
SUMMARY
A new maternal vaccine has been developed against neonatal calf diarrhoea associated with bovine rotavirus (BRV), bovine coro-
navirus (BCV) and Enterotoxigenic E. coli F5 (K99) (ETEC). This paper describes the results of 5 efficacy studies in target ani-
mals, conducted to gain Marketing Authorisation. Four studies were laboratory oral challenges (ETEC at 12 hours, BRV at 7 days,
BCV at 7 and 14 days of age) in calves fed colostrum and milk for 7 days, from dams either vaccinated with a minimum poten-
cy vaccine, or placebo-injected, 11-12 weeks prior to expected parturition. One study was a field safety and efficacy study where
pregnant cattle on a total of 3 farms were either vaccinated with a standard potency vaccine, 12 to 3 weeks prior to expected par-
turition, or left untreated. All animals were monitored - as well as their offspring, which received colostrum and milk from their
dams - from 2 hours of age until 2 weeks post calving. The results of the challenge tests demonstrated that the vaccine success-
fully induced a significant and sustained antibody increase in cows and heifers to each vaccine component. Specific antibodies
in colostrum and milk from the vaccinated dams transferred to calves, completely prevented clinical signs of diarrhoea after chal-
lenge from ETEC, BRV and BCV at 7 days, and significantly reduced their faecal virus shedding, compared with calves fed colostrum
from placebo dams.  In the field study, vaccinated animals showed a modest temperature increase (+0.69°C on average) for a
limited period (1 day on average), compared with untreated cows. No adverse impact was observed on pregnancy outcomes. Calves
born to vaccinated cows showed a significant increase of all specific antibodies, compared with calves from untreated controls.
The novel, non-oil adjuvanted vaccine achieved very high levels of efficacy and safety in rigorous studies and provides vets and
farmers with a new tool against neonatal calf diarrhoea.
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INTRODUCTION

Neonatal calf diarrhoea (NCD) is a multifactorial disease oc-
curring in both dairy and beef breeding herds, with an estimated
prevalence of 19-35% (1) incurring high costs to farmers
through direct costs of deaths and care of sick animals, and in-
direct losses associated with delayed growth (2), higher age at
first calving (3) and genetic losses. Risk factors for NCD include
pathogen pressure in calf housing, management aspects and
host immunity. Enterotoxigenic E. coli F5 (K99) (ETEC), Bovine
rotavirus (BRV), Bovine coronavirus (BCV), Cryptosporidia
and Salmonella spp. are recognised as the major pathogens as-
sociated with diarrhoea in neonatal calves. Disease occurs most-
ly within a few hours (ETEC) to a few days or weeks after birth
(BRV and BCV) (3)(4).

While disease is often mild, impact on calf well-being is marked,
as is the emotional impact on staff of treating sick calves. Treat-
ment of NCD is often symptomatic and dependent on sever-
ity, through provision of oral or intravenous fluids and often
antimicrobials. The justification for the use of antimicrobials
in the treatment of diarrhoea in calves is not always clear. Many
cases are viral in origin, however primary ETEC, Salmonella spp.
or protozoal causes would justify antimicrobial treatment. As
would calves affected with viral diarrhoea suffering overgrowth
of E. coli which may often become systemic, showing systemic
illness or severe gastrointestinal damage by the presence of diph-
theritic membranes, mucus or blood in the diarrhoeic faeces
(5).
The livestock industry is working to reduce the use of an-
timicrobials on farms owing to the possibility of increasing the
antibiotic resistance of bacteria which infect both humans and
animals. It also impacts seriously on the animal’s gut micro-
biota (6). 
Therefore prevention of disease should be the primary goal of
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calf management, through priming of the calf ’s immune sys-
tem. There are however challenges due to the immature nature
of the immune system and the early onset of disease in the calf ’s
life. This means passive immunity is key to protection. How-
ever, due to the synepitheliochorial placentation in cattle (7),
calves are born without the benefit of maternal antibodies and
must acquire them from colostrum absorption. 
The early onset of neonatal diarrhoea and the need for
colostrum intake by calves have led to the development of ma-
ternal vaccines, administered to dams for the benefit of offspring

after colostrum suckling. 
This project sought to develop a new non-oil adjuvanted ma-
ternal vaccine to provide a higher level of protection for calves
against BRV, BCV and ETEC than currently available solutions.

