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INTRODUCTION

Pasteurellosis in cattle is usually associated with

infection by Pasteurellaz hemolytica or Pasteurells multocidg

type 2 (or A) in combination with viral infection of the
respiratory tract or debilitation of the host by stress
(L. 24,

In Canada and the United States, the disease occurs
most commonly in beef calves after weaning in the fall of
the year and is often the most important disease occurring
in cattle which have recently entered feedlot. Major
economic loss results in the feedlot industry with the
mortality rate reaching 0.75-1.0% (3).

Biological and chemoprophylactic preventive measures
have been used extensively in attempts to contrél
Pasteurellosis in cattle but these measures have resulted
in limited success (4). The Pasteurella bacterins used may
be inefficient because they do not contaln the serotype
most prevalent in the area at the time, or they may not be
suitably antigenic and protective. The technology of
producing a bacterin which contains the necessary antigens
to stimulate the appropriate protective antibodies has not
been developed (5).

Standardized methods for diagnosis are also needed in
order to aid in differential diagnosis.

There is no simple and reliable test for Pasteurells



humoral immune reactions and only limited study of the
disease has been done by cell-mediated immune reactions.

The present study was undertaken with the purpose of
contributing to our understanding of pathogenesis, diagnosis,
and immunity of Pasteurellosgis in cattle.

The cell-mediated immune response, in cattle infected
intratracheally with Pasteurells suspension or inoculated
intramuscularly with Pasteurella bacterin were studied in
acute and convalescent phases by the Leukocyte Migration

Inhibition (LMI) test.



REVIEW OF LITERATURE

Pasteurellosis in cattle is assoclated with infection

by Pasteurellas hemolytica or Pasteurells multocida type 2
(or A) and is manifested clinically by acute broncho-
pneumonia (1).

The disease most commonly affects young growing cattle
ranging in age from 6 months to 2 years, but all age groups
may be affected. The disease occurs commonly in outbreazks
within 7-14 days after cattle have arrived in the feedlot
following stressful transportation, and thus this disease is
often called "Shipping Fever" (6). The disease is also a
problem in dairy herds, especially when recent introductions
have been made (l1). Sporadic outbrezks of the disease can
occur following fatigue, starvation, exposure to inclement
weather, humid, poorly ventilated barns, and viral
infections (1).

Pasteurelils species have been shown to be part of the
normal nasal flora of cattle but not part of the normal lung
flora because of an effective lung clearance mechanism

(7,8,2,10,11,12). Both Pasteuralls hemolytica and Pasteurells

multocida apparently can be carried in a latent state in the
upper respiratory passages (13). Epidemiological studies
have shown that the number of calves infected with
Pasteurella in the nasopharynx increases during outbreaks

of Shipping Fever. One serotype may predominate in the



nasapharynx of calves for 6-9 months and this may indicate
the limited number of serotypes found in a herd (1l4).
However, in some group of calves more than two serotypes
are present and competition between strains may well occur
in the nasopharynx (15).

Environmental droplet nuclei are produced by a moist
cough or labored respirations associated with the disease
(16,17). Increased nasal exudates may also serve to con-
taminate feed ahd water supplies with Pasteurells (17).

Inhaled aerosolized bacterla are deposited in the
cranial, intermediate, and lower parts of caudal lung lobes
(18). Gray studied the relationship between numbers of
Pasteureils hemolytica in the nasal cavity and numbers of
bacteria in tracheal air. He found that if Pasteurells
hemolytica colonized the nasal cavity, 47.8% of the exhaled
bacteria were in 1-5 um micro droplet size, optimal for deep
lung penetration. It seems logical to incriminate droplet

nuclei as the method by which Pasteurella are spread from

one nhasal cavity to another (19,20).

Lillie stated that Pasteurells hemolytica is not
usually found in systemic circulation during pneumonic
Pasteurellosis. The disease is not considered to be
septicemic (5).

In acute Pasteurellosis, a characteristic bacteriological
lung isolation is massive numbers of Pastesurells hemolvtica
in pure culture. Wessman, in a study of Pasteurells

hemolvtica isolated from the respiratory tract of cattle




concluded that strains of Pasteurells hggggijiga from
healthy cattle may differ from those of acute Pasteurellosis

cases (21). The fact that Pasteurells hemolvtics can be
transferred from stressed cattle to nonstressed cattle and
result in clinical disease suggests that virulence of the
organism can be enhanced by the proliferation of resistant
strains (21).

An endotoxin of Pgsteurells hemolvtica has been demon-—
strated by Keiss (22). He concluded that signs of hypoxia
and dysphea are not only due to loss of functional lung

parenchyma but also as an effect of endotoxin.

Clinical Findings of Pasteurellosis in Cattle

Pierson et al., surveyed for causes of fatal disease
in 407,000 yearling feedlot cattle during a 14 month period;
of the 4,260 (1%) cattle died during this period, 1,350 (32%)
were‘categorized as "sudden-death" cases and the greatest
numbers of sudden death cases were attributed to fibrinous
or broncho-pneumonia (26%) (6).

Pasteurellosis usually develops in cattle within 7-14
days after they have been stressed (1,6). Sudden deaths
without previous signs may be the first sign of the diseasse
outbreak (23). Affected cattle often become depressed,
gaunt, exhibit rapid and shallow respirations, and have a
cough which becomes pronocunced if forced to walk. Also
observed is a mucopurulent nasal discharge, ocular discharge

and sometimes a crusty nose (1).



Close examination often reveals a fever of 40-41 C and
evidence of broncho-pneumonia. In the early stages of
disease there are increased vesicular sounds and bronchial
tones which are audible over the anterior and ventral parts
of the lung field. As the disease progresses the bronchial
tones and moist rales become louder and extend over a
greater lung area. These sounds are followed by squeaky
and musical dry rales in a few days especially if the
disease becomes chronic. Pleuritic friction rubs may also
be audible, but their absence does not preclude the presence
of extensive pleuritis.

