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Introduction

In young feeder calves, lung pathology represents
45 to 80% of all diseases and is an important cause of
economical loss in the beef industry.#3¢ The ultimate
cause of death is generally thought to be due to a sec-
ondary bacterial infection, of which the major contribu-
tors are Pasteurella haemolytica or Pasteurella
multocida %% Therefore, antimicrobial therapy is con-
sidered as the basis of the control of most bovine
pneumonias. However, in acute cases, the inflamma-
tory reaction in the lungs can be so severe that it inter-
acts negatively with the gas exchange processes and
therefore with the survival rate. Indeed, the pulmo-
nary dysfunctions and lesions are generated not only
by the microorganisms but also by the released endog-
enous pro-inflammatory mediators.!63%% In these con-
ditions, the modulation of lung inflammation also plays
an important role in an effective control of bovine pneu-
monia.

For a practitioner, the only available drugs for
modulation of inflammation are non specific mediators
antagonists, i.e. steroidal (SAID) and non-steroidal an-
tiinflammatory drugs (NSAID). SAID’s are known to
be powerful antiinflammatory drugs. However their po-
tential side effects on the immune system make their
use inappropriate in micro-organism-induced
pneumonias, mainly because of a higher risk of recur-
rence.®?” On the other hand, NSAID’s have been re-
ported to have a good efficacy/toxicity ratio in the treat-
ment of bovine pneumonias.®!

It was intended to investigate the clinical, lung me-
chanical, blood biochemical parameters and broncho-al-
veolar cell types in an experimental pasteurella model,
after randomising animals to an antibiotic plus
ketoprofen treatment or an antibiotic plus dexametha-
sone treatment. A Pasteurella reinoculation was per-
formed six days after the first one in order to test the
potential delayed effects of the treatments. Further-
more, it was the intention to measure the effect of the

inoculation and the treatments on the oxidative burst
activity of phagocytes and on the relative distribution
of peripheral blood mononuclear cells (PBMC), all by
means of flow cytometry.

Materials and Methods

Animals

The data were collected from 8 male Friesian
calves, weighing 42 to 50 kg, starting the protocol at
age 4 to 5 weeks. All calves came from a calf-farm where
they were housed for the previous three weeks with
about 40 calves of their age group. To enter the trial
they were not allowed to have received any antibiotic
treatment while staying in their feedlot. Before start-
ing the experiment, the calves were declared free from
cardiorespiratory or infectious perturbations with the
use of clinical and lung function tests. The calves were
cared for in accordance with the Belgian law regarding
the protection of experimental animals.® Two days af-
ter arrival of the animals at the University, the experi-
ment was started. The protocol was approved by the
Ethical Committee, Faculty of Veterinary Medicine,
University of Liege.

Pasteurella strain

A strain of Pasteurella haemolytica biotype A, se-
rotype 1, was obtained from lung tissue of a 3 week old
calf with pneumonia. It was rehydrated from freeze-
dried ampoules and incubated at 37° C in a Brain Heart
Infusion solution (BHI) for 24 hours. One drop of the
suspension was incubated on a blood-agar plate for an-
other 24 hours. Ten colonies were resuspended in a 100
ml BHI solution which was incubated and agitated for
five hours at 37°C. Precisely after five hours this BHI
suspension was used as the inoculum. A growth curve
was obtained by following the BHI solution spectropho-
tometrically at 600 nm during the five hours. This con-
firmed previous experience where the Pasteurella popu-
lation was at the top of its logarithmic growth at 5 hours.
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A pasteurella population in logarithmic growth is nec-
essary to have maximal cytotoxin production.! Quanti-
tative plate count at 5 hours growth revealed a concen-
tration of 6.2.108 colony-forming units per ml.

Protocol

The protocol’s schedule for inoculation and testing
is given in Fig 1. At Day 1, a control measurement (Test
1) was performed before the first inoculation. The next
morning, the inoculation effect was examined in Test 2,
which was followed by the first treatment of colistin
(52000 IU/kg I.M.) (Colivet S forte, Prodivet, Belgium)
as an antibiotic, selected on basis of the result of an
antibiogram, and ketoprofen (Group A) (3 mg/kg I.M.)
(Ketoprofen 10%, Rhone Merieux, Brussels, Belgium)
or a dexamethasone solution (Group B) at a label dose
of 1.58.10-2 mg/kg (I.M.) (Voren solution, Boehringer
Ingelheim, Brussels, Belgium) after randomising. The
morning of day 3 the calves received a second treatment
followed by Test 3 to evaluate the treatment effect. One
day later a last treatment was given. In total the calves
were treated for three days with a single daily injection
of the selected drugs. Six days after the first inocula-
tion Test 4 was performed and followed by a second in-
oculation. The next day, after Test 5, the calves were
euthanized using a curare-like agent and an overdose
of barbiturates (T61, Hoechst, Brussels, Belgium), and
a necropsy was performed.