MATERIALS AND METHODS

Vaccination-Challenge Studies
The studies were carried out in accordance with the Act on An-

Figure 1 - Study design of the four cow vaccination-calf challenge studies.

Table 1 - Vaccines and challenge strains used.
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imal Health and Animal Welfare of The Czech Republic. The
test sites used for purchase and challenge of the calves had ac-
creditation allowing biological testing on animals. Any study
procedure was carried out under this licence. All personnel in-
volved in the in-life phase of the study were fully trained and
provided with full details of the study, necessary instructions
and support to ensure that the care and welfare of the animals
were not compromised during the study period.
The clinical trial of the safety and efficacy of the test vaccine
was approved by the Institute for State Control of Veterinary
Biologicals and Medicines (ÚSKVBL) in Brno, to the extent
specified in Clinical Trial Permit No. 003/2016/CT. During the
study, the clinical trial was checked by the ÚSKVBL Brno on
one of the farms and it was stated that the ongoing field trial
was in accordance with the approved clinical trial protocol. Dur-
ing the study, the clinical trial was controlled by the clinical tri-
al monitor and auditor of the sponsor Bioveta. a.s. All partic-
ipating farmers had signed an informed consent form.
Four vaccination-challenge studies were conducted with a nov-
el vaccine for ETEC, BRV and BCV (Fencovis/Biobos RCC,
Bioveta, Ivanovice na Hané, Czech Republic) in cattle. The over-
all study design is shown in Figure 1. 
For each study 15 pregnant cows and heifers were selected based
on the number of animals required according to European Phar-
macopeia monographs (01/2017:1954, 01/2017:0961,
01/2017:1953). The target animal are those most sensitive to
the antigens, which are those that are seronegative or with low
seropositivity. For this reason there was not an even balance of
heifers and cows between studies, with no heifers in either of
the BRV or BCV OOI studies, 2 hiefers in the ETEC study and
8 heifers in the BCV DOI study. Animals were housed in the
same airspace on straw-covered concrete, previously unvacci-
nated, with no recent history of neonatal disease in the herd
and with no significant difference in levels of initial antibod-
ies to the components tested (BioX Diagnostics, Rochefort, Bel-
gium. BIO K 126 for antibodies against BRV and BIO K 392

for antibodies against BCV). Animals received a single injec-
tion of vaccine (n=10) or placebo (n=5) at 12-11 weeks pri-
or to expected delivery. Following delivery colostrum and milk
were collected daily from each animal using a milking machine
and vacuum pump into a stainless steel collection vessel and
stored in 1–3l plastic bottles at -20 °C.
Fifteen newborn calves born weeks later to different dams were
colostrum-deprived until they received their 1st colostrum meal
(1.6l +/- 0.1l) from vaccinated or placebo cows within 6 hours
of birth. These calves were selected by being of normal phys-
ical condition and without clinical symptoms of any disease.
They were housed on straw in individual pens within the same
building, and allocated to receive vaccine (n=10) or placebo
(n=5) colostrum and subsequently transition milk for 7 days.
Each calf received 3 daily feeds (4.5 - 9l/day) out of the previ-
ously collected colostrum or transition milk from a single dam
for each calf. All calves - except those to be challenged with
ETEC- also received a daily injection of amoxycillin + clavu-
lanic acid from birth to 5 days of age, to protect against bac-
terial infection in these susceptible animals.
Three of the studies tested the onset of immunity (ooi) of each
vaccine antigen component by oral administration to calves of
a virulent suspension challenge, although by definition im-
munity is provided from the first colostrum feed. This was per-
formed for BRV and BCV at 7 days of age and for ETEC at 12
hours of age, and the fourth study evaluated the duration of
immunity (doi) of BCV by oral challenge in calves aged 14 days.
Vaccine of minimal potency and placebo as well as challenge
strains used in the studies are described in Table 1. Rectal tem-
perature was monitored in pregnant females before vaccina-
tion and then 4 hours and once a day for 4 days thereafter. An-
tibody levels to the specific study pathogen (BRV, BCV and
ETEC) were individually monitored by indirect competitive
ELISA (BioX Diagnostics, Rochefort, Belgium. BIO K 126 for
antibodies against BRV and BIO K 392 for antibodies against
BCV) or non-competitive ELISA (ETEC, F5 antigen of en-