The course of disease is usually short. If treated
early, affected cattle recover in 24-48 hours, but peracute
cases and those which have been i1ll for several days before
being treated may die or become chronically affected in
spite of intensive therapy (1).

Outbreaks of the disease in feedlots may last 2-3 weeks
or longer, and is dependent on condition of cattle when
first affected. The course may be short in nourished
thrifty cattle originating from one ranch while the course
in cattle mingled from many sources may last for weeks with
cases appearing every few days (1).

The reason for failure of therapy ilnclude advanced
pneumonia, pulmonary absess, bronchiectasis, pleurisy,

inadequate therapy and antibiotic resistance.



Migration Inhibition Factor (MIF)

Reactions of cell-mediated immunity fall into twoc broad
categories; those that involve direct participation of
intact lymphocytes in the effector mechanism of the reaction
and these that involve mediation by soluble lymphocyte-
derived factors known as lymphokines. The first type of
reaction is essentially limited to lymphocyte-dependent
cytotoxicity, although certain aspects of T-cell and B-cell
cooperation may fall into this category. The second category
appears to comprise the bulk of so-called cell-mediated
immune responses and provides a link between this system and
the inflammatory system (24).

Various lymphokines have shown to exert profound
influence upon inflammatory cell metabolism, cell surface
properties, patterns of cell migration, and cell activation
for various biologic activities involved in host defense (24).

In-vitro delayed hypersensitivity studies by Rich and
Lewis (25) demonstrated that tuberculin preparations
inhibited cell migration from spleen fragments or peripheral
blood of actively immunized animals, This assay was simpli-
fied by George and Vaughan (26), who developed the modern
capillary tube method.

Bloom and Bennett (27) and David (28) independently
demonstrated that the reason for inhibition of migration of
peritoneal exudate macrophages was due to the release of
a soluble factor, MIF, from sensitized lymphocytes which were

reacting with antigen in the exudate suspension. The migration



inhibition reaction using peritoneal exudate cells from
non-immunized animals could be demonstrated, provided that
a source of MIF was included in the incubating mediumn.

MIF is of great historical importance since it was
the first non-antibody, lymphocyte-derived soluble factor
demonstrated, i.e., the first lymphokine (24). These
factors are relatively low molecular welght as compared to
conventional immunoglobulins, and also lack immunologic
specificity.

Lymphokines are generated by specific immunologic
reacticns between antigen and sensitized lymphocytes, and
do not require interaction with antigen for the expression
of biologic activity (24,29).

It is assuﬁed that migration inhibition is a linear
relationship with MIF concentration and, therefore, is a
direct correlate of the degree of delayed hypersensitivity
(30}. MIFs are not only involved in tuberculin-type reactions
of delayed hypersensitivity, but also in most other mani-
festations of cell-mediated immunity (24,31).

Carpenter et al. (32), demonstrated that an agar medium
containing guinea-pig serum and tissue culture medium
supported migration of cells from fragments or suspensions
of spleen, lung, lymph node or peritoneal cells. Cell
suspensions were placed in holes cut in the agar gel.
Migration was predominantly between the glass agar interface,
Migration of cells from sensitized animals was specifically

inhibited when antigen was added to agar medium.



Clausen (33) introduced the radial migration method of
polymorphonuclear leukocytes, in which cells migrate in the
gpace between the dish surface and the agarose layer.
Results are expressed as the radius of the circular area
covered by the migrating cells. Cells in the migration
area are granulocyte and mononuclear cells which are
adherent to a solid or semisolid dish surface (29).

The incubation of normal macrophages with MIF containing
supernatants or partially purified MIF has profound effects
on cellular morphology as observed by the light microscope.
During the first hour of incubation, inhibition of macrophage
spreading is commonly reported and by 24 hours, the macro-
phages have become round, lost pseudopodlia, and are not
motile (28). Following 48 hours of incubation, the cells
exhibit increased spreading, with formation of long pseudo-
pods and cellular aggregates are commonly seen (34)., By
72 hours, the macrophages are enlarged, exhibit enhanced
adherence to surfaces, and demonstrate increased membrane
ruffling and ameboid movements (35).

The search for a suitable in-vitro correlate of cell-
mediated immune reactions in cattle has recently been
intensified. The Leukocyte Migration Agarose (LMA) test
was applied to detect cell-mediated immunity in the course
of Mycobacterium avium infection in cattle (36). Bendixen
(37) performed IMA test on cattle infected with paratuber-

culosis. Moreno-Lopes (38) performed LMI test on cattle
infected with Pgrainfluenza-3 virus.
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LEUKOCYTE MIGRATION INHIBITION STUDIES IN PASTEURELLOSIS
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INTRODUCTION

Pasteurellosis in cattle is usually associated with
infection by Pasteurells hemolytica or Pasteurells multocida
type 2 (or A) in combination with viral infection of the
respiratory tract or devilitation of the host by stress
(Collier, 1968; Blood, 1979).

In Canada and the United States, the disease occurs
most commonly in beef calves after weaning in the fall of
the year and is often the most important disease occurring
in cattle which have recently entered a feedlot., Major
economic loss results in the feedlot industry with the
mortality rate reaching 0.75-1.0% (Blood et al., 1979).

Biological and chemoprophylactic preventive measures
have been used extensively in attempts to control
Pagsteurellosis in cattle but these measures have resulted
in limited success (Kzhrs, 1974). Pasteurella bacterins
used may be inefficient because they do not contain the
serotype most prevalent in the area at the time, or they
may not be suitably antigenic and protective. The technology
of producing a bacterin which contains the necessary antigens
to stimulate the appropriate protective antibodies has not
been developed (Lillie, 1974).

