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Abstract

The purpose of this study was to compare the anti-
body responses of cattle vaccinated with one of five com-
mercial non-living P. haemolytica vaccines during the
first two weeks after a single vaccination. Antibodies to
surface antigens (whole cells) and to the leukotoxin
(LKT) were quantified at Days 7 and 14 after vaccina-
tion. In addition, antibodies to specific P. haemolytica
whole cell protein antigens were determined by
immunoblots using sera from vaccinated and control
calves. Three hundred pre-weaned, mixed beef breed
steers and heifers, greater than three months old, were
equally divided among five vaccinated and one placebo
groups. Cattle were subcutaneously injected with one
of the following commercial P. haemolytica vaccines: One
Shot®, One Shot Ultra™ 8, Pyramid® 4+Presponse SQ®,
Pulmo-guard™ PH-M or Poly-Bac B® 1. Antibody re-
sponses to both LKT and whole cells were highest on
Day 7 for One Shot and One Shot Ultra. By Day 14,
Pulmo-Guard stimulated serum antibodies to both an-
tigen preparations that were equivalent to those for One
Shot and One Shot Ultra. Serum antibodies to LKT
and whole cells were detected in the Pyramid/Presponse-
and Poly-Bac 1 - vaccinated groups; however, those re-
sponses were not significantly different from the pla-
cebo group. Each vaccine, except for the Pyramid 4/
Presponse - vaccinated group, stimulated antibodies to
similar P. haemolytica somatic proteins, particularly at
200, 100, 60-70, 45, 35 and 25 kDa. Sera from the Pyra-
mid 4/Presponse-vaccinated group recognized fewer pro-
tein bands, mainly those at 200, 70-75, 48 and 35 kDa.

In conclusion, various commercial vaccines induced dif-
ferences in the rapidity and the intensity of serum anti-
body responses to P. haemolytica whole cells and LKT.

Résumé

Le but de cet étude était de comparer la réaction
immunitaire du bétail vacciné avec cing différents types
de vaccins commerciaux avec P. haemolytica tué durant
les deux premieres semaines suivant une simple vac-
cination. Les anticorps aux antigenes de surface (cel-
lules entieéres) et aux leucotoxines (LCT) ont été
quantifiés au jour 7 et au jour 14 suivant la vaccina-
tion. De plus, les anticorps aux antigénes de protéines
de cellules entieres spécifiques a P. haemolytica ont été
examinés par immunoblot a ’aide de sérum provenant
de veaux vaccinés et controles. Un total de 300 taures
et bouvillons d’origine hybride pré-sevrés et n’ayant
pas plus de trois mois d’age ont été divisés en cingq
groupes vaccinés et un groupe contréle. Les animaux
ont été injectés sous-cutanés avec les vaccins
commerciaux suivants contre P. haemolytica : One
Shot, One Shot Ultra 8, Pyramid 4+Presponse SQ,
Pulmo-guard PH-M ou Poly-Bac B 1. La réaction
immunologique aux LCT et aux cellules entiéeres était
plus grande au jour 7 pour le One Shot et le One Shot
Ultra. Au jour 14, Pulmo-guard a stimulé la produc-
tion d’anticorps sériques aux deux types de préparation
d’antigéne au méme niveau que le One Shot et le One
Shot Ultra. Des anticorps sériques aux LCT et aux cel-
lules entieres ont été détectés dans les groupes vaccinés
avec Pyramid/Presponse et Poly-Bac. Toutefois, ces
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réactions immunologiques n’étaient pas différentes de
celle du groupe contrdle. Chaque type de vaccin, excepté
le vaccin Pyramid/Presponse, a stimulé la production
d’anticorps aux protéines somatiques similaires de P.
haemolytica particulierement dans les bandes
protéiques de 200, 100, 60-70, 45, 35 et 25 kDa. Les
sérums provenant du groupe Pyramid/Presponse ont
reconnu moins de bandes protéiques, principalement
a 200, 70-75, 48 et 35 kDa. En conclusion, I’étude de
différents types de vaccins commerciaux a mis en
évidence des différences dans la rapidité et 'intensité
de la production d’anticorps sériques aux cellules
entieres et aux LCT de P. haemolytica.