Figure 2 - Study design of field safety-efficacy study.
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teropathogenic E. coli in laboratory of Bioveta a.s. using indi-
rect ELISA method) in dams’ serum before and 3 weeks after
vaccination and on the day of calving, as well as in colostrum
and in milk from the day of calving until 10 days thereafter. An-
tibodies were also measured in calf serum immediately before
challenge and at the end of the post-challenge observation pe-
riod. After challenge the calves were monitored clinically for
7 days (viral studies) or 10 days (ETEC study), notably for signs
of diarrhoea, using an adapted scoring system (8,9). In the BRV
and BCV studies, individual rectal swab samples were collected
from all calves to monitor viral shedding in faeces. Samples were
taken directly from the rectum of each calf using cotton buds,
then collected into sterile tubes prior to the challenge strain ad-

ministration on Study Day 0T (7 days after birth of each calf)
and then daily until Study Day 7T (7 days after challenge). Im-
mediately after collection, 10% suspension of faeces in saline
was prepared for the analysis. Each sample was labelled with
the study number, sample identification and date of sampling.
All samples were stored in a freezer at -80 °C prior to analy-
sis. BRV and BCV were detected using an in-house laborato-
ry using the reverse transcription method - quantitative real-
time PCR (RT-qPCR).
Bias reducing methods were used: The Study Director (SD) was
unblinded. Laboratory staff, the examining veterinary surgeon
and all other study personnel performing observations were
blinded. The SD stored the unblinded random treatment plan

Figure 3 - Overview of calves diarrhoea symptoms in the four cow vaccination-calf challenge studies

Total diarrhoea scores were significantly different between groups (p< 0.05)
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and the animal dosing forms. On the day of vaccination, the
SD prepared the vaccine and placebo according to the unblinded
plan and drew the appropriate amount into a syringe. Vaccine
and placebo were administered by a suitably qualified person
unaware of treatment group. The examining veterinary surgeon
and other personnel were unaware of the allocation to treat-
ment groups for the duration of the study. 

Field efficacy and safety study
In addition, a field study was implemented in 3 farms to pro-
vide confirmation of both the safety of vaccination in pregnant
cows and heifers when administered 12 to 3 weeks prior to ex-
pected parturition, and the efficacy (on 2 sites only for logis-

tical reasons of fresh sample transportation) of antibody trans-
mission to their offspring. The design of the field study is shown
in Figure 2. 
Three farm sites were recruited, which conducted no routine
vaccination against the 3 vaccine pathogens. On each farm site,
30 healthy cows and heifers, due to calve 3-12 weeks later were
included in the study; 20 animals received a single vaccine in-
jection, and 10 animals were untreated controls.
The vaccine for ETEC, BRV and BCV (Fencovis/Biobos RCC,
Bioveta, Ivanovice na Hané, Czech Republic) used for the clin-
ical trial was a standard production batch of the test product;
it was manufactured by Bioveta according to the approved man-
ufacturing procedure.

Figure 4 - BRV onset of immunity (ooi) - Antibody levels in dams and calves; Average faecal excretion.

Faecal excretion, as measured by Area Under the Curve (AUC) post challenge significantly higher in control calves compared with calves
suckled from vaccinated cows (p=0.014) 

Serum and colostrum BRV antibody concentrations in vaccinated cows at calving significantly higher (p<0.01) than in control animals.  Sig-
nificantly higher (p<0.01) BRV antibody levels on day of challenge in serum of calves fed from vaccinates compared with control calves. 
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Safety was evaluated by monitoring rectal temperature, injec-
tion site reactions, and general health until calving in all dams.
Efficacy was evaluated in 60 animals in total between groups
in terms of serum, colostrum and milk antibody kinetics to the
3 vaccine antigen components in the cows/heifers. Blood sam-
ples (5 ml) were collected from the vena coccygea (cows) or vena
jugularis (calves), using sterile Hemos sampling tubes, labelled
with animal identification number and date of collection. The
samples were processed at Bioveta within 24 hours of collec-
tion, using centrifugation at 3000 rpm for 10 minutes before
serum removal. Serum samples were stored at or below -15°C
until analysis. Colostrum/milk samples (5 ml) were collected
into 10 ml tubes from each cow and heifer, in preclinical stud-

ies daily from the day of calving for the 10 days and in the field
study daily from the day after calving until 14 days later. Sam-
ples were stored at or below -15°C until determination of an-
tibody concentrations. Serum antibody kinetics to the 3 vac-
cine antigen components in the calves born to the cows/heifers
included in the study were also measured using. These calves
had received colostrum and milk from their dams from the day
of birth, within 2 hours, until 14 days later, fed to the calf via
a teat-bucket (farm 1) or an oesophageal feeder (farm 2).
Bias reducing methods were used: the monitor was aware of
the animal allocation to groups; the investigators performed
pre-allocation blood sampling and health check, and then con-
ducted vaccination on each site on Day 0, under supervision

Figure 5 - BCV ooi - Antibody levels in dams and calves; Average faecal excretion.

