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'SUMMARY

The condition known as shipping fever was a severe
source of financial loss to the beef industry in North
America, where it was regarded as being a disease in which
stress or viral infection preceded ‘a severe pneumonic
pasteurellosis. In Britain, a similar disease, transit
fever, was recorded but no extensive research had been
conducted into the condition.- |

in these studies 29 incidents of acute respiratory
disease, described as transit'fever, were investigated in
single-suckled calves, 24 of these were in recently housed
single suckled calves and five in single suckled calves at
foot with.their dams.  All the incidents occurred within
24 days of housing, irrespective of whether they were home-
bred or purchased'ahd all but one of the incidents occurred
between dctobe: 1l and December 31. In 20 of the incidents
in weaned calves the disease was cohfirmed on clinical,
microbiological and pathological grounds as a pneumonic
pasteurellosis. Pasteurella haemolytica Al was recovered

from slaﬁghtered,clinical cases of the disease in 18 of
these incidents. The four other incidents which presented
clinically as transit fever could not be confirmed as
pneumonié pasteurellosis on either microbiological or
pathological grounds.. The five incidents in single-
suckled calves at foot were all'confirmed as pneumonic
pasteurellosis, three- associated with P.haemolytica Al and

two with P.haemolvytica T1O. Diagnosis of pneumonic

pasteurellosis was based on the clinical findings of
dullness, inappetence, pyrexia and pneumonia, usually with
minimal coughing, isolation of Pasteurella spp. from a

number of sites in the upper and lower respiratory tracts,
and a distinctive pathology including consolidation, |
fibrinous pneumonia which could be diffuse or focal
(nodules), fibrinous pleurisy and gross dilatation of the
interlobular septa.
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Examination of the affected cattle at post-mortem
did not demonstrate the regular presence of viral or other
microbiological agents at any stage of the disease process.
The examination of nasopharyngeal swabs and paired serology
from groups of cattle in-contact with the caseé of
confirmed pneumonic pasteurellosis indicated that although
there was sometimes seroconversion to viruses known to
cause respiratofy disease (PI3 and RS viruses) this was
not a consistent féature, and similar numbers of
seroconversions were seen in monitor groups of similar
calves in which no respiratory disease occurred. Similarly,

the presence of P.haemolytica Al in the nasopharynx and

seroconversion to that organism within a group of suckled
calves were at similar levels in groups of calves in which
pneumonic pasteurellosis had been confirmed and those in

which no respiratory disease had occurred.

The development of an experimental model was
attempted using stationary phase cultures of an isolate of
P.haemolytica Al, from an incident of confirmed bovine

pneumonic pasteurellosis, together with P13 virus infection

or hormonal and physical stress. Pneumonic pasteurellosis
was not produced. However, the use of a log phase culture
of P.haemolytica Al in the absence of other infectious or

stressor agents was successful. Calves were inoculated
intranasally and intratracheally and the clinical signs
seen were'indistinguishable from those seen in field cases
of confirmed pneumonic pasteurellosis. At post-mortem the

infecting strain of P.haemolytica Al was recovered in large

numbers throughout the upper and lower respiratory tract
and the paﬁhology was indistinguishable from that seen in
the field cases of confirmed pneumonic pasteurellosis.

As a result of these investigations it has been
shown that transit fever as it occurs in Scotland is ahwskeuhﬁwbﬁ

primary pneumonic pasteurellosis.
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ABBREVIATIONS AND NOMENCLATURE

Clinical signs

The clinical terms used are those described by
Selman and Wiseman (181). '

Abbreviations used in tables are: m = mucoid,
mp = mucopurulent, D = died, K = killed, + = parameter
present, * parameter present but either mild in degree
e.g. nasal discharge or occasional e.g. cough,

- = parameter absent.

Microbiology

The names of ﬁhe bacteria are those as used in
Bergey's Manual of Determinative Bacteriology (37). Where
the name of an organism occurs in the text-for the first
time it is written out in full, subseqﬁent mentions are
contracted to the initial letter of the genus with the
species name in full.

Serology

Seroconversion was considered to have taken place
when a four fold rise in titre had occurred. In the case
of viruses an ELISA test was used and an increase of 0.25
(Farms 1-19 inclusive) or 0.20 (Farms 20-38 inclusive) was
considered to indicate seroconversion. In the appendices
1 to 38 seroconversions are underlined. ND indicates that

a particular assay has not been carried out.

Pathology

The term upper respiratory tract includes the nasal
passages, nasopharynx and trachea with associated lymphoid
tissue. The lower respiratory tract is considered to be
the rest of the tract from the bifurcation of the trachea
and includes the lower airways, lung lobes and associated
lymphoid tissue. The following abbreviations are used:
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NC = nasal conchae, Tr = trachea, RC = right cranial lung
lobe, RM = right middle lung lobe, RD = right caudal lung
lobe, BrLN = bronchial lymph node, RtLN = retropharyngeal
lymph node, Ton = Tonsil.

Pharmaceutical preparations

Therapeutic agents are referred to by their
generic name. Vaccines are referred to by their
proprietary name.

References

In the reference section, the contractions for the
various journals quoted are those given in Serial Sources
for the Biosis Data Base published by the Biosciences
Information Service, Philadelphia.
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INTRODUCTION

The term "shipping fever" was first applied to the
| complex of diseases that occurred in army horses soon after
they had been transported from_their farms_of origin to
army barracks and was probably a streptococcal pneumonia
complicating strangles (219). Later the term was used for
a febrile pneumonla seen in cattle soon after arrival on
feedlots. Shlpplng fever, a disease later to become
known as transit fever, and subsequently defined as bovine
pneumonic pasteurellosis, was first described in North
America in the earlv part of this century. Similar
diseases, including American Lung Disease (230) had been
recorded earlier, and these may have been pneumonic
pasteure11051s.

In North America shipping2fever has been recognieed
as one of the greatest sources 0f loss to the beef feedlot
industry; in 1972, "a lightvvear fof'losses", the disease
cost 76 million U.S. dollars due to éheloSs'Qf 350,000 head
of cattle (138). The economic impact of such losses to the
American beef industry has prompted extensive research
- into the aetiology of the problem and the development of
methods of preventioh and/or control. Following the '
"isolation of Pasteurella spp. from fatal cases of shipping .

fever in the early disease incidents (180),e variety of _
vaccines were produced. However, in several of the field
trials of these early vaccines the mortality rate of cattle
from shipping fever 1ncreased following vacc;natlon, when_
compared with control (unvaccinated) anlmals.wfi '

Many attempts were made by the early'workers on
shipping fever to produce the disease in experimental

cattle using cultures of Pasteurella spp. = These efforts
were generally unsuccessful, and the discovery‘of
parainfluenza 3 virus in pneumonic feedlot cattle in 1959
(179) prompted theories that this virus might be 1ncrlm1nated
in the pathogenesis of shipping fever (105). 1Indeed,

during the following 25 years much of the experimental work
has focussed on postulated viral=-bacterial interactions.
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Several experimental models of shipping fever have been
developed which use a virus (BHV=1 or P1l3) and Pasteurella

spp., and in the successful models the'final, and sometimes
fatal, lesion is that of pneumonic pasteurellosis (202).
‘Most field investigations over the same period in North
America have been restricted to either nasal swabbing and
serological sampling of groups of range calves and feedlot
cattle. Many microorganisms were isolated from these
groups of cattle and seroconversions to potential
respiratory pathogens were often’widespread, with the
consequence that each of these agents was considered to }
have a role in the-aét;ology of shipping fever .(90,100).
An additional problem in the field investigations was that
clinical details were rarely available so that a specific
diagnosis could not be made in sampled groups of calves.
However, pathological examination of fatal cases of
shipping fever usually demonstrated that the final fatal
lesion was pneumonic pasteurellosis, but failed to
demonstrate whether prior viral pneumonia had been present.
The demonstration of;any correlation between the ' .
microbiological and pathological findings in fatai cases
and the isolations and serology in in-contact cattle was
not possible as these studies were rarely carried out on
the same group of calves.

In Britain, transit fever was first described in
1925 (102)and several reports of the disease appeared in
the literature until the early 1940s many of which were
concerned with whether the disease was or was not the
pulmonary form of haemorrhagic septicaemia rather than any
useful contribution to the understanding of the diséase. |
The pathology described (102,221) was that of pneumonic
pasteurellosis, and in the British descriptions Pasteurella

spp. were the only organisms isolated. No further work
was done on the condition in Britain either in the field or
the experimental disease; thé North American information
and theories regarding a combihed viral and bacterial

aetiology were accepted without question (13).



In 1977, a severe form of infectious bovine
rhinotracheitis was seen in Scotland (232), from which a
highly virulent strain of BHV-1 was isolated. In the
course of a large number of field investigations, farmers
who regularly purchased weaned single suckled calves
commented that until the emefgence of IBR as a significant
clinical problem, the commonest disease causing economic

loss had been transit fever.

The aim of the present study was to investigate
transit fever, as it occurred in Scotland, with due regard
to the problems encountered when similar investigations
had been carried out in North America. Investigation of
outbreaks of transit fever in groups of calves with the
purchase of affected animals was undertaken in order to
define the condition. in clinical, microbiological and
pathological terms, and to develop an experimental model
for the disease based on these findings.



CHAPTER 1

‘THE FIELD DISEASE




SECTION I

" A REVIEW OF THE LITERATURE

1. Bovine pneumonic pasteurellosis

Early field reports of the dlsease in cattle known as
shipping or transit fever

Shipping fever in cattle was first described as
"Stockyards Pneumonia" in the United States of America in
1917 (97) when it was observed that "steers developed
fever and pneumonia following railroad transportation and
contacts in various stockyards, and that expoSed‘animals
were capable of transmitting the disease to local unexposed
and unmoved cattle". Earlier reports of what would appear
to be the same disease date from 1891 in cattle shipped
from Canada to France (158) , and 1915 in the U.S.A. where
an infectious pneumonia was seen in young cattle that had
passed through public stockyards (130). Many of these
early descriptions appear under the general heading of
Haemorrhagic Septicaemia, sometimes being designated “the
pulmonary form" of the disease, and this confusion over
nomenclature and the relationship, if any, between
haemorrhagic septicaemia and shipping fever is widespread
throughout both the North American (17) and British
literature (165) until the late 1950s. At ‘this time two
l’authors, Béin and Hudson (19,111), proposed that the term
Haemorrhagic septicaemia be restricted to a distinct
epizootic disease caused by Roberts type 1 or Carter type
B strains of Pasteurella multocida and that the name

'Pasteurellosis' be reserved for infections by the whole
group of Pasteurellae, which would include the pneumonia
described in these cattle as pneumonic pasteurellosis.

