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Abstract

Ensuring health of preweaning calves requires attention to
colostrum intake and nutrition of the dam and calf, and tar-
geted use of vaccination. Colostrum intake that leads to opti-
mal, and not just adequate, passive immunity can improve calf
health. The neonatal calf has a functional immune response,
and calves can respond to vaccination in the first week of life.
Maternal antibodies do not always suppress response to vac-
cination, but intranasal routes of vaccination may more effec-
tively prime immunity in the first month or two of life, when
maternal antibodies are at the highest concentration. Either
intranasal or parenteral vaccines can be effective to prime
immunity in calves at 90 to 120 days of age. In calves, booster
doses are particularly important to ensure immunity, as not all
calves will be prepared to respond optimally at the time of their
first vaccination. Field trials indicate that preweaning vaccina-
tion can sometimes improve health postweaning, but few field
trials have evaluated the effects of preweaning vaccination on
preweaning disease. Challenge studies and research measur-
ing immune function provide support for vaccination to pre-
vent preweaning disease, but the evidence quality is not strong.
More field trials testing vaccination of preweaning calves to
prevent preweaning disease are needed.
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Introduction

An effective immune response is the foundation for health and
growth in calves. For beef calves, a program that supports cow
health through preventive care and good nutrition is neces-
sary to ensure calf health. For the calf, attention to colostrum
intake, nutrition and timely use of vaccination also supports
immunity. This presentation will review the information on
factors that influence optimal transfer of passive immunity, the
effects of nutrient supplementation to improve immunity, and
the value of vaccination of preweaning calves to prevent dis-
ease in the preweaning and postweaning periods.

Immune responses in the newborn calf

The concept that calves are immunosuppressed at birth, or that
they lack immune competence, is often discussed in the con-
text of managing calves for health and growth. However, it is
important to remember that this is relative, but not absolute.
While immune responses in a calf that is immunologically na-
ive are generally slower or lower than the same responsesin a
naive adult cow, multiple research studies have demonstrated
that calves can mount an adaptive immune response to vaccina-
tion in the first week of life, and even on the first day of life. In
fact, the fetal calf is immunocompetent in utero; this is demon-
strated by the fact that a calf infected in utero may be born with
antibodies to the infectious agent which can be measured in se-
rum collected before the calf consumes colostrum. Vaccination
of calves against Mycobacterium bovis on the first day of life
induced protection against disease due to challenge 15 weeks

later.! Colostrum-deprived Holstein calves exposed to live coro-
navirus orally and intranasally on the first day of life were pro-
tected from disease following challenge 21 days later.!> When
calves were vaccinated with ovalbumin (a model antigen for
assessment of humoral immunity) at 2 days of age, antibody to
ovalbumin was identified in serum of vaccinated calves 4 weeks
later. Moreover, vaccination of calves at 2 days of age with bac-
ille Calmette Guerin (BCG) led to skin test responses at 7 weeks
of life.!” This work demonstrated that both humoral and cell-
mediated adaptive immune responses are functional in 2-day-
old calves. However, calves with specific antibodies present in
serum at the time of vaccination had depressed responses, indi-
cating that serum passively derived antibodies could suppress
the response to vaccination at 2 days of age. Taken together,
these studies indicate that the calf’s immune response is func-
tional and can respond to vaccination in the first 2 days of life,
but that the response can be depressed by the presence of spe-
cific antibodies.

Transfer of passive immunity via

colostrum

While adaptive immune responses to vaccination as early as
the first day of life have been demonstrated in calves, there

is no question that calves lacking the protection of passively
acquired maternal antibodies are more likely to become sick,
and more likely to die, as compared to herdmates that obtain
adequate passively acquired antibodies. This repeatedly dem-
onstrated fact confirms that the functional immune response
of the newborn calf is inadequate to provide optimal protec-
tion against infection in the first weeks of life. When failure of
transfer of passive immunity (FTPI) is defined by a serum IgG
concentration less than 800 or 1,000 mg/dl, studies have found
that between 6% and 23% of beef calves have FTPIL.>?1:26 How-
ever, current recommendations are that optimal transfer of
passive immunity is defined by a serum IgG concentration of
2,400 mg/dl or greater, and one large study found that 46% of
1,556 beef calves had suboptimal transfer of passive immunity.
Beef calves with serum IgG concentrations of less than 2,400
mg/dl were 1.6 times as likely to become sick, and 2.7 times as
likely to die, as calves with serum IgG concentrations of 2,400
mg/dl or greater.’ These findings indicate that there is room for
improvement in transfer of passive immunity in an important
proportion of beef calves.