Day1| Day2 | Day 3 | Day4 | Day5| Day6 | Day 7 | Day 8

AM | Test 1| Test 2 |Treatment Treatﬂxent Test 4 | Test 5

Treatment|

PM | First Test 3 Second | Necropsy
Pasteurella Pasteurella
Inoculation Inoculation

Figure 1. Experimental design : each of the eight
calves, randomly allocated to two groups of 4 calves, was
inoculated twice with Pasteurella haemolytica with an
interval of 5 days. All animals were treated for three
days after the first inoculation with an antibiotic in com-
bination with a non-steroidal (Group A) or a steroidal
anti-inflammatory treatment (Group B). Five "tests"
were performed, before and after inoculation and treat-
ment, during which clinical, lung mechanical, gas-ex-
change and biochemical parameters were recorded. A
broncho-alveolar lavage was performed at each test to
measure the oxidative burst capacity of phagocytes. The
experiment was concluded with a necropsy.

Inoculation
Both right and left lung were inoculated on day 1
and day 7 (Fig 1) by depositing 4 ml of the inoculum in

the main right and left bronchus each and 1 ml in the
bronchus of the cranial lobe of the right lung through a
polyethylene catheter that was placed via the biopsy port
of an endoscope (Pentax PMEII/PUE GI video endo-
scope).

Tests
At each of the five tests, indicated on Fig 1, the
following parameters were measured:

Clinical parameters: Rectal temperature, respiratory
and heart rates (RR, HR), abnormal sounds on pulmo-
nary auscultation, depression or loss of appetite, pres-
ence of tachypnea and dyspnea and the presence of cough
and/or nasal discharge were recorded.

Arterial blood gas levels: Arterial blood was collected
anaerobically through puncturing of the axillary artery
with a 21 G heparinized needle after shaving the
jugularis region down to the pectoralis region. Arterial
pressure in oxygen (Pa0,) and the arterial pressure in
carbon dioxide (PaCO,) together with the pH and the
base excess were measured with correction to body tem-
perature!* (blood gas analyser, model 995 Hb, AVL,
Leuven, Belgium).

Respiratory mechanical parameters: Respiratory
mechanical parameters were recorded as previously de-
scribed.’® Briefly, the respiratory airflow (V) was mea-
sured by use of a heated pneumotachograph Fleish
mounted on a mask and coupled to a differential pres-
sure transducer with identical catheters. The V signal
was integrated with respect to time to give tidal volume
(Vt). Pleural pressure (Ppl) was estimated via a bal-
loon tipped catheter located in the middle third of the
oesophagus. Transpulmonary pressure (Ptp) was elec-
trically obtained by subtracting oesophageal pressure
from airway opening pressure and was used for the sub-
sequent calculations. All signals, Ptm, Vt and V were
fed into a computer (Hemodynamic Respiratory System,
ACEC, Belgium), which derived mean pulmonary func-
tion values from measurements on 5 regular, succes-
sive, and artefact free respiratory cycles; RR and Vt were
measured, whereas dynamic lung compliance (C,dyn)
and total pulmonary resistance (RL) were calculated by
use of the method described by Rodarte and Rehder.?¢

Blood sample : A venous blood sample was collected
on EDTA tubes for a basic haematological profile, yield-
ing counts of red blood cells, hematocrit, haemoglobin,
white blood cells, platelets, lymphocytes, monocytes,
neutrophils, basophils and the total protein level.
Flow cytometry was used to obtain precise infor-
mation on the proportion of macrophages, B lympho-
cytes, T lymphocytes (CD4,CD8, y-8), and on their