In 1921 an outbréak of pneumonia was described in
a closely observed herd of dairy cattle at the Rockefeller
Institute for Medical Research in New Jersey (122). Cattle
that had been purchased for the institute, then assembled
and shipped from outwith the state, developed pneumonia
five to 14 days after shipment; of the ten cows clinically
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affected two died and two'were slaughtered. The clinical
signs were high temperature, rapid respiration, dyspnoea,
cough, dullness on percussion, bronchial breathing and
albuminuria, and these were identical to those seen in
purchased and in-cohtéct cattle from-within the state
which were subsequently affected. Bacillus bovisepticus

(sic) was isolated in puré culture from the lungs, but not
from the blood, of affected cattle. One of the authors

classified strains of Bacillus bovisepticus from pneumonia

cases in cows and calves and found three groups; Group 1
was haemolytic and did not produce indole, Groups 2 and 3
were non-haemolytic and produced indole (121).

The term “shipping fever" was first used to
describe a group of epizootic infections of horses which
usually occurred after shipment of horses from the western
U.S.A. to the east, or after transfer of country horses to
city stables (152) and was later found to involve three
diseases; kstrangles, influenza and contagious pneumonia
(153) . The term "shipping pneumonia" was used synonymously
with "stockyards pneumonia" to describe a fever and
pneumonia in stockyards in the U.S.A. in 1918 (97). In
1932, detailed descriptions of incidents of "shipping fever"
in cattle in the state bf Kansas were published (68).
These showed that the incidence of the disease was highest
in October/November and March, especially during cold, wet
weather; and that the length of the rail journey was
- probably correlated with the severity of the disease. The
disease was less severe when cattle did not pass thrdugh
stockyards but went straight from ranch to feeder , and the
death rate in animals that had been vaccinated with
bacterin, mixed vaccines or aggressin, was three times
greater than that of non-vaccinates. Hagan (88) described
a bacterin as a killed in-vitro culture and an aggressin
as a sterilised éxudate produced in response to in-vivo
culture. Twenty-six animals from this study, which had

died of shipping fever, were post mortemed and Pasteurella

boviseptica was isolated from the'respiratory tract {(no
‘sites stated) of 21 cases (81%) (68,180).
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The "pulmonary form of haemorrhagic septicaemia"
was described in the Niagara peninsula of Canada in 1940
(204) in feeder cattle which had been shipped from Western
Canada. The symptoms were described as fever (104-107°F),
difficult rapid respirations, lachrymation and cough with
occasional diarrhoea. The author commented that diarrhoea
was less common in animals with severe respiratory
symptoms bﬁt the "intestinal form" was easier to treat
with bacterin, antiserum and alkali than the pulmonary
form. Twehty—six shipping fever cases that occurred in
the Toronto area of Canada were examined'anq the results
published in 1954 (41). Antemortem diagnosis was made on
the basis of an acute pneumonia with a high temperature;
pathologically‘all but one of the cases had an acute
bronchopneumonia with the interlobular tissue separated by
serofibrinous exudate and fibrinous exudate on .the pleural
surface. Following the isolation of Pasteurella spp.
from 25 of the 26 animals involved Carter concluded that

"the shipping fever seen in central Canada is a true

Pasteurellosis". In earlier work in 1925 P.boviseptica

was isolated from the nasal passages of 15% of normal
cattle (124) but there was no comparable data available at
the time for isolation frequencies of Pasteurella spp.

from non-pneumonic lungs. Fifty years later it was shown
that P.haemolytica and P.multocida could both be isolated
from 10.3% of non-pneumonic calf lungs ( 6).

The'first reference in the British literature to
an infectious pneumonia, with fever, in recently
 transported cattle was in 1925 ( 102) when a general
practitioner from Aberdeenshire described in great detail
the clinical and pathological features of a disease he
termed "transit fever". Some years later, in 1939, an
almost identical description of the disease in Banffshire
was written by a different author (12). The disease
" occurred almost exclusively in cattle which had been
"transhipped" from one part of the country to another and
was most common from October to February. Irish and

Orkney cattle were commonly affected when moved to
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Aberdeenshire, whereas, apparently, home-bred cattle could
only be affected if they were exposed to the "contagion"
whilst standing at cattle marts; young stock bred on the
farm had developed the disease following contact with
newly purchased affected animais. 'Newly_afrived cattle
were most likely to develbp-the disease Setween seven and
10 days after purchase. Bacteriological examination of
lungs from several affected animals demonstrated the

presence of Bacillus bovisepticus "almost in pure culture".

The clinical features were those of depression, with the
head held low, fever, 104-108.5°F, a mucopurulent ocular.
and nasal discharge, and an occasional cough although .
éoﬁghing was often totally absent. At post mortem
examination the lungs showed areas of hepatisation (i.e.
consolidation) and.sometimes the pleu;a were covered with
a sero-fibrinous exudate. Shortly after Hepburn's paper
an infectious pnéumonia affecting adult dairy cattle of
the Shorthorn type in Yorkshire and occurring in late
November and early December was described (176). The
clinical signs were loss of appetite, tachypnoea, pyrexia
(up to 107°F), and a dry painful cough which was a major
difference between this and Hepburn's description of the
disease. At post mortem examination the lﬁngs were
consolidated and large amounts of blood stained serous

fluid exuded from the cut surface; Bacillus bovisepticus

(sic) was isolated in pure culture. The authors commented
that the appearance of the lungs was "extremely
characteristic of the disease and might easily lead one to
think of contagious pleuropneumonia", but their final
diagnosis was "the pectoral form of haemorrhagic
septicaemia" and was differentiated from contagious
pleuropneumonia (CBPP) by the sudden onset, and the acute
pulmonary symptoms exhibited as compared with the chronic
nature of CBPP. At about thé same time a clinical anecdote
(200) described an infectious disease of cattle which
occurred in late November and early December and comprised
three types, general febrile, respiratory, and arthritic.
The general febrile type was considered most common with



fever (104-107°F), bronchial catarrh and conjunctivitis;

the respiratory type showed signs of lobar pneumonia and
accounted for the two fatal cases encountered; and the
arthritic type was the rarest with loss of appetite, fever,
uneasiness, and later painful joints, All the farms had
become affected within a week and the author commented »
that at the time the weather was changeable with some fog,
but proffered no further history, post-mortem or other
details. '

In 1930, Tweed and Edington (221) described a series
of pneumonic lungs met with in the course of meat inspection
which differed markedly in appearance from anything seen
"previously and which they considered might be due to a

specific organism. Clinical histories were obtained for
as many of the slaughtered cattle as possible and a total
of seven adult cows and two calves (aged 3-4 months) were
examined. Two of the cows were from an outbreak of
infeotious pneumonia in a dairy herd in damp foggy weather
in November, three cows had been sent for slaughter by
cattle dealers having recently passed ﬁhrough markets, one
heifer was from a neighbouring farm to that‘on which the
outbreak of infectious pneumonia had occurred and the final
_animal was from another herd of 14 animals seven of which
showed signs of pneumonia. The two calves were from a
group of nine, four of which had died, and the remaining
five were all pneumonic. 1In a discussion of the origin of
infection the role of predisposing causes - journey by
road or rail, period‘of the year, bedding on old musty hay
(calves only), and the introduction of a carrier of
infection into the herd - was considered. The conclusions
drawn were‘that these factors, alone or severally, served
to lower the resistance to infection, bring animals into
closer contact possibly with an infected animal, and
encouraged badventilation, overcrowding and poor sanitary
conditions. The clinical signs in these cases were
described as depression, failure to feed, pyrexia
(105-108°F), tachypnoea, nasal discharge and coughing.

The disease was considered by the authors to be of an acute
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nature for three or four days after which recovery or
death ensued. At post-mortem examination all the lungs
were consolidated and the interlobular septa were
thickened, due to the presence of coagulated exudate.
Healthy lobules were to be seen between the consolidated
ones, which were dark red and showed hepatisation, the
pleura were thickened with a grey fibrinous deposit on the
surface, and in more chronic cases grey circular areas '
could be seen amidst the solid tissue. Again the authors
commented that the appearance of the lungs was very |
similar to that seen in contagious bovine pleuropneumonia.
In all cases Pasteurella boviseptica was readily isolated

from consolidated lung tissue and was found, following
culture and agglutination Eests, to belong to Jones'
Group 1:(121). Following the death of a calf after
experimental inoculation of a culture of P.boviseptica

isolated from one of the cattle previouély described the
authors concluded that the cases of pneumonia they had

examined were due to an infection caused by Pasteurella
boviseptica (Jones Group 1). ‘

Despite these excellent clinico-pathological
accounts of transit fever (102) and pneumonia due to
P.boviseptica (221)., considerable debate took place over a

period of. eight years within the veterinary profession in
Britain (mainly through the columns of the Veterinary
Record).asvto whether or not haemorrhagic Septicaemia
existed in the country (75,86,89,133,140,141).. Two.accounts
(89,133) described a haemorrhagic syndrome in yearlings
grazing rough hill pasture, sudden death was a feature in

both incidents, however on the one occasion when a post-

mortem was carried out (133) bracken (Pteridium agquilinium)
was found in the rumen. Retrospectively, the presence of
bracken in the grazing and the suddenrdisappearance of the
syndrome Qhen the cattle were removed from that grazing
suggested that these cattle had acute bracken poisoning.
Another report in 1923 (141) described deaths in cattle with
access to bracken in the summer of 1915. Bipolar organisms
were isolated from the heart blood and bracken fronds were
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found in the rumen. and it was suggested that bracken
damaged the alimentary mucous membrane and allowed
invasion by B.bovisepticus, although the author of this

paper (who did not believe that bracken poisoning existed)
thought that the earlier reports (89,133) were suggesting
that bracken was the éetiologiCal agent in haemorrhagic
septicaemia, when in fact they were describing acute
bracken poisoning as a completely separaté disease entity.
However, in the same'paper(l4l)young, housed calves were
described as becoming ill (no other clinical data) and
being destroyed in extremis; B.bovisepticus was isolated,

which was fatal for rabbits,and a haemorrhagic syndrome was
seen at post-mortem in the calves and the rabbits. The

role of B.bovisepticus in the aetiology of haemorrhagic

septicaemia was considered proven by one worker (46) who
found the organism in cattle dying from a haemorrhagic
syndrome in Britain and drew parallels with his experience
of haemorrhagic septicaemia in South Africa, whilst another
author (123) considered the organism to be one of

putrefaction following death from other causes.

