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Abstract

There are many vaccines to select from when vaccinating dairy
calves. No single vaccine protocol is appropriate for all opera-
tions; thus, vaccine protocol development requires under-
standing of the management of the dairy in order to assess the
likelihood of various infections. Vaccines to limit the effects of
clostridial infections, and respiratory viral infections, are most
likely to be used in young calves. Vaccines to limit calf diarrhea
are often used in cows to ensure high concentrations of passive-
ly acquired antibodies are present in the first 2 weeks of calf
life. In older heifers, vaccines to prime resistance to agents that
impact fertility or contribute to mastitis may be used. Other
vaccines may be appropriate on a case-by-case basis. Producers
need to keep records of which vaccines were given and when,
and of which diseases occur in vaccinated calves, and when,

to help the veterinarian confirm efficacy of vaccine protocols

as used on each dairy. Veterinarians need to stay informed re-
garding which vaccines to recommend by periodically checking
for new information from systematic reviews, meta-analyses,
or randomized controlled field trials testing vaccine efficacy
against naturally occurring disease.

Introduction

Vaccination is one of the most common tasks veterinarians
conduct or recommend. However, new graduates are often un-
certain about which vaccines they should administer, and when
recommended vaccines should be given. The large number of
vaccines available for use in cattle, along with the relative lack
of evidence-based guidelines for vaccine efficacy as vaccines
are used in practice, contributes to confusion. This paper is in-
tended to provide veterinary students with some guidelines re-
garding vaccination of dairy calves, and suggestions about how
to decide which vaccines to use in protocols for dairy calves.
This paper is a companion to the paper “Vaccination protocols
for beef calves” also published in this Proceedings, so read both
to get a more complete picture of things you should consider
when vaccinating calves.

Why do we vaccinate, again?

We vaccinate to prevent disease, right? Actually, vaccines for
common endemic pathogens such as the viruses that cause calf
diarrhea or respiratory disease do not prevent infection or dis-
ease of all animals in a vaccinated population, even when the
vaccine is used correctly. Challenge studies used for approval -
in some ways, the best case scenario for the vaccine - typically
indicate that vaccination decreases disease severity and dura-
tion of pathogen shedding, but that it doesn’t completely pre-
vent infection or disease in all vaccinated individuals. See, for
example, this paper’s references 3, 4 and 5; many other exam-
ples are also available. Look at the data carefully in papers, pre-
sentations or webinars describing research testing vaccine ef-
ficacy, as you may sometimes find that the difference in disease
severity, pathology or pathogen shedding between vaccinated
animals and the unvaccinated control cattle is not as great as
you are imagining, even when the differences are statistically
significant. Pay attention to these details so you understand
what vaccines are able to accomplish.

So, when we give vaccines for common endemic diseases, we
can’t expect to prevent all infection, or even all disease; we
have to think of vaccination as one of several tools to use to-
gether to limit disease that makes cattle sick, and decreases
their growth and productivity. Vaccination is less likely to be
effective in malnourished animals, animals in an environment
that is filthy, or in situations where cattle are overcrowded, or
dealing with high rates of disease challenge.

How do we know if a vaccine really
works?

Vaccines are evaluated in research assessing immune respons-
esinvitro, in experimental challenge studies, in randomized
controlled field trials, and in systematic reviews and meta-anal-
yses. The highest quality of evidence for any clinical practice is
the systematic review or meta-analysis, so look for those stud-
ies when trying to make a decision about a vaccination proto-
col. However, in bovine practice we largely rely on experimen-
tal challenge studies to determine vaccine efficacy, because
many challenge studies have been conducted - because they’re
required for vaccine licensure. In contrast, few randomized
controlled field trials testing efficacy, which are necessary to
conduct systematic reviews and meta-analyses, have been con-
ducted. Few systematic reviews are available because random-
ized controlled field trials are expensive, risky and not required
for licensure. While challenge studies tell you what the vaccine
can do in an ideal situation, they don’t really represent the way
vaccines are used in the field. More information on interpreting
the results of experimental challenge studies and field trials is
presented in the paper “Vaccination protocols for beef calves”
in this Proceedings.

When evaluating a study or data regarding efficacy of a vac-
cine, consider the source: who paid for the research that led to
the data? In veterinary medicine much research testing vac-
cine efficacy is funded by companies that make vaccines. Much
of what we know about vaccines for use in cattle is because of
company-funded research. However, it’s important to remem-
ber the company that sells the vaccine has a vested interest in
the vaccine being recognized as effective, and this could lead
to bias in how research was conducted or presented. Watch out
for that.

For veterinarians in private practice, rebates for purchase of
vaccines may influence decisions about which vaccines to use;
think about the impact of this, and how this might bias your
vaccine protocol development.

Keep up with the current literature. Go to meetings and ask
questions. Be skeptical. Ask to see the data.