Introduction

Pasteurella haemolytica (recently renamed
Mannheimia haemolytica) is an important bacterial
pathogen associated with shipping fever (pneumonic
pasteurellosis) in cattle.!* P. haemolytica Al is the major
bacterium responsible for severe pneumonia and eco-
nomic losses in shipping fever.* The bacterium contains
numerous virulence factors or potential virulence factors,
including leukotoxin (LKT), lipopolysaccharide,
neuraminidase, capsular polysaccharide, iron-regulated
outer membrane proteins and sialoglycoprotease.*538
External stress factors such as shipping, weaning, in-
clement weather and viral infections enhance coloniza-
tion of the respiratory tract with P. haemolytica.
Replication of P. haemolytica in the lung with elabora-
tion of several of these virulence factors leads to pro-
duction of severe fibrinous pleuropneumonia.!438

In previous studies, it appeared that immunity to
P. haemolytica required serum antibody to LKT and to
surface antigens.*’ The specific important surface anti-
gens have not been determined with surety; however,
outer membrane proteins, capsular polysaccharide and
lipopolysaccharide have been investigated.!!-1323.26.27
Antibodies to surface antigens are usually detected ei-
ther by an enzyme-linked immunosorbent assay (ELISA)
against formalin-fixed whole P. haemolytica or various
purified antigens, or with serum agglutination as-
says.»1540 Antibodies to LKT can be detected by LKT
serum neutralization assays using bovine leukocytes as
target cells or by ELISA using highly purified LKT as
the antigen 394041

Currently available P. haemolytica vaccines vary
in composition. These include bacterins, bacterins with
LKT, bacterial extracts, culture supernatants contain-
ing LKT, or a live streptomycin-dependent mutant.204!
Published studies have demonstrated that vaccination
with commercial and experimental vaccines stimulate
serum antibody responses to several P. haemolytica an-
tigens, and vaccination usually significantly enhances
resistance to experimental P. haemolytica chal-

lenge."20232536041 Field efficacy of P. haemolytica vac-
cines is often more difficult to demonstrate, and pub-
lished results of field trials have often demonstrated
responses to vaccination that varied from negative, no
or positive effects on respiratory disease or produc-
tion‘ 1,2,19,22,34,37,43,44

It has been theorized that cattle would be better
protected against shipping fever when vaccinated prior
to shipment to allow for maximum antibody responses
to develop and, therefore, to provide maximum protec-
tion during and after shipment.®#° In fact, several stud-
ies have demonstrated that cattle that have high serum
antibodies to P. haemolytica upon entry into a feedlot
usually have less morbidity and mortality than do those
that have low serum antibodies.!®*? However, P.
haemolytica vaccines are often given upon entry into a
feedlot. Most experimental and field studies have dem-
onstrated enhanced serum antibody responses and im-
munity in cattle within a few weeks following P.
haemolytica vaccination.’ In a recent study, cattle vac-
cinated with one of several commercial P. haemolytica
vaccines developed serum antibodies to surface anti-
gens and to LKT with maximum responses between
seven and 14 days after vaccination.® Those antibody
responses, however, had frequently returned to pre-vac-
cination values between four and six weeks after vacci-
nation. This led to the conclusion that for maximum
protection against P. haemolytica, cattle should be vac-
cinated within two-to-three weeks before shipment to
assure optimal antibodies at the time of arrival in a feed-
lot. In that previous study, several vaccines were given
twice, whereas many of the current P. haemolytica vac-
cines are licensed for only a single dose.