Another clinico-pathological account in 1930
described what was almost certainly bovine pneumonic
pasteurellosis on the post-mortem findings of thickened
interlobular septa and fibrinous pleurisy as haemorrhagic’
septicaemia with pleuro-pneumonic symptom.s.(86')° Two
dairy cows died after three and four days respectively of
respiratory disease including pyrexia, coughing and
dyspnoea, and the pathological findings were as described
above. A significant clinical observation was fhét
abnormal lung sounds were not heard on auscultation.
‘Bacillus bovisepticus was isolated from the lungs at post-

mortem but the organism was not detected in blood cultures
from live animals in the early stages of the disease, which
made the dogmatic diagnosis of haemorrhagic septicaemia
rather unfounded. The common absence of the organism from
the blood is highlighted by an eminent bacteriologist (75)
in a comparison of true haemorrhagic septicaemia seen in
Egypt, India and the Far East with the detailed descriptions
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of bovine pneumonia described in the British and North
American literature in the 1920s and early 1930s (122,221)
In true haemorrhagic septicaemia, organisms were present ;
in blood, intestinal involvementvwds greater than pulmonary
and subcutaneous oedematous swellings were common. By
contrast in the accounts of bovine pneumonia considered
(122,221) septicaemia was not a feature, pulmonary signs -
predominated and subcutaneous swellings were not recorded.
In conclusion the bacteriolégist made the definiti§e
statement that the use of the term haemorrhagic septiéaemia
for these outbreaks of pneumonia in cattle was confusing
and inaccurate, .and that‘such a specific term should be
reserved for barbone which had not been shown to occur in
Britain. He also stated that these strains of Pasteurella

spp. causing respiratory disease were probably normal
inhabitants of the respiratory tract which invaded lung
tissue when host resistance was lowered as a result of
transit or bad management. However the term haemorrhagic
septicaemia continued to be used to describe a haemorrhagic
syndrome in cattle in Britain (167) and the nomenclature
debate continued (67,76) until a suggestion was made (220)
that haemorrhagic septicaemia should be known more

specifically as Pasteurella septicaemia, and the

respiratory disease caused by Pasteurella spp. should be

called Pasteurella pneumonia. The two forms of the

condition as seen in Britain were described thus; the
acute type, usually seen in calves, where the lesions were
those of septicaemia with haemorrhages in various parts of
the body and P.boviseptica could be recovered from the blood,

and the more chronic form which was usually met with in
older cattle where the lesion took the form of an acute
pneumonia with consolidated areas interspersed with
thickened septa. He considered outbreaks of the disease
(form unfortunately unspecified) as being fairly common
during the winter months, and that young cattle may become
affected after introduction of a newly purchased animal
into the herd although outbreaks in young cattle often

also arose without any new animals being added to the herd.
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The role of Pasteurella spp. as primary pathogens

was flrst challenged in 1938 (16). It was generally
accepted that the hyperacute and acute form of _
pasteurellosis seen in cattle and buffalo in India called
true haemorrhagic septicaemia or barbone was a prlmary
pasteurellosis (16), but the question was raised as tb
whether the more chronic pneumonic forms satisfied any
arbitrary criteria for acceptance as a primary
pasteurellosis. The suggestion was made that Pasteurella

spp. may already be present in.the respiratory tract as a
sub-pathogen and required a virus as a primary agent
before it could initiate diéease. At this stage, it
would appear that no-one had read the work of Jorgensen

(124), where Pasteurella spp. were isolated from nasal
swabs in 15% of normal cattle.

Further accounts of pneuﬁonic pasteurelldsis
continued to appear in the British literature under a
variety of titles. Epizootic bovine pasteurellosis was
described as a haemorrhagic septicaemia in a dairy herd
where pathological lesions were confined to the lungs '(218).
An acute pneumonic incident in young stock was described
(187); at post mortem examination the lesions were acute
pleuropneumonia with semi-coagulated fibrinous or ‘
gelatinous pleural exudate. The conclusion was that the disease
as it occurred in Britain in both septicaemic and pneumonic
forms should be termed bovine pasteurellosis. (187).

Fourteen years after the first description of
transit fever in Britain (102) another clinicopathological
account of transit fever was published (12) the details of
which were almost identical to those of the 1925 account
(102). Six to ten days after arrival in the North of
Scotland cattle from Ireland and the Orkneys became
anorexic, pyrexic, tachypnoeic, had an oculo-nasal
discharge and coughed occasionally. At post-mortem there
was lobar pneumonia, hepatisation and a serofibrinous
pleurisy. Despite rgpeated'attempts at classification
over the previous decade within the same journal this

report of what is bovine pneumonic pasteurellosis on
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epidemiological, clinical and pathological considerations
carries an editorial footnote in the Veterinary Record
which states "this condition appears to be identical with
that described by Shirlaw (187)as'haemorrhagic septicaemia®.
The paper mentioned in the footnote described bovine
pasteurellosis as being pneumonic or septicaemic in
presentation, and another~r¢port at about the same time
(165) tabulated the differences between transit fever and
haemorrhagic septicaemia. However, there was also still
confusion amongst field and laboratory workers (36 ,62,69)
who continued to describe haemorrhagic septicaemia as a
haemorrhagic syndrome either in calves or in hill cows |
grazing bracken pastures. V



Aetiologx

An acute diseasebin deer, wild boars and cattle
was described as two forms, exanthematous and pectoral, in
1878 (31) and eight years later a bacterium, designated
Bacillus bovisepticus, was isolated from sick cattle that

were clinically similar to those described in 1878 (112).
In 1891, the same bacterium was isolated from cattle that
had been shipped from America to France (158) and several
further isolations of B.bovisepticus or Pasteurella

boviseptica were made from cattle that had died from

shipping or transit fever over the next 50 years (102,122,
180,204,221) which resulted in the acceptance, until the
late 1940s, of P.boviseptica as the sole aetiological agent.

The first suggestion that transit fever may not be
a primary pasteurellosis but that Pasteurella spp. could be

"subpathogens" of the respiratory tract requiring a primary
depressant such as virus infectioh, cold or faulty food was
made in 1938 (16). The basis for this Suggestion was

that in the original description (112) of the haemorrhagic
septicaemia diseases in 1886, Hueppe included fowl cholera,:
rabbit septicaémia, swine plague and the disease described
in deer, wild boars and cattle in 1878 by Bollinger; as all
were apparently caused by bipolar stéining, ovoid, gram
negative bacilli and at post-mortem widespread haemorrhages
were seen. Subsequently, in 1904, the "viral aetiology of
swine plague was established" (63) and after attention was
drawn to this in 1938 caution was advised regarding the
isolation of Pasteurella spp. from post-mortem material,

and the classification of the "pasteurelloses" came under
scrutiny. The hyperacute haemorrhagic septicaemia, known
as barbone, which affected cattle and buffalo in India
remained an undisputed primary pasteurellosis, although the
editor of the Veterinary Record in his 1938 discussion
emphasised that it was difficult to transmit infection

using natural routes (e.g. inhalation and ingestion). The
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conclusion was drawn that the pneumonic form of the

disease was a pasteurellosis, but that Pasteurella spp.

may not be the primary or sole agent. The suggestion that
a primary viral agent might be involved in transit fever
was never followed up in Britain. In North America,
however, where a similar dispute over the primary
aetiological agent began in 1944 (99), P13 virus was
discovered in 1958 (1) and in addition to seroconversion
in experimentally infected calves (2), antibodies to the
virus were found to be widespread amongst recently moved

- feeder cattle (104). Several other microbiological agents
were postulated as aetiologicél agents (in combination with
the Pasteurella spp.) over the next decades, for example,
Chlamydia (161), Mycoplasma spp. (41,90), bdvine herpes
virus 1 (116), as well as other agents such as stress (105,
201,129). Support for these other agents as significant

aetiological factors was perpetuated by concurrent
experimental work in which disease couid not be produced
using Pasteurella spp. alone but only when combinations of
agents were used (95,119).

In the early descriptions of the disease Bacillus
bovisepticus (or Pasteurella boviseptica) was widely
accepted as the sole aetiological agent (102,122,180,204,
221). The two most detailed accounts (102,122) described
identical clfnical signs of dullness, inappetence, fever,
increased respiratory rate and depth, nasal discharge and

occasional coughing in young cattle and dairy‘cSwS”shipped
from Ireland and Orkney to Aberdeenshire (102) and in dairy
cattle rail-freighted from Pennsylvania and Michigan to
New York (122). Lobar pneumohia with hepatisation and
serofibrinous pleurisy was described, and B.bovisepticus

was isolated from affected lungs in pure culture, in both
accounts..

At about the same time in 1925 a study of the
bacterial flora of the nasal passages of clinically normal
cattle was made (124). A total Qf 250 cattle'were sampled

and 37 (15%) were positive for Pasteurella boviseptica. A

detailed bacteriological report on cattle that had died
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from shipping fever (180) seven years later reported
P.boviseptica in 21 of 26 sets (81%) of lungs examined

post~mortem, often in pure culture. Other bacteria found

were Escherichia coli and ‘Alcaligenes bronchiseptica. In

the same report 83 sets of lungs from normal cattle were

obtained from a packing station and P.boviseptica was not

iSolated, but E.coli and A.bronchiseptica were each present

in 10% of lungs, together with Staphylococci and Streptococci,

present in 43% and 39% of lungs respectively. Pasteurella

- boviseptica was also isolated from incidents of pneumonia
'in dairy cattle and calves in the North Midlands region of

England and considered to be the causal organism (221).
At this time the organism which had previously been
referred to as Bacillus bovisepticus (Jones' group 1) or

Pasteurella boviseptica and had been isolated from cases

of pneumonia in cattle was renamed Pasteurella haemolytica

(156) in recognition of its ability to produce haemolysis
on blood agar and also to differentiate it from Pasteurella

multocida which is non-haemolytic and which had also been

referred to as Pasteurella boviseptica by earlier workers.

During the 1950s Pasteurella spp. were the micro-

organisms most commonly isolated from field cases of
shipping ﬁevér (41,42,45,128,160,162).‘ Twenty-six cases
of shipping fever diagnosed on the basis of an acute
pneumonia'andghigh fever in beef-type cattle that had been
shipped from Alberta and Saskatchewan to Ontario were
‘subjected to pathological and baéteriological~eiaminations;
Paéteurella haemolytica was isolated ffom 15 cases and '

‘Pasteurella multocida was recovered from 10 (41).

Corynebacterium pyogenes and Mycoplasma spp. were isolated

from two and four animals respectively. It was concluded
that shipping fever as it appeaked in central Canada was a
true pasteurellosis because of the consistent recovery of
either P.Haemolytica or P.multocida (often in pure culture)

from field cases, and the rapid response to treatment with
antibacterial agents. The association between shipping
fever and the stress caused by transport and mixing calves
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was also highlighted and the observation was made that a
haemorrhagic syndrome, which was classed as a systemic
pasteurellosis, was the result of infection with
P.multocida. In a further investigation (45) nasal swabs

were taken from 33 beef cattle that were pyrexic and
pneumonic on arrival at the Toronto stockyards from
Western Canada and from 14 normal beef Cattle that had not
been shipped. Pasteurella haemolyticé'was recovered from

27 of the reéently shipped catﬁle and Mycoplasma spp. from
16 animals. Isolation rates were higher in the clinical
stages of the disease (80-100% for P.haemolyvtica, 50-66%
for Mycoplasma spp.) but it was not stated if or how

‘animals were treated. ° Blood cultures from seven febrile
cases were negative for both organisms and P.multocida was

not recovered from any animal. No samples were taken from
clinically normal in-contact cattle that had been shipped
.with the clinical cases which would have been more
meaningful in terms of comparing the distribution of

P.haemolytica in clinically normal (but shipped) cattle and

clinical cases of shipping fever. Three further accounts

(128,160,162) described the isolation of Pasteurella spp. from

40% of sick animals using nasal swabs (160); P.multocida

from the lungs of eight out of a total of nine cattle that

had died from shipping fever (128); and P.haemolytica from
the lungs of 56 newly weaned calves that had died from an |
acute fibrinous pneumonia with pleurisy in a population of
1000 calves, 442 of which were clinically affected (162).

