


ated with NCD includes bovine rotavirus (BRV), bovine
coronavirus (BCV), E. coli and Cryptosporidium parvum
[1, 5, 17]. In the case of BRD, the prevalence vary between
studies, but bovine respiratory syncytial virus (BRSV) and
Mannheimia haemolytica (Mh) seem to be most often in-
volved [8].

In addition to the cost of mortality and treatment of
the sick calves, the economic consequences of calf-hood
diseases may include reduced growth performance, as well
as increased age and difficulty at first calving and reduced
milk yields [14, 15, 16]. Given the increased public pres-
sure to reduce intensive antimicrobial use in farm animals,
vaccination is an efficient measure to reduce the use of an-
tibiotics in the treatment and prevention of BRD and NCD.

The importance of colostrum has not only been dem-
onstrated for the protection against NCD, but also against
BRD [19]. Cow vaccination is widely applied for the pre-
vention of NCD and more recently, the beneficial effects
against BRD has been reported [9, 11, 12].

In order to obtain the highest antibody levels in the co-
lostrum, the cows must be vaccinated shortly before calv-
ing. The possibility for the co-administration of a BRD and
a NCD vaccine would simplify the herd vaccination sched-
ules and reduce the handling of the animals.

In general, no information is available on the safety
and efficacy of the co-administration of separately licensed
vaccines. Therefore, regulators advise that a decision needs
to be made on a case by case basis. In the pilot study re-
ported here, the safety and serologic response to BRSV and
Mh after co-administration of two multivalent inactivated
vaccines to pregnant cattle was investigated. One vaccine
was directed against BRD and contained antigens of BRSV,
parainfluenza 3 virus (PI3) and Mh. The second vaccine
targeted NCD and was composed of inactivated antigens of
BRV, BCV and E. coli. The antibody levels against PI3 were
not measured, as any negative effects from the co-admin-
istration on the serological response to the BRD vaccine is
likely to be more pronounced for the other two antigens

measured [10].

MATERIALS AND METHODS

The United Kingdom Home Office controls experi-
ments and scientific procedures which may have the effect

of causing the animals pain, suffering, distress or lasting

harm and does so by the issue of licenses under the Ani-
mals (Scientific Procedures) Act 1986. Moredun Scientific
Limited conducts its work under Home Office License
Numbers PPL/60/3884 and PPL/60/3747. These licenses
strictly specify the limits of severity of effects on the ani-

mals.

Study design

The purpose of this study was to evaluate the safety
and BRD specific serological responses of two commercial
inactivated multivalent vaccines for cattle when adminis-
tered concurrently to pregnant cattle. In addition, an as-
sessment of the safety of the co-administration to pregnant
animals was carried out, with additional observations on

the vaccinated animals’ offspring.

Animal Husbandry

The animals (Holstein Friesian) were housed at a con-
ventional dairy farm in accordance with the standard
husbandry practices. The study animals were co-mingled
and housed in the same accommodation as non-study ani-
mals. The cows were fed a complete mixed diet for preg-
nant dairy cows (mixture of grass silage, whole crop wheat,
brewers’ grain, concentrate pellets and molasses). Animals
in lactation received a ration of concentrates at each milk-
ing. Free access to hay/silage and clean water was available
at all times.

Prior to Day 0, thirty pregnant cows were allocated to
the treatment groups (10 per treatment group), ensuring
that each treatment group contained an even spread of ani-
mals with a range of BRSV antibody titres (based on pre-
study screening). Calves were left with their mothers for
the first 24 hours following birth and then fed with com-

mercial milk replacer.