From experimental and field data, it appears de-
sirable for cattle to enter feedlots with pre-existing an-
tibodies to P. haemolytica surface antigens and LKT, and
P. haemolytica vaccines should induce rapid antibody
responses whether cattle are vaccinated prior to ship-
ment or upon entry into a feedlot. Therefore, this study
was undertaken to compare the antibody responses dur-
ing the first two weeks after a single vaccination for
cattle vaccinated with one of five commercial, non-liv-
ing P. haemolytica vaccines. Antibodies to surface anti-
gens and to the LKT were quantified at Days 7 and 14
after vaccination using ELISAs. Antibodies to specific
P. haemolytica whole cell protein antigens were deter-
mined by immunoblots using sera from vaccinated and
control calves.

Materials and Methods

Cattle. Three hundred pre-weaned, mixed beef
breed steers and heifers, greater than three months old
and in good health, were used. Cattle were from a single
source and were born, raised and housed on one pas-
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ture in one location in Breien, Sioux County, North Da-
kota. All cattle were provided water ad libitum and a
protein supplement. Cattle had not received any previ-
ous vaccinations for P. haemolytica.

Vaccines. Five commercial P. haemolytica vac-
cines were used (Table 1). These were: P. haemolytica
bacterin-toxoid (One Shot®)?, clostridia-P. haemolytica
bacterin-toxoid (One Shot Ultra™ 8)2, P. haemolytica
toxoid, IBR-BVD-PI,-BRSV vaccine (Pyramid®
4+Presponse SQ®)®, P. haemolytica-multocida bacterin-
toxoid (Pulmo-guard™ PH-M)‘, and P. haemolytica-
multocida-Salmonella typhimurium bacterin-toxoid
(Poly-Bac B®1)!. The presence of viral or bacterial anti-
gens other than P. haemolytica in four of the vaccines
should not affect the calves’ responses to P. haemolytica
antigens, because USDA licensing requires demonstra-
tion that the addition of other vaccine components does
not negatively affect vaccine safety or efficacy.

Serology. Antibodies to P. haemolytica whole cells
and to LKT were determined by enzyme-linked
immunosorbent assays (ELISAs).2° The P. haemolytica
A1 strain used for antigen preparation was originally
isolated from a feedlot calf.’® Formalinized P.
haemolytica was prepared from a washed 24-hour cul-
ture by suspending cells in 0.4% formalinized saline at
a concentration determined spectrophotometrically to
be 1.850 OD,,,. LKT was prepared from culture super-
natant from a 3-hour culture of P. haemolytica A1 grown
in RPMI-1640 medium at 99.6°F (37°C) in a shaking
incubator. The LKT was partially purified by precipita-
tion with 40-60% ammonium sulfate as previously de-
scribed.? The precipitate was re-suspended in 3M
guanidine containing 59 mM NaHPO, and 100 mM
NaCl. By SDS-PAGE of the LKT preparation, one in-
tensely staining band was identified at 105 kDa and
confirmed to be LKT on a western blot using an anti-

Table 1. Experimental design.
Vaccine No. of Days of
cattle antibody testing

Placebo 50 0,7, & 14
One Shot 50 0,7, & 14
One Shot Ultra 50 0,7, &14
Pyramid 4/Presponse 50 0,7, & 14
Pulmo-guard PH-M 50 0,7, & 14
Poly-Bac B 1 50 0,7, & 14

aPfizer Animal Health, Exton, PA 19341

bFort Dodge Animal Health, Fort Dodge, IA 50501
‘Boehringer Ingelheim Vetmedica, St. Joseph, MO 64506
4Texas Vet Labs, San Angelo, TX 76903

¢Sigma Co., St. Louis, MO 63178

LKT monoclonal antibody.® Leukotoxic activity was 10*
LKT Units per ml.2 The 2-keto-3-deoxyoctonate concen-
tration was 7.5 ug per mg of protein.? Wells of 96-well
microtiter plates were coated with whole cells at an op-
tical density reading equivalent to 10 CFU of a 24-hour
culture or with LKT at 50 ng per well. Sera were di-
luted in PBS-Tween 20 containing 1% BSA and tested
at dilutions of 1:800 for whole cells and 1:1600 for LKT.
The extent of antibody binding was detected using a
1:400 dilution of horseradish peroxidase-conjugated,
affinity purified rabbit anti-bovine IgG. Antibody re-
sponses are expressed as ng of immunoglobulin binding
using a set of immunoglobulin standards.