Recent research has clarified the factors that impact transfer
of passive immunity in beef calves. In a crossbred cow-calf
herd, calves that failed to nurse within 4 hours of birth had a
2.8 times greater odds of morbidity before weaning (P = 0.03),
compared to calves that nursed within 4 hours of birth.!% In
this study, of the 77 cow-calf pairs studied, 3 calves died prior
to weaning, and all failed to nurse by 4 hours of life. Of a va-
riety of factors measured at 10 minutes after birth, a strong
suckle reflex best predicted that a calf would nurse within 4
hours, and the combination of calving ease score (scored as
unassisted, easy or difficult) and nursing within 4 hours best
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predicted whether a calf would have optimal transfer of passive
immunity (defined by serum IgG of greater than 2,400 mg/dl).
Importantly, there was no difference in the antibody concen-
trations of colostrum of cows with calves that failed to acquire
optimal passive transfer and cows with calves that did, indicat-
ing that failure of transfer of optimal immunity was not due to
inadequate quality colostrum, but was rather due to failure of
the calf to ingest enough colostrum in time to absorb colostral
antibodies.!® In related work, this research group also showed
that beef calves fed 1.4 L of colostrum with moderate concentra-
tions of antibody (70 g/L) by esophageal feeder within 1 hour
of birth went on to nurse from their dams at a statistically sig-
nificantly earlier time, compared to calves that were fed 1 L of
colostrum with 100 g/L IgG, or calves fed 2 L of colostrum with
100 g/L IgG. Regardless of treatment, all but 1 of the 39 calves
included in the study achieved optimal transfer of passive im-
munity (serum IgG 2,400 mg/L or greater), with the remaining
calf achieving adequate transfer of passive immunity (serum
IgG greater than 1,000 mg/dl).! The interpretation of these in-
vestigators was that if calves are fed colostrum with an esopha-
geal feeder, as long as the colostrum contains at least 70 g/L of
IgG, the calf should achieve at least adequate transfer of pas-
sive immunity, and may stand and nurse on its own faster than
calves fed a larger volume of colostrum, which could improve
cow-calf bonding.

Nutritional supplements to improve
immunity

The possible effects of nutritional supplementation on im-
mune function is a subject of perennial interest among veteri-
narians and cattle producers. A comprehensive review of the
subject is beyond the scope of this paper, and a simple sum-
mary of the state of knowledge regarding the effects of nutrient
supplementation on immune responses in cattle is not easy to
make. At least dozens, and perhaps hundreds, of research pa-
pers describe the effects of different feedstuffs, nutrients, and
supplements of myriad types on immune responses in cattle
and calves, with some studies demonstrating an effect, and
some studies not demonstrating an effect. An older reference
provided a thorough review of the literature at the time on nu-
trition and immunity in beef cattle and calves,'® and a recent
review summarized information related to nutrition and bovine
respiratory disease.!” The specific impact of nutraceuticals on
the gastrointestinal microbiome, with potential relevance to
health, has recently been reviewed in detail.?

Interpretation of the scientific evidence related to the impact
of nutrients on immunity and health in cattle is complicated by
the fact that different research studies measure different out-
comes, making it difficult to compare studies to come to a con-
sensus. Moreover, some studies measure immune responses
but not resistance to disease, while others evaluate resistance
to disease while not measuring immune responses. While mea-
surement of immune responses in properly designed research
studies can provide new information regarding the effects of
nutrients on specific immune responses, the effects on practi-
cally important health outcomes are also critically important
to measure. The mere presence of any measurable immune re-
sponse may have no relationship to protection against disease
or production loss in the field; therefore, any claims of efficacy
of any nutrient, feedstuff, or supplement to impact immunity
should be supported with evidence related to resistance against
disease, preferably naturally-occurring disease in cattle in field
settings.