- In 1962, results were published of microbiological
investigations into 13 epizootics of Shipping Fever
(diagnosed on the basis of fever, dyspnoea and fibrinous
pneumonia) over a three year period (49). Blood, nasal
exudates and lung tissue were collected from Hereford
cattle on farms throughout Colorado State. Weaned calves
were most commonly  affected (11 incidents) but in only one
incident had the calves been t:ansported; two incidents
were seen in unweaned calves running with their dams. The
total number of calves in the survey was 4667, individual
ranch numbers varying between 227 and 704. Pasteurella
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haemolytica was isolated in pure culture from the pneumonic

lung tissue and pleuritic exudates from each of the calves
that were post-mortemed in 12 of the 13 epizootics. In
the thirteenth incident Pasteurella multocida (Carter

group C) was the organism isolated in pure culture from
pneumonic lung tissue and the same serologic type of

P.multocida was isolated from nasal exudates of sick pen-

mates. Pasteurella haemolytica was the only Pasteurella

. spp. isolated from nasal exudates of in-contact animals in

nine of the 12 inqidénts where P.haémolytica was isolated

. in pure culture from the lungs of dead calves. In the’

remaining three epizootics both P.haemolytic¢a and

P.multocida were.identified in nasal exudates.

In a more recent survey of shipping fever pneumonia
in yearling feedlot cattle (116) microbiological isolations
were carried out on 354 pairs of lungs from animals which

had died from the disease. Pasteurella spp. were present

in 221 lungs (62%) either alone or in combination with
Myéoplasma spp. and/or BHV-1l. However, no differentiation

was made between P.haemolytica and P.multocida in this

paper and therefore no conclusions as to the relative
frequency of the two organisms in cases of shipping fever
in Colorado can be made.

Two combined microbiological and pathological
~studies in Canada (172,179) compared isolations of

Pasteurella spp. with the lesions seen at post-mortem. In

the first study (179) 55 cases classified on initial
examination by the pathologists as fibrinous pneumonia,
fibrinous bronchopneumonia, pasteurellosis or shipping
fever were retrospectively reviewed and reclassified as
either fibrinous pleuropneumonia or fibrinous broncho-
pneumonia. The pathological re-classification was then
correlateq with the bacteriological isolations made from
the pneumonic lung tissue at post-mortem. Thirty nine of
the total 55 cases were classified as fibrinous pleuro-
pneumonia and of these 29 (74%) were associated with
P.haemolytica and 2 (5%) with P.multocida, four cases had

other bacteria (precise details not given but included
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Staphylococcus aureﬁs, E.coli, C.pyogenes, Bacillus spp.,

Pseudomonas aeruginosa and Enterobacter spp.), and no

growth was obtained from the remaining four cases.

Sixteen cases of fibrinous bronchopneumonia were recognised,
one (6%) was associated with P.haemolytica and 9 (56%) with
P.multocida, one was associated with other bacteria (as
above) and five yielded no growth. In eight of the 55

cases Mycoplasma agalactiae var bovis and/or Haemophilus

somnus was isolated but they were always present in
combination with‘“ei’;hre;r P.haemolytica or P.multocida. The second

study is less detailed, P.haemolytica was isolated at

necropsy from 83% of lungs with fibrinous pneumonia (172).

In all the reports on isolation of Pasteurella spp.

from the nasal passages of live cattle with clinical signs
of shipping fever (fever, hyperpnoea, tachypnoea) or £from
the lungs of cattle that have died from the disease no
reference was made as to the treatment status of affected
. cattle. Treatment was only mentioned as one possible
reason for the failure to isolate any bacteria from the
lungs at necropsy (179).

Several studies have been carried out to assess the

relative incidence of the various serotypes of P.haemolytica

in incidents of bovine respiratory disease in general, and
shipping fever in particular (26,44). Biberstein et al
(26) examined 98 strains of P.haemolytica and, using an

indirect haemagglutination test identified 11 different

types, of the nine strains which came from cases of bovine
pneumonia Seven were type 1, and two wére type 2. Carter
(44) compared the typing of Biberstein et al (2¢) with an
earlier division of P.haemolytica into two types (A and T)

based on their ability to ferment arabinose or trehalose
(192,194) and concluded that the type 1 strains, which
included the 51 strains he had isolated from cases of
shipping fever, fell into the type A classification.
Further serological examination of A and T strains by
Carter (44) with reference to the 1l previously described
serotypes (26) showed the following distribution:

Type A; serotypes 1,2,5,6,7,8,9 and 11; Type T; serotypes
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3,4 and 10. The adoption of this standard system of

nomenclature for P.haemolytica meant that the majority of

early isolations from cattle with shipping fever as
described by Carter (41) were of Pasteurella haemolytica
biotype A serotype 1 (P.haemolytica Al).

Two papers were published in the British literature
in the early 1970s which examined the serotypes of

P.haemolytica isolated from pneumonic lungs and nasal swabs

of normal calves (238) and subsequently monitored the
prevalence of the different serotypes in the nasopharynges
of calves on farms over a two year period (239). In the
serotyping study (238) 59% of the isolates of P.haemolytica
from 39 sets of pneumonic lﬁngs were Al and 20% were A2.
In the field study (239)., isolates of P.haemolytica were
obtained either from nasal swabs from clinically normal or

pneumonic calves or at post-mortem from the lungs of
pneumonic calves, the calves were predominantly dairy or
dairy-cross calves either home-bred or bought in at about
two weeks of age; only one single suckled herd (pedigree
Aberdeen Angus) was included. 1In the six pneumonic
incidents investigated 15-80% of calves sampled (n = 10 to

40) were found to be carrying P.haemolytica in their nasal

passages, .and in four of these incidents P.haemolytica A2

was the pfedominant serotype isolated, being present in
12.5% to 50% of the calves sampled. Only six calves were
examined post-mortem; . all from pneumonic incidents in
dairy and dairy-cross calves. Four of thé“cél&éé“post-
mortemed were from an incident where 12.5% of 40 calves

were P.haemolytica A2 carriers and 2.5% were P.haemolytica

Al carriers; post-mortem isolations were P.haemolytica Al

from the lungs of two calves and P.haemolytica A2 and

P.haemolytica A7 from one calf each. The two calves post-

mortemed from a pneumonic incident where 20% of 10 calves
‘were P.haemolytica Al nasal carriers both yielded

P.haemolytica Al from the lungs but as no details were
given of clinical or pathdlogical findings it is impossible

to know whether the calves had pneumonic pasteurellosis or
were pneumonic for other reasons.
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In another American study (227). 43 strains of
P.haemolytica isolated from the respiratory tract of

cattle, 37 of which were deemed to have come from cases of
shipping fever (diagnostic criteria not stated), were
serotyped. Of the shipping fever isolates 34 were
P.haemolytica Al and three were P.haemolytica A2.

The isolation rate of Pasteurella spp. from the

upper and lower respiratory tracts of apparently normal
(i.e. non-pneumonic) cattle has been described by several
workers. The earliest survey of normal cattle was in

1925 (124) when nasal swabs were taken from 250 cattle, 37
(15%) of which wére found to be positive for P.boviseptica.

Pasteurella haemolytica was not found in the nasal passages
of 14 normal unshipped beef cattle that had nasal swabs

taken for comparison of isolation rates with clinically
affected shipped cattle (45). Nasal swabs were taken from
healthy beef calves post-shipment to compare isolation

rates of Pasteurella spp. with calves in the same groups

that developed fever or other unspecified signs of shipping
fever (178). A total of 152 normal animals were sampled,
30 (19.7%) of which were Pasteurella spp. positive, of

these 19 carried P.multocida and eight carried P.haemolytica.

In contrast 29 (47.5%) of 61 cases of shipping fever were
positive_én nasal swabbing for Pasteurella spp.. In the
same study 19 (18.1%) of 105 lungs from clinically normal
veal calves examined at an abattoir were Pasteurella spp.

positive; 17 P.multocida and two P.haemolytica:.... These

calves were clinically normal but histopathological
examination often demonstrated an interstitial pneumonia
without exudation; in the calves from which Pasteurella

Sspp. were isolated the lesions were considered by the
authors to be more extensive with acute peribronchiolar
inflammation and a bronchiolar exudate.

Another description of the microflora of apparently
healthy lung tissue of cattle (51) was prompted by the
same authors having previously described a series of

epizootics of shipping fever and the subsequent isolation

of P.haemolytica and P.multocida in large numbers from the

21

Y



pneumonic lungs of fatal cases (49). Their examination
of tracheal mucosa, lung homogenateé and bronchial lymph
nodes from 88 healthy cattle at slaughter did not reveal
the presence of Pasteurella spp., although it is worth

noting that the lung homogenate.examined was from the
diaphragmatic lobe and a portion of apical or cardiac lobe
may have been more appropriate. This finding was
considered to be sufficient evidence to prove that
Pasteurella spp. were not normal inhabitants of the lower
respiratory tract of cattle, but their présence in the

upper respiratory tract of normal cattle is.discussed in

a later paper by the same senior author (48). Several
unsupported statements are made; that P.haemolytica and
P.multocida can be isolated from the palatihe tonsils of
healthy cattle (but less frequently than C.pyogenes), and
that Pasteurella spp. can be isolated from the nasal mucus
of healthy cattle, this was considered to be an indication

~that they were colonising the upper reépiratory tract and
represented sub-clinical infection. - '

A detailed study of the nasal bacterial flora in
healthy and pneumonia-prone herds was described in Canada
in 1969 (142). Unfortunately, although the bacteria
highlighted by the study were P.haemolytica and P.multocida,
most of the calves sampled were less than nine months of

age and the éroblem in the pneumonia-prone herds was
"enzootic pneumonia'. The only cattle that were directly
relevant to shipping fever were a group of”43‘jgﬁng bulls
transported to a testing station. From the results of
this study the nasal bacterial flora of calves was
classified into three components; basal, supplementary
and transient. Pasteurella multocida and P.haemdlytica,

were considered part of the basal flora and were judged to
be widely. distributed in the cattle population. Long term
studies of P.haemolytica in the nasal passages suggested

periods of active colonisation when isolations were frequent,
followed by several weeks when twice daily swabbing -
failed to reveal the presence of the organism followed

by a further period when isolations were frequent. It

22



was suggested that this rhythmic fluctuation reflects
colonisation by the organism eliciting a host response
that protects in nature. No such pattern was found with
P.multocida. There was no consistent association between

large numbers of a particular microorganism in the nasal
passages and the presence of pneumonia in the animals,
both young calves in the survey herds and the bulls at the
testing station.