Standardized methods of diagnosis are also needed in
order to aid in differential diagnosis. There is no simple

and religble test for Pasiteurella humorzl immune reactions
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and only limited study of the disease has been done by
cell-mediated immune reaction.

The present study was undertaken with the purpose of
contributing to our understanding of pathogenesis, diagnosis,
and immunity in Pasteurellosis in cattle.

The cell-mediated immune response in cattle infected
intratracheally with Pasteurells suspension or inoculated
intramuscularly with Pasteurellsa bacterin were studied in
acute and convalescent phases by the leukocyte migration

inhibition (IMI) test.
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MATERIALS AND METHODS

A group of 6 Guernsey cattle, ages 1-9 months, weighing
from 92-361 pounds were selected on June 20, 1979. Calves
were placed in two 11 X 17 ft. pens, fed ground grain mixture,
alfalfa hay, prairie hay and water. The pen temperature was
maintained constant 23 C throughout the study. Body
temperature was measured daily during 0700-0900 hours by
rectal thermometer. Heart and respiratory rates and lung
sounds were recorded daily by auscultation and any abnormal
clinical signs were noted.

On July 13, 1979, after 3 weeks of observation, four
calves (#1, #2, #3, #5) were inoculated intratracheally
with Pasteurella hemolytica biotype A, serotype 1, strain
No. 236 suspension in 10 ml of sterile distilled water.

This strain was originally obtained from sick cattle with
clinical signs of pneumonic Pasteurellosis. The bacteria
was cultured 24 hours on blood agar plates and harvested.
Calves were inoculated intratracheally with dilutions of
1073 through 1076 according to the following schedule:

calf #1, 15 % 102 organisms; calf #2, 15 X 10% organisms;
calf #3, 15 X 107 organisms; calf #5, 15 X 102 organisms.

Intratracheal inoculation was accomplished in the
following manner; the ventral half of the neck was clipped
surgically and washed with an iodine soap solution and

alcohol. A needle (14 gauge, 3.7 cm) was inserted into
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the trachea approximately 15 cm ventral to the larynx in a
standing position with the head extended upward. A canine
urinary catheter (polypropylene 55 cm, 3.5 French size)
was inserted through the needle for approximately 30-40 cm
into the traches.

Blood sgamples were obtained from the jugular wvein for
the IMI test and complete blood counts (CBC) at 3 or 4 day
interﬁals for 3 weeks.

Four calves (#1, #2, #3, #5) and one control calf (#6)
were re-inoculated with a suspension of the same strain of
Pasteurella in 10 ml of phosphate buffer saline solution
(PBS) intratracheally on Sep. 7, 1979, 56 days following the
initial inoculation and blood samples were taken again for
the LMI test and CBC at 3 or 4 day intervals for 3 weeks.
For this inoculation, the Pasteurella was grown in one liter
of tryptose broth for 24 hours. The culture was sedimented
at 16,000 G for 30 minutes and the pellet of bacteria
resuspended in 20 ml PBS. Calves were inoculated intra-
tracheally according to the following schedule: calf #1,

28 X lO4 organisms; calf #2, 28 X 103 organisms; calf #3,

1 organisms; calf #6,

28 X 102 organisms; calf #5, 28 X 10
28 x 10° organisms.

Blood samples were obtained for the LMI test and CBC
at 3 or 4 day intervals for 3 weeks.

A second group of 4 calves, ages 2-4 months, weighing

from 86-164 pounds, was selected on Oct. 26, 1979. After

2 weeks of observation, the calves were inoculagted



18

intramuscularly with Pasteurells hemolytica Pacterin on
Nov. 15, 1979. Two calves (#8, #12) were vaccinated with
1 ml of aqueous bacterin into the right coccygral muscle
and the other two calves (#9, #11) were vaccinated with
2 ml of incomplete Freund's adjuvant-bacterin, 1 ml into
the right and 1 ml into the left coccygeal muscle. To pre-
pare the bacterin, Pasteurella was cultured for 72 hours in
a liter of tryptose broth, sedimented at 16,000 G for
30 minutes and resuspended in 15 ml of distilled water with
0.1% formalin. The suspension was incubated at 37 C for
24 hours and held at 4 C until used. This aqueous.bacterin
contained 8.43 X 107 organisms per ml which was estimated
spectrophotometrically with a Spectronic 20% at 510 nanometers
and referring to a standard line prepared with a suspension
of Pasteurella in which the number of organisms had been
determined by plating on blood agar. The incomplete
Freund's adjuvant-bacterin combination was then made by
homogenizing equal volume of above aqueous bacterin with an
equal volume of incomplete Freund's adjuvant.

Blood samples for LMI test and CBC were taken at 7 days
interval for 5 weeks. |

The four vaccinated calves were challenged intra-
tracheally with the same strain of live PaSteﬁyella hemolytica

organisms, 100,000 organisms in 10 ml.of PBS on Dec. 13, 1979

aBausch and Lomb, Rochester, N.Y.
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and 900,000 organisms in 10 ml of tryptose broth on Dec. 19,
1979.

Blood samples for the LMI test, CBC and blood chemistry
analysis were taken at 7-day intervals for 4 weeks,

The technique for the LMI test described by Clausen
(1971), Moreno-Lopes and Bendixen (1977) was modified in the

following manner:

b in 0.05 M TRIS-HC1

Preparation of agar medium: 2 X RPMI
with penicillin 120 unit per ml, streptomycin 120 ug per ml,
1 ml of 3% glutamine solution per 100 ml, PH 7.4 was warmed
to 47 C and mixed with an equal volume of sterile 2% purifiéd
agar® in 0.05 M TRIS-HC1l, PH 7.4 at 47 C. Seven ml of the
above preparation were placed in a 15 X 60 mm tissue culture

d

dish™ and stored at 4 C. Agar plates were cut with 4 equidi-

stant wells made with a sterile 5 mm diameter cork corer.