THE BOVINE PRACTITIONER—NO. 32.1

TWONNQLNSIP $SA008 Uado (SI9UONNILIJ SUIAOY JO UONRIOSSY UedLoWY WYSAdo)) §



morphologic features (size, granularity). To differenti-
ate the PBMC subpopulations, we used the anti-CD2
(CC42), anti-CD4 (CC8), anti-CD8 (CC63) and the anti-
CDy-6 (CC51) mononuclear antibodies which were kindly
provided by W.I. Morisson (Compton, UK). We also used
the anti-macrophage (IL-A24), kindly provided by N.
MacHugh (Ilrad, Nairobi, Kenya) and the anti-B (1H4),
kindly provided by J.-J. Letesson (FNDP, Namur, Bel-
gium). Blood was collected by jugular venipuncture and
mixed with heparin. The PBMCs were then isolated on
Ficoll-Hypaque (Pharmacia) (density = 1.077 g/ml) den-
sity gradient and washed three times with PBS. About
106 cells were incubated for 30 min at 37°C in PBS con-
taining 5% FCS and the appropriate predetermined con-
centration of primary MAb. The cells were then washed
with PBS containing 5% FCS and further incubated in
PBS containing 5% FCS and FITC-conjugated second-
ary antiserum at 37° C for 30 min. After an additional
wash with PBS containing 5% FCS, the cells were re-
suspended in PBS and analysed by flow cytometry.
Flow cytometry was also used to determine the oxi-
dative burst activity (OB) of phagocytes in a venous
blood sample. The intracellular oxidation of non fluo-
rescent DHR (Dihydrorhodamine 123) to green
rhodamine 123 by hydrogen peroxide and peroxidases
is the most sensitive method for the analysis of the OB
response by flow cytometry.?® DHR was purchased from
Molecular Probes (Eugene, OR, USA). Neutrophil and
macrophage cell groups can be differentiated by the large
difference in relative OB activity.?? Approximately 10¢
cells in RPMI 1640 were incubated with 1uM of DHR.
After 5 min at 37°C, cells were incubated with 10-7 M of
PMA (Phorbol 12-Myristate 13-Acetate) at 37°C during
30 min. Following this, 2.5 pg of Prodium Iodide (PI)
was added to each tube immediately before flow
cytometry analysis. Controls included the omission of
PMA or the preincubation of the cells with
diphenyliodonium (a specific inhibitor of OB).

Bronchoalveolar lavage (BAL): A polyethylene cath-
eter (external diameter 4 mm, internal diameter 1.8 mm)
was introduced via a nostril into the trachea and pushed
forward till it was wedged in a bronchus. Next, 50 ml of
a warm phosphate buffered saline solution (PBS) (25°C)
was injected, immediately followed by a negative pres-
sure on the same syringe to recover as much of the in-
jected fluid as possible. The lavage solution was first
filtered with a cell strainer, after which 50 ml PBS was
added. The solution was then centrifugated at 250 g for
10 min at 5°C. The cells were resuspended in 1 ml of
water for 5 sec and immediately transfused in 50 ml of
PBS. A second time the remaining white blood cells
were centrifuged at 250 g for 10 min after resuspension
in 2 ml RPMI. The slides were examined microscopi-
cally after staining with Giemsa. Oxidative burst ac-

tivity was measured following the same procedures as
described above for the venous blood sample.

Analysis by flow cytometry: Flow cytometric analy-
sis was performed using a Becton-Dickinson fluores-
cence-activated cell sorter (Facstar Plus), equipped with
an argon laser (ILT air cooled with 100 mW excitation
lines at 488 nm). Dead cells and debris were excluded
from the analysis by the use of PI and the conventional
scatter gating method. Fluorescein and PI emission sig-
nals were collected by using appropriate filters at 530
nm (band pass 30) and 575 nm (band pass 26), respec-
tively. Five thousand events per sample were collected
in list mode, stored, and analysed by the Consort 32
system (Becton-Dickinson).

Necropsy

Lung tissue was sampled for bacteriologic analy-
sis, to confirm the presence of Pasteurella haemolytica,
and for histopathology. Sections of lung tissue were fixed
in 10% phosphate-buffered formalin, embedded in par-
affin, stained with hematoxylin and eosin and exam-
ined by light microscopy.

Statistical Analysis

Descriptive analysis were performed by graphically
presenting for every calf each of the recorded param-
eters from Test 1 to Test 5. Plots were conducted with
the treatment groups mean value at each test for every
parameter, accompanied by a 95% confidence interval
of the mean. For statistical analysis, unpaired, paired
T-tests, and analysis of variance were used at an a-level
of 0.05.

Results

One day after the first inoculation, each calf had a
marked decline in C,dyn, in addition to an elevated RR
(Fig 2). A marked decline of the PaO, (Fig 3) and an
elevated temperature was also found in both groups.
The blood profile showed a rise in the total white blood
cell count and a rise in the absolute count of neutro-
phils. Asignificant decrease in mean cell size (p = 0.05)
(see * Table 2) was seen after the first inoculation in
neutrophils and macrophages in the BAL.

At Test 3, twenty-four hours after the first treat-
ment and two hours after the second treatment were
instituted, the body temperature dropped significantly
in both groups (Group A: p=0.012, Group B:p=0.013).
However it was only in Group A that the tachypnea
improved significantly (p = 0.005) (Fig 2) next to a sig-
nificant improvement of the expired minute volume (p
=0.003). In both groups there was a trend for PaO, to

JANUARY, 1998

TWONNQLNSIP $SA008 Uado ‘SI9UONNILIJ SUIAOY JO UONRIOSSY UedLowy WYSAdo)) §



100 = ¥Ketoprofen

E #% Dexamethason
g B
§ 80 L/‘
.