Faecal excretion, as measured by Area Under the Curve (AUC) post challenge significantly higher in control calves compared with calves
suckled from vaccinated cows (p=0.003). 

Serum and colostrum BCV antibody concentrations in vaccinated cows at calving significantly higher (p<0.01) than in control animals. Sig-
nificantly higher (p<0.01) BCV antibody levels on the day of challenge in serum of calves fed from vaccinates compared with control calves.
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from the monitor. Farm personnel performing observation of
animals and laboratory personnel involved in sample analysis
were blinded to treatment; study animals (vaccinates and con-
trols) remained together in the same housing section.

Statistical Analysis
Clinical diarrhoea scores in calves post challenge were calculated
as the sum of daily scores (details shown in Figure 3). Total in-
dividual scores were compared between groups using non-para-
metric Mann-Whitney one-sided tests for all challenge studies.
Specific antibody concentrations were compared in cows
(vaccinated vs placebo) and then in calves (vaccinates-suckled
vs placebo-suckled) using analysis of variance (ANOVA)
methods (QC Expert v. 3.2, TriloByte). A two-way ANOVA was
used (factor 1: treatment group, factor 2: sampling point). When
significant differences were detected, Scheffé’s method for cor-
recting for multiple comparisons was implemented. The lev-
el of significance was set at p<0.05.
Faecal excretion of virus in each calf after challenge was quan-
tified by calculating the AUC (area under the curve) of virus
shedding during the observation period. AUC values were com-
pared between groups using Mann-Whitney one-sided tests
(STATISTICA v. 9CZ, StatSoft). 

RESULTS

Vaccination-challenge studies
The results are illustrated in Figures 3 to 7. Figure 3 presents
an overview of individual calf diarrhoea scores post challenge
per group for all 4 studies. Figures 4 to 7 show for each study:
antibody levels in dams (serum and colostrum) and in calves,
and average faecal excretion per group for the viral challenge

studies. Each figure includes self-standing comments and p val-
ues of comparisons between groups are specified.
In the 3 ooi studies, the control calves (5 per study) each showed
clear signs of diarrhoea; 2 control calves in the BRV study and
1 control calf in the ETEC study died from severe diarrhoea.
Meanwhile, all 10 calves per study which had received
colostrum and milk from vaccinated cows and heifers, remained
free from diarrhoea symptoms, the difference was significant
(p<0.05).
In the BCV doi study, all 5 control calves exhibited signs of di-
arrhoea lasting 3 to 7 days, while 8/10 calves which had received
colostrum and milk from vaccinated cows and heifers remained
free from diarrhoea symptoms, and the last 2 showed mild and
transient diarrhoea, lasting 1 to 2 days, the difference still be-
ing significant (p<0.05).
For each study, there were significant differences between serum
and colostrum antibody levels in vaccinated vs control cows
on day of calving (higher in vaccinates) although not differ-
ent before vaccination, and serum antibody level in calves suck-
led with colostrum and milk from vaccinated vs control cows
(higher in vaccinates). There was no difference in quantities or
times from birth to first colostrum feed between each group.
Viral faecal excretion was significantly reduced in calves
which had received colostrum and milk from vaccinated
cows, compared with control calves, for all viral studies. 

Field efficacy and safety study
The results are illustrated in Figures 8 and 9.
For all 3 vaccine components on both sites: the calves having
received colostrum and milk from vaccinates, showed signif-
icantly higher antibody concentrations than calves fed with
colostrum and milk from control dams at all timepoints
(p<0.001). Calves from vaccinates showed the highest con-

Figure 6 - E. coli ooi - Antibody levels in dams and calves and diarrhoea scores.