Electrophoresis and immunoblot analysis. To
compare the antigens to which each vaccine stimulated
an antibody response, P. haemolytica whole cells were
equilibrated to 1 mg protein/ml and subjected to discon-
tinuous SDS-PAGE. Proteins were transferred to nitro-
cellulose membranes.?” Antigens were identified
immunologically, using sera (1:25 dilution) from three
calves in each of the vaccine and placebo groups. Im-
munoglobulins binding to specific antigens were detected
with horseradish peroxidase-conjugated, affinity-puri-
fied rabbit anti-bovine IgG®; hydrogen peroxide; and a
color reagent.?

Experimental design. Sera were collected from
each calf 14 days prior to vaccination, and antibodies to
P. haemolytica whole cells measured by ELISA. All 300
calves were randomly allotted to six groups of 50 calves
each, using a randomized complete block design with
blocking based on serum antibodies to P. haemolytica
whole cells.

On Day 0, 250 cattle were vaccinated subcutane-
ously on the right side of the neck with one of five com-
mercial P. haemolytica vaccines. One group of 50 cattle
was vaccinated with sterile diluent and served as a nega-
tive control (placebo). All calves were evaluated for post-
vaccination systemic reactions and clinically evaluated
at each time point in the 14-day experiment. Cattle
that were judged to be sick were treated appropriately
by a licensed veterinarian.

Blood samples were collected, and sera removed
and stored from all cattle on Days 0, 7 and 14. Each
serum sample was tested for anti-P. haemolytica whole
cell and LKT antibodies by ELISA.

Statistics. Antibodies to P. haemolytica whole cells
and LKT were analyzed using a general linear repeated
measures mixed model with fixed effect terms treatment,
study day, and treatment by study day interaction.®
Antibodies were log-transformed prior to analysis. Con-
trasts among treatment groups on each study day were
made after detecting a significant (p < 0.05) treatment
or treatment by study day interaction. The 0.05 level of
significance was used to determine statistical signifi-
cance. A 95% confidence interval was calculated for each
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treatment group at each study day. The least squares
means and 95% confidence intervals were back trans-
formed for presentation.

Results

Clinical evaluation. No adverse reactions were
noted after the administration of either the placebo or
the experimental vaccines. A total of 10 calves (3.33%
of total) were assessed to be clinically abnormal on days
0, 7 or 14. Between one and two cattle per vaccine group
were treated. Clinical signs consisted of depression (n
= 2), lameness (n = 6), diarrhea (n = 1) or otitis (n = 1).
Cattle were treated with a long-acting antibiotic and
returned to pasture. In addition on Day 14, one calf vac-
cinated with Pyramid 4 / Presponse developed an ab-
scess in the area of the injection. That abscess was
lanced, and recovery was uneventful.

Serological responses. Mean serum antibodies
to P. haemolytica whole cells as determined 14 days prior
to vaccination were similar for each vaccine group. Mean
immunoglobulin values ranged from 0.309 + 0.276 (stan-
dard deviation) ng for the Pyramid 4/Presponse group
to 0.316 + 0.293 ng for the One Shot Ultra group.