60

) ~——— 3 days ——
40 -
20 -
0
1 2 3 4 5 Tests

Figure 2. Mean respiratory rate with standard error.
A significant improvment for Group AS was found after
treatment (p = 0.0051). After the second inoculation, the
mean respiratory rate was significantly lower in Group
A (62 breaths/min) compared to Group B (85.3 breaths/
min) (p = 0.0485).
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Figure 3. Mean arterial oxygen level with standard
error. There was only for Group B a significant decrease
of the arterial oxygen level found after the second in-
oculation (p = 0.0078).

rise (Fig 3). At Test 4, a significant difference between
the two treatment groups was detected in the neutro-
phil blood level (p = 0.01), with a mean level of 1.9.10°
cells/L in Group A and a mean of 6.4.10° cells/L in Group
B (Table 1).

At the second inoculation, RR rose significantly
higher in Group B (mean of 85.3 breaths/min) than in
Group A (mean of 62 breaths/min) (p = 0.049) (Fig 2). A
significant drop of the PaO, was found only in Group B
(p =0.008) (Fig 3). For the neutrophil blood count, only
Group A showed a significant increase (p = 0.014) (Table
1). This phenomenon was also found for the total lym-
phocyte blood count, where again only Group A showed

a significant rise after the reinoculation (p = 0.033)
(Table 1).

The lungs were removed at necropsy and a map
was made from the macroscopic lesions. Lesions were
mostly located in the cranial and middle lobes of the
right lung and were either extensive or multifocal. The
general pattern was a “marbled” lung, with clear delin-
eation between normal and affected areas. On section-
ing, lesions were firm and oedematous with many
haemorrhages. In 3 calves multifocal abscesses (diam-
eter 5 mm) were found in the cranial right lobules, one
calfin Group A and two calves in Group B. Translucent
exudate outlined individual lung lobules. The index
score of lung tissue damages was two-times greater in
Group B (10.6 £ 6.7 (SD)) than in Group A (5.8 £ 3.5
(SD)), but the difference was not significant at a 95%
confidence level. Microscopic investigation was done on
lung tissue samples from macroscopically normal and
abnormal parts. For each calf, two different patterns
were found. Several lobules showed enlarged septa, con-
gestion with a presence of many macrophages but still
with intact alveoli pointing to a subacute histiocytic
pneumonitis. In other lobules, on the other hand, an
acute haemorrhagic bronchoalveolar pneumonia was
found with alveoli filled with pus and haemorrhage. The
bronchial and bronchiolar epithelia and submucosa were
infiltrated with neutrophils.

Cell types recovered by BAL were macrophages,
degenerated cells, epithelial cells, neutrophils and lym-
phocytes. A mean of 17 ml lavage fluid of the 50 ml
volume injected was recovered. The quantitative assess-
ment of cell types by Giemsa staining was not possible
as bovine lymphocytes and macrophages could not be
differentiated reliably by light microscopic observa-
tion.!®?” However, at Test 1, before the first inoculation,
macrophages were large and readily distinguishable
from lymphocytes. At inoculation 1 the large majority
of cells in the lavage were macrophages (estimated semi-
quantitatively from 76% to 95%). At Test 2, after the
first inoculation, the neutrophils became the predomi-
nant cell type in 6 of 8 calves. At Test 3, 4 and 5 cells
became less differentiable and estimation turned out to
be unrepeatable by different individuals on the same
smear.

The measurements of relative OB activity by flow
cytometry did not show any particular pattern, indicat-
ing no inoculation effect or treatment effect. Ahigh vari-
ability was detected within each treatment group for
the relative OB intensity of neutrophils and macroph-
ages in the BAL (Table 2), and for the neutrophils and
monocytes in the venous blood samples (Table 1). The
mean relative OB intensity for neutrophils and for mac-
rophages was significantly higher (p = 0.05) in BAL than
for neutrophils and monocytes in a venous blood sample.
Mean relative fluorescence intensity for neutrophils in
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Table 1. Respiratory and hematologic parameters recorded from the experimental calves, means and standard