Serum and colostrum E. coli F5 antibody concentrations in vaccinated cows significantly higher (p<0.05) than in control animals. 
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centrations on Day 1, declining slowly until Day 14. Conversely
for calves from controls, the concentrations remained low and
relatively stable between Day 1 and Day 14. No wild strain chal-
lenge occurred on any of the farms during the study period.
Mean rectal temperature over time in vaccinates vs control an-
imals indicated that vaccination led to a modest increase in rec-
tal temperature- on average 0.69°C- which occurred between

4 hours and 1 day post vaccination (depending on the site), re-
turning rapidly to normal, by day 2 post vaccination. There were
farm differences, with animals in farm 1 showing a much flat-
ter increase, 4 to 6 hours post vaccination, whereas the increase
was later and more pronounced on farm 2 and farm 3. One an-
imal (out of 60 vaccinates), from farm 3, showed an increase
of body temperature of 2.05°C which lasted for 1 day. No ad-

Figure 7 - BCV duration of immunity - Antibody levels in dams and calves; Average fecal excretion.

Faecal excretion, as measured by Area Under the Curve (AUC) post challenge significantly higher in control calves compared with calves
suckled from vaccinated cows (p=0.003) 

Serum and colostrum BCV antibody concentrations in vaccinated cows at calving significantly higher (p<0.05) than in control animals. Sig-
nificantly higher (p<0.05) BCV antibody levels on the day of challenge in serum of calves fed from vaccinates compared with control calves.
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verse effect occurred, on the animals’ general demeanour or on
the pregnancy outcome.

DISCUSSION

All challenge strains used in the studies were heterologous to

the vaccine strain being evaluated. 
The BRV challenge strain, although its nucleotide sequence dif-
fered in both the G6 and P1 genes, was of the same serotype
[G6P1] as the vaccine strain, and as such belonging to Group
A BRV (10). Information on protective immunity against in-
fection with Group A BRV having the same or different G/P
serotype as the vaccine strain is incomplete (11). Some stud-

Figure 8 - Field Study: Antibody levels (to BRV, BCV and ETEC) in calves per treatment group at D1, D5 and D14 of age on each of the 2
study sites, shown as boxplots.

Analysis of Variance indicated that, on each farm and for each antigen, the antibody concentrations were significantly higher in the calves
from vaccinates than in the calves from controls at all timepoints (p<0.001).

to E coli F5

to Coronavirus

to Rotavirus

Calf Serum Antibody Concentrations - Farm 1 (Střížovice)
[n =21 from vaccinates; n=8 from control dams]

Calf Serum Antibody Concentrations - Farm 2 (Opatovice)
[n =19 from vaccinates; n=9 from control dams]
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ies hinted that certain strains could neutralise in vitro and pro-
tect challenge-exposed calves in vivo against BRV strains with
a different G/P serotype. It has been shown that vaccination of
a mature cow that had had natural rotavirus exposure led to
cross-serotype stimulation of heterotypic antibodies (12)
(13). Other publications indicated that the different serotypes
of Group A BRV share similar epitopes which are recognised
by cross-reacting antibodies (14). Thus, a single serotype vac-
cination of seropositive cows could stimulate antibody pro-
duction to a wide range of BRV serotypes and genotypes, sug-
gesting that this strategy may provide a means of enhancing
passive protection against other potential serotype challenges
(8) (11). 
For BCV, all isolates appear to be of a single serotype (as ob-
served by seroneutralisation). Thus, the existence of a single
serotype of BCV and cross-protection among strains from the
different clinical syndromes (such as winter dysentery, calf di-
arrhoea and bovine respiratory coronavirus) suggest that a sin-
gle broadly cross-reactive strain of BCV may suffice for a vac-
cine (15).
For ETEC: the challenge strain serotype (O101:K99, F41) dif-
fered from the vaccine strain (O8: K99). The challenge strain
expresses both F5 and F41 adhesins. Many ETEC strains that
produce F5 (K99) also produce F41 (16). It has previously been
shown in calves that a vaccine containing only F5 protected
against a challenge with an ETEC strain B44 producing both
F5 and F41 (17). Such protection could result from steric hin-
drance or agglutination of the bacteria so that F41 pili could
not promote adhesion in vivo (18). 
The efficacy of the vaccine tested may be due to appropriate
concentrations of the antigens present in the vaccine formu-
lation and the adjuvants used. Aluminium hydroxide is known
to stimulate humoral immunity, and saponin-derived adjuvants
such as Quil-A are potent enhancers of both humoral and cel-
lular immunity (19). The adjuvant system may be at least part-
ly responsible for the modest rise in rectal temperature observed
in the vaccinated cows.
The efficacy described for all components of this maternal vac-
cine in the calf challenge studies was achieved using the feed-
ing regimen stipulated in the EU Pharmacopeia monographs,
ie. 7 days of colostrum/milk previously collected from vacci-
nated dams. Although this colostrum-feeding regimen does not
accurately reflect commercial practices, this would presumably
be the case for all cattle maternal vaccines approved in Europe.