Leukocyte separation: Blood (20 ml) was collected in a tube
with heparin (10 IU/ml). The blood was divided equally into
two siliconized 40 ml polycarbonate centrifuge tubes and

20 ml of sterile distilled water was added to each. After
shaking the tubes gently for 45 seconds, 1C ml of 2.7% NaCl

in PBS was added to restore isotonicity. The mixture was

bRoswell Park Memorial Institute Medium 1640.

°Difco Lab., Detroit, Michigan,

dFalcon Plastics, 1950 Williams Drive, Oxnard, Cal.,
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centrifuged for 15 minutes at 150 G. The supernatant was
removed by aspiration aﬁd the pellet of leukocytes was washed
with 10 ml of Hanks buffered saline solution with heparin

(50 IU/ml), and sedimented at 225 G for 10 minutes.. If there
were any visible deposits of red cells remaining at this
stage, the pellet was recycled as before. To the clean
pellet of leukocytes, one ml of RPMI 1640 was added and the
cells resuspended by pipetting with a siliconized Pasteur

pipet.

Leuko g Migration Inhibitio st: The cell suspension

was incubated for 1 hour at 37 C in a siliconized glass tube
with antigen suspension for test cells or with RPMI 1640 in
0.05 M TRIS HCl for control cells. After this pre-incubation,
cell suspensions were centrifuged for 5 minutes at 150 G and
three-fourths of the supernatant removed and the cell pellet
resuspended in the remaining sdpernatant. The cell mixtures
were each placed into 4 wells in an agar plate and incubated
for 24 hours 2t 37 € in a humidified incubator. The cells
were then fixed with 7.5% glutaraldehyde in distilled water
for 2C minutesg and the agar removed with a spatula and the
plate rinsed gently with tap water. The cells were stalned
with Giemsa for 30 minutes and the migration of cells were
megsured with an ocular micro-meter using substage objective
microscope. The degree of migration inhibition was expressed

as a Percentage Migration Inhibition (% MI) for each calf
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according to the following formula (Remold 1970; 1979).

Percentage Migration Inhibition (% MI).

- _ average migration of test cells
(1 average migration of control cells) £ 190

The migration was measured from the near edge of the well

to the perimeter of the area covered by migrating cells.

Preparation antigen: Pasteurells was cultured for 48 hours
in tryptose broth and sedimented at 16,000 G for 30 minutes.

The pellet of bécteria was resuspended in PBS to an opacity
of approximate tube 3 by the MacFarland scale. The suspension
was then autoclaved at 15 pounds pressure for 15 minutes
sedimented at 12,000 G for 10 minutes and the supernatant
collected for use as a heat soluble antigen. To prepare
sonicated soluble antigen, the Pasteurella was cultured

L8 hours in tryptose broth, sedimented at 16,000 G for

30 minutes, resuspended in PBS, frozen and thawed 3 times,
sonicated for 1 minute for each ml of suspension with a
microtip at output control setting 3 of a Sonifier Cell
Disruptor Model 1856, centrifuged for 30 minutes at 16,000 G,
the supernatant collected and filtered through an 02 micron
membrane filter. Protein content of both antigen was
estimated by biuret test with optical density read in a

Spectronic 20 spectrophotometer at 545 namometer.

®Heat Systems Ultrasonics, Inc., Plainview, L.I.,
NeXwy
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Antigen toxicitv test: The remaining cell suspension not
used to fill the wells of the agar plates was incubated
along with the test plates and stained with trypan blue to
determine viability at the time the test was read after

24 hours incubation.
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RESULTS

Four of the 10 calves (#1, #2, #3, #5) were lnoculated
intratracheally with Pasteurella hemolytica twice at 56 day
interval and 2 calves (#4, #6) were used as controls. Calf
#6 was inoculated with Pasteurells at the time of the second
inoculation of the 4 calves. The other 4 calves (#8, #9,
#11, #12) were vaccinated with Pasteurells hemolvtica

bacterin and challenged intratracheally.

Clinical Signs

All calves exposed to initial intratracheal inoculation
of Pasteurells exhibited clinical signs of Pagteurellosis.
Acute febrile reactions (40-41 C) with rapid shallow
respirations (60-90/min.), +tachycardia (120-150/min.) and
moderate depression developed in all calves beginning 24 hours
post inoculation. One calf (#5) had a serous conjunctival
discharge. Increased harsh vesicular lung sounds and dry
inspiratory bronchial tones were auscultated over the anterior
and ventral one-third of the lung by 48 hours post inocula-
tion in all calves. An occasional cough was present in the
calves (#1, #3). |

After clinical signs of Pasteurellosis were confirmed,
antibiotic treatment was initiated 24 hour post inoculation
to save the life of calves for further study. The calves
responded quickly to antiblotic therapy. Body temperature

returned to normal in 24 hours (calves #1, #2), in 48 hours
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(calf #5), and in 72 hours (calf #3). Calves became less
depressed, walking more in the pen. Moist lung sounds were
auscultated over the entire lung fields for 3 days 1n one
calf (#3) while slight moist rales were heard in thé anterior
ventral portion of the lungs for 2 days in two calwves (#1, #5)
The calves had slightly decreased appetites the first day
post-inoculation, but following antibiotic therapy, the
appetite returned to normal.

The second intratracheal inoculation of live Pasteurella
did not cause clinical signs of Pasteurellosis. The control

calf (#6) inoculated intratracheally with Pasteurella for the

first time developed signs of Pagteurellosis: depression,
fever (39.7 C), harsh inspiratory vesicular lung sound on
9th day post inoculation. Antibiotic therapy was initiated
the following day and continued for 7 days before the calf
made a complete recovery.