errors ().
Parameters Units TEST 1 TEST 2 TEST 3 TEST 4 TEST 5
Respiratory rate Breaths/min Group A 29.90 53.31 33.18¢2 41.73 62.044
(9.99) (5.90) (3.50) (12.93) (15.82)
Group B 46.10 61.96 56.52 73.27 85.364
(7.29) (8.27) (3.23) (4.08) (2.43)
Tidal volume L Group A 0.529 0.460 0.516 0.434 0.384
(0.057) (0.060) (0.020) (0.069) (0.051)
Group B 0.416 0.375 0.437 0.316 0.331
(0.014) (0.020) (0.020) (0.032) (0.022)
Lung resistance L/emH,0 Group A 0.300 0.301 0.398 0.305 0.373
(0.065) (0.040) (0.040) (0.058) (0.052)
Group B 0.298 0.365 0.413 0.249 0.290
(0.030) (0.040) (0.080) (0.030) (0.014)
Lung compliance ecmH,0/s/L Group A 1.680 1.520 1.370 1.520 1.150
(0.039) (0.210) (0.113) (0.262) (0.126)
Group B 1.760 0.990 1.230 1.120 1.040
(0.308) (0.026) (0.124) (0.126) (0.192)
Partial arterial O, mmHg Group A 90.58 85.75 92.43 90.53 85.40
pressure (4.50) (4.35) (3.59) (4.19) (6.59)
Group B 91.28 77.25 84.50 85.60 70.43¢°
{(1.98) (4.87) (2.79) (3.16) (3.45)
Partial arterial CO, mmHg Group A 49.73 46.68 46.40 48.23 45.05
pressure (2.44) (1.35) (1.65) (1.12) (0.87)
Group B 46.53 44.86 43.68 48.90 46.13
(1.32) (1.50) (1.17) (0.65) (2.62)
Base excess (arterial mmol/l Group A 4.20 3.28 1.75 2.33 3.78
blood) (1.87) (0.89) (1.63) (1.04) (1.07)
Group B 3.78 5.78 1.73 4.28 3.83
(0.81) (0.60) (1.36) (1.09) 1.07)
Body temperature °C Group A 39.10 39.80 39.30° 39.60 40.50
(0.15) (0.13) (0.12) (0.57) (0.40)
Group B 39.10 39.90 39.30° 40.30 40.10
(0.09) (0.20) (0.19) (0.32) (0.31)
Erythrocytes 10'%L Group A 6.670 6.390 5.700 6.080 6.050
(venous blood) (0.633) (0.666) (1.020) (0.553) (0.517)
Group B 7.360 7.600 6.850 6.690 7.090
(0.318) (0.551) (0.381) (0.288) (0.128)
White blood cells 10%L Group A 10.47 18.58 11.71 7.91 25.10
(venous blood) (1.26) (3.96) (2.16) (2.10) (2.45)
Group B 9.99 24.92 26.34 11.39 19.09
(1.52) (8.03) (4.97) (0.33) (3.55)
Platelet cells 10%1 Group A 534.30 467.00 475.50 466 473.5
(venous blood) (53.16) (104.30) (38.30) (45.38) (60.05)
Group B 438.50 400.80 420.00 474.30 492.80
(44.58) (84.90) (55.64) (76.14) (52.14)
Lymphocytes 10%L Group A 6.23 4.04 4.55 5.88 8.00¢
(venous blood) (1.20) (0.69) (0.69) (2.07) (1.70)
Group B 5.09 4.21 4.84 5.13 5.08
(0.52) (0.78) 1.12) (0.44) (0.42)
Monocytes 10%L Group A 0.370 0.200 0.390 0.050 0.400
(venous blood) (0.131) (0.122) (0.161) (0.050) (0.283)
Group B 0.730 1.400 1.050 0.140 0.630
(0.156) (0.594) (0.398) (0.055) (0.322)
Neutrophils 10%/L Group A 3.5650 14.260 6.750 1.930¢ 16.630f
(venous blood) (0.656) (3.660) (2.021) (0.138) (1.690)
Group B 4.080 19.230 18.600 6.380° 13.330
(1.142) (7.100) (5.990) (0.332) (3.532)
Total protein level g/L Group A 50.25 49.00 50.75 48.75 50.00
(venous blood) (1.97) (1.41) (1.84) (3.10) (1.78)
Group B 60.00 60.75 63.50 58.00 60.25
(5.72) (5.74) (4.19) (2.65) (4.55)

Group A: Ketoprofen group, Group B: Dexamethasone group.

a; a significant improvement of the respiratory rate (p=0.005) and the expired minute volume (p=0.003) was found for group A after treat-
ment. ®: The temperature dropped significantly after treatment in Group A (p=0.012) and in Group B (p=0.013). °: A significant difference
between the two treatment groups was detected for the neutrophil blood level (p=0.01) before the second inoculation. ¢: The respiratory rate
was significantly higher in Group B compared to Group A after the second inoculation. °: A significant drop of the PaO, was found after the
second inoculation only in Group B (p=0.008). f: Only for Group A, a significant increase in lymphocyte count (p=0.033) and neutrophil count
(p=0.014) was measured after the second inoculation.

