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ABSTRACT

A group of 62 beef calves,
born and raised in an institu-
tional herd, were transferred at
nine months of age to a commer-
cial feedlot where they remained
until slaughter seven months
later. Clinical, immunological
and microbiological monitoring
was carried out during this
period. No serious clinical illness
occurred. One hundred percent
seroconversion to bovine virus
diarrhea virus took place after
introduction of the calves into
the feedlot as well as almost
complete (59/62) seroconversion
to bovine herpesvirus 1, a pro-
portion of which could be
related to a single vaccination.
Significant increases in recover-
ies of Mycoplasma spp. from
nasal swabs also occurred in the
feedlot. At slaughter, the lungs
of all animals were recovered
and examined for pathological
lesions: 23 were completely
normal and 39 showed minor
histological changes chiefly
characterized by areas of lobu-
lar to sublobular atelectasis.
For this group of calves, no

relationship was found between
the presence of potential patho-
gens in nasal mucus and the
occurrence of lesions in the lung.
The serological results are dis-
cussed in terms of vaccinations
and other known events that
occurred during the study
period.

RESUME

Cette etude portait sur un
groupe de 62 veaux de bou-
cherie, nes et eleves dans le
troupeau d'une institution, mais
transferes, A l'age de neuf mois,
dans un parc d'engraissement
commercial ou ils demeurerent
jusqu'a ce qu'on les abatte, sept
mois plus tard. Au cours de cette
periode, on exerva sur eux une
surveillance clinique, immuno-
logique et bacteriologique. On
n'enregistra pas de maladie cli-
nique serieuse mais, apr&s l'in-
troduction des veaux dans le
parc d'engraissement, on cons-
tata que tous possedaient des
anticorps A l'endroit du virus de
la diarrhee a virus bovine et que
59 en possedaient en plus a l'en-
droit de l'herpesvirus bovin du
type #1; une certaine proportion
de ces derniers resultait d'une
injection de vaccin. On nota
egalement une augmentation
appreciable du nombre d'isole-
ments de Mycoplasma spp., A
partir d'ecouvillons nasaux.
Lors de l'abattage, on recupera
les poumons de tous les veaux et
on y rechercha la presence de
lesions. Ceux de 23 d'entre eux
s'averOrent tout a fait normaux,
tandis que ceux des 39 autres
recelaient de lehgres l&sions
microscopiques qui se caracteri-
saient par de l'atslectasie qui
affectait la totalite ou seulement
une partie de certains lobules.
Ces veaux ne pr6sent'rent pas

de relation entre la presence
d'agents pathog6nes potentiels
dans le mucus nasal et le deve-
loppement de le'sions pulmo-
naires. Les auteurs commentent
les resultats serologiques pre-
cites, en tenant compte de la
vaccination et des autres eve-
nements connus qui eurent lieu
au cours de leur etude.

The immunological and micro-
biological status of calves used in
respiratory disease research is
considered important, whether the
studies are experimental or
epidemiological in design. The
most common methods employed
are serological tests and the cultur-
ing of nasal mucus. An opportunity
arose to examine the relationship
between several common mea-
sures of health status and the pul-
monary changes found at slaugh-
ter, when a group of calves born at
this Institute was finished in a
commercial feedlot.
The subject group consisted of 62

male and female crossbred Here-
ford calves born between April
and June of 1980. Some were
involved in a colostrum force-
feeding experiment, and all were
weaned in mid-summer at six to
eight weeks of age. The calves were
then kept in corrals at the Institute
on a ration of alfalfa hay and calf
starter, with gradual conversion to
alfalfa hay ad libitum. The males
(n = 29) were castrated in January
of 1981 and all were vaccinated
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against clostridial diseases' in
February, using a separate needle
for each calf. All calves were
shipped to the commercial feedlot
190 km away on March 10, and on
arrival were given an intranasal
vaccine2 containing bovine her-
pesvirus 1 (BHV1) and parain-
fluenze type 3 (PI-3) virus. At the
feedlot the calves were started on a
hay ration, with gradual introduc-
tion of concentrate (containing
monensin) starting on March 15.
They were mixed with 62 calves
from another ranch on April 3 and
slaughtered in mid-October. Males
and females were fed together
from weaning to slaughter.
The following microbiological