In the same survey the overall isolation rate from
clinically normal animals in both the normal and pneumonia
prone herds was 23% for P.haemolytica and 61.3% for
P.multocida. A detailed breakdown of these figures on an

age and herd basis gave the following information; in
normal herds calves aged less than three months had
percentage frequéncy of isolation figures of 13-89% (mean
59.4%) for P.multocida and 0-75% (mean 27.4%) for
P.haemolytica, for calves aged three to nine months the
equivalent figures were 33-90%‘(meén 59.6%) for P.multocida

and 0-42% (mean 23%) for P.haemolytica. ‘In the pneumonia-

prone herds calves less than three months had percentage
frequency of isolation of P.multocida ranging from 37-79%
(mean 60%) and for P.haemolytica 0-~36% (mean 17%), for the
calves over three months the equlvalent flgures were |
P.multocida 47-72% (mean 60.4%) ‘and P.haemolytica O- 13%
(mean- 7%) . .-Thus there was no difference in isolation

rates of P.multocida between pneumonia-prone and normal

herds, but a lower isolation rate of P.haemolytiaé“was

found in the pneumonia-prone herds. Calves of equivalent
age and type that became pneumonic from these herds had
isolation rates of 47% for P.multocida and 27% for
P.haemolytica. At the bull testing station the bulls
were sampled on arrival and twice throughout the five month
test perigd, isolation .-rates were 56% for P.multocida and

33% for P.haemolytica on arrival, and 49% for both species

on routine testing. The isolation rates from pheumonic
bulls were 50% for P.multocida and 79% for P.haemolytica.
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Further work on the distribution of P.haemolytica
over the nasal mucosa of cattle (164) showed that failure
to isolate the organism did not mean that it was not

present in the nasal passages but rather that it was only
present in small numbers or that it was present in large
numbers in a part of the nasal éavity not sampled by the
nasal swab. In the same study the isolation patterns of
P.haemolytica were studied using 15 selected anatomical

areas in the nasal cavity of calves that had been shipped
over long distances and were known to be carrying high
numbers of P.haemolytica. The position of P.haemolytica

on the mucosa was demonstrated, using a direct fluorescent
antibody technique, to be at the surface of the epithelial
cells and was not seen in of between cells. 1In heavily
infected calves isolations were made from the majority of
sites, in calves carrying a medium 1nfect10n (based on
total numbers of bacteria isolated) the organlsm was most
frequently isolated from the dorsal or ventral meatuses,
ventral turbinates or nasal septum, and in the calves with
fewer numbers of the organism isolations were most often
made from the ventral meatus or ventral turbinates. In
cases where antemortem cultures were negative P.haemolytica

was isolated from dorsal and ventral meatwss,and turbinates
post-mortem. ' '

In a étudy where the tracheal microflora was
studied, by the culture of swabs of tracheal flulds
obtained per os primarily for information -about* H ‘somnus
(57), Pasteurella spp. (P.haemolytica.and P. mult001da)
were found in all classes of feedlot cattle, both healthy
and clinically ill. The Pasteurella spp. became more

prevalent in clinically ill animals irrespective of whether
the illness involved the respiratory tract or not, and
there was only a very slighﬁ.reduction in numbers of
Pasteurella spp. isolated following treatment with
antibacterials.
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The first suggestion that viruses may be ihvolved
in the pathogenesis of pneumonic pasteurellosis was first
made in Britain in 1938 (16). This followed the work of
Shope (188) who had demonstrated in swine influenza that
although inoculation of either the swine influenza virus

or Haemophilus influenzae suis alone produced either a mild

transient illness or no disease at all, simultaneous
inoculation of both agents produced a clinical disease
which was indistinguishable from swine influenza in the
field.

In North America the failure to consistently
reproduce shipping fever resulted in 1944 in the search
for an agent which might possibly be associated with
Pasteurella spp. (99). . Pneumonic lung tissue was taken

from fatal cases of shipping fever, Pasteurella spp. were

cultured from the lung and a bacteria-free filtrate was
also prepared.v Guinea pigs were inoculated with both -
culture and filtrate and although Pasteurella spp. were
isolated from the animals that received the filtrate and
salmonellosis was also present, it was concluded that the

presence of fluid from lung tissue enhanced the virulence
of Pasteurella spp..

Id:1957, nasal washings and pleural fluid were
recovered from a group of steers which demonstrated fever
and pneumonia in life and fibrinous pneumonia with
pleurisy at post-mortem (174). These exudates‘wefe
treated with penicillin and streptomycin, to kill the
P.multocida that had been isolated, and inoculated into
embryonated eggds. The allantoic f£luids from these eggs
after 48 hours incubation agglutinated sheep and chicken

erythrocytes which suggested the presence of a viral agent.
In 1959, the isolation of a myxovirus from the nasal mucus
of feeder istore) calves showing clinical signs'éf shipping
fever (tachypnoea, cough,.pyrexic, nasal discharge,
inappetence) was described (169). This virus, initially
called SF4, was subsequently shown to be serologically
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identical to PI3 virus (1) and was considered, at the
~time, to be the viral agent necessary to enhance the
pathogenicity of Pasteurella spp. under experimental

conditions. Serological studies on three calves showed
increases in reciprocal titres over a 15 day sampling
period; dinitial titres were 32, 64 and 256 all the calves
having second titres of 512. Pasteurella multocida was

present in the nasal mucus of five of the 1l calves
sampled, and the authors of the paper remark that the
aetiological role of the Pasteurella spp. should not be

overlooked. The difficulties encountered in isolating the
virus from previous shipping fever incidents were thought
to be related to the comparatively short time that the
virus was present in the upper respiratory tract, as
although the virus was isclated up to four days after
purchase, it could not be demonstrated in samples taken

16 days after purchase.

A contemporary serological survey for evidenCe of
infection by parainfluenza 3 (SF4) wvirus (104) was conducted
by sampling calves early in the feeding period and again
three to seven weeks later. Of 191 calves studied, 131
(68.6%) had a significant increase in titre and similar
changes were found in all the groups sampled. The authors
concluded that infection with PI3 virus was widespread
but a definite cause and effect relationship
between this virus and shipping fever could not be
established due to inherent difficulties in the clinical
evaluation of mild and subclinical cases of shipping fever.
They also noted that although the data did not preclude
the possibility that PI3 virus was the primary infectious
agent respoﬁsible for the majority of the cases of shipping
fever observed, the results in three of a total of seven
feedlots studied suggested that another infectious agent
may have been the predominant primary cause of the illness
observed as there were no significant increases in PI3
virus titres. In a later study on PI3 virus infections
of cattle (2), 15 isolations of the virus were made in a
two year period from the nasal secretions and lung tissue
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of calves and older cattle on seven farms and one sales
yard during the course of respiratory disease outbreaks.
The virus was also isolated from nasal secretions of three
apparently healthy veal calves at two abattoirs.
Seroconversion to the virus was recorded in nine of 19
animals from which paired sera were taken. More serological
and isolation studies followed.these early reports (77,104,
131,139,206,236) and all reached similar conclusions, although
with varying degrees of conviction. The conclusions were
that the virus and serum antibody titres were widespread
within the general cattle population and also present in
cases of shipping fever in feeder cattle suggesting that
the virus was an active and significant pathogen in the
disease outbreaks studied. However, the results did not
preclude the possibility that other agents may be involved.

Other viruses have been isolated from clinical
cases of shipping fever including BHV-1l (38,116), bovine
enterovirus and sporadic bovine encephalomyelitis virus
(both originally classed as Chlamydia spp.) (16l), and
bovine virus diarrhoea virus (171).

Bovine herpes virus 1 was isolated from 65 (18%) of
354 pneumonic (shipping fever) lungs in Colorado (116)
although in general it has been recognised that infectious .
bovine rhinotracheitis and shipping fever are two readily
differentiated respiratory diseases ( 3'). However, when
IBR cases become pneumonic, the secondary lung infection is
often associated with the isolation of Pasteurella spp. and

lesions of fibrinous pneumonia and pleurisy (8,145).

The postulation of a possible aetiological role for
BHV-1 in shipping fever has resulted from the development
of a successful experimental model for bovine pneumonic
pasteurellosis by infecting weaned calves with aerosols of
BHV-1 followed four days later by P.haemolytica Al (119).
No evidence has been produced from the field that BHV-1
plays a significant role in the aetiology of shipping fever

although vaccination against BHV-1l has been described as
reducing the incidence of fibrinous pneumonia in the field
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or protecting agéinst experimental pneumonic
pasteurellosis in the laboratory (202). In spite 'Gf ‘Fhe -
~experimental work no field evidence has been produced to
verify that the successful combination of agents used
experimentally in any way reflects the aetiology and
pathogenesis of shipping fever or bovine pneumonic
pasteurellosis under field conditions.

Mycoplasma spp. (41,42,90) and chlamydia (161)

have been isolated from clinical and fatal cases of
shipping'fever but experimental reinoculation of these

.agents into calves produced no clinical disease (80,161).

Geographical distribution

The distribution of bovine pneumonic
pasteurellosis, often called shipping fever, appears, on
the basis of published observations, to be restricted to
the northern hemisphere. Bovine pneumonic pasteurellosis
has never been recorded in the large beef-producing areas
of the southern hemisphere e.g. South America and Australia.
The only record of pasteurellosis in South America is of
haemorrhagic septicaemia in Argentina in 1939 (15). This
observation prompted a comparison of the beef cattle
industry in North America (Texas) and Australia (Queensland) ﬁ¥
(113) which concluded that although management practices and
environment were considered to be similar, the potential
virus péthogens were present, and infection was widespread
(from the evidence of serological studies) the absence of
a sufficiently pathogenic strain of P.haemolytica probably

prevented development of the disease. Only one published
record of isolation of P.haemolytica from Australian cattle
appeared in the literature (120).

The eariy>reports‘from Eurdpe and North America
can be difficult to evaluate in terms of whether the disease
described is bovine pneumonic pasteurellosis because of the
confusion over the use of the term "haemorrhagic septicaemia"
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as described earlier. The "exanthematous and pectoral
forms of haemorrhagic septicaemia" were described in
Germany in 1878 (31) and Bacillus bovisepticus (sic) was

isolated from cattle arriving in France after shipment
from North America in 1891 (158).

Pneumonic pasteurellosis was described in Scotland
(12,102) and England (62,176) in adults, yearling and store
cattle. In contrast reports from mainland Europe described
the disease in Norway (159) and Belgium (225) as occurring
in calves of less than three moﬁths of age. The disease
has also been described in feeder (store) calves in
Yugoslavia (32).

In North America the disease has been widely
reported from both the United States (90,105,116,130}180)
and Canada (41,147,204,211).

Seasonal incidence

A survey of illness and death in a population of
407,000 feedlot cattle (116) in Colorado reported that,
although shipping fever pneumonia developéd and was seen at
post-mortem throughout the year, the incidence was much
higher during fall and winter than during spring and summer.
This seasdnal_incidence of disease is related to the
economics of %he beef cattle industry which dictate that
large numbers of cattle are moved long distances at a time
of year when the climate is changeable and'bfﬁeﬂgﬁévere (135) .
These findings confirmed the observations of earlier U.S.
workers who described the disease in both the fall and
spring seasoﬁs(68,l30)with the highest losses occurring
in October and November, the disease being exacerbated by
wet changeable weather. 1In Canada the disease was
described -in autumn and early winter (41,204) as that was
when cattle were moved from the Western to the Eastern
States. However, despite the descriptions of the disease
in both autumn and spring, subsequent reports on the
disease in North America have concentrated on the disease
in autumn/early winter.
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The reports of the disease from Britain confirm
this seasonal incidence with outbreaks being described as
occurring throughout the year but most commonly from
October to February probably due to the prolonged cold and
wet weather (102). These observations are repeated
verbatim in a subsequent clinical survey of the disease
(12) and in an account of Pasteurella spp. pneumonia in
dairy cattle (221) the incident took place in November.