JANUARY, 1998 9

TWONNQLNSIP $SA008 Uado ‘SI9UONNILIJ SUIAOY JO UONRIOSSY UedLIwY WYSLAdo)) §



Table 2. Relative oxidative burst measurements of blood - and BAL leukocytes, together with the relative
distribution of PBMC subpopulations from test 1 to test 5 for the ketoprofen group (Group A) and the
dexamethasone group (Group B), means and standard deviations. ().

Parameters Group TEST 1 TEST 2 TEST 3 TEST 4 TEST 5

% OB positive macrophages Group A 52.52 48.28 44.17 51.13 53.22

in BAL (25.92) (6.23) (26.40) (38.27) (13.32)

Group B 53.65 41.22 32.02 46.19 43.99
(14.00) (23.90) (17.00) (14.86) (33.10)
Relative neutrophil cell size in Group A 106.40 86.00%* 103.70 88.81 106.3
BAL (17.18) (25.00) (11.10) (61.19) (10.4)
Group B 104.70 88.00* 103.70 101.20 98.10
(25.22) (19.00) (21.90) (21.10) (18.11)
Relative OB intensity of Group A 1427 1246 1390 1012 833
neutrophils in BAL (1037) (930) (429) (719) (508)
Group B 2061 1448 2191 1850 2071
(1024) (925) (735) (1001) (1253)
Relative OB intensity of blood Group A 729.9 295.8 322.4 915.5 488.1
neutrophils (288.4) (36.7) (77.8) (746.8) (123.6)
Group B 237.9 552.4 201.1 660.6 521.8
(425.9) (59.6) (82.6) (410.7) (135.9)
% T-lymphocytes in venous Group A 44.06 35.95 36.02 39.86 31.19
blood (3.11) (5.88) (3.43) (17.04) (15.50)
Group B 40.87 29.59 28.16 33.70 36.00
(11.62) (13.30) (5.82) (4.81) (11.25)
% T4-lymphocytes in venous Group A 22.48 21.06 22.29 22.79 19.85
blood (3.65) (4.11) (4.45) (9.59) (11.05)
Group B 23.28 16.88 14.41 18.83 23.39
(4.73) (7.68) (3.39) (2.88) (10.34)
% T8-lymphocytes in venous Group A 14.90 7.29 8.97 12.14 10.51
blood (2.28) (3.20) (1.09) (5.57) (6.39)
Group B 12.33 7.44 7.93 12.26 13.26
' (3.10) (3.39) (2.55) (2.61) (4.51)
% y-T lymphocytes in venous Group A 7.30 5.90 6.01 6.30 5.20
blood (4.03) (4.29) (0.99) (2.14) (2.68)
Group B 8.79 9.26 4.50 14.16 8.10
(4.49) (7.89) (4.33) (10.87) (4.18)
% monocytes in venous blood Group A 18.74 26.67 26.65 32.81 38.44
(5.57) (7.67) (7.25) (22.93) (25.46)
Group B 31.30 43.60 50.40 39.33 42.87
(43.59) (9.84) (13.50) (10.53) (12.59)
% B-lymphocytes in venous Group A 25.80 25.60 24.22 21.09 22.43
blood (4.19) (10.59) (5.56) (8.20) (12.89)
Group B 14.00 15.00 10.95 8.12 7.10%
(3.47) (73.33) (4.53) (3.08) (0.90)

There was a significant decrease (P=0.05) of the neutrophil cell size in both groups after the first inoculation (*). Only in the
dexamethasone group, a significant decrease of the % of B-lymphocytes occurred at Test 5 compared to the baseline test (Test

1 (%0).

venous blood was 541.9 £57.0 (SE) and in lavage 1924.0
+ 207.9 (SE). In monocytes, the relative OB intensity
was 16.3 £+ 1.6 (SE) in venous blood and 48.1 + 5.9 (SE)
for macrophages in lavage.

No significant differences were detected between
the two treatment groups and no overall pattern could

be established for the percentile-measurements in
venous blood, of monocytes, CD2 T lymphocytes, CD4 T
lymphocytes, CD8 T lymphocytes and y-8 T lymphocytes
(Table 2). For these cell groups, there was a high vari-
ability measured within each treatment group. The
percentage (%) of B lymphocytes however, showed a sig-
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nificant drop in Group B at test 5 (7%), compared to the
baseline test (test 1 : 14%) (see % Table 2). The mean %
of B lymphocytes did not change significantly during
the experiment for Group A.

The other parameters measured are given in Table
1. No statistical differences were found between the
two groups from these parameters mainly because of
the high within group variability.