and immunological examinations
were carried out prior to transport
(March 9) and three times during
the feeding period (April, July,
September): Mycoplasma spp.
(other than M. dispar) and Pasteu-
rella spp. cultures from nasal
swabs; BHV1 and bovine virus
diarrhea (BVD) virus serum neu-
tralization (SN) tests; PI-3 virus
hemagglutination-inhibition (HI)
tests; and complement fixation
(CF) tests for Pasteurella spp. For
mycoplasma isolation, cotton
swabs were placed in 1.8 mL of
noninhibitory horse serum (NIHS)
broth, which is composed of Hay-
flick's medium (1) with thallium
acetate and penicillin omitted.
Hayflick's medium with 1% puri-
fied agar was then used for isola-
tion of Acholeplasma and Myco-
plasma spp. Tubes containing
swabs were shaken on a vibro-
mixer for 10 s; then the swabs were
discarded. Broths were plated
directly onto agar and carried
through two tenfold dilutions
which were plated three times at
2-d intervals. All plates and broths
were incubated at 37°C, the plates
under 5% CO2. Colonies were iden-
tified by fluorescent antibody
staining.
Ureaplasma broth (2) was inocu-

lated with 10% inoculum and incu-
bated at 37°C. Broths were plated

to A-7 agar (3) at the first sign of
color change. Plates were incu-
bated under H2 and CO2 (Gaspak).3
Ureaplasma colonies were identi-
fied by their black color and char-
acteristic morphology.
Pasteurella spp. antibodies were

detected by the modified comple-
ment fixation test of Cho (4) where-
as Pasteurella spp. isolations were
done by standard aerobic tech-
niques. Previously described
methods were used for the PI-3 HI
test (5) and the BHV1 SN test (6).
For the bovine virus diarrhea

(BVD) SN test, heat inactivated
sera were tested against 100
TCID50 of the NADL strain of virus
at dilutions of 1/3, 1/9, 1/27, 1/81,
1/243, 1/729, 1/2187 and 1/6561.
After 1 h at room temperature the
mixtures were transferred to
tissue cultures of bovine fetal
spleen cells and incubated for 7 d.
At this time they were fixed and
stained for examination using the
formalin-crystal violet solution of
Witte et al (7).
At slaughter, all lungs were

examined and the left cranial lobe
was sampled in each case. When
abnormalities were present, an
additional tissue specimen was
taken from a typical lesion. Both

normal and abnormal tissues were
examined histologically and cul-
tured for Pasteurella and Myco-
plasma spp. For the latter, speci-
mens were collected in NIHS
broth after which they were
minced with scissors and shaken in
fresh NIHS broth. The supernat-
ant was then cultured in the same
way as were the nasal swabs.
Counterimmunoelectrophoresis,

using undiluted goat anti-BVD
serum4 in an electrophoresis
chamber,5 was used in an attempt
to detect the presence of BVD
antigen in the lungs. A 50% homo-
genate of lung was prepared in
borate-buffered saline at pH 9.0
and clarified at 2000 rpm for 20
min. The supernatant was used as
crude antigen in the test. All sam-
ples were negative.
The results of the serological and

cultural tests are given in Tables I
and II. No SN antibodies against
BHV1 were detectable prior to
vaccination on March 10. Subse-
quently, 20/62 were positive by
April 10 and 29/62 by July 15. This
is taken to indicate that about 1/3
of the calves responded to the vac-
cine since detectable serum neu-
tralizing antibodies to BHV1 after
intranasal exposure occur about

TABLE I. Results of Serological Tests on 62 Calves Before and During the Period in
the Feedlot

Number of Calves Positivea
Pre-transport Commercial Feedlot

Teste March 9 April 10 July 15 Sept. 24
IBR-SN 0/62 20/62 29/62 59/62

(1/2-1/16)' (1/4-1/64) (1/4->1/128)
PI-3-HI 10/62 15/62 13/62 7/62

(1/100-1/200) (1/100-1/200) (1/100-1/3200) (1/200-1/1600)
BVD-SN 0/62 3/62 61/61 62/62

(1/27-1/729) (1/27-.>1/6561) (1/81-.>1/6561)
P. haem.- 21/22 48/48 61/61 48/48

CF (trace-) 1/64) (trace- )1/64) (trace-) 1/64) (trace->1/64)
P. mOlt.- 8/22 29/48 49/61 46/48