Only one of the next 4 calves vaccinated with Pasteurella
bacterin had an elevated temperature (39.7 C), but was normal
without therapy after 24 hours.

When the calves were challenged with Pasteurella hemoly-
tica intratracheally on days 27 and 34 post-vaccination, none

developed clinical signs of Pasteurellosis.

Clinical Patholosy
The first 4 calves exposed to the initial intratracheal

inoculation of Pasteurells organisms developed elevated
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leukocyte counts and elevated fibrinogen values (Figure 3, 5).
The elevation in leukocyte counts was attributed primarily to
neutrophils and lymphocytes and values returned to preinocula-
tion levels in 3-5 days. The fibrinogen values were elevated
in all calves and gradually returned to preinoculation levels
in 7 days. The packed cell volume, hemoglobin, erythrocyte
counts and total protein values were not changed.

The second intratracheal inoculation of live Pasteurellg
organism caused all calves including control calf (#6) to
have elevated leukocyte counts. The fibrinogen value remained
normal in all calves except for the control calf which had an
elevated fibrinogen value.

Vaccinated calves had an elevation in absolute neutrophil
numbers (Figure 4), but the lymphocyte counts did not show
a significant change. Fibrinogen values remained normal in
the calves except for calf #12 which had an elevated
fibrinogen value of 800 mg % for 3 days and this was accom-
panied by body temperature elevation (Figure 6).

Upon challenge with live Pasteurells organism, vaccinated
calves did not demonstrate a change in leukocyte count or
fibrinogen values., The mean value of packed cell volume,
hemoglobin level, red blood cell counts and blood chemistry

profiles did not show significant changes.

Leukocvte Migration Inhibition Test

Calves inoculated intratracheally: The sequential

cell-mediated immunologic responses of calves infected and
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challenged intratracheally with Pagsteurells hemolytica are

shown by average migrations of control cells and test cells
(Table 1), and MIF activity is expressed as the % MI of
these cells (Table 2, Figure 1).

By 13 days after the appearance of clinical signs of
pneumonic Pasteurellosis, a peak wvalue of the % MI of cells
from infected 4 calves was seen (mean * SE % MI 72.90 +
23.61). At day 17 and 56 post inoculation, the mean value
of % MIs of the cells were 56.20 + 15.02 and 42.10 + 16.32,
respectively. These % MIs of the leukocytes of infected
calves represented significant inhibition of migration when
stimulated with the heat soluble antigen at a concentration
of 30 ng of protein per ml., The leukocytes migrated from
the wells in a circular pattern and the mean migration of
the contrel cells from the infected calves were: 1.80 %
0.58 mm in calf #1, 1.72 + 0.56 mm in calf #2, 1.78 + 0.48 mm
in calf #3, 1.65 + 0.32 mm in calf #5 and 1.67 + 0.05 mm in
calf #6,

At 4 days post challenge, the % MI of the cells from
the 4 infected calves was the highest (92.90 + 7.62) among
the test. At days 7, 11, 14, 18 post challenge, the mean
% MI of the cells were 67.90 + 15,48, 62.10 + 10.93,

56,60 + 6,71 and 48.10 + 10.20, respectively.

Calves vaccinated intramuscularly: The average migra-
tion of control and test cells from the calves vaccinated
intramuscularly with Pasteurells hemolytica bacterin are

shown in Table 3 and % MIs of these cells are shown in
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Table 4 and Figure 2.

At 14 days post vaccination, the % MIs were 24.10 +
3.19 with heat soluble antigen, 30 ug of protein per ml, and
26,00 + 2.95 with sonicated soluble antigen, 30 ug of protein
per ml. At day 21 and 28 post vacclnation, the mean value
of % MIs of the cells were 25.20 + 1.10 and 27.00 + 5.32
with heat soluble antigen, 25.50 + 2.92 and 31.35 % 6.42 with
sonicated soluble antigen.

At days 7, 14, 21 post challenge, the mean % MIs of the
cells were 32,30 + 14,57, 32.40 + 5,12 and 39.40 + 13.47 with
heat soluble antigen and 28.70 + 7.66, 30.30 + 3.49 and
b7.40 + 11.66 with sonicated soluble antigen, respectively.

There was no significant differences between the % MI
of the cells with heat soluble antigen and the % MI of the
cells with sonicated soluble antigen.

The mean percentage of viability of cells read after
24 hours incubation at 37 C were 87.42 + 8,44 with RPMI 1640,
86.57 + 9.12 with heat soluble antigen, 30 ug of protein per
ml, and 84.85 £ 10.13 with sonicated soluble antigen, 30 ug

of protein per ml.
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DISCUSSION

*

Clinical Signs

The initial intratracheal exposure to Pasteurella
hemolvtica serotype 1 without significant environmental stress
factors produced clinical signs of Pagturellosis by 24 hour
post inoculation in all four calves.

The pathogenic process of Pasteurellosis consists of a
build up of bacterial population in the lung parenchyma of
the host (Biberstein and Thompson, 1965). It appears that
the lung provides an ideal medium for Pasteurella hemolyvtica
to grow rapidly from a small inoculum to toxic concentrations
(Wessman and Hilker, 1968). fhe growth curve of Pasteurellas
hemolytica demonstrates a sharp log phase beginning at
3 hours of incubation and reaching a peak at 8 to 12 hours
(Wessman, 1966). This peak is followed by a phase of rapid
decline accompanied by lysis of cells and release of endo-
toxin (Keiss and Collier, 1964). If the growth of massive
number of Pagteurellas hemolvtica in vivo is accompanied by a
similar rapid die off and lysis of cells, it would be logical
to assume a similar release of massive quantities of endo-
toxin into the lung.