Which vaccines should we give?

There are MANY vaccines available for possible use in cattle,
coming from different manufacturers, containing different
infectious agents in different combinations. Familiarize your-
self with the different options by scanning catalogs or websites
from companies that sell vaccines. When selecting vaccines, a
veterinarian must decide whether to recommend modified live
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or inactivated, intranasal or injectable, commercially available
or autogenous. In practice, after graduation you will likely begin
by recommending vaccines as your employer does, then modify-
ing your approach as you see how this works, and learn more.

For dairy calves in the first 60 days of life, vaccines to limit dis-
ease due to clostridial infections and respiratory viruses are the
most likely to be appropriate. Vaccines to prevent calf diarrhea
are best used in cows, so that calves have high concentrations
of protective antibody in the first 2 - 4 weeks of life, when infec-
tions by these agents are most likely to cause serious disease.
Remember there are no vaccines for some important causes of
calf diarrhea, such as cryptosporidiosis, so good nutrition and
hygiene are a must to limit calf diarrhea, vaccination alone will
not prevent all disease.

When vaccinating for respiratory viruses, possibly suppressive
effects of maternal antibody can be especially relevant in the
first month of life, and priming (first) doses given by the intra-
nasal route may be most effective in calves in this age group.

Unfortunately, for those who like simple answers, there is no
one vaccination protocol that can be recommended for all
dairies. Development of a vaccine protocol requires that the
veterinarian understands the management of the dairy well
enough to know which infections are likely. The veterinarian
also needs to know whether effective vaccines are available to
decrease the rate of likely infections and resulting disease, and
whether such vaccines can be applied effectively on the dairy,
given the dairy’s management constraints.

The AABP is in the process of developing recommendations

for vaccine use in cattle, and these should be helpful - they’re
intended to be - but they will probably be at least somewhat
controversial, and they will require periodic review and revi-
sion as more is learned about efficacy and the risks and benefits
of available vaccines. Bottom line: you’ll have to keep learning
about vaccines available for cattle for the rest of your career in
order to make good recommendations for vaccine use.

Available vaccines to consider using in

dairy calves

A list of currently available licensed vaccines available in the
U.S. can be found at: https://www.aphis.usda.gov/animal _
health/vet_biologics/publications/currentprodcodebook.pdf

Specifically, at this time, vaccines are commercially available
for the following agents:

- Enteric diseases: enterotoxigenic E. coli, rotavirus, coronavi-
rus, Salmonella sp., Clostridium perfringens type A or types C
and D.

- Respiratory diseases: infectious bovine rhinotracheitis
virus (IBRV), bovine respiratory syncytial virus (BRSV),
parainfluenza type 3 virus (PI3V), bovine viral diarrhea
virus 1 and 2 (BVDV1 and BVDV2), Mannheimia haemolytica,
Pasteurella multocida, Histophilus somni, Mycoplasma bovis.

+ Reproductive diseases: IBRV, BVDV1 and BVDV2, Camply-
lobacter fetus-jejuni, Leptospira (various serovar combina-
tions), Brucella

« Mastitis: lipopolysaccharide core antigen vaccines, E. coli,
Klebsiella pneumoniae, Staph. aureus, Strep. uberis

+ Miscellaneous: multivalent clostridial vaccines in vari-
ous combinations, Moraxella bovis (pinkeye), rabies, wart
vaccine

One or more of the vaccines listed above are likely appropriate
for use on all dairies. Some vaccines listed above may never be
appropriate for use. To make a final decision of whether to add
a specific vaccine to a farm protocol, look for published sys-
tematic reviews/meta-analyses® or randomized controlled field
trials,” or challenge studies®* or summaries of expert opinion,’
if systematic reviews or randomized controlled field trials are
not available. Also, talk to 1 or 2 more experienced veterinar-
ians who work with cattle similar to those in your practice.

An excellent review recommending example vaccination pro-
tocols that can be applied to dairy calves and heifers, with
background for these recommendations, has recently been
published.?

How can we tell if vaccination we

recommend is working?

Encourage producers to keep records of what vaccines are giv-
en and when, and to which cattle, and when cattle are treated
for disease, and what disease they’re treated for. Lack of re-
cords of these activities is common on U.S. cattle operations,
and if there are no records, you really have no idea of what is
happening. And if your producers keep records, prioritize find-
ing time to look at them. Simple outbreak curves graphing the
number of cases per day or week over time can provide a visual
representation of disease that may help to identify things that
are working - or not working - to limit disease.

