-10 weeks of age and {he second at 18-20 weeks of
age. Protection occurs only against serolypes contained in the
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bacterm and does not give solid immunity for an entire laying
cycle. Some of the more commonly used vaccination pro-
grams consist of administering a live vaccine in the wing web
al 10-12 weeks of age followed by either another live vaccine
in the wing web or a baclerin at 18-20 weeks. Vaccination
with live vaccine provides protection against multiple sero-
types, but the vaccine can cause chronic FC. The use of a
bacterin at 10-12 weeks and a live vaccine at 18-20 weeks, just
prior to movement to the laying house, gives protection

against mulliple serolypes and minimizes live vaccine-induced
chronic FC (79).

One of the most successful programs for vaccination of
both breeder turkeys and commercial meal turkevs is Lhe use
of a live vaccine in the drinking water every 4 weeks beginning
at 6-8 weeks of age and continuing for the life of the Mock.
Bacterins also can be used in breeder turkeys. They are vacci-
nated 2-5 times before the onset of egg production, with the
first vaccination beginning at 6-8 weeks.

Riemerella anatipestifer Infection

Jaime A. Ruiz and Tirath S. Sandhu

Introduction

Definition and Synonyms

Rienterefla anatipestifer (RA) infection is a contagious disease
of domestic ducks, geese, turkeys, and various other domestic
and wild birds. It is also known as new duck disease, duck
septicemia, anatipestifer syndrome, anatipestifer septicemia,
and infectious serositis. In geese, RA infection has been
called goose influenza or septicemia anserum exsudativa (49).
It occurs as an acute or chronic septicemia characterized
by fibrinous pericarditis, perihepatitis, airsacculitis, caseous
salpingitis, and meningitis. Riemerefla columbing (RC), a simi-
lar organism to RA, has been isolated rom clinically diseased
pipeons {69).

Economic Significance

R anatipestifer mfection is a major disease confronting the
duck industry worldwide. It accounts for significant economic
losses due to high mortality, weight loss, condemnations,
downgrading, and salvage. Prevention and control programs
consist of diagnosing the infection, vaccinating at-risk flocks,
and treating the disease, which all add to the production cost.

Public Health Significance
The disease has no public health significance.

History

R. anatipestifer inlection was [irst described in 1932 in Pekin
ducks from 3 farms on Long Island, New York (33). The
teport referred to a new disease which became known in the
area as the “new duck disease”. The disease was [irtst observed
in 7- to 10-week-old ducks with about 10% mortalily and later
spread to younger ducklings of about 3 weeks of age. Six years
later, the disease was observed in ducks from a commercial
farm in Dlinois and was reported as “duck seplicemia™ (23).
Dougherty and colleagues (18) gave the discase the designa-
lion “infections serositis” after a comprehensive pathologic
study. Leibovitz (48) recommended the term R anaripestifer

nfection Lo identify the disease as being caused specifically by
R anatipestifer and to differentiate it from other infections
with similar pathology. Riemer (66) described a similar disease,
septicemia anserum exspdativa, found in geese. The causative
agenl, Pasteurefla septicaemiae, is identical 1o RA based on
reported characteristics (35, 8§1).

Etiology

Classification

In 1932, Hendrickson und Hilbert (33) isolated and character-
ized the causative bacterium of RA and called it Pfeifferelia
anatipestifer. Bruner and Fabricant (10) studied and com-
pared its characteristics with those of Brucella, Pasteurella,
Moraxella, Actinobacillus, and Haemophilus, concluding that
the orgarusm had more in common with Moraxella sp. They
subsequently suggested the name Moravello anatipestifer.
Therealter, it was listed in the 7th edition of Bergey’s Manual
of Deterntinative Bacteriology as Pastewrella anatipestifer (8),
Based on its uncertain taxonomic status, RA was placed as
species ieertee sedis in the 8th (81) and 9th (52) editions of
Bergey's Manual of Systematic Bacteriology.

Comparing its DNA-base composition, DNA-DNA
homology, and cellular fatty-acid profile indicated it should
be excluded from the genus Moraxella as well as Pasteurella
(5, 52). Piechulla et al. (63) suggested that RA be transferred
to the FlavobacteriumiCytophaga group on the basis of its low
but significant DNA binding and ability to produce menaqui-
nones and branched-chain fatty acids. Subsequently, Segers
et al. (80) reported significant differences between RA and
its close genotypic relatives Flavobacteritim and Weeksella.
They suggested placing this organism in a separate genus,
Riemerella, in honor of Riemer (66), who first described the
disease “seplicemia anserum exsudativa™ in geese in 1904,
They ultimately named it Riemerefla anatipestifer on the basis
of a DNA-ribosomal RNA hybridization analysis, its protein
and falty acid methylester (FAME) profiles, and its pheno-
typic characteristics such as lack of pigment production and
presence of respiratory quinone, menaquinone 7.
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