Vaccinations

All vaccinations were given approximately 3 to 6 weeks
prior to the expected calving dates (D0). Animals in test
group 1 (T01) were administered 2ml of a vaccine against
neonatal calf diarrhoea (NCD). The vaccine contained
inactivated antigens of bovine rotavirus (BRV), bovine
coronavirus (BCV) and E. coli (Rotavec® Corona; MSD-
Animal Health, Boxmeer, The Netherlands) and was ap-
plied by intramuscular injection into the proximal area of
the neck. Animals in test group 2 (T02) were vaccinated

subcutaneously with 5ml of an inactivated bovine respi-
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ratory disease (BRD) vaccine containing a BRSV-PI3-Mh
combination (Bovilis® Bovipast RSP; MSD-Animal Health,
Boxmeer, The Netherlands). The injections were given into
the distal area of the neck. Animals from test group 3 (T03)
were concomitantly administered 2ml of the NCD vaccine
by intra-muscular injection into the proximal area of the
neck, and 5ml of the BRD vaccine by subcutaneous injec-
tion into the distal area of the neck at a site distinct from
the site where the other vaccine was applied. All injections
were administered to the right side of the neck. Commer-
cial vaccine batches released according to the standard re-

quirements of the manufacturer were used.

Evaluation of safety parameters

Clinical observations and injection site assessments
were carried out following the administration of the vac-
cines. The observations consisted of a measurement of
the rectal temperature from Day 2 to Day 4 and an assess-
ment of the general condition of the animals from Day 2
to Day 4 by experienced personnel once daily, and by
a veterinarian prior to vaccination on Day 0. The injection
site assessments were carried out by experienced person-
nel once daily for all study animals from Days 0 to Day 7,
and then twice weekly until the reactions had resolved
(up to Day 28) or upon calving. The injection site assess-
ments consisted of the following observations at the injec-
tion sites and surrounding area: presence of swelling, size
of swelling measured by a calibrated ruler (mm: length x
breadth), and the type of swelling (e. g. oedema, firmness).
The calves were observed within 24 hours of birth, to de-
termine whether they were free from abnormalities and

were in good general health.

Measurement of BRSV and Mh antibody responses

Non-heparinized blood samples were collected from
each cow: prior to administration, within 24 hours after
calving, and from each calf within 24 hours after birth. The
antibody levels against BRSV and Mh were determined
by quantitative ELISA. The BRSV assay was an in-house
ELISA. The M. haemolytica Al antibody ELISA was per-
formed as described previously [10].

First, all plates were coated. The positive and negative
detergents extracted coating antigens were diluted in ELI-
SA coating buffer (pH 9.6) and mixed well. The working
dilution of the coating antigens is detailed in Table 1 and

was pre-determined by a checkerboard titration.
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Table 1. Working dilution of the coating antigens
in antibody BRSV ELISA test

Reagent Dilution

Positive: BRSV Rispoval 1/800
Coating Antigen

Negative: BRSV BEK Control 1/800

. High 1/100
Positive Control M989 Low 1/1100
Negative Control  FBS 1/50
Conjugate Rabbit a Bovine HRP 1/5000
Substrate Enhanced K-Blue TMB Neat
Stop Solution 0.25M Sulphuric Acid (H2504) Neat
. Sodium Carbonate/Bicarbonate
Coating Buffer Buffer pH 9.6 N/A
Wash Fluid 1xPBS/0.05 % Tween 20 (PBST) N/A
0

Diluent 1xPBS/Tween 20/EDTA/0.55 % N/A

ovalbumin (PBSTOval)

100l of the positive antigen was added to all of the
wells in rows A, B, E and F of a medium binding ELISA
plate (Greiner M129A) and 100l of negative antigen to
all of the wells in rows C, D, G and H. The coated plate
was sealed and incubated overnight at +2°C to +8°C. The
ELISA diluent (PBST/Ovalbumin) was prepared by adding
2ml of 0.1 M EDTA to 178 ml of ELISA wash fluid (PBST).
Approximately 20 ml of this solution was added to 1g of
ovalbumin powder in a universal and stirred to dissolve
the ovalbumin. A Buchner funnel was prepared using
Whatman No.3 filter paper—filter was pre-wetted with
some of the remaining PBST/EDTA solution and the 20 ml
ovalbumin solution was filtered through the filter and the
filtrate was added to the remaining 160 ml of PBST/EDTA
solution. The ELISA coating antigen was discarded from
the plate. The plate was washed 4 times with ELISA wash
fluid (PBST) and the plate was blotted dry. The test serum
was diluted 1: 50 in the appropriate sample dilution tube by
adding 10 ul of sample to the pre-aliquoted 490 ul of ELISA
diluent (PBST/Ovalbumin). Positive and negative control
sera were diluted in ELISA diluent (PBST/Ovalbumin). 100
wl of positive and negative control sera dilutions and 100 pl
of diluted test sample were added to the appropriate 4 wells
(2 positive and 2 negative) of the coated ELISA plate. The
plate was sealed and incubated for 1 hour (+10 minutes)
at 37°C (+2°C). The plate was washed 4 times with ELISA