Antibodies to P. haemolytica whole cells were de-
termined on Days 0, 7, and 14 for all treatment groups.
On Day 0, there were no significant differences (p > 0.05)
in serum antibodies to P. haemolytica whole cells among
the vaccine groups (Figure 1). Subsequently, there were
no significant changes (p > 0.05) in serum antibodies to
P. haemolytica whole cells for the placebo group on any
day of the study. For the One Shot and One Shot Ultra

Anti-P. haemolytica Whole Cell Antibodies

1.00
(g’ W2 one shot uttra
’g [ pyramigjPresponse
=

:I Pulmoguard

m Poly Bac

Days

Figure 1. Serum antibody responses of calves to P.

haemolytica whole cells after vaccination with commer-
cial vaccines. Each point represents the least-squares
mean. Error bars represent the 95% confidence inter-
val.

groups, antibody responses on Days 7 significantly (p <
0.05) increased over their Day 0 antibody values and were
greater than the antibody responses for any of the other
groups (Figure 1). Antibody responses for the One Shot
and One Shot Ultra groups increased on Day 14 and were
significantly greater than were the responses for placebo,
Pyramid 4/ Presponse, and Poly-Bac B 1 groups. On Days
7 and 14, the antibody responses to P. haemolytica whole
cells for the Pyramid 4 / Presponse treatment group were
numerically increased, but those responses were not sta-
tistically different from the values for the placebo group.
For the Pulmo-guard PH-M treatment group, the anti-
body response on Day 7 was not significantly different
from that for the placebo group. The antibody response
for the Pulmo-guard PH-M group, however, increased
significantly (p < 0.05) on Day 14 such that there were no
statistical differences in responses among the One Shot,
One Shot Ultra, and Pulmo-guard PH-M groups. Al-
though the antibody responses to P. haemolytica whole
cells increased from Day 0 to Day 14 for Poly-Bac B 1,
those responses were not significantly different from the
responses of the placebo group.

There were no significant differences in mean an-
tibody responses to LKT among the treatment groups
on Day 0 (Figure 2). The mean antibody response for
the placebo group did not change significantly (p > 0.05)
during the study (Figure 2). On Days 7 and 14, the anti-
body responses to LKT for the One Shot and One Shot
Ultra groups increased significantly (p < 0.05) from the
Day 0 values and were the highest antibody responses
among the vaccine groups. The responses of the anti-
LKT antibody responses for the One Shot and One Shot

Anti-Leukotoxin Antibodies

V777 one shot Uira

(0]
&
k) Pyramid/Presponse
g
] Pulmoguard
m Poly Bac

Days

Figure 2. Serum antibody responses of calves to P.
haemolytica leukotoxin after vaccination with commer-
cial vaccines. Each point represents the least-squares
mean. Error bars represent the 95% confidence inter-
val.
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Ultra groups were statistically greater (p < 0.05) than
those for the placebo group on Day 7 and Day 14, and
for all other groups on Day 7. On Day 14, the antibody
response for One Shot was significantly higher than the
response for One Shot Ultra. The mean antibody re-
sponses to LKT increased for the cattle vaccinated with
Pyramid 4 / Presponse; however, those responses were
not significantly different from the responses of the pla-
cebo group on any day of the study. Vaccination with
Pulmo-guard PH-M stimulated increased antibody re-
sponses throughout the study. Those responses were
not significantly different (p > 0.05) from the placebo
group until Day 14, when the Pulmo-guard PH-M group
response was significantly different (p < 0.05) from the
response of the placebo group and similar to that for
the One Shot Ultra group. The antibody response to
LKT for the Poly-Bac B 1 group post-vaccination was
not statistically different (p > 0.05) from that for the
placebo group on any day of the study.

Immunoblots. Immunoblots against P.
haemolytica whole cells and culture supernatant were
examined using sera from Days 0, 7, and 14 from three
calves from each of the vaccine and placebo groups. Sera
were selected from three calves in the placebo group that
had spontaneously developed antibody responses to P.
haemolytica of >0.5 ng of immunoglobulin. Therefore, the
antigens recognized by vaccine-induced antibody re-
sponses could be compared to those recognized by serum
from cattle with a naturally induced antibody response.

