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Abstract
Hemophilosis was the most significant cause of mor-
tality in fall-placed calves in a large feedlot in Saskatch-
ewan, despite routine single immunization of calves
with a commercial Haemophilus somnus bacterin on
arrival. Common manifestations of fatal H. somnus
infection were myocarditis and pleuritis; occasionally,
thrombotic meningoencephalomyelitis E), peracute
septicemia, and pneumonia were observed. Circumstan-
tial evidence suggested that H. somnus may be a
pathogen in polyarthritis. Death from pneumonia
mainly occurred during the first five weeks in the
feedlot. Death from myocarditis, pleuritis, TME, and
septicemia, and euthanasia because of polyarthritis,
occurred mainly after the third week in the feedlot.
The median fatal diseas onset (EDO) for pneumonia

was day 12; for septicemia, day 17; for polyarthritis,
day 18; for myocarditis and pleuritis, day 22; and for
TME, day 29. Calves that died from myocarditis fre-
quently were found dead in their "home" pen; how-
ever, 88% of these animals had been treated previ-
ously. Fifty-seven percent of the calves that died from
pleuritis were never treated, and those that died from
TME or septicemia were either never treated or died
shortly after initial treatment.

R6sum6
Caract6ristiques 6pldemiologlques rell6es a la
mortallt6 caus6e par la m6ningo-enc6phalite
thrombo-embolique chez des veaux dans un
grand parc d'engraissement
La meningo-encephalite thrombo-embolique fut la
cause premiere de mortalite chez les veaux places 'a
l'automne dans un grand parc d'engraissement en Sas-
katchewan, et ce, en depit de l'administration d'une
dose d'un vaccin commercial a base d'un extrait bac-
terien d'Haemophilus somnus, a leur arrivee. Les
manifestations les plus courantes de la maladie furent
une myocardite et une pleuresie. Occasionnellement,
des signes de meningo-encephalite thrombo-embolique
furent observes de meme qu'une septicemie suraigue
et une pneumonie. Des evidences circonstancielles sug-
gerent qu'H. somnus peut etre un agent pathogene
dans le cas de polyarthrite. La mort par suite de
pneumonie s'est produite principalement durant les
cinq premieres semaines au parc d'engraissement. La
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mortalite consecutive a une myocardite, une pleuresie,
une meningo-encephalite thrombo-embolique et une
septicemie, ou suite a l'euthanasie pour cause de
polyarthrite se produisit principalement apres la
troisieme semaine passee au parc d'engraissement.
La periode ou debutait la mortalite, evaluee par la

valeur mediane, suite a la pneumonie fut au jour 12;
a la septicemie au jour 17; a la polyarthrite au jour 18;
a la myocardite et pleuresie au jour 22; et a la meningo-
encephalite thrombo-embolique au jour 29. Les veaux
ayant souffert de myocardite furent souvent trouves
morts dans leur enclos; toutefois, 88 0/ de ces animaux
avaient e traites precedemment. Cinquante-sept pour
cent des veaux morts de pleuresie ne furent jamais
traites. Parmi ceux atteints de meningo-encephalite ou
de septicetmie, certains ne furent jamais traites tandis
que d'autres sont morts peu de temps apres le traite-
ment initial. (Traduit par Dr Thdr&se Lanthier)
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Introduction
Thrombotic meningoencephalomyelitis (TME),

respiratory disease, myocarditis, polyarthritis,
otitis, conjunctivitis, mastitis, and reproductive prob-
lems have been associated with Haemophilus somnus
infection (1-20). The H. somnus disease complex has
been reviewed (1-3).

In western Canada, hemophilosis has recently been
recognized as a significant cause of mortality in fall-
placed feedlot calves, despite routine immunization
with commercial H. somnus bacterins (10-14). The
respiratory form and various manifestations of the
septicemic form, such as myocarditis and arthritis,
have been reported with increasing frequency (1).
Descriptions of the occurrence of the various syndromes
of hemophilosis are infrequently reported (1,5,8-12).
The purpose of this retrospective follow-up study

was to describe the occurrence of fatal disease
associated with H. somnus in fall-placed calves in a
large commercial feedlot in central Saskatchewan.