A more recent respiratory disease incident in weaned

suckled calves transported from-all parts of Great Britain
to a breed evaluation centre (14) occurred in late October
and early November although the disease was never confirmed
either microbiologically or pathologically as being similar
to shipping fever; ’ '

Climatic factors

In the earliest descriptions of the disease the
reason for the highest incidence of the disease during the
autumn and winter months was presumed to be the changeable
weather which predisposed to the disease (130). In his
account of the disease in Scotland Hépburn.(lOZ)considered
the disease to be commonest from October to February but
attributed cases seen outwith this period over the previous
two years- to be the result of prolonged cold and wet
weather. Later workers (42) considered. that the weather
was probably not such an important factor but that the
seasonal increase in cases was related to the ldrge numbers
of cattle being shipped long distances at. that time. In an
extensive survey of shipping fever pneumonia in yearling
feedlot cattle in Colorado (116) the authors concluded that
chilling of the mucous membranes of the upper respiratory
tract together with infection by viruses probébly initiated
the first steps in the pathogenesis of shipping fever by
causing tissue changes that predisposed the nasopharynx to
colonisation by Pasteurella spp. and the development of

rhinitis. Several déscriptions of the field disease make
reference to the weather being mild with no unusual

climatic conditions during transport of the calves to the

L]

30



feedlot (105) or that calves were weaned when the weather
was favourable ‘(162). In both these accounts animals
subsequently developed éevere clinical signs of fever and
pneumonia that were confirmed pathologically as shipping
fever (fibrinous pneumonia with pléurisy). More recent
experimental work using an experimental infection of BHV-1
and P.haemolytica Al in a climatic chamber concluded that

climate had no effect on the development and severity of
the disease (201).

Age susceptibility

Most of the incidents in the literature refer to
weaned single suckled (range) or store (feeder) calves
aged from six to nine months (41,102,116,130). ’Many of the
earlier descriptions include incidents which also affected
adult cattle, mainly cows, (102,122) and young calves (159,
221).

Sex incidence

There is no published work on whether there is any
difference between the sexes in the field incidence of the
disease. ‘

Tyvpe of cattle affected

Although there are references in the literature,
especially amongst the early descriptions of the disease,
to incidents that occurred in dairy cattle (102,122,221) the
vast majority of descriptions have referred to the disease
in beef cattle (41,90,116,191). The classical descriptions
of the disease were in recently weaned calves which having
been range-reared were then transported long distances with
other calves, often from different ranches, to a feedlot
where they developed the disease (135). 1Incidents of disease
~have been recorded in calves that have been weaned but
remained on the same ranch (162), and in calves aged about
six months but still running with, and being suckled by,
their dams (233). Pneumonic pasteurellosis has also been
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recorded in baby calves (under three weeks) of the dairy
breeds and their crosses following transfer from the herd
of origin to a rearing unit (159,225).

Breed susceptibility

Few field reports make reference to the breed of
animals affected. 1In the earlier reports of what may now
be considered atypical incidents, the affected dairy cattle
were of the Holstein breed (122), and in the earliest report
from Britain, the affected cattle were described as Orkney
cattle (102) and it is not clear whether they were the
Orkney breed as described by Youatt (243), "good milkers,
good feeders, their heads are low, their backs high, their
buttocks thin, their bones prominent, their horns short and
bending towards the forehead", or. whether they were some
other breed and the description Orkney cattle referred to
their geographical brigins. Although the breed was not
referred to in a'description of the disease in newly
weaned calves on a ranch in Montana (162) the photographs
accompanying the paper were of Hereford (or Hereford X)
cows and their white-faced calves.

Individual susceptibility

| Individual susceptibility, other than that which is
the direct result of fitting within the general limits of
type of cattle affected, is rarely discussed,in“thé
literature. Carter (42) suggested as a direct result of
his observations that the cattle most severely affected
were those with pre-existing'chronic pneumonia which he
considered to be the result of low-grade virus infection.

Morbidity .rate

The earliest reports of the disease (102,130) made
no attempt to quantify the size of the problem other than
to make statements such as "the percentage of cases in
home bred cattle is not nearly so high" (compared with
bought in cattle that had been transported).
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One of the earliest reports of an epizootiological
study (68) records three neighbours purchasing 80 cattle
each, in good weather, from the Wichita stockyards which
were then shipped to their final destination together.

The morbidity, as determined by animals considered to be
sick, in the three groups was as follows; group one 12.5%,
group two 25%, group three 50%. A later study of two
groups of calves in each of two years following shipment
from western ranches to feedlots (105) determined morbidity
as the number of calves .in each group with a rectal
temperature of 104°F or greater. Temperatures were taken
daily for 10 days after arrival and the morbidity rates
for each group were 70.8, 80.7, 24.1, and 58.0%. Clinical
cases developed in a number of the calves subsequently but
no comment is made as to what percentage of pyrexic calves
became clinically ill (i.e. pneumonic).

In an outbreak of the disease in newly weaned
calves that had not been transported the morbidity rate in
the first 1000 calves weaned was 44.2% (162).

In 1958 an estimated 10% of the 750,000 to 800,000
beef cattle fed in Illinois developed shipping. fever (129).
Figures were also given for the number of cases reported
by some veterinarians for other states (Kansas, 4343 cases
reported by 20% of the practising veterinarians; Ohio,
over 12,000 cases reported by less than 50% of the _
veterinarians; Minnesota, 2765 herds affected reported by
16% of the veterinarians). A sﬁrvey of illness and death
in yearling feedlot cattle in Colorado (115) gave an overall
morbidity rate (from all causes) in a population of
407,000 cattle of 5.1%; in 75% of these the clinical
diagnoses were respiratory tract disease. At post-mortem
examination 75% of the fatal cases of respiratory tract
disease were attributed to Shipping fever, so it would be
reasonable to assume that the morbidity rate due to

shipping fever was in the -region of 2.9%.
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Mortality rate

Many of the early reports are of individuals or
small groups of cattle that had died and in which a
fibrinous pneumonia was found at post-mortem examination
(102,122,221). In the epizootiological study in Kansas in
the late 1920s (68) vaccinated and unvaccinated cattle are
compared; and in the light of their results and
observations by later workers (147) i.e. that vaccination
with Pasteureila bacterins would appear to increase thé

mortality rate the results for unvaccinated cattle only
will be discussed. The Kansas study gave a mortality rate
of 1.02% of 4119 head of cattle and in the three groups of
80 each purchased and transported from Wichita by
neighbouring'farmers the mortality rates were 6.25, 2.5
and 0.0%. The mcrtality-rate in the outbreak of
Pasteurella pneumonia in newly weaned calves that had not
been moved (162) was 5.6% for the first 1000 calves weaned.

In the Colorado feedlot study (115) the overall
mortality rate in a population of 407,000 animals was 0.96%,
75% of these deaths were attributed to shipping fever
pneumonia giving a mortality rate of 0.72% for shipping
fever.

Economic impact

The majority of authors agree that in general terms
respiratory disease in cattle is one of thngreéEegt sources
of.loss to the cattle industry, in both the dairy and beef
sectoré. The first estimate of the economic impact of -
shipping fever on the beef industry in the United States
was given by the U.S. Department of Agriculture (191) who
estimated that the disease cost the beef industry in the
order of 25 million dollars per year in the mid 1950s.
Losses from shipping fever in the United States in 1972,
described as a light year for losses (138), when over
350,000 cattle died from the disease cost the industry
76 million dollars and total costs including treatment,
decreased performance etc., were estimated at 300 million

.
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dollars for that year. Other estimates of the cost
included U.S. figures for 1973 (30) of the disease losses
being equivalent to several dollars per head marketed from
feedlots, this estimate did not inciude treatment and
production losses. In an Alberta feedlot survey (47) the
losses resulting from bovine respiratory disease (including
infectious bovine rhinotracheitis and shipping fever) were
calculated as 9.6 million dollars annually. The economic
losses from shipping fever were not due- solely to deaths
but the sick animals which recover.. These were expensive -
in terms of treatment (drugs and veterinary fees), weight lqss,
poor feed conversion (in both the acute and convalescent
periods)/the extra labour requirement in identifying;
treating and subsequent supervision in the recovery period,
condemnation at slaughter either in the acute phase or
because of adhesions etc.‘following the chronic and
recovery phases, and ultimately because of the huge scale
of the problem a smaller supply of beef (30,114,138).
Kennedy (127) suggested that these so-called "pulmonary
cripples" may represent a greater source of financial loss
than the acutely ill cases.

Other‘gredisposing factors

In the Kansas study (68) it was shown that the

mortality rate in cattle vaccinated with either bacterin

or aggressin was higher; 3.58% of 5661‘vaccinates, than in
the non-vaccinates, 1.02% of 4119 animals. When animals
were vaccinated at the stockyards and again at the farm the
- scale of the losses increased to 11.2% in a group of 381
animals whose treatment on the farm was with bacterin, and
to 10% in a group of 90 vaccinated at the yard and given
aggressin on the farm.
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Clinical signs

Ever since the first descriptions of shipping or
transit fever appeared in the literature the disease has
tended to be defined on a clinical, and to some extent an
epidemiological, basis. The reason for this is that in
spite of the disease being first recorded over a century
ago (158), and the intense observation, research effort and
discussion that has been in progress since the early 1950s

(41,78,90,116,240) there is still no general consensus of
opinion as to the aetiology (240). '

In the original description of the disease as it
occurred in Scotland  (102) ,the clinical signs were
described thus; “In’the.initial.stages the affected animal
stands with a stiff, cramped sort of posture of the limbs,
the head carried low and extended forwards, the ears
drooping backwards; sometimes grinding of the teeth,
occasional fits of rigors, and fever, the température being
anything from 104°"to 108.5°F; pulse much édceleraﬁed;
the respirations may, or may not, however, depart
materially from the'normal; and at this stage there is
usually constipation. Very frequently there is a muco-
purulent discharge from the eyes and nostrils, and there
may be an-occasional emission of a short suppressed sort
of cough,fbut;often no cough exists. The initial symptoms
are, however, of a most insidious and deceptive character,
so much so that owners are entirely misled and §ee little
or. nothing amiss with the animals until about the Seventh
or tenth day after the date of purchase, when one of more
of the new arrivals present serious symptoms, and are
obviously very ill. An examination of the'affected animal
at this stage, shows high fever, pulsé much accelerated,
the respirations quickened and of laboured and painful
character, the animal moaﬁing, and salivating at the mouth.
Less acutély_affected caées show pyrexia, the temperature
being 104° to 106°F, the pulse accelerated and if the lungs
are implicated, auscultation may reveal the usual pneumonic
sounds. Sometimes, however, one finds great difficulty in
making out any hepatised portion of the lung, the pneumonia
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being most insidious and difficult to detect. This
feature is not .difficult to explain, when one has made an
examination of a number of lungs after death, in which
case one invariably finds but a small portion of the lﬁng
substance involved in the diseased process".