Only a few sera collected at Day 0 recognized an
occasional protein band from P. haemolytica whole cells.
Those samples were randomly distributed among the
groups (data not shown). For sera collected on Day 7,
only those from One Shot- and One Shot Ultra-vacci-
nated cattle recognized numerous protein bands in P.
haemolytica whole cells. For Day 14 samples, two pla-
cebo cattle and cattle from each vaccinated group rec-
ognized multiple protein antigens in the P. haemolytica
whole cell preparation (Figure 3). Each vaccine, except
the Pyramid 4/Presponse-vaccinated group, stimulated
antibodies to similar major P. haemolytica proteins, par-
ticularly at 200, 100, 60-70, 45, 35 and 25 kDa. Sera
from a few cattle in the placebo group that developed
antibodies naturally recognized similar antigens. Sera
from the Pyramid 4/Presponse-vaccinated group recog-
nized fewer protein bands, mainly those at 200, 70-75,
48 and 35 kDa.

Discussion

Correlations between antibody responses to cer-
tain P. haemolytica antigens and enhanced resistance
to experimental challenge have been demon-
strated.”10.11.16.242627 A strong correlation between LKT-
neutralization antibodies and resistance to experimental

challenge has been demonstrated.162427 The LKT-neu-
tralization assay is labor-intensive and can give vari-
able results because it uses live bovine leukocytes.
ELISA assays to purified LKT have been adapted for
use in studies that involve large numbers of cattle or
numerous sampling points.®* Studies in our laboratory
demonstrated a highly significant (p < 0.01) correlation
between results of the ELISA and LKT-neutralization
assays (Confer and Clinkenbeard, 1997, unpublished
data). 2* Therefore, use of the ELISA for detection of
antibodies to LKT, although not a functional antibody
assay like an LKT-neutralization, produces valid results
that can serve as a potential indicator of immunity
against P. haemolytica.

The surface antigens of importance in stimulating
immunity to P. haemolytica have not been determined
with surety. Antibody responses to several outer mem-
brane protein antigens have correlated with or stimu-
lated resistance to P. haemolytica,®?*?"* whereas
antibodies to lipopolysaccharide and capsular polysac-
charides have either not correlated or inconsistently cor-

199 -
131 -
75.0 -

41.7-

171 -

Figure 3. Immunoblots against P. haemolytica whole
cells using sera from representatives of each vaccine
group. The sample from the placebo group was selected
because it developed antibodies to P. haemolytica spon-
taneously. Lane 1 = placebo, lane 2 = One Shot, lane 3 =
One Shot Ultra, lane 4 = Pyramid 4/Presponse, lane 5 =
Pulmo-guard PH-M, lane 6 = Poly-Bac B 1. The num-
bers to the left of lane 1 represent molecular weights in
kiloDaltons.
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related with resistance.!1328 Use of formalin-killed P.
haemolytica whole cells as the antigen of choice for de-
tecting anti-surface antigens has been reported previ-
ously using indirect bacterial agglutination, quantitative
fluorometric or ELISA assays.%"1827:313940 [n several
studies, correlations between anti-whole cell antibod-
ies and resistance to experimental challenge were dem-
onstrated.'%?"3! Therefore, the use of an ELISA against
P. haemolytica whole cells is a valid method for measur-
ing antibodies to surface antigens. It is especially use-
ful when examining sera from large numbers of cattle
with repeated measures.