Materials and methods
Subjects
Auction market-derived calves (n = 6280) that entered
a large, 10,000 head capacity commercial feedlot in
central Saskatchewan during the fall of 1989 were
studied. These calves were of mixed breeds and
weighed 250-350 kg. Processing was performed within
24 h of arrival at the feedlot. All calves were uniquely
identified with an eartag, branded, given 5 mL of
vitamins A and D (Poten AD, rogar/STB, Pointe
Claire-Dorval, Quebec) and 3 mL ivermectin (Ivomec,
MSD Agvet, Kirkland, Quebec), and implanted with
zeranol (Ralgro, I.M.C., Terre Haute, Indiana, USA).
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Figure 1. Mortality of feedlot calves by time period and
disease. aOther = bloat, coccidiosis, peritonitis,
mucosal disease, frostbite, osteomyelitis, trauma,
unknown. bThrombotic meningoencephalomyelitis.
CHaemophilus somnus septicemia.
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Figure 2. Onset of fatal disease in feedlot calves by time
period and disease. aOther = bloat, coccidiosis,
peritonitis, mucosal disease, frostbite, osteomyelitis,
trauma, unknown. bThrombotic meningoencephalo-
myelitis. CHaemophilus somnus septicemia.

and septicemia accounted for 37% (57/153) of fatal
disease (Table 1). If polyarthritis was due to H. somnus
infection, then hemophilosis accounted for 47%
(72/153) of fatal disease.

Fibrinous bronchopneumonia was diagnosed by
gross necropsy examination in 96% (53/55) of fatal
pneumonia cases. Five calves that died from pneumonia
also had polyarthritis and one had myocarditis.
Pleuritis was the gross necropsy diagnosis in 14 cases,

but in four cases there was also pneumonia, in two also
pericarditis, and in one also laryngitis. Multiple lesions
were also observed at gross necropsy in calves that
probably died from various manifestations of H. somnus

septicemia. Myocarditis was diagnosed by gross
necropsy in 34 cases, but in five cases there was also
pneumonia, in two also polyarthritis, in one also
pleuritis, and in one also pericarditis. Fifteen calves
were euthanized because of chronic polyarthritis, but
at gross necropsy there was also pneumonia in nine
cases, pleuritis in two, tracheitis in one, and myocar-
ditis in one. Thrombotic meningoencephalomyelitis
was diagnosed by histological lesions in five calves; in
two cases there was also pneumonia, in two also
myocarditis, in one also laryngitis, and in one also
polyarthritis.
Haemophilus somnus infection was associated with

fatal disease in 43/o (25/58) of the laboratory submis-
sions by histopathology and microbiology (Table 1).
Haemophilus somnus was the only organism cultured
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in the following cases: 3/10 pneumonia; 5/11 myocar-

ditis; 1/3 pleuritis; 3/5 TME; and 3/3 septicemia. Both
H. somnus and Pasteurella multocida were cultured
in one case of pleuritis. Haemophilus somnus and
Pasteurella haemolytica were cultured from one calf
and Mycoplasma bovis was cultured from six calves
that were euthanized because of chronic polyarthritis.
Although H. somnus can be isolated from the nasal
passages and reproductive tract of healthy calves, the
successful culture of H. somnus from heart, joints,
lung, brain, and other affected areas is strongly indica-
tive of hemophilosis (1). Our results (Table 1) indicate
that H. somnus is commonly associated with myo-
carditis, pleuritis, TME, and septicemia.

Death from pneumonia mainly occurred during the
first five weeks in the feedlot (Figure 1). Death from
myocarditis, pleuritis, TME, and septicemia, and
euthanasia because of chronic polyarthritis, occurred
mainly after the third week in the feedlot (Figure 1).
The median FDO for pneumonia occurred sooner

postarrival than the median FDO for suspected cases
of hemophilosis (Table 1). Sixty-two percent of the
calves that died from pneumonia were first treated
during the first two weeks of arrival, whereas only 29%
of myocarditis, 27% of polyarthritis, 25% of septicemia,
7% of pleuritis, and 0% ofTME were treated initially
during the same time period (Figure 2).