CF (trace-1/16) (trace-)1/64) (trace-)1/64) (trace-) 1/64)
'Minimum titers considered positive on various tests:

IBR-SN, 1/4; PI-3-HI, 1/100; BVD-SN, 1/3
'Serological tests for viral antibodies:
SN = serum neutralization
HI = hemagglutination inhibition

cRange of titers
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TABLE II. Microbiological Isolations from 62 Calves

Nasal Swabs Lung

Pre-transport Commercial Feedlot Slaughter
March 9 April 10 July 15 Sept 24 October 20

P. haemolytica 1 12 8 1 0
P. multocida 0 5 1 12 0
M. bot7is 0 17 28 7 la

M. bovirhinis 3 58 26 38 0
Ureaplasma 0 9 8 11 0
M. arginini 2 0 15 2 lb
A. Iaidlawii 0 0 23 3 0
a,bjsolated from morphologically normal lung of one animal

day 8 or later (8-11) and the calves
were not mixed with those from
the other ranch until April 3, 7 d
before the March 10 sampling. The
fact that 59/62 were positive on
September 24, with titers as high
as > 1/128, is suggestive of natural
exposure during the feeding
period despite a lack of clinical
IBR during that time.
The number of animals with

titers to PI-3 virus did not vary
markedly over the study period
(Table I). Titers first appeared
concurrent with slight coughing
during the fall of 1980, preceding
shipment to the feedlot, but there
was no evidence of any booster
effect of vaccination or exposure
during the monitoring period.
Lacrimation and conjunctivitis

occurred in the original group of
calves after those from the other
ranch were mixed with them on
April 3. This was followed by a
marked increase in the number of
animals showing titers to BVD
virus, from 3/62 on April 10 to
61/61 on July 15 (Table I). Seven-
teen of these calves were thought
by the feedlot attendants to be
affected severely enough with con-
junctivitis to require antibiotic
treatment between April 15 and
May 29. In addition, one animal
was treated for footrot (infectious
pododermatitis) and one for sexual
riding during this time period. The
only treatment in the 62 calves
between May 29 and the time of
slaughter was one animal for sex-
ual riding.6 Twenty of the 62 calves
from the other ranch were
sampled on July 15 and all had

BVD titers, eight of which were
> 1/729. However, only one of the
latter calves was deemed sick
enough to require antibiotic ther-
apy by the attendants. It is of inter-
est that the clinical disease coin-
cided with marked changes in
serum titers to BVD virus but not
to BHV1.
The majority of the calves had

CF titers to pasteurellae through-
out the sampling period. Whether
or not this related to the lack of
pneumonia found at slaughter is a
matter for speculation because it is
as yet unknown whether or not
naturally occurring serum anti-
bodies are protective against
pneumonic pasteurellosis.
Only one animal had detectable

pasteurellae in its nasal passages
prior to feedlot entry, but several
isolations were made thereafter
(Table II). The presence of these
organisms is expected in calves
(12-15), and even animals with
negative nasal swabs may harbor
pasteurellae in deeper nasal
tissues (16).
The number of mycoplasma iso-

lates from nasal swabs was also
low before the calves entered the
feedlot, but increases were noted
for several species thereafter
(Table II). Mycoplasma bovirhinis,
M. arginini and Acholeplasma
laidlawii are not thought to be
pathogenic in the bovine respira-
tory tract (17), but the presence of
Ureaplasma spp. and M. bovis,
particularly the latter, was the
main stimulus for comparison of
microbiological and postmortem
findings in this study. In a paper

published recently, Springer et al
(18) found no respiratory tract dis-
ease in calves from which M.
bovirhinis, M. arginini, A. laidla-
wii and M. bovis were isolated
from nasal swabs, and further
stated that this was the first
reported isolation of M. arginini
and M. bovis from the upper respir-
atory tract of healthy calves.