As many as 21 surface-exposed, immunogenic P.
haemolytica outer membrane proteins, ranging in size
from 23 to 90 kDa, were recently identified.?® Previ-
ously, Mosier et al*” demonstrated significant correla-
tions between resistance to experimental challenge and
antibodies to P. haemolytica surface protein antigens
of 86, 66, 51, 49, 34, 31 and 16kDa. Mahasreshti et
al?* demonstrated that antibodies to a heat-modifiable
32-35 kDa outer membrane protein of P. haemolytica
correlated with resistance to experimental challenge.
Pandher et al*? identified an immunogenic, surface ex-
posed 45-kDa outer membrane protein from P.
haemolytica (PIpE), and antibodies to that protein
stimulated complement-mediated killing of the bacte-
ria. In the present study, immunoblots with sera from
cattle vaccinated with the various vaccines induced an-
tibodies in whole cell preparations that were equiva-
lent to several surface exposed antigens previously
identified. Only Pyramid 4/Presponse identified a dif-
ferent antigen pattern in immunoblots. Although chal-
lenge of the cattle was not done in the present
experiment, if one compares the results of the
immunoblots with previous research communications,
the current vaccines stimulate antibodies to several
surface antigens that are likely important for immu-
nity to respiratory pasteurellosis.

In a previous study, serum antibody responses to
P. haemolytica whole cells and LKT were induced with
several non-living commercial vaccines.® That study was
conducted in parallel with viral vaccine administration
for all groups. Antibody responses varied among the
vaccines used and responses were variable among cattle
such that a detectable rise in antibodies was often short
lived. Those data suggested that if cattle were to be
vaccinated with a P. haemolytica vaccine prior to ship-
ment, vaccines should be given within two-to-three
weeks of shipment to maximize antibodies at the time
of shipment stress. The data reported herein was de-
signed to compare several commercial P. haemolytica
vaccines to determine which vaccines might induce the
most rapid response so that it could be used prior to
shipment or at the time of shipment of cattle. Overall,
on Day 7 only One Shot and One Shot Ultra induced

the significant antibody responses to both whole cells
and LKT. By Day 14, each vaccine had stimulated mea-
surable antibody responses to P. haemolytica whole cells;
however, the responses induced by One Shot and One
Shot Ultra remained the greatest. Poly-Bac 1 failed to
stimulate detectable antibodies to LKT.

Of the commercial vaccines studied herein,
Presponse has been used the most in previously pub-
lished field trials. Results of those studies, which used
two doses of vaccine, indicated either enhanced resis-
tance to respiratory disease and/or increased economic
gain or no effects.>192238 Those studies were conducted
prior to the approval for one-dose administration of
Presponse, and there were no evaluations of serum an-
tibody responses to P. haemolytica antigens. In the
present study, antibody response to LKT for Presponse-
vaccinated calves was lower than in two previously pub-
lished experiments, wherein Presponse-vaccinated
cattle had significant antibody responses to LKT on
Day 14 after initial vaccination, compared to non-vac-
cinated controls and to Day 0 values.® In another study
wherein two doses of Presponse were given 21 days
apart, significant antibody responses to surface anti-
gens and to LKT were not detected until between Days
21 and 49.3° In recent studies by Hodgins and
Shewen,'”!® colostrum-derived Holstein calves were
vaccinated twice with Presponse at two and four weeks
or at six and eight weeks of age. Serum LKT-neutral-
izing antibody responses were low in the cattle vacci-
nated at two and four weeks. Higher responses were
seen in calves vaccinated at six and eight weeks. In
that previous study,® cattle were older (> six months of
age) compared to the cattle used in the present study.
Therefore, it is possible that the differences seen in
the present study and that of the previous one® could
be accounted for by age differences of cattle between
the two studies.

Conclusions

Various commercial vaccines induced differences
in the rapidity and the intensity of serum antibody re-
sponses to P. haemolytica whole cells and LKT. One
Shot and One Shot Ultra stimulated the highest re-
sponses on Day 7 to both whole cells, LKT and to a num-
ber of specific surface antigens identified by
immunoblots. Pulmo-guard stimulated similar re-
sponses by Day 14. Therefore, one of these vaccines
should be given consideration for use in cattle immedi-
ately prior to shipping or upon entry to a feedyard when
rapid onset of immunity is desired. However, antibody
data alone is not necessarily a fair measure of how a
vaccine will perform in the field. We firmly believe that
there is a need for well-controlled field studies to com-
pare efficacy of P. haemolytica vaccines.
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EXCENEL® RTU

brand of ceftiofur hydrochloride sterile suspension
For intramuscular and subcutaneous use in cattle.