Sixteen percent of the calves that died from pneu-
monia had never been treated for BRD, and 24% had
been treated repeatedly (Table 2). Of those fatal
pneumonic cases that had been treated, 59% (27/46)
died within one week of initial treatment (Figure 3).

Calves that died from myocarditis frequently were

found dead in their "home" pen (30/34), but the
majority of these calves (88%) had been treated pre-
viously (Table 2). Death from myocarditis occurred
a median of 18 days after initial treatment, but this
time interval had a wide variation (Table 1, Figure 3).

Can Vet J Volume 31, December 1990

Table 2. Treatment history of
calves with fatal disease

Number of
treatments"

Necropsy
diagnosis n 0 1 2 3

Pneumonia 55 9 33 11 2
Myocarditis 34 4 15 9 6
Polyarthritis 15 lb 12 2 0
Pleuritis 14 8 5 0 1
TMEC 5 2 3 0 0
Hemophilus 4 1 3 0 0

septicemia
Bloat 8 8 0 0 0
Otherd 18 1lI 7 0 0

aNumber of times calves pulled from
"home" pen as sick and treated for fatal
disease
bTreatment history missing
cThrombotic meningoencephalomyelitis
'Other = unknown (n=6), coccidiosis
(n = 3), peritonitis (n = 3), mucosal disease
(n = 2), frostbite (n = 1), osteomyelitis
(n = 1), trauma (n = 2)
eTreatment history missing for two calves



All calves were immunized with 2 mL of a modified-
live (MLV) infectious bovine rhinotracheitis (IBR) and
parainfluenza-3 (PI3) viral vaccine (Bovilan-RP,
Langford Inc., Guelph, Ontario), and 5 mL of a com-
bined H. somnus and clostridial bacterin (Fermicon 7/
Somnugen, Boehringer Ingelheim Animal Health,
Burlington, Ontario). A rectal temperature was taken
on all calves at processing; those with a temperature
>40.50C were considered sick with bovine respiratory
disease (BRD) and treated by a standard treatment
protocol. All other calves were treated prophylactically
with 25-30 mL long-acting oxytetracycline (Liquamycin
LA, rogar/STB).

Calves were housed in groups of approximately
200 head per pen and observed daily for illness. Indi-
vidual health records were maintained on all sick
calves. The case definition of BRD was: an appearance
that was subjectively different from penmates; the
absence of clinical signs attributable to any organ sys-
tem other than the respiratory system; and a rectal tem-
perature -40.0°C. A clinical diagnosis of polyarthritis
was based on lameness and swollen joints. Calves
that were depressed, incoordinated, recumbent, and
opisthotonic were diagnosed as TME (1). Myocarditis,
pleuritis, and peracute Haemophilus septicemia were
diagnosed only at necropsy.

Mortality data and analysis
A routine necropsy was performed within 24 h of
death. When the gross diagnosis was tentative, appro-
priate tissue samples were sent to the pathology labo-
ratory at the Western College of Veterinary Medicine.
The final necropsy diagnosis was based on the
predominant lesion that probably caused death.
Haemophilus somnus involvement was considered
biologically possible in the following conditions:
pneumonia, myocarditis, pleuritis, septicemia, TME,
and polyarthritis. Haemophilus somnus infection was
associated with these conditions by gross necropsy

lesions, routine culture of H. somnus, and
histopathology. The gross necropsy and histological
lesions associated with H. somnus infection have been
described previously (1,2,5,11,12,16-20).

All necropsy and case history data were collected
and entered into a database manager system (Reflex,
the Analytic Data-base System, Borland/Analytica
Inc., Scotts Valley, California, USA). The day on
which a calf died was defined as the number of days
between arrival at the feedlot (day 0) and death. The
day of fatal disease onset (FDO) was defined as the
day of first treatment for subsequent fatal disease or
the day of death if never treated (14). The FDO for
calves that were first treated at processing was day 0.
Four calves that died from pneumonia and one cMlf
that died from myocarditis were treated for BRD at
processing (day 0). The FDO for calves that died from
myocarditis, pleuritis, TME, or septicemia was the day
of first treatment for BRD or the day of death if never
treated. The FDO for calves that were euthanized
because of chronic polyarthritis was the day of first
treatment for lameness or BRD. Based on our case
definition, treatment for BRD could have been treat-
ment for various manifestations of hemophilosis. The
treatment-to-death interval was defined as the num-
ber of days between first treatment for fatal disease
and death. The median and inner-80-percentile range
were used to describe the central location of the data
and the index of dispersion since the data were not
normally distributed (21).