In the most recent (1979) edition of the standard
text on disease of feedlot cattle (114) the cliniéal signs
of shipping fever are.described; "following an incubation
period of two to five days the body temperature rises to
40° to 42°C. In the early stages of the disease the
general attitudes are depicted at the time of morning '
feeding when affected animals remain recumbent or stand
" isolated with their heads downward. Hair coats are rough,
muzzles dry, and appetites diminished. In more advanced
stages, animals are profoundly depressed, weak, fatigued,
and gaunt. Live weights are reduced. Mucopurulent
discharges extend from the nostrils, and the muzzles are
encrusted with dehydrated exudate; forcible removal of
the crust leaves a denuded haemorrhaging surface. Profuse
lacrimation and purulent conjunctivitis are seen in the
eyes. Respirations are rapid and accompanied by coughing
and sometimes oral breathing. Auscultations reveal
fibrinous pleuritis and pneumonia in the ventral parts of
the lungs. Some animals have mucoid diarrhoea, some
purulent otitis, and a few tonic clonic convulsions. Other
éigns,'such as edema from right heart failure may
subsequently develop as complications".

| Fifty four years separate the descriptions but the
clinical signs were similar. The earlier description by
Hepburn (102) is probably more accurate as a description of
bovine pneumonic pasteurellosis than the later one by
Jensen (114) where the disease would appear to be complicated
perhaps by infectious bovine rhinotracheifis (profuse'
lacrimation, encrustation of the muzzle with dehydrated
exudate following a mucopurulent nasal discharge) or even
bovine virus diarrhoea (forcible removal of the crusts

from the muzzle leaves a denuded haemorrhaging surface,

57



some animals have a mucoid diarrhoea). Hepburn was

more realistic .in his claims as to the limits of _
auscultation which "reveals the usual pneumonic sounds" as
compared with Jensen who interpreted the'auscultatory
findings as "reveals fibrinous pleuritis".

In an account where the main clinical features
were described as part of a differential diagnosis exercise
( 3) the clinical signs of shipping fever were given as;
"a rectal temperature of 104° to 1l08°F, variable diarrhoea,
rapid respiration with abdominal breathing and a painful
cough, the animal standing with head lowered and elbows
abducted, a rhinitis is present with nasal discharge, there
is tracheitis and on auséultation there are decreased
vesicular sounds anteroventrally, increased bronchial

sounds and a pleuritic friction sound".

Many of the clinical accounts gave incubation
periods for the disease, where the term "incubation period"
was not being used in an accurate way. It would seem
impossible to define the interval between an animal
becoming infected with a potential pathogen and then being
clinically affected by that same pathogen when the majority
of workers cannot agree on the particular pathogen (s)
responsible, and most of ‘the agents implicated in the field
disease are present in the normal bovine respiratory tract
(6 ,124). In fact, wha£ was frequently referred to in the
instances where "incubation period"was quoted was the time
interval between the animals arriving at the feedlot and
their developing-clinical signs of shipping fever. In the
earliest British clinical account (102) cattle did not
develop clinical signs until seven to ten days after
purchase, and the earliest Canadian account (204) stated
that cases were first seen three to four days after arrival.
Sinha and Abinanti (191) gave two to 14 days as the time
after arrival of the cattle at their destination when
clinical signs were first seen, and added that in mild
cases the only evidence of infection was loss of weight and
condition which occurred within two weeks following shipment.
Other authors have quoted figures of seven to ten days
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after arrival or ten to 14 days after stress (30). In a
well documented account of the disease in recently weaned
calves that remained on the same ranch (162) the calves .
were weaned and confined in a pen for four to five days
and then turned out into a meadow. The first animals were
seen to be ill on the day they were turned out and the
following day nine animals were found dead and fibrinous
pneumonia was confirmed at post-mortem. The course Qf
the disease was usually quite short in individual animals,
some died within 24 hours of first being seen to be ill or
recovered within several days to a week (105) and the
disease lasted about two to three weeks within the'herd
(30,114). Two studies have been made as to the timing of

- death from respiratory disease after arrival at the
feedlot (116,172) in the Colorado study 72% of the deaths
from respiratory disease were within the first 45 days of
the fattening period; and in the other study (172) all the
deaths resulting from respiratory disease occurred within
25 days of arrival at the feedlot.

An attempt was made (by non clinicians) to gquantify
the clinical signs in cattle with pneumonic pasteurellosis
(212,21$;animals were designated "sick" or "well" on the
basis of fectal temperature and plasma fibrinogen levels
and these parameters were correlated with pneumonic lesions
at slaughter. The conclusions reached by these authors
were that some of the parameters measured related to the
degree of pneumonia present in the lungs and, in general,
the animals which devéloped pneumonia were probably more
susceptible to the effects of P.haemolytica than those

which did not develop pneumonia.

Immune events

The field investigations of the immune events that
accompany shipping fever have been restricted to studies of
antibodies to the various postulated aetiological agents in
serum and nasal secretions. Other evidence such as animals
that recovered from the initial acute episode of the disease

did not suffer from the acute syndrome again, although they
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may go on to develop chronic reSpiratory conditions such
as bronchiectasis or chronic pneumonia (105,115,127) was
purely inference from what has been wriften as no-one has
ever specifically described it. |

The first extensive serological study of shipping
fever in Canadian cattle was carried out in 1954 (170) and
involved the sampling of 1665 of 9410 cattle before
shipment from Alberta and Saskatchewan, and repeat sampling
from 1479 cattle on arrival at the owners' premises in
Ontario and Quebec. The.animals sampled represented 12.7,
13.5, and 25.4% respec;iVely of three groups of cattle,
one injected with Pasteurella bacterin, one injected with

Pasteurella antiserum and a control group that had received

no treatment. The serum antibody levels were measured by

complement fixation tests with suspensions of P.multocida

(types A,B and C) and P.haemolytica (biotype and serotype

not specified) as antigens. As the source of the
P.haemolytica cultures used in antigen production was G.R.

Carter, who in a subsequent publication described all his
"shipping fever" strains as being P.haemolytica biotype A
serotype 1 (44) it may be reasonable to assume that the

sera were examined for activity against P.haemolytica Al.

The majority of sera collected in Western Canada
before shipment and before any treatment was instituted,
were negative to all the Pasteurella antigens used. A

small number of samples fixed complement (titres of 40 to
80) to one or more of the antigens (P.multocida A (A) 0.95%
of samples, B (B) 0.27% and C (C) 1.91%; P.haemolytica ()
0.54%); and a larger number of samples had titres of
between two and 20 (A 11.31%, B 3.75%, C 14.2%, H 8.7%)
~and the authors conéluded that these "serologically

reactive" animals might serve as a focus of infection
during transit. One hundred and forty eight animals in
the serum treated group were bled between six and eight
hours after treatment with the antiserum, and of these
cattle about 25% showed activity with the A and C antigens,
15% with the B antigen and the rest were negative.
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When these cattle arrived at their destinations in
‘Ontario and Quebec all the groups showed increased
percentages of sera reacting with all four antigens and
especially with P.multocida type C and P.haemolytica. The
respective percentages of samples with titres greater than
40 (maximum 640) to the antigens A, B, C and H were as

follows; bacterin group 17.0, 6.3, 12.7, 2.5; serum group
2.7, 2.1, 9.9, and 18.0; control group 6.2, 7.5, 19.5 and
22.1.' ’ A

The lungs of cattle in the survey that died of
shipping fever yielded P.multocida type C and P.haemolytica

at post mortem examination and it may be reasonable to
assume that the'corresponding increase in titre to these
two organisms in the serum treated and control groups was
the result of infection during transit from West to East
Canada. In the bacterin treated group the presence of
titres to the three types of P.multocida in the second

sample was attributed to be at least partly due to the
injection of the bacterin itself, and the titres to

P.haemolytica to be the result of contact infection.

Shortly after this extensive serological survey was
reported, the discovery of parainfluenza 3 virus in calves
suffering from shipping fever (169) led to a number of
investigations;of the disease where serum haemagglutinating
antibody to PI3 was measured sequentially in calves in
field outbreaks of shipping fever. In the initial report
(169), three sets of paired sera were examihéd from the
same group of calves from which the virus had been isolated,
but not from the virus positive calves. These sera had
initial reciprocal titres of 32, 64, and 256 all of which
had increased to 512 15 days later.

Haemagglutination-inhibitiOn titres to PI3 virus in
three grouﬁs of bought-in feeder calves, all of which
developed respirafory disease within one week of arrival, -
weré measured (178). In the first group of 61 calves
sampled on arrival 57'had reciprocal titres of 20 or less
and four of 40 or greater, 27 calves were sampled at the
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end of their first week in the feedlot when 16 had titres
of 20 or less and 11 of 40 or greater. Convalescent sera
(taken at least three weeks after arrival) from seven
calves within the same group which had shown clinical signs
of shipping fever all had titres of 40 or greater (2x40,
3x80, 2x160) and similar trends wére seen in the other
groups for which detailed figures were presented.

Data for three groups of calves are given in a
descrlptlon of a shlpplng fever epizootic of mixed v1ral
aetiology (171), din one of the groups of 18 sample
calves the PI3 titres'reméin level or fall in 16 of
the caives'and there is bnly a modest rise in the other two
from 40 to 80. Parainfluenza 3 virus was never identified
in this group although there are several isolations of an
unidentified virus. In the other two groups seroconversion
occurred in one of two calves in one group and two of five
calves in the other.

In the Canadian study which sought to quantify the
clinical findings in pneumonic pasteurellosis (213) an
attempt was made to work out a method to predict the
clinical outcome of the disease. - Serum antibody-titres to
P.haemolytica Al were measured in four groups of calves

over the four week period immediately following their _
arrival in eastern Canada from the west. No precise titres
were given, but the mean titres increased over the four week
period in all groups and in animals that had been designated
both "sick" and "well" on the basis of increased rectal
temperature and plasma fibrinogen. The most marked changes
occurred between days one and seven. The unspecified
number of animals having serum antibody to P.haemolytica Al

was considered to be very high compared with the few nasal
washings that contained measurable but low and inconsistent
levels of HAI antibody to P.haemolytica, which was in
marked contrast to ihat found in experimental cattle (65).

In the same study the levels of serum antibody to PI3 virus
increased over the four week period, the most marked change
occurring between days 14 and 21.
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In a study of P.haemolytica in calves in Britain

(239) incidents of pneumonia were investigated and calves

at risk monitored on seven farms, only one of which

concerned beef (pedigree Aberdeen Ahgus) calves which were

young (only age quoted is one week) and running with their
dams. The serological results were only discussed in

| general terms and only low titres (less than 20) to

P.haemolytica were found. The only reference to the beef

calves was that serological evidence of PI3 and reovirus
was found in both sick and healthy animals.