The dyspnea and hypoxia can be attributed not only to
the loss of functional lung parenchyma but also to endo-
toxicity (Keiss and Collier, 1964), The pyrogenic effect of
Pasteurella is due to the action on the hypothalamus,
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resulting in slower symtemic circulation, pulmonary hyper-

tension and tachycardia (Reece and Wahlstrom, 1973).

Clinical Pathology

Elevated leukocyte count within a few days post inocula-
tion is attributed to an influx of neutrophils from the bone
marrow stores, and it i1s preceeded by a shift of neutrophils
from the circulating pool into the inflammatory lesion. An
immune response to Pagteurella hemolytica bacterin does not
cause significant increase in the number of circulating
lymphocytes.

The elevation of fibrinogen value which paralleled body
temperature is anticipated in inflammatory processes of the
lung.

Calves either recovered from artificial infection or

vaccination did not exhibit clinical signs after intratracheal

challenge with live Pagteurella hemolvticsa.

Leukocvte Migrgtion Inhibition Test

Clausen (1971) introduced the in~-vitro Leukocyte
Migration Inhibition technique for diagnosis of Tuberculosis
in man. More recently, Bergman (1976) used this technique
for the detection of Mycobgcterium gvium infection in cattle
and Bendixen (1977) applied the direct Leukocyte Migration
Agarose technique to cattle naturally infected with Mycobac-

terium paratuberculosis. Moreno-Lopes (1977) performed LMI
test on cattle infected with Paraginfluenza-3. Present
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results indicate that IMI technique can be successfully
used to evaluate cell mediated immune responses in cattle
infected with Pagsteurella hemolytica or vaccinated with
Pasteurella hemolvtica bacterin.

The heat soluble antigen and sonicated soluble antigen
(at concentration of 30 ug protein per ml in each) used was
not toxic to leukocytes compared to RPMI 1640 after 24 houfs
incubation at 37 C. And there was no significant difference
between the % MI of leukocytes with heat soluble antigen
and the % MI of leukocytes with sonicated soluble antigen
(Figure 2).

The fact that leukocytes from normal uninfected calves
were neither inhibited nor enhanced in motility in the
presence of specific antigen ruled out non-specific motility
of leukocytes.

Because of the occurence of both MIF and Migration
Activation factor (Aastrov and Anthony, 1976) in the same
supernagtant, difficulty occurs in using crude lymphokine
preparationé with 48 hour incubation periods (Cohen, 1979).
The leukocytes in the whole migration area consisted of both
granulcytes and mononuclear leukocytes (Clausen, 1973).

In both group of calves infected or vaccinated, initial
significant % MI of leukocytes were exhibited by 2 weeks
post inoculations (mean + SE % MI 72.90 + 23.61 in infected
calves and 24,10 + 3.19 in vaccinated calves). The % MI
of 20% or more is considered a positive indication of MIF

(Remold, 1970, 1979; and Moreno-Lopes, 1977). The
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observation that leukocytes from cattle infected with
Pasteurells hemolytica had significant higher % MIs than the
% MIs of leukocytes from vaccinated calves suggest a linear
relationship with MIF concentration and, therefore, correlates
with the degree of delayed hypersensitivity (Rocklin, 1974).
Resuit of the present investigation demonstrates that
the IMI technique is suitable for evaluating cell-mediated
immunity in bovine species infected with P surella hemoly-

tica or vaccinated with Pagteurella hemolytica bacterin.



32

SUMMARY

The search for a suitable in-vitro correlation of
cell-mediated immune reactions in cattle has recentiy been
intensified. Since Clausen (1971) introduced the in-vitro
Leukocyte Migration Inhibition (IMI) technique for diagnosis
of Tuberculosig, the Leukocyte Migration Agarose tést was
applied to detect cell-mediated immunity in Mycgobacterium
avium infection in cattle (1976). Bendixen (1977) performed
the Leukocyte Migration Agarose test on cattle infected with
Paratuberculosis. Moreno-Lopes (1977) performed Leukocyte
Migration Inhibition (IMI) test on cattle infected with
Parainfluenza=-3 virug. The present study indicates that the
IMI technique can be successfully used to evaluate cell-
mediated immune responses in cattle infected with Pasteurells
hemolytica or vaccinated with Pasteurella hemolytica bacterin.

All cattles exposed to initial intratracheal inoculation
of Pagteurella developed clinical signs of Pasteurellosis in
2L hours: an acute febrile reaction, rapid and shallow
respiration and tachycardia. Infected cattle and vaccinated
cattle were challenged intratracheally with Pasteurella
hemolytica and did not exhibit clinical signs or change in
the clinical pathologic parameters.

In both groups of cattle, infected or vaccinated,
initial significant Percentage Migration Inhibition (% MI)

of leukocytes were exhibited by 2 weeks post inoculations
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(mean £ SE % MI 72.90 + 23,61 in infected calves and 24.10 +
3.19 in vaccinated calves). A migration inhibition over
20% is considered as positive indication of the presence of
Migration Inhibition Factor (MIF).

The observation that leukocytes from cattle infected
with Pasteurella hemolvticg had significantly higher % MI
than the % MI of leukocytes from the vaccinated calves
suggest a linear relationship with MIF concentration and,
therefore, correlates with the degree of delayed hypersensi-

tivity.
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Figure 1. ZILeukocyte Migration Inhibition Test of Calves
Infected Intratracheally with Pasteurells
hemolyvtica and Challenged: Mean + SE Percentage
Migration Inhibitions of Leukocytes from 4
Calves.
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*Calves were inoculated on July 13, 1979.