Table 2, Mean rectal temperature and percentage of cows with a rectal temperature
exceeding 39.0 °C before and after vaccination

Days before/after vaccination

Group -2 -1 0

1 2 3 4

Mean Rectal Temperatures [°C]/Percentage cows >39.0°C

NCD 38.5/0 38.5/0 38.6/0
BRD 38.4/0 38.6/0 38.7/10
Co-administration 38.5/10 385/10 38.6/10

38.7/0 38.6/20 38.4/0 384/0
38.8/30 38.5/10 3850 38.5/10
39.0/50 38.6/10 384/10 3840

Mean rectal temperatures [°C] and percentage of calves with a rectal temperature exceeding 39.0 °C before and after vaccination
with an inactivated NCD vaccine (T01), an inactivated BRD vaccine (T02) or co-administration of both vaccines (T03)

wash fluid (PBST) and blotted dry. 100 ul of diluted Rabbit
anti-Bovine Horseradish Peroxidise (RaBovHRP) conju-
gate in ELISA diluent (PBST/Ovalbumin) was added to all
of the wells. The plate was sealed and incubated for 50—
70 min at 35—39°C (+2°C). The plate was washed 4 times
with ELISA wash fluid (PBST) and blotted dry, 100 ¢l of
enhanced TMB substrate was added to all of the wells and
incubated at room temperature for 5 minutes to allow the
colour to develop. The reaction was stopped by adding
50 pl of Stop solution (0.25M sulphuric acid) to all of the
wells. The plate was read at 450 nm.

The results of the samples were produced as a Dynex
Revelation 4.04 printout. This consisted of a Data Ma-
trix/Table; containing the corrected optical density val-
ues (ODs) and a Ratio Results table; containing the Ratio
Matrix calculated results (Ratio Matrix). The positive and
negative results were taken from the Ratio Matrix (RM)
values as follows: RM value < 0.100 was negative, RM val-
ue = 0.100 and < 0.150 was equivocal (repeat/investigation
of another sample approx. 14 days apart), and RM value
> 0.150 was positive.

The BRSV and M. haemolytica antibody levels for the
group vaccinated with the BRD vaccine (T02) were com-
pared with the group vaccinated with both vaccines (T03)
and with the group vaccinated with the NCD vaccine
(T01). The formula for Student’s T-test for two-tailed dis-
tribution and two-samples with unequal variance within
Microsoft Excel were applied. In the results, the values are

given as the mean = the standard deviation.

RESULTS

Clinical reactions and body temperatures
after vaccination

No abnormal observations relating to the application of
the vaccines were observed over the four day period post-
vaccination (Study Day 0 to Day 4). The body temperatures
of some animals were slightly increased after vaccination
but remained within the physiological range. Five of the
10 vaccinated animals in T03 had a temperature exceed-
ing 39.0°C 1 day after vaccination, but the temperature
normalized (<39.0°C) within 24 hours. See Table 2 for
the mean group rectal temperatures and the percentage of
cows with a rectal temperature exceeding 39.0°C before

and after vaccination.

Injection site reactions

One animal in the group vaccinated with the NCD vac-
cine alone and one animal in the group vaccinated with
both vaccines had measurable injection site reactions to
the NCD vaccine (see Table 3 for the results). The reac-
tion persisted until 28 days post vaccination in the case of
vaccination with only one vaccine and disappeared within
24 hours post vaccination in the animal that was given
both vaccines.