Pathologx

The disease has alwajé been'recognised as a
distinct entity by its pathology as well as the clinical
and epidemiological findings. However a modern review of
the lesions of shipping fever (168) declared that there
were few detailed descriptions of the pathology in the
literature, and none of potentiélly non-fatal cases that
had been electively'killed in the early stages of the
disease.

Distribution of the lesions has often been omitted
from descriptions of the macroscopic lesions (168) and
this is eSpecially true of the more recent descriptions of
the disease, although very few 6f these referred to naturally
occurriﬁg cases. . Early reports described'the lesions
occurrihg in the anterior lobes (98), cbnfined to the
apical lobes although sometimes affecting the cardiac
lobes (102), affectiné the lower borders of the lungs and
often the whole of the apical lobe (162), affecting one-

- third of the lung or more without reference to actual
distribution (87), or the lower two-thirds of the lungs
which were enlarged, firm, heavy and of flesh-like |
consistency (179). '

" The descriptions also referred to consolidation with
thickening of the interlobular septa (221), congestion,
haemorrhage and outpouring of fibrinous exudate into the
lungs, with atelectasis and emphysema in the portions of
the lungs adjacent to the pneumonic areas, bronchitis,
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bronchiolitis with intraluminal haemorrhage and thrombosis
of the lymph vessels and vascular system (87).

In the early reports of the pathology of the
disease in Canada (41) 26 cases were examined pathologically
as well as bacteriologically. The amount of lung tissue
involved varied from cases in which only the anterior and
cardiac lobes were severely affected to those in which all
lobes were involved. The distribution was patchy and the
inflammatory process was sublobular, lobular or lobar.
Lobules were congested, oedematous, sometimes consolidated
and red to grey in colour. The interlobular'Septa were
dilated by serofibrinous exudate and there was fibrinous
pPleurisy. '

in his differential diagnosis approach Adams (3)
listed the pathological findings of rhinitis, sinusitis,
variable laryngitis, fibrinous pleuritis and fibrinous
pneumonia. A-ooncise description of the lesions was given
as acute fibrinous pneumonia usually with pleufal
involvement in a paper on field cases of bovine respiratory
disease (127). Catarrhal inflammation throughout the
upper respiratory tract, swollen haemorrhagic bronchial
mucous membranes with intraluminal fibrin, mucus and blood
was also déscribed (114). This.description which detailed
the lung pathology as a fibrinous pneumonia with pleurisy,
was probably a pneumonic pasteurellosis but the upper
respiratory tract pathology suggests that it was- secondary
to BHV-l infection and not true shipping fever.

The scarcity of macroscopic descriptions in the
literature was matched by a similar lack of microscopic
detail, and much of the detail availabie was considered
to cast doubt on the authenticity of the lesion as being
pneumonic pasteurellosis in a review article (168). A
fibrinous ﬁleuritis was described in an early account (221)
‘together with thickening of the interlobular septa where
coagulated material had blocked septal lymphatios and blood
- vessels. The presence of fibrin in the interstitial
tissue of the septa, and fibrinous plugs in the septal
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lymphatics were described by other authors (41). In a
~ microscopical study of the lungs from 48 animals the
interlobular lesions were described as fibrinous in 47
animals, emphysematous in 27, oedematous in 38, and
fibrosed in five cases (87). Thrombosis of the septal
lymphatics was seen in 39 of these cattle.

The presence of fibrin was considered central to
the pathological diagnosis of shipping fever (168) and’
fibrinous pneumonia was further subdivided into fibrinous
pleuropneumonia and fibrinous bronchopneumonia by other
workers (179) who considered that'P.haemolytica was the

pathogen thought most likely to cause the former and
P.multocida the latter. Other lesions, apart from the

fibrinocus pleurisy and pneumonia, were not consistently
described in the various accounts of the histopathology of
the disease (168). Several authors described bronchiolitis
(41,87,221); sometimes the lumina were filled with pus
cells and their disintegrated products (221) or with
degenerating mononuclear cells (41l). Few, if any,
inflammatory changes in the mucosa of bronchi or bronchioles
‘were described in one account (179) even where the lobules
were surrounded by thrombosed lymphatics in the interstitial
tissue, however, the lumina of these airways often
contained neutrophils, cellular debris and fibrin. The
alveolar lesions have been described as serous exudation
.with desquamation of the lining alveolar epithelgal cells
(221) , or fibrinous exudate containing neutfbphiléNQithin
the alveoli, areas of emphysema, some normal alveoli and
occasional intra-alveolar haemorrhage (41). "Dark cells"
were described, packed into the alveolar spaces and ducts
(179); these dark cellé were of two tYpes, large round
macrophages with paie eosinophilic cytoplasm, or fusiform
cells, and;were present in the alveolar areas, along
thrombosed lymph vessels, and at the edge of necrotic areas

when coagulation necrosis was present on a lobular scale.

Some of the descriptions of the pathological
lesions of field cases of shipping fever were confused by

.
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the use and subsequent misuse and misinterpretation of
terms such as; red hepatisation, grey hepatisation,
atelectasis, emphysema, gangrene and abscesses (87).
Whereas others described in their tYpical case of shipping
fever a polymorphonuclear exudate into bronchi and alveoli,
an absence of fibrin, the presence of peribronchiolar
cuffing with inflammatory cells and foci. of suppuration
within the parenchyma (78,132), none of which are described
in the clasSical descriptions of the pathology (168,179).

2. Other forms of pasteurellosis in cattle

Conditions due to infection with Pasteurella haemolytica

“Pasteurella haemolytica has been described as the

causal organism in a single case of bovine mastitis (143).
The cow was housed with homebred calves and bdught—in
feeder cattle both of which groups had shown clinical signs
of shipping fever. Pasteurella haemolytica had been

isolated from nasal swabs taken from both groups of calves.
Subsequently one cow developed shipping fever and one cow
had clinical signs of mastitis without pneumonia. The cow
was pyrexic,.depressed, and had a very swollen quarter

which produced a serous secretion. Pasteurella haemolytica,

which was considered to be identical to that isolated from
the calves'on the basis of serological testing, was
isolated from the milk. The homebred calf sucking the
~mastitic cow was never pneumonic although many other calves
in the group developed clinical pneumonia.

In New Zealand a progressive oedema, beginning in
the submandibular region and extending down the throat to
the brisket, down the front legs and along the belly, has
been described in dairy cows (39). The lymph nodes of
the head were also involved. The oedema fluid was
initially clear or slightly haemorrhagic but later became
grey-brown and foetid. All the cases described were
pyrexic (lO4°F) in the early stages with reduced milk yield.
- Death was usually the result of airway obstruction by the
oedema. Treatment with oxytetracycline appeared to be
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successful. The causative organism was described as a

Pasteurella sp. which was haemolytic, and thus probably
P.haemolvtica. '

Conditions due to infection with Pasteurella multocida

Haemorrhagic septicaemia, a disease caused by
P.multocida capsular types B and E, has been described in
.cattle and buffaloes in tropical Asia and Africa (20). The

acute clinical disease was characterised by fever,
salivation and dullness in the early stages, followed by
recumbency and respiratory distress and death within 24
hours of the onset of clinical signs, as a result of
endotoxin shock. In the "throat" form of the disease
oedema spread from the ventral neck to the brisket and
occasionally into the forelimbs.

Mastitis caused by P.multocida in cattle has been
described twice in the literature, (23,216). Both of these

accounts were published in the early 1950s in North America.
The mastitis was locally severe but no systemic reaction
was present in 14 cows which were affected in one herd (23).
No cases of shipping fever were recorded in the herd in the
year prior to the mastitis outbreak, but an isolate of

P.multocida, indistinguishable from the organism

subsequently cultured from the mastitis cases, had been
recovered from a cow which was pneumonic and died six
months prior to the outbreak of mastitis.

3. Pneumonic pasteurellosis in other species

'SheeE

An acute, febrile and apparently contagious
pneumonia of adult sheep was reported in Iceland in 1931
(66). The problem occurred on several adjacent farms, and
a mortality rate of about 20% was recorded. Pathological
examination of the fatal cases revealed consolidation of
the anterior lung lobes, pléurisy, pleural and septal
thickening and focal lesions with central dark red zones

. surrounded by grey tissue. In the majority of fatal cases
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only 30% of the lung tissue was affected, and so it was
suggested (66) that the death was unlikely to be due solely
to the impairment of pulmonary function. Isolations of
bipolar-staining Gram-negative bacteria that were neither
indole~producers nor haemolytic were made from affected
lungs. Despite the apparent lack of haemolysis, these

organisms were most likely to'hevelbeen P.haemolytica since

some workers (26) have emphasised that under certain
circumstances haemolysis may not be detected unless
colonies are removed from the  agar surface. Other workers
have reported the isolation of non-haemolytic strains of
P.haemolytica from sheep;k134). In the Iceland outbreak,
nasal swabs were taken from shepherds, doge, diseased and
apparently healthy sheep in an attempt to trace the source

of the infection. Pasteurella haemolytica was not

isolated from the dogs or the men but was widespread in
apparently healthy, diseased (i.e. pneumonic) and recovered
sheep flocks. The subsequent use of a phenol-killed
vaccine in this outbreak appeared to reduce the mortality
rate.

A similar acute, apparently contagious pneumonia
was described in England (134), Wales (154), Scotland (199),
Norway (237), North America (156), and New Zealand (175).
The affected animals were usually adult and the onset of
disease was often related to lambing, dippihg or driving.
In the Welsh description (154) it was suggested that the
crowding of sheep together during these procedures was more
important than the precedure itself in the subsequent
development of the disease. This theory was supported by
the description of two groups of sheep which were purchased
at the same market and driven the same distance (several
miles) to their destination. One group completed the
drive in one day and remained healthy; the other group
were driven part of the way, housed overnight, completed
the drive next day and subsegquently developed pneumonic
pasteurellosis.
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Pasteurella haemolytica was isolated from all these

latter incidents, and only one non-haemolytic strain was
described (134); however, there was a wide variation in
the numbers of organisms isolated from the lungs of fatal
cases despite the consistency of the lesions present (154).

Later bacteriological work on isolates of
P.haemolytica from fatal cases of pneumonic pasteurellosis

in sheep (192) involved 86 cases from 60 disease outbreaks.
These were mainly mature animals but included a few two
month old lambs. In 75 cases where the lesion was
restricted to pneumonic pasteurellosis only biotype A
organisms were recovered. Two seven month old lambs with
biotype A pneumonia also had a bacteraemia, and in nine
six month old lambs biotype T organisms were also isolated.
However this latter group of lambs came from three farms,
two of which were known to be having concurrent problems
with biotype T septicaemia (198). In all these lambs
clearly demarcated areas of apical pneumonia were present
in contrast to the more widespread consolidation of the

anterior’lung lobes described in pneumonic pasteurellosis
(192).

In two later'surveys of the incidence of the various
serotypes 'of P.haemolytica in fatal cases of pneumonic
pasteureliosis (72,209) the A biotypes were isolated £from
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