Recommendations regarding colostrum-feeding and Transfer
of Passive Immunity (TPI) in commercial herds have been de-
veloped for dairy herds, where it is customary to separate dams
from calves at birth. Colostrum is collected from cows and ide-
ally fed to calves (~10% BW) via an oesophageal tube or a nip-
ple-bottle within 1 to 2 hours of birth (20) (21). The merits of
a second colostrum meal (8 to 12 hours later) are also docu-
mented (22). There is scope for improvement in management
of colostrum feeding in developed cattle industries, with
NAHMS systematic surveys in the US dairy operations
demonstrating an improvement in young calf mortality over
the years between 1996 and 2014, although it remained above
5% at last count, of which 30% from digestive causes (23).
In beef dam-calf operations, calves are expected to suckle their
dams from birth for several months. Human intervention is rar-
er and occurs in case of weak calves failing to get up, mater-
nal inexperience or poor udder/teat conformation (24). Par-
adoxically, these actions are associated with a higher risk of ill-
health in calves (25), perhaps because when all goes well, no
intervention is necessary. Similarly to data reported in this pa-
per, vaccination of pregnant beef heifers in the last third of preg-
nancy (prior to or simultaneous with colostrogenesis) has been
shown to increase vaccinal antigen serum neutralising titres in
the vaccinated heifers and their nursing calves-although not the
calves overall serum IgG concentrations (26). This highlights
the potential benefits of attention to colostrum management
in beef systems.
Colostrum provides many vital services to the newborn calf in
addition to the well-known and traditionally measured im-
munoglobulins (27) (28) (29) (30)). Its high fat content con-
tributes to the metabolism of thermoregulation; cytokines and
maternal leukocytes participate in immune defence and de-
velopment; and various hormones (including growth hormone,
insulin and insulin growth factor), as well as multiple oligosac-
charides (OS), contribute to enterocyte maturation, GI tract
development, glucose metabolism and a healthy microbiome.
Indeed, colostrum contains up to 72 times more OS than whole
milk (28).

CONCLUSIONS

The test vaccine demonstrated excellent clinical efficacy in the
laboratory challenge studies against all vaccine components,

Figure 9 - Field Study: Mean Rectal Temperatures in cows/heifers following vaccination (n=20 vaccinates and 10 controls on each site).

Mean Rectal Temperatures-Farm 1
(Stř ížovice)

Mean Rectal Temperatures-Farm 2 
(Opatovice)

Mean Rectal Temperatures-Farm 3
(Nitkovice)
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with calves from the ‘vaccine’ groups in the ooi studies
demonstrating complete prevention of diarrhoea, whereas con-
trol calves were all affected with varying severity for several days.
In the BCV doi study, the protection was also significantly im-
proved in ‘vaccine’ group calves compared with controls. 
Virus excretion after challenge was significantly reduced in ‘vac-
cine’ calves, both in duration and virus load, which translates
into lower contamination of the calf environment.
This efficacy was associated with a significant elevation of spe-
cific antibodies, first in the serum and colostrum of vaccinat-
ed cows and heifers, which transferred efficiently as antibod-
ies in the serum of calves.
In conclusion, the data presented and discussed demonstrate
the unique potential of the vaccine to prevent NCD symptoms
linked with BRV, BCV and ETEC after a single injection of preg-
nant dams 12 to 3 weeks before expected parturition, as well
as to reduce the viral challenge pressure faced by subsequent
calves in the herd.
To capture the full potential, a dam vaccination program with
an effective vaccine has to go hand in hand with ‘good
colostrum management practices’ alongside veterinary guid-
ance, thus resulting in high-quality colostrum being fed to new-
born calves early enough (within 2 to 6 hours after birth for
the first feed) and in sufficient quantity (10% bodyweight in
the first 12 hours). Whilst the principles of these measures have
been agreed for decades, their practical implementation may
not always be straightforward.
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