CAUTION: Federal (USA) law restricts this drug to use by or on the order of a
licensed veterinarian.

INDICATIONS

EXCENEL RTU Sterile Suspension is indicated for treatment of bovine
respiratory disease (BRD, shipping fever, pneumonia) associated with
Pasteurella haemolytica, Pasteurella multocida and Haemophilus somnus.
EXCENEL RTU Sterile Suspension is also indicated for treatment of acute
bovine interdigital necrobacillosis (foot rot, pododermatitis) associated with
Fusobacterium necrophorum and Bacteroides melaninogenicus.

CONTRAINDICATIONS
As with all drugs, the use of EXCENEL RTU Sterile Suspension is
contraindicated in animals previously found to be hypersensitive to the drug.

DOSAGE AND ADMINISTRATION

Administer by intramuscular or subcutaneous administration at the dosage of
0.5 to 1.0 mg ceftiofur equivalents/lb (1.1 to 2.2 mg/kg) BW (1 to 2 mL sterile
suspension per 100 Ib BW). Administer daily at 24 h intervals for a total of three
consecutive days. Additional treatments may be administered on Days 4 and 5
for animals which do not show a satisfactory response (not recovered) after the
initial three treatments. In addition, for BRD only, administer
intramuscularly or subcutaneously 1.0 mg ceftiofur equivalents/lb (2.2 mg/kg)
BW every other day on Days 1 and 3 (48 h interval). Do not inject more than
15 mL per intramuscular injection site.

Selection of dosage level (0.5 to 1.0 mg/lb) and regimen/duration (daily or
every other day for BRD only) should be based on an assessment of the sever-
ity of disease, pathogen susceptibility and clinical response.

Shake well before using.

WARNINGS

NOT FOR HUMAN USE. KEEP OUT OF REACH OF CHILDREN.
Penicillins and cephalosporins can cause allergic reactions in sensitized
individuals. Topical exposures to such antimicrobials, including ceftiofur, may
elicit mild to severe allergic reactions in some individuals. Repeated or
prolonged exposure may lead to sensitization. Avoid direct contact of the prod-
uct with the skin, eyes, mouth, and clothing.

Persons with a known hypersensitivity to penicillin or cephalosporins should
avoid exposure to this product.

In case of accidental eye exposure, flush with water for 15 minutes. In case of
accidental skin exposure, wash with soap and water. Remove contaminated
clothing. If allergic reaction occurs (e.g., skin rash, hives, difficult breathing),
seek medical attention.

The material safety data sheet contains more detailed occupational safety
information. To report adverse effects in users, to obtain more information or
obtain a material safety data sheet, call 1-800-253-8600.

RESIDUE WARNINGS: No pre-slaughter drug withdrawal interval is
required when this product is used in swine. Treated cattle must not be
slaughtered for 48 hours (2 days) following last treatment because
unsafe levels of drug remain at the injection sites. No milk discard time
is required when this product is used according to label
. directions. Use of dosages in excess of those indicated or by .
unapproved routes of administration, such as intramammary, may
result in illegal residues in edible tissues and/or in milk. A withdrawal
period has not been established in pre-ruminating calves. Do not use
in calves to be processed for veal.

PRECAUTIONS

Following intramuscular or subcutaneous administration in the neck, areas of
discoloration at the site may persist beyond 11 days resulting in trim loss of
edible tissues at slaughter. Following intramuscular administration in the
rear leg, areas of discoloration at the injection site may persist beyond
28 days resulting in trim loss of edible tissues at slaughter.

STORAGE CONDITIONS
Store at controlled room temperature 20° to 25° C (68° to 77° F) [see USP).
Shake well before using. Protect from freezing.
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