Vaccination of preweaning calves: effects
of maternal antibody

Historically veterinarians were taught that young calves cannot
be effectively vaccinated because maternal antibodies would
block vaccine responsiveness. However, many studies have
shown that calves can, in fact, have a useful immune response
to vaccines given in the face of maternal antibodies (IFOMA).
Vaccination of calves IFOMA has been shown to induce an an-
amnestic (memory) response when they are boosted later in
life;!8 vaccination IFOMA can prolong the persistence of anti-
bodies,” and vaccination IFOMA can prime for T cell responses
even when calves do not seroconvert.® Intranasal vaccination
may be superior to parenteral vaccination in calves with high
concentrations of circulating antibodies;* however, the dura-
tion of immunity provided by intranasal vaccination of calves
with circulating maternal antibodies may not last for more
than a few weeks. Calves vaccinated intranasally with a modi-
fied-live BRSV vaccine had decreased lung pathology after chal-
lenge at 9 weeks post vaccination, compared to controls; howev-
er, when calves were challenged at 14 weeks after vaccination,
there was no difference between groups.’ In general, reports
describing positive outcomes to vaccination of calves IFOMA
have most often used 2-dose (priming and later booster dose)
regimens with modified-live virus vaccines. While more vari-
able, some inactivated vaccines have been effective; the effect
of both modified-live and also inactivated vaccines in calves
with maternal antibody is influenced by the type of adjuvant
contained in the vaccine, as has been recently reviewed.* Vac-
cination of calves in the first month of life, when maternal an-
tibodies are highest and the calf’s immune system is the most
immature, is least likely to be reliable. For example, a large
clinical trial showed that vaccination of dairy calves with ma-
ternal antibodies at 2 and/or 5 weeks of age did not decrease re-
spiratory disease in the first 90 days of life. However, it should
be noted that the majority of calves treated for respiratory dis-
ease in that study were treated before 5 weeks of age, before
the vaccination regimen had been completed for all calves.?” A
thorough review on vaccination of calves IFOMA has recently
been published.?®

Effective use of vaccination in

preweaning calves

Alllicensed vaccines have been shown to decrease disease

post challenge, by some measure, in calves vaccinated prior

to experimental challenge, as compared to unvaccinated con-
trol calves, as this is a requirement for licensure in the United
States and other countries where the same or similar vaccines
are used. However, most if not all licensing trials are completed
in seronegative calves, which does not represent very well the
way vaccines need to be used in the field. In practice, waiting to
vaccinate calves until they are all seronegative is not necessary,
as described above; moreover, it exposes calves to the possibil-
ity of disease when they become seronegative. Ideally the first
priming doses of vaccine is administered while calves still have
some level of passive immunity, which may at least be partially
protective against disease, but not enough to completely sup-
press the response to vaccination. Such an approach has the po-
tential to keep calves from ever becoming completely seronega-
tive, improving their resistance to disease.

The fact that a population of preweaning calves will have a
range of antibody titers at the time they are first vaccinated
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means that some calves will receive their first dose of vaccine
when they are able to respond, while others will not be able to
respond, due to very high concentrations of maternal antibody,
or perhaps other factors. For example, a group of over 2000 An-
gus calves were vaccinated twice with a modified-live vaccine
containing bovine herpesvirus-1 (BHV-1), bovine viral diarrhea
virus 1 and 2 (BVDV1 and BVDV?2), parainfluenza type 3 virus
(PI3V) and bovine respiratory syncytial virus (BRSV). Calves
were randomly assigned to be vaccinated either 3 weeks before
weaning, and at weaning, or at weaning, and 3 weeks later. As
measured by change in serum antibody titer, greater overall
antibody response to BVDV1 and 2 was seen when calves re-
ceived the first dose of vaccine at weaning, while greater over-
all antibody response to BHV-1 and BRSV was seen when calves
received their first dose of vaccine 3 weeks before weaning.!®
The reason for this difference could not be determined by the
study as designed. Importantly, although antibody titers were
measured in all calves at four time points, of the over 2,000
calves evaluated, 107 calves had a BVDV1 titer of 0 at all time-
points tested, and 227 calves had a BHV-1 titer of 0 at all time-
points tested. This demonstrates that in a population of calves,
there may be a small proportion of calves that never respond
to vaccination. The variability in responsiveness of calvesin a
population to vaccination at any one time point is another jus-
tification for administration of booster vaccines, which give
calves two opportunities to respond to vaccination.