All 62 animals survived the feed-
ing period. At slaughter, 23 had no
gross pulmonary lesions while 39
had minor lesions. The latter con-
sisted of a single case of multifocal
abscessation, two cases of fibrous
pleural adhesions (both negative
for pasteurellae, Mycoplasma spp.
and Haemophilus spp.), several
with one or more fibrous strands
causing adherence of lobes to one
another or to the parietal pleura,
but the majority showed only areas
of lobular to sublobular atelectasis.
Lung parenchyma immediately
dorsal to the cardiac notch was so
frequently affected by mild atelec-
tasis as to suggest that this area
was predisposed to such a change
either anatomically or due to pro-
cessing at the packing plant.
Lung tissue that appeared

grossly normal also lacked histo-
logical lesions. The areas de-
scribed as atelectatic on gross
inspection consisted of collapsed
alveoli only, with no accompanying
inflammatory changes or occlusive
lesions of the related airways.
Aggregates of lymphoid tissue
were present in most sections in
association with bronchi and some
bronchioles. The amount of this
lymphoid tissue was variable but
in general the nodules were larger
when associated with larger air-
ways. The one animal from which
M. bovis and M. arginini were iso-
lated from lung tissue did not have
lymphoid tissue in excess of that
seen in other calves. In general, the
several species of mycoplasma iso-
lated from many of the calves over
the feeding period were not related
to any significant pulmonary
lesions.
These data suggest that neither
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6Treatments, all diagnosed and administered by feedlot personnel, consisted of: 1) for conjunctivitis, 2 cc, Derapen (Ayerst Laboratories,
Montreal, Quebec) + 1 cc Azium (Schering Canada Inc., Pointe Claire, Quebec) subconjunctivally plus 20 cc Derapen intramuscularly
(IM), 2) for footrot, 20 cc Derapen IM and 3) for sexual riding, 20 cc Derapen IM.



the isolation of various bacteria
(including Mycoplastmia spp.) from
nasal swabs, nor the detection of
serum antibodies to respiratory
viruses, provide ipsofacto evidence
of internal lesions. Furthermore,
they raise the question of whether
such testing is even relevant to calf
status and selection, at least from
the standpoint of whether the calves
have a background of preexisting
pulmonary lesions or are fully sus-
ceptible to experimental exposures.
Such tests do, however, provide
information on vaccine responses
and on the natural antigens to
which cattle are exposed, and as
such may provide data useful for
feedlot management decisions.
These results do not, of course,

resolve the important question of
whether the Mycoplasma spp. iso-
lated are capable of causing
pneumonia. Mycoplastna bovis was
present within one lung which was
free of lesions and several Myco-
plasma spp. were present in the
nasal passages without any asso-
ciated pneumonia. However, this
was also true of P. haemnolytica and
P. multocida, which are known
pulmonary pathogens in cattle.
The question of whether the pre-
sence of some Mycoplasma spp.
can adversely influence host
defenses against other pathogens
without causing any morphologi-
cally evident damage themselves is
beyond the scope of this report, but
there was no indication that such
an effect was operative.
Experimental studies involving

cattle are usually limited to small
numbers of animals for economic
reasons. This has led to the justifia-
ble assumption that the immuno-
logical and microbiological status
of the animals used is vitally impor-
tant. The results reported here,
however, suggest that traditional
tests probably provide little a priori
information on the presence or
absence of pulmonary lesions,
although they may provide infor-
mation on immune status which
should be considered in light of any
proposed experimental exposures.

Until improved methods are avail-
able it would seem appropriate to
document carefully the microorga-
nisms and antibodies present dur-
ing a study, so that these data are on
hand for future comparison and
comment.
This study also demonstrates

that many of the factors associated
with bovine respiratory disease
(19) can be present (shipping, mix-
ing of groups, vaccinating, expo-
sure to various viruses and bacte-
ria) without causing a pneumonia
problem. Such an observation
points to the present inadequacies
in our understanding of the patho-
genesis of the bovine respiratory
disease complex.

ACKNOWLEDGMENTS

The authors are grateful for the
cooperation of the management
and staff at Western Feedlots in
Strathmore and Canada Packers
in Calgary, Alberta. We also thank
our colleagues at ADRI, Leth-
bridge for professional advice and
technical assistance.