Results
A total of 1870 calves (27%) were treated for BRD
during the follow-up period, September 1, 1989 to
January 31, 1990. During this time frame, 153 calves
died (2.4%7o). Pneumonia was the predominant necropsy
diagnosis (36070, 55/153), but if disease from H. somnus
infection was grouped together, then hemophilosis was
the major cause of death. Myocarditis, pleuritis, TME,
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Table 1. Occurrence of fatal diseases in 6280 calves at a
Saskatchewan feedlot - September 1, 1989 to January 31, 1990
Necropsy Hemophilosis
diagnosis n FDOb TDIC DADd confirmed'

Pneumonia 55 12:(1-30) 6:(0-31) 27:(13-52) 3/10
Myocarditis 34 22:(3-36) 18:(0-49) 42:(27-56) 10/11
Other' 18 31:(4-96) 1:(0-50) 48:(18-98) 0/129
Polyarthritis 15 18:(5-41) 20:(0-43) 45:(31-60) 1/12
Pleuritis 14 22:(11-37) 0:(0-27) 32:(11-59) 2/3
Bloat 8 32:(10-73) 0:(0) 32:(10-73) 0/2
TMEh 5 29:(19-29) 0:(0-l) 29:(26-32) 5/5
Hemophilus 4 17:(13-19) 4:(0-16) 22:(17-29) 3/3

septicemia

aValues for FDO, TDI, DAD are median: (inner-80-percentile range)
bFDO = fatal disease onset: the day of first treatment of all calves that subsequently
died or the day of death if never treated
CTDI = treatment-death-interval: time interval (days) between first treatment and death
dDAD = days from arrival to death
eProportion of laboratory submissions associated with Haemophilus somnus infection
by histopathology or microbiology
'Other = unknown (n = 6), coccidiosis (n = 3), peritonitis (n = 3), mucosal disease (n = 2),
frostbite (n = 1), osteomyelitis (n = 1), trauma (n = 2)
gCulture of H. somnus not attempted
"Thrombotic meningoencephalomyelitis
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Figure 3. Time interval between onset of treatment and
death. aOther = bloat, coccidiosis, peritonitis, mucosal
disease, frostbite, osteomyelitis, trauma, unknown,
bThrombotic meningoencephalomyelitis. cHaemo-
philus somnus septicemia.

Following chronic illness (Tables 1 and 2, Figure 3),
calves with polyarthritis were euthanized because they
could no longer get up. These calves had been placed
in a "chronic" pen and usually were not treated
repeatedly because past feedlot experience suggested
a poor response to a sustained treatment period.
The majority of calves that died from pleuritis

(13/14), TME (3/5), and septicemia (3/4) were found
dead in their "home" pen. Fifty-seven percent (8/14)
of the calves that died from pleuritis were never treated
(Tables 1 and 2). Calves that died from TME or

septicemia were either never treated or treated for only
a short time prior to death (Tables 1 and 2, Figure 3).

Discussion
Hemophilosis was the most significant cause of mor-
tality in fall-placed calves in a large feedlot in Saskatch-
ewan, despite routine single immunization of calves
with a commercial H. somnus bacterin on arrival.
Myocarditis and pleuritis were the most common
manifestations of H. somnus infection, although
TME, peracute septicemia, and pneumonia were
observed occasionally. It has been hypothesized that
the reasons for the increase in these various manifesta-
tions of hemophilosis may include the increased use
of mass treatment and vaccination programs, the ability
of the organism to adapt; or the evolution of different
virulent strains (1,19).