The highest quality of evidence to support a clinical practice
comes from meta-analyses and systematic reviews of multiple
well-designed randomized controlled field trials. Unfortu-
nately, few field trials have been completed that test the effect
of vaccination of preweaning calves to prevent or decrease
naturally-occurring disease. Preweaning, calf diarrhea and
respiratory disease are the two syndromes most often ad-
dressed by vaccination; at the time of this writing there are ap-
parently no published systematic reviews specifically focused
on evaluating clinical trials testing the efficacy of vaccination
to prevent diarrhea or respiratory disease in preweaning beef
calves. Also, in trials that have been published, lack of a nega-
tive control group in some trials means that it is not possible

to determine whether vaccination is better than no vaccina-
tion. A small field trial that included a negative control group
found numerically, but not statistically, significantly decreased
preweaning respiratory disease treatment risk in beef calves
vaccinated at 3 and 5 weeks of age against Histophilus somni,
Mannheimia haemolytica, and BRSV, compared to calves re-
ceiving no vaccination.?® The small numbers of calves in each
group (n = 26 - 29) may have decreased the power of this trial to
identify significant differences. A clinical trial testing vaccina-
tion to prevent respiratory disease in preweaning beef calves
showed evidence of benefit to decrease morbidity in the post-
weaning feedlot phase,15 while another trial by the same group
did not show an effect of preweaning vaccination to decrease
postweaning respiratory disease.?® A small trial assessing the
effect of vaccinating cows in late gestation on respiratory dis-
ease in their calves prior to weaning showed a tendency toward
decreased disease in heifer calves born to vaccinated dams.??

While no systematic reviews have evaluated the effect of vac-
cination on preweaning disease in beef calves, two recent
systematic reviews assessing vaccination to prevent bovine
respiratory disease in feedlot cattle.?%?* One of these reviews?*
concluded that the published trials were so variable that, while
there was support for some viral vaccines to decrease bovine
respiratory disease, the support was not strong; the second

systematic review concluded that the variability in published
clinical trials made it impossible to identify a positive effect of
vaccination to prevent respiratory disease in feedlot cattle.?

If veterinarians are to learn more about the true effects of vac-
cination to decrease disease in preweaning beef calves, more
well-designed controlled field trials containing a nonvaccinated
control group need to be completed. A helpful narrative review
of evidence for various vaccination strategies used in cattle
populations, including preweaning beef calves, was recently
published.? In the absence of systematic reviews, challenge
studies and assessments of immune response indicate that vac-
cination of preweaning calves may improve resistance to dis-
ease. Ranchers with perennial problems with preweaning beef
calf pneumonia at 3 to 5 months have anecdotally reported de-
creased disease following institution of a program of intranasal
modified-live viral vaccination in the first month or two of life,
followed by a parenteral modified-live viral booster one to two
months later, with the booster being given approximately one
month before respiratory disease onset is expected. A recent
challenge study indicated that an inactivated booster follow-
ing intranasal priming of beef calves could improve protection
against disease in calves challenged with BRSV.8

Conclusions

Opportunities exist for improving immunity in preweaning
beef calves by ensuring optimal, and not just adequate, passive
immunity through timely colostrum intake. Supplementation
with nutrients or feed additives can improve immunity, but a
large variety of possible treatments have been evaluated, and
not all are effective; ask to see data showing evidence of protec-
tion against disease to support any claims. Vaccination of pre-
weaning beef calves can decrease disease in the postweaning
period; data supporting preweaning vaccination to decrease
preweaning disease are limited. More field trials are needed to
confirm the effect of preweaning vaccination on preweaning
disease in beef calves. At this time, data from challenge studies
and research evaluating immune responses post vaccination
provides some support for vaccination to prevent preweaning
disease. If the priming dose is given in the first month or two of
life, the intranasal route may better circumvent suppressive ef-
fects of maternal antibody.
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