REFERENCES

1. HAYFLICK L. Tissue cultures and
mycoplasmas. Texas Rep Biol Med
1965; 23 (Suppl 1): 285-303.

2. SHEPARD MC. Differential methods
for identification of T-mycoplasmas
based on demonstration of urease. J
Infect Dis 1973; 127 (Suppl): S22-S25.

3. SHEPARD MC, LUNCEFORD CD.
Differential agar medium (A7) for
identification of Ureaplasmia u realyti-
camitl (human T mycoplasmas) in prim-
ary cultures of clinical material. J Clin
Microbiol 1976; 3: 613-625.

4. CHO HJ. Demonstration of comple-
ment fixing antibody in the sera of cat-
tle vaccinated with combined living
blackleg-anthrax vaccine. Can J Comp
Med 1971; 35: 155-160.

5. STOCKDALE PHG, LANGFORD
EV, DARCEL CleQ. Experimental
bovine pneumonic pasteurellosis I.
Prevention of the disease. Can J Comp
Med 1979; 43: 262-271.

6. DARCEL CleQ. Some factors influ-
encing the microtest method for neu-
tralizing antibodies to the virus of

infectious bovine rhinotracheitis. Can
Vet J 1975; 16: 59-62.

7. WITTE KH, EASTERDAY BC.
Stained mononuclear test: A color test
in disposable plastic trays for titrating
transmissible gastroenteritis virus and
neutralizing antibodies. Am J Vet Res
1968; 29: 1409-1417.

8. TODD, JD, VOLENEC FJ, PATON
IM. Intranasal vaccination against
infectious bovine rhinotracheitis: Stu-
dies on early onset of protection and use
of the vaccine in pregnant cows. J Am
Vet Med Assoc 1971; 159: 1370-1374.

9. TODD JD. Development of intranasal
vaccination for the immunization of
cattle against infectious bovine rhino-
tracheitis. Can Vet J 1974; 15: 257-259.

10. TODD JD. Intranasal vaccination of
cattle against IBR and P13: Field and
laboratory observations in dairy, beef,
and neonatal calf populations. Develop
Biol Standard 1976; 33: 391-395.

11. JERICHO KWF, YATES WDG,
BABIUK LA. Bovine herpesvirus-1
vaccination against experimental
bovine herpesvirus-1 and Paste14rella
flaemiolytica respiratory tract infection:
Onset of protection. Am J Vet Res 1982;
43: 1776-1780.

12. COLLIER JR. Significance of bacte-
ria in bovine respiratory disease. J Am
Vet Med Assoc 1968; 153: 1645-1651.

13. WESSMAN GE, HILKER G. Char-
acterization of Paste 14 ella hem olyticac
isolated from the respiratory tract of
cattle. Can J Comp Med 1968; 32:
498-504.

14. MAGWOOD SE, BARNUM DA,
THOMSON RG. Nasal bacterial flora
of calves in healthy and in pneumonia-
prone herds. Can J Comp Med 1969; 33:
237-243.

15. GILMOUR NJL. The role of pasteu-
rellae in respiratory diseases of cattle.
In: Martin WB, ed. Respiratory dis-
eases in cattle. The Hague: Martinus
Nijhoff, 1978: 356-362.

16. PASS DA, THOMSON RG. Wide dis-
tribution of Paste 14 ella laemt olyt ica
type 1 over the nasal mucosa of cattle.
Can J Comp Med 1971; 35: 181-186.

17. GOURLAY RN, HOWARD CJ,
THOMAS LH, WYLD SG. Pathoge-
nicity of some Mycoplasmtia and Achole-
plasmtia species in the lungs of gnotobio-
tic calves. Res Vet Sci 1979; 27:233-237.

18. SPRINGER WT, FULTON RW,
HAGSTAD HV, NICHOLSON SS,
GARTON JD. Prevalence of myco-
plasma and chlamydia in the nasal
flora of dairy calves. Vet Microbiol
1982; 7: 351-357.

19. MARTIN SW, MEEK AH, DAVIS
DG, JOHNSON JA, CURTIS RA.
Factors associated with mortality and
treatment costs in feedlot calves: The
Bruce County beef project, years 1978,
1979, 1980. Can J Comp Med 1982; 46:
341-349.

378