Find benchmarks for different common diseases to get an idea
of the how much disease occurs in “average” production set-
tings, and use this to compare disease rates in the dairies you
advise. Surveys by the United States Department of Agriculture
National Animal Health Monitoring Service (NAHMS) are one
good source of such information:

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/
monitoring-and-surveillance/nahms

Necropsy animals that die. Necropsies of food animals are usu-
ally at least partially subsidized at state veterinary diagnos-

tic laboratories, so this is a relatively cheap way to survey for
causes of disease on operations. Anecdotal reports from veteri-
narians in practice indicates that some diagnostic laboratories,
or perhaps some diagnosticians, are better than others at pro-
viding useful information from necropsies of calves or cattle.
Start with your state diagnostic lab, but if after a few cases you
don’t feel like you're learning much from the interaction, it may
be more fruitful to do the necropsy yourself and send samples
to another state lab. Generally speaking, when it comes to live-
stock, diagnostic labs in states that have large populations of
the species in question often offer a wider variety of tests, and
may have diagnosticians with more experience relevant to your
problem, as compared to diagnostic laboratories in states with
relatively small populations of the livestock species in question.

Microbiologic and serologic testing to identify infectious
agents, or to measure antibodies to infectious agents, may seem
like a good way to tell if vaccination is working, but BEWARE:
this kind of sampling is not always as helpful as you may think.
The timing of collection of samples is important to the rel-
evance of the findings, and the results need to be considered in
light of the time between vaccination and sample collection. It
may be helpful to contact a specialist in microbiology, immu-
nology or epidemiology before undertaking large scale testing,
in order to develop a sampling plan, and to gain assistance in
interpreting the results of testing.
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Before sending samples for diagnostic testing the first time: re-
view the lab’s website, or call the lab, to confirm how to collect,
store and ship the samples. This can make a lot of difference in
whether you get useful information from testing. Otherwise,
you may spend hundreds of dollars of the client’s money and
have nothing to show for it. Embarrassing.

Vaccination can’t hurt, right?

Vaccination is not innocuous. Some adverse consequences of
vaccination that are always possible, with decreasing likeli-
hood, include local inflammation or infection, generalized cel-
lulitis, and lethal anaphylaxis. If you vaccinate animals, have
a bottle of epinephrine available in case a vaccinated animal
develops anaphylaxis that requires treatment, and don’t leave
the farm until it’s been 30 minutes since the last animal was
vaccinated, which gives time for immediate hypersensitivity
reactions to occur. Some systemic reactions occurring within
minutes of vaccination are due to an inflammatory reaction

to endotoxin in the vaccine (“endotoxic shock”), which results
from a different mechanism than anaphylaxis, but which may
look clinically similar. Endotoxic shock is best treated with flu-
nixin meglumine and possibly fluid therapy.

Some vaccines can induce abortions, and if a cow aborts her
calf, productive months of her life are lost. A vaccine that in-
duces a useful immune response also induces inflammation; in
fact, a vaccine that induces no inflammatory response probably
isn’t inducing much of an immune response. However, that in-
flammatory response may cause a dairy cow to decrease milk
production for one or more days; if this happens in hundreds of
cows at one time, that can lead to a noticeable negative effect on
the milk check.

Presumably, because dairy calves are easy to access compared
to beef calves, they are sometimes given relatively large num-
bers of vaccines in the first year of life, to a degree that can
seem excessive. Because vaccination demands protein, energy,
vitamins and minerals for expansion of the immune response,
it exerts a metabolic cost. Large numbers of vaccines given in a
short period of time may be more costly, metabolically speak-
ing, than some of the vaccines in the protocols are worth. Un-
fortunately, we don’t have many data on the actual metabolic
cost of various vaccination protocols, and the financial cost of
this metabolic cost, so it’s difficult to make a general statement
about how much vaccination is too much...but keep in mind
that it is possible to vaccinate too much. More is not always bet-
ter, and fewer, but more properly timed vaccines may be more
effective than more vaccination.

Vaccination is one of the great advances of medicine, and when
used appropriately, in combination with sensible biosecurity and
good husbandry, vaccination can be health- and life-saving. But
vaccination should be a considered activity: you should stop and
consider the pros and cons before giving any vaccine, and make
sure you can make a case for the pros outweighing the cons.

Conclusion

Many vaccines exist which may limit disease in dairy calves.
There is no single vaccination protocol that can be recommend-
ed for every dairy. Knowledge of the farm management and dis-
ease risk is necessary to develop rational vaccine protocols. The
paucity of randomized controlled field trials testing vaccines as
used in the field currently limits the ability of veterinarians to
use high quality evidence to make decisions about which spe-
cific vaccines should be included in protocols. In the absence of
such high-quality data, data from challenge studies and sum-
maries of expert opinion may be used. Encouraging producers
to keep records regarding when vaccines are administered, and
when vaccinated calves are treated for disease, may help the
supervising veterinarian determine whether vaccine protocols
are having the desired effect to decrease disease and maintain
health, growth, and productivity on dairies they advise.
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