*#Cglves were inoculated again with live Pasteurells
hemolvtica on day 56 post-inoculation, Dec. 7, 1979.
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Figure 2. Leukocyte Migration Inhibition Test of Calves
Vaccinated Intramuscularly with Pasteurellg
hemolytica Bacterin and Challenged: Mean * SE
Percentage Migration Inhibitions of Leukocytes
from 4 Calves with Heat Soluble Antigen and
Sonicated Soluble Antigen.

100

% MI

: #4
604

4ol A

204

i 1 L ]

4% 50 60

L 1 . 1

1 day 10 20

|

30

EJMean + SE % MIs of leukocytes with heat soluble antigen
30 ug of protein per ml,

‘lwman + SE % MIs of leukocytes with sonicated soluble antigen

30 ug of protein per ml.
*Calves were vaccinatéd on Nov. 11, 1979,
*¥#Czlves were challenged intratracheally on Dec. 13, 1979.

#%%¥Cglves were challenged intratracheally on Dec. 19, 1979.
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Figure 3. Total Leukocytes, Lymphocytes, Neutrophils of
Calves Infected Intratracheally with Pasteurells
hemolytica and Challenged.
cells e %
¥*
10,0004
- Leuko.
8,000+
6,000.L Lympho.
4,000
Neutro.
2,000+
' 1 L 1 il L 1 L ya L 1 L e }
L L) 1 r I’ | ! 1
1 day 10 20 30 56 66 76

- *Calves were inoculated on July 13, 1979.

*##Calves were inoculated again with live Pasteurellsa

hemolvtica on day 56 post-inoculation, Dec. 7, 1979.
Leuko. Leukocytes.
Lympho. Lymphocytes.
Neutro. Neutrophils.
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- Figure 4. Total Leukocytes, Lymphocytes, Neutrophils of

12,000,
cells

10,000

8,000

L)

6,000

4,000

2,000

Calves Vacclnated Intramuscularly with Pasteurella
hemolytica Bacterin and Challenged: Sequential
Average Cell Counts Per Micro-liter from 4 Calves.

Leuko.,

1 s

l
L) L] L}

st

1 day 10 20 30 40

#Cglves were vaccinated on Nov, 11, 1979.

**Calves were challenged intratracheally on Dec. 13, 1979.

*#*¥Cglves were challenged intratracheally on Dec. 19, 1979.

Leuko. Leukocytes; Lympho. Lymphocytes; Neutro. Neutrophils.
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Figure 5. Fibrinogen Values of Calves Infected Intra-
tracheally with Pasteurells hemolvtica and
Challenged: Sequential Average Fibrinogen Value
(mg %) from 4 Calves.

FiBghpoeen v %
*
800 4

600 +
400 4
200 +

: L # .. ! o : L ’I’!‘ !_ i L 3 1

1 day 10 20 30 56 66 76

*Calves were inoculated on July 13, 1979.

##Calves were inoculated again with live Pasteurells
hemolytica on day 56 post-inoculation, Dec. 7, 1979.



Figure 6.

4

Fibrinogen Value of Calves Vaccinated Intra-

Muscularly with Pasteurells hemolyticg Bacterin
and Challenged: Sequential Average Fibrinogen
Value (mg % from 4 Calves.

Fibrinogen mg %

1,000 +
800 +
¥
3 3
¥*

600 =
400 +
200 <

) il ) 1 : 1 1 1 i L 1 1 1 i 1

1 day 10 20 30 40 50 60

*Calves were vaccinated on Nov. 11, 1979,

**Calves were challenged intratracheally on Dec. 13, 1979,

#¥%#Calves were challenged intratracheally on Dec. 19, 1979.
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Table 1. Summary of Calves Used in Leukocyte Migration

Inhibition Test in Pasteurellosigs: Ten Calves
were Selected from Conventlonally Raised Normal
Guerngev Breed,

1l

12

Wt. Age
; on. S Experiments
396 9.0 M infected on July 13, 1979
challenged on Sep. 7, 1979
333 8.5 M infected on July 13, 1979
challenged on Sep. 7, 1979
99 2.0 M infected on July 13, 1979
challenged on Sep. 7, 1979
79 2.0 F control calf
ol 1.0 M infected on July 13, 1979
challenged on Sep. 7, 1979
Q2 2.0 M infected on Sep. 7, 1979
125 340 M vaccinated on Nov. 15, 1979
challenged on Dec. 13, 19, 1979
164 4,0 M vaccinated on Nov. 15, 1979
challenged on Dec. 13, 19, 1979
120 340 M vaccinated on Nov. 15, 1979
challenged on Dec. 13, 19, 1979
130 245 M vaccinated on Nov. 15, 1979

challenged on Dec. 13, 19, 1979

Calves were infected intratracheally with Pasteurella
hemolytica serotype 1.

Calves were challenged intratracheally with Basteurellg
hemolytica.

Calves were vaccinated intramuscularly with Pasteurella
hemolytics bacterin.

Calves were weighed on day of receiving.
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Table 11. Leukocyte Viability Test with RPMI 1640, Heat
Soluble Antigen and Sonicated Antigen at 37 C
for 24 Hours; Percentage Viability of Leukocytes
from 4 Calves Vaccinated with Pasteurellg

hemolytica Bacterin and Challenged.
B Leukocyte Viability Percentage
Day Blood Heat Soluble Sonicated Soluble
Collected RPMI 1640 Antigen Antigen
Post-vaccination |
0 95 U 92
7 87 88 84
14 91 90 , 91
28 73 70 66
Post-challenge
12& 6 79 78 77
19 & 13 92 93 90
26 & 20 95 93 9k
Mean *+ SE 87.42 + 8.44 86.57 + 9.12 84.85 + 10,13

a. Calf was vaccinated with Pagsteurella hemelyvtica on
Nowv. 15, 1979,

b. Calf was challenged intratracheally with Pasteurells
hemolytica 100,000 organisms on day 28 post vaccination,
Dec. 13, 1979 and 900,000 organisms on Dec. 19, 1979.
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Figure 1. Calf #1, Clinical Parameters.
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1. Calf was inoculated intratracheally with Pasteurella
hemolytica 1,500,000 organisms on July 13 and 280,000
organisms on Sep. 7, 1979.