Gross necropsy lesions of myocarditis and severe
fibrinous pleuritis are quite distinctive and highly sug-
gestive of hemophilosis (1,11,17). In this study,
the association between myocarditis, pleuritis, and
H. somnus was frequently confirmed by histo-
pathology and microbiology. Several observations
provide circumstantial evidence that H. somnus may
be a pathogen in polyarthritis: 1) the increased inci-
dence of polyarthritis when other manifestations of
hemophilosis are prevalent; 2) the similar FDO of
polyarthritis, myocarditis, pleuritis, and septicemia;
and 3) the presence of multiple lesions in the joints,
heart, lung, and trachea, which is common in
hemophilosis. Haemophilus somnus was isolated infre-
quently from diseased joints, but this was not unexpected
in calves with chronic disease that had been treated
with antimicrobials (1,9). Although Mycoplasma bovis
was cultured in six cases of polyarthritis, we do not
know the role of H. somnus and M. bovis in poly-
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arthritis in feedlot calves. Haemophilus somnus can
cause fibrinous bronchopneumonia (16-18), and we
may have underestimated its significance in BRD
because of too few laboratory submissions and dif-
ficulty in isolating this bacterium (1,9,18).
Bovine respiratory disease apparently occurs before

other manifestations of hemophilosis (1,5,9), and it
has been hypothesized that BRD may increase the risk
of hemophilosis or be the first sign of H. somnus infec-
tion (1,9). We cannot test either one of these hypoth-
eses in the feedlot because no accurate method of
determining cause-specific morbidity currently exists.
The fatal disease onset of myocarditis, pleuritis,
septicemia, and TME suggests that hemophilosis
mainly occurs during weeks 3-5 after arrival in the
feedlot (Figure 1). It has been reported that incuba-
tion of infection in hemophilosis may be as short as
two days or as long as 21 days, depending on stress
and immune status of the infected calf (9).

Lesions in the heart and joints are observed in eight
hours to three days after experimental infection with
H. somnus (15,16), yet in our study, death from
myocarditis and euthanasia of calves moribund with
polyarthritis tended to occur a few weeks after initial
treatment. Immunization of calves with an H. somnus
bacterin and antimicrobial treatment may have prevented
"sudden death" from Haemophilus septicemia and
resulted in the development of subacute syndromes (1).
Another explanation is that we have incorrectly
assumed that initial treatment for BRD was treatment
for hemophilosis. Calves may have been treated ini-
tially for "fever" that was unrelated to Haemophilus
infection. Therefore, the FDO and treatment-to-death
interval for specific causes of mortality may be inaccu-
rate. Peracute Haemophilus septicemia and TME were
observed a few weeks after arrival in the feedlot, which
suggests that routine single immunization with an
H. somnus bacterin and mass treatment of calves with
oxytetracvcline on arrival at the feedlot did not elimi-
nate carriers of H. somnus.

Satisfactory control and prevention of hemophilosis
is difficult. Traditionally, constant surveillance of
calves and early treatment have been recommended (4).
Although H. somnus is generally susceptible to most
antimicrobials, response to treatment has been reported
to be variable (1,2,11). The treatment response and
case fatality risk, however, remain largely unknown
because of our inability to clinically differentiate the
etiology of depressed and febrile calves. Calves with
TME, septicemia, and pleuritis often were found dead
in their pen, before therapy was initiated. It is difficult
to explain why calves that died from severe fibrinous
pleuritis were infrequently observed ill prior to death.
Prophylactic mass medication with antibiotics in the
feed, or giving calves injections of long-acting anti-
microbials during the periods of greatest risk of
H. somnus infection, may reduce losses from
hemophilosis (7).
The best preventive measure against H. somnus

infection may be immunization with an H. somnus
vaccine prior to infection. The FDO of hemophilosis
suggests that immunization of calves once on arrival
may allow sufficient time for most calves to develop
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a protective immune response prior to infection.
Ideally, the bacterin should be given prior to entry to
the feedlot, but often this is not possible. Various
studies (13,14,22-26) have shown a reduction in over-
all morbidity and mortality with one or two injections
of commercial bacterins, yet hemophilosis remains a
significant cause of mortality in vaccinated feedlot
calves. Research must be aimed at increasing our
understanding of the pathogenesis of hemophilosis and
at developing new, more effective vaccines against
H. somnus infection.
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