After the subcutaneous vaccination with the BRD vac-
cine alone, all 10 animals had a measurable injection site
reaction for up to 21 days after vaccination as compared
to 8 animals having measurable site reactions for up to
17 days after vaccination in the group that received both

vaccines.
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cific IgG levels of calves born from cows that received the
BRD vaccine alone or co-administered (p=0.32).

The results of the Mh antibodies were similar to those
for the BRSV antibodies; they indicated a trend towards
higher titres for the calves from cows vaccinated with both
vaccines (103 1.214£0.372, 1.299+0.346, 1.371+£0.481 at
respectively day of vaccination, post calving and in calves);
however the results were not significantly different from
the other groups (see Figure 1B for comparison of aver-
age values). All cows were sero-positive for Mh at the time
of vaccination and after calving. All calves were positive
for the detection of antibodies against Mh with the excep-
tion of the calf born to a cow that was vaccinated only with
the NCD vaccine that was also negative for BRSV specific
antibodies. There was no significant difference in Mh-spe-
cific IgG levels after the calving of cows that received the
BRD vaccine alone (T02 1.438 £0.268) or co-administered
(p=0.33; T03 1.299+0.346). Also for the other groups,
there was no significant difference in the Mh-specific IgG
levels in the cows after calving (p=0.18 and 0.65 for re-
spectively TO1 (1.220+0.410) vs T02 (1.438+0.268) and
T01 (1.220+£0.410) vs T03 (1.299+0.346)). There was
no significant difference in the Mh-specific IgG levels of
calves born from cows that received the BRD vaccine alone
(T02 1.185+0.551) or co-administered (T03 1.371+0.481)
(p=0.46). Also for the other groups, there was no signifi-
cant difference in the Mh-specific IgG levels in the calves
(p=0.32 and 0.07 for respectively T01 (0.905+0.606) vs
T02 (1.185+ 0.551) and TO1 (0.905+0.606) vs T03 (1.371 +
0.481)).

DISCUSSION

The pilot study presented here was performed to inves-
tigate the safety and efficacy of concomitant application
of two multivalent inactivated vaccines in pregnant cattle.
The results indicated that the two multivalent inactivated
vaccines were tolerated well after co-administration of
both vaccines. A transient rise in temperatures is a com-
mon observation after application of inactivated bacterial
multi-strain vaccines [3, 6]. Inactivated viral vaccines often
do not induce hyperthermia [7].

In general, swellings may represent a local reaction
against vaccine antigens and/or the adjuvant components

contained in the vaccines. Reactions, as seen in this study,

have been reported for different kinds of adjuvants [7, 20]
and are generally considered as acceptable for cattle vac-
cines. Most importantly in the context of this study, the
number and the duration of local reactions did not in-
crease after concurrent use of both vaccines.

As the pilot study was performed in pregnant animals,
the outcome of the pregnancy was the most important
safety parameter. For all three cows that gave birth to dead
calves, the cause was unlikely to be related to the vaccina-
tion. Similarly, it was concluded that the calf with health
problems was suffering from either congenital pneumonia
or pulmonary infection, both of which are not considered
to be related to the vaccinations. Considering all of the
safety results together, there were no detrimental effects
after the single or concurrent use of the two inactivated
multivalent vaccines in pregnant cattle.

The second objective of the study was to evaluate the
efficacy of the vaccines when used singly or concurrently.
The purpose of cow vaccination is to increase antibody
levels in the cow which are then transferred to the calves
via the colostrum [4, 18]. Therefore, in the context of this
study, the measurement of antibody levels in the calves’
sera was an appropriate parameter to judge the efficacy of
these vaccines as colostrum management was appropriate.

The results of BRSV and Mh antibodies in the calf sera
clearly indicated that the vaccinations induced a specific
immune response in the cows and, most importantly, the
antibody response in the calf sera were not significantly
different between the groups vaccinated with the vaccine
against bovine respiratory disease alone or with both vac-

cines.

CONCLUSIONS

The results of this pilot study are promising, but further
studies are required to fully demonstrate the safety and the
efficacy after co-administration of these two vaccines and
the value of passive immunity against respiratory patho-

gens.
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