Discussion

Intrabronchial inoculation with Pasteurella
haemolytica consistently resulted in severe acute pneu-
monia as evidenced by the alterations in pulmonary
function, haematological values and histopathological
findings. Interestingly, while the intention was to in-
fect the complete lung by controlling the bronchial in-
oculation endoscopically, at necropsy, lesions were found
predominantly in the cranial and middle lobes of the
right lung. This coincides with pathological findings in
clinical cases of lung pasteurellosis.?® Until present no
clear explanation has been given for this anatomical
distribution of pathogenic lung lesions in calves. The
results show that a mechanical explanation through easy
access does not play a major role because in this experi-
ment each part of the lung was equally infected. Also
experiments investigating cellular and biochemical dif-
ferences in BAL in healthy and pneumonic calves be-
tween cranial and caudal lobes could not establish any
differences.!®??* Other mechanisms need to be further
investigated to explain this anatomical predisposition.

Initially, in the first three hours after inoculation,
there is sequestration of blood neutrophils into the
lungs.® One day after the inoculation a significant neu-
trophilia was found, indicating a massive influx of neu-
trophils into the blood which followed the initial neu-
tropenia.l’

The reduced C,dyn is considered as an important
feature of endotoxaemia!’!® and bacteremia.® The his-
topathological findings suggest that changes in C, dyn
could have been the result of altered pulmonary hemo-
dynamics, interstitial and alveolar oedema and finally
cellular flux into the air spaces. No changes in lung
resistance were found confirming necropsy findings as
no major abnormalities were seen in large airways.

The hypoxemia after the inoculation was not ac-
companied by changes in PaCO,. Therefore alveolar
hypoventilation was excluded as being the cause of the
hypoxemia. The latter was consequently due to venti-
lation-perfusion (V/Q) inequality, diffusion impairment,
or a combination of these causes.?” Previous investiga-
tions involving bovine endotoxaemia demonstrated that
pulmonary oedema may lead to diffusion impairment
and to consecutive hypoxemia.?® The drop of PaO, may
be considered, together with the rise in body tempera-

ture, as the important stimulus for the substantial in-
crease in respiratory rate. ‘

All these effects, i.e. high rectal temperature, low
C,dyn, hypoxemia and tachypnea are resulting from the
endotoxemic effects of Pasteurella haemolytica growth
by its liberation of cytotoxins.}” This may underline the
use of an antiinflammatory treatment next to an anti-
biotic treatment to effectively counteract the cytotoxin
induced dysfunctions.

Three days after the last treatment there was a
significantly higher blood neutrophil level in the dex-
amethasone group while after the second inoculation
only in the ketoprofen group a significant neutrophilia
and rise in the blood lymphocyte level was found. Pruett
et al®? also noticed an increase in peripheral blood neu-
trophils after an injection with dexamethasone ex-
plained by a reduced margination of neutrophils.?’” Even
if cattle are considered a corticosteroid resistant spe-
cies based on corticosteroid induced lymphopenia,?” ap-
parently, their was still, three days after the last dex-
amethasone treatment, an effect on the leukocyte popu-
lation as seen by the small increase in the peripheral
neutrophils and lymphocytes after the second inocula-
tion compared to the significant rise of these cell groups
in the ketoprofen treated group. The significance of
these differences in leukocyte reaction, resulting in a
higher risk of set-backs in dexamethasone treated calves
needs further investigation.

Mammalian phagocytes inactivate and destroy in-
vading microorganisms and other foreign cells with the
formation of oxygen-derived toxic products. This mecha-
nism is called the oxidative burst (OB). The influences
on the different white blood cell types after a dexam-
ethasone injection in cattle has been well docu-
mented.!%1827 The ability for glucocorticoids to inhibit
the recruitment of leukocytes and monocytes-macroph-
ages into affected areas is considered to be a very im-
portant factor in their anti-inflammatory actions.22° In
this experiment, there exists a high individual variabil-
ity in the formation of oxygen radicals, by BAL cells and
white blood cells, following a certain stimulus. Dyer et
al® described a dose-dependent increase of the superox-
ide anion production in pulmonary alveolar macroph-
ages after challenging with P. haemolytica. No influ-
ence of the inoculation or the treatment on the OB me-
tabolism could be detected due to this variability when
using a small sample size. This could be partly explained
by differences in immunity status for P. haemolytica
between the calves as Williams et al* found an OB re-
sponse of peritoneal macrophages depending on the
immunity status for Ehrlichia risticii in mouse. The
higher mean fluorescence intensity for the relative OB
of BAL cells than of white blood cells reflects a higher
capability of oxygen radicals formation in the lungs for
neutrophils and macrophages. This difference existed
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already before inoculation which means that these cells
are in a pre-activated state in the lungs concerning their
OB metabolism.