2. Calf was treated with antibiotic for 2 days from
July 14, 1979,

3. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.
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Figure 2. Calf #2, Clinical Parameters.
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v Calf was inoculated intratracheally with Pasteurella
hemolytica 150,000 organisms on July 13, 1979 and
28,000 organisms on Sep. 7, 1979.

galf was treated with antibiotic for 2 days from July 14,
979.

—~

3. Body temperature, respiration and heart rates were

measured daily at 0700-0900 and at 1600-1800 hours.
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Figure 3. Calf #3, Clinical Parameters.
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1. Calf was inoculated intratracheally with Pagsteurells
hemolyticg 15,000 organisms on July 13, 1979 and 2,800
organisms on Sep. 7, 1979.

2. Calf was treated with antibiotic for & days from
July 14, 1979.

3. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.



62

Figure 4. Calf #5, Clinical Parameters.
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Calf was inoculated intratracheally with Pasteurells
hemolytica 1,500 organisms on July 13, 1979 and 280
organisms on Sep. 7, 1979.

2. Calf was treated with antibiotic for 5 days from
July 14, 1979.

3. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.
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Figure 5. Calf #6, Clinical Parameters.

Body Temperature
106 4

- Inoculation

ool |
103°'3
102 4

Respiration Rates

70 ¢
50 1

',l

e
1

-+

Heart Rates

120 4

100 | l

80 4

1 day 10 20
1. Calf was inoculated tratracheally with Pasteurella
hemolytica 1,500 organisms on Sep. 7, 1979.

2. Calf was treated with antibiotic for 7 days from
Sep. 17, 1979.

3. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.
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Figure 6. Calf #8, Clinical Parameters.,
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1. Calf was igoculated intratracheally Pasteurella hemolvytica
(8.43 X 10”7) aqueous bacterin IM, on Nov. 15, 1979 and
challenged intratracheally with Pasteurella hemolvtica
100,000 organisms on Dec. 13, 1979 and 900,000 organisms
on Dec., 19, 1979,

2. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.
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Figure 7. Calf #9, Clinical Parameters.
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1. Calf was vaccinated with Pasteurellas hemolvtica
(8.43 X 107) incomplete Freund adjuvant bacterin IM.

on Nov., 15, 1979 and challenged with Pasteurella
hemolytica 100,000 organisms on Dec. 13, 1979 and
900,000 organisms on Dec. 19, 1979,

2. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600~1800 hours.
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Figure 8. Calf #11, Clinical Parameters.
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1. Calf was vaccinated with Pasteurella hemolytica
(8.43 X 109) incomplete Freund adjuvant bacterin IM.
on Nov.'lﬁ. 1979 and challenged with Pasteurells
hemolytica 100,000 organisms on Dec. 13, 1979 and
900,000 organisms on Dec. 19, 1979,

2., Body tempergture, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.
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Figure 9. Calf #12, Clinical Parameters.
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l. Calf was vsccinated with Pasteurellsg hemolytica
(8.43 X 107) aqueous bacterin IM. on Nov. 15, 1979
and challenged intratracheally with Pasteurells
hemolvtica 100,000 organisms on Dec. 13, 1979 and 900,000
organisms on Dec. 19, 1979,

2. Body temperature, respiration and heart rates were
measured daily at 0700-0900 and at 1600-1800 hours.
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Pasteurellosis in cattle is usually assoclated with
infection by Pasteurells hemolytica or Pasteurella multocida
in combination with viral infection of the respiratory tract
or decreased resistance of the host by stress. This disease
most commonly affects young growing cattle from 6 months to
2 years of age and occurs 7-14 days afte; cattle have
arrived in the feedlot following transportation. The disease
causes major economic losses to the feedlot industry.

Biological and chemoprophylactic preventive methods
have been used extensiveiy in an attempt to control
Pasteurellogis in cattle, but have resulted in limited
success. The technology of producing a bacterin which con-
tains the antigens necessary to stimulate the appropriate
protective antibody has not been developed. Standardized
methods for differential diagnosis are needed in order to
allow for more intelligént use of biological products.

The present study was undertaken with the purpose of
contributing data concerning the pathogenesis, diagnosis
and immunity of Pasteurellosis in cattle.

0f the total of 10 calves used, 4 calves were inoculated
intratracheally with Pagteurella twice at 56 day intervals
and 2 calves were used as controls. Four calves were
vaccinated with Pasteurells bacterin and challenged intra-
tracheally.

All cattle exposed to initial intratracheal inoculation
of Pasteurells developed clinical signs of Pasteurellosis

in 24 hours: acute febrile reaction, rapid, shallow



respirations and tachycardia. Elevation of the leukocyte
count was accompanied by elevation of neutrophil count and
fibrinogen value.

Both groups of cattle, after recovery from artificial
infection or after vaccination, were challenged intra-
tracheally and did not exhibit clinical signs of

steurellosis.

The Leukocyte Migration Inhibition technique used to
evaluate cell-mediated immune responses in Pasteurellosis
was demonstrated to be a successful laboratory procedure
for diagnosis. In both groups of cattle, infected or
vaccinated, significantly increased migration inhibition of
leukocytes was exhibited by 2 weeks post-inoculations.

The observation that leukocytes from cattle infected with
Pasteurells had significantly higher migration inhibition
than the migration inhibition of leukocytes from the
vaccinated cattle suggest a linear relétionship with
Migration Inhibition Factor concentration and, therefore,

correlates with the degree of delayed hypersensitivity.