Lymphopenia after glucocorticoid administration
has been reported?®3® but glucocorticoids did not cause
a selective depletion of B lymphocytes in white blood
cells.®® In this experiment only the % of B lymphocytes
of white blood cells dropped significantly in Group B
and not in Group A. At the same time no significant
changes were detected for the % of T lymphocytes. This
is in contrast with the literature, where the effects on T
lymphocytes, as a suppressed blastogenesis and a se-
lective depletion in man, following a corticosteroid ad-
ministration, are well documented.”*? However, no
changes of the % of B lymphocytes in white blood cells
or even an enhanced B lymphocyte function was re-
ported.”'? A reduced antibody production after corti-
costeroid administration is also explained as an effect
of T lymphocyte suppression and not by an influence on
the B lymphocyte population.?

The reduced cell size of neutrophils and macroph-
ages after the first inoculation is probably due to the
appearance of younger cells in the blood stream after
challenge, which have not yet phagocytosed vacuoles and
are consequently smaller.

In conclusion, the significant differences between
the two treatment groups occurred predominantly at the
second inoculation, instored 6 days after the first inocu-
lation and 3 days after the last treatment. This second
challenge showed a significantly higher impairment of
the lung mechanics and the arterial pressure in oxygen
for the dexamethasone treated group compared to the
ketoprofen treated calves.
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Summary

An experimental model of bovine pneumonic pas-
teurellosis was used to compare the effects on lung me-
chanical, gas-exchange, biochemical and cellular param-
eters before and after a nonsteroidal and a steroidal an-
tiinflammatory drug. Eight Friesian calves were inocu-
lated with Pasteurella haemolytica. After
randomisation, 4 calves were treated with a nonsteroi-
dal drug (ketoprofen) and 4 calves with a short-acting
dexamethasone solution, all in combination with anti-
biotics for three days. The calves were inoculated a sec-
ond time, three days after the last treatment. Flow

cytometry was used to differentiate blood mononuclear
cells and to measure oxidative burst capacity of anti-
inflammatory cells in venous blood and in brochoalveolar
lavage samples before and after inoculation and treat-
ment. After the first inoculation, all calves had increased
respiratory rates, rectal temperatures, increased neu-
trophil blood count, and a decline of the arterial pres-
sure in oxygen and lung compliance. After treatment,
rectal temperature dropped significantly (P < 0.05) and
a higher arterial pressure in oxygen was found in both
groups. However, there was only in the ketoprofen group
a significant reduction of the tachypnea. After the sec-
ond inoculation, a significant drop of the arterial pres-
sure in oxygen and a significant higher respiratory rate
was seen only for the dexamethasone group, while a sig-
nificant neutrophilia was found only in the ketoprofen
group. No important treatment differences of oxidative
burst activity were evident using the flow cytometry
technique due to the large within treatment group vari-
ability. In this model of lung inflammation, there was a
significant higher impairment of the lung mechanics and
the arterial pressure in oxygen after the second Pas-
teurella challenge for the dexamethasone group com-
pared to the ketoprofen treated calves.
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Abstract

Evaluation of Ruminal Sulfide Concentrations and Seasonal Outbreaks
of Polioencephalomalacia in Beef Cattle in a Feedlot

M. M. McAllister, et al
J. Am. Vet. Med. Assoc., 1997; 211:1275-1279

A feedlot had recurrent outbreaks of polio-
encephalomalacia (PEM) in cattle every summer. An in-
vestigation was performed during an outbreak to look
for evidence of thiamine deficiency or excessive ruminal
sulfide production. Blood thiamine concentrations were
within reference ranges in PEM-affected steers and in
unaffected penmates, but sulfide concentrations in ru-
minal fluid of many steers were markedly increased.
Steers had significantly higher sulfide concentrations 3
weeks after entering the feedlot, when the incidence of
PEM was greatest, than 2 months after entering the feed-
lot, when the risk of developing PEM was low. By con-

trast, thiamine concentrations did not differ between
these time points. Analysis of records revealed that sea-
sonal outbreaks of PEM began after the feedlot initiated
use of a well that provided drinking water containing
approximately 2.5 g of sulfate/L. It was estimated that
cattle consuming 64 g of sulfur/steer/d during hot
weather when water consumption was greatest and in-
cidence of PEM was highest. These findings indicated
that excessive ruminal sulfide production may be im-
portant in the pathogenesis of sulfur-associated PEM
under natural circumstances. Thiamine deficiency was
not detected in this outbreak of sulfur-associated PEM.
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