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* Reference papers in group folder:
» How efficacious are vaccines against bovine respiratory syncytial virus?

* Meta-analysis of the efficacy of Leptospira serovar Hardjo vaccines to prevent
urinary shedding in cattle.

* Prevention of abortion in cattle following vaccination against bovine
herpesvirus 1, a meta-analysis.

* Efficacy of bovine viral diarrhea virus vaccination to prevent reproductive
disease A meta-analysis.

» Selected references on the practical application of vaccination and on field
protection provided by commercial vaccines, 2018.



e Common (Important?) infectious ¢ Common (Important?) infectious

diseases in cows: diseases in calves:
* Mastitis * Diarrhea
* Pneumonia * Pneumonia
* Lameness * Clostridial diseases/Blackleg
* Clostridial diseases/Blackleg * (loss of pregnancy after first

e Loss of pregnancy breeding)



Selected infectious causes of calf diarrhea

complex:
e Adenovirus  Clostridium spp.*
e Astrovirus * Bacteroides
* Bredavirus e E. coli*
e BVD virus  Campylobacter
e Coronavirus™ e Salmonella (any of several)

e Rotavirus*™
e Cryptosporidium*
* Eimeria spp

*Means these are in most herds
* A combination (often)



Selected infectious causes of pneumonia in
calves and cows:

* BRS virus (BRSV);* * Histophilus;

* BR coronavirus (BCV);* e Mannheimia;*

e PI-3 virus;* e Pasteurella;

* BVD virus; * Arcanobacter;*

* IBR virus;*/-*  Salmonella dublin (calves)

* Bovine influenza D?

* Bovine rhinitis viruses A & B? * Mycoplasma (several species)

* Means these are in most herds * A combination (usually)



Selected infectious causes of fetal loss in
COWS:

* IBR vir.us;+/—* * Leptospira spp;
* BVD virus e Leptospira hardjobovis;
 Campylobacter fetus

e Tritrichomonas feotus * Histophilus somnit!-*

 Salmonella dublin

* Neospora caninum _ .
* Ureaplasma diversum*/-",

Mycoplasma bovigenitalium, M.
canadense

* Means these are in most herds



Minimizing infectious diseases:

Optimize ‘innate’ immunity — making cows and calves as healthy as
possible

Provide an optimal cow/calf environment

Increase immunity to specific microbes/parasites



Increase immunity to specific
microbes/parasites

Most often this involves vaccination but tools like Imrestor™, Zelnate®
and Amplimune™ are approved to increase resistance in specific
diseases/microbes (clinical mastitis, Mannheimia pneumonia and E. coli
diarrhea)



What is the difference between vaccination
and immunity?

* Vaccination:
* Vaccines target microbes and diseases;

e Some microbes can cause more than one disease:

* For example:
* |IBR virus can cause BRD in cattle and abortion when pregnant cows are infected.

* BVD virus can cause illness in cattle and it can cause abortion, abnormal calves and
persistently infected calves when pregnant cows are infected.

* Bovine coronavirus(es) cause diarrhea and pneumonia.
* Histophilus somni bacteria cause several diseases (pneumonia, heart infections, ‘stroke’,
infertility.)
* Not all vaccines that contain the same microbe are designed or approved to
protect against all the diseases caused by that microbe.



What is the difference between vaccination
and immunity?

* Immunization:

* Immunization is the process that the animal goes through to actually develop
immunity (meaning, protection) following exposure to a microbe.

e Exposure can occur naturally or by vaccination.
* No matter what the method of exposure, immunization takes time to occur.

* Healthy, non-stressed cattle have the best chance of becoming immunized
after they have been naturally exposed or vaccinated.




A selection of microbes in cattle vaccines

BVD virus; * Clostridium spp;
IBR virus; e Coronavirus (diarrhea only);
P13 virus; * Rotavirus;
BRS virus; * Enterotoxigenic E. coli;
5 different Leptospira; * Mannheimia (Pasteurella) hemolytica, P.
Anthrax multocida;
Histophilus somni; * Rabies;
* Warts;

endotoxin-mediated diseases (mastitis);
* Footrot

* Pinkeye/IBK.......

Staph aureus

Campylobacter fetus;



 What really matters when you vaccinate:
 What is in the vaccine/is it the right vaccine?
* Who you give it to/who needs the protection?
* When you give the vaccine?
 How you handle and administer the vaccine?



* What really matters when you vaccinate:

 What is in the vaccine/is it the right vaccine
* Vaccines may have the same microbe (for example BVD, IBR) but be designed to protect
only against some of the diseases that those microbes cause:
* For example, was it tested to make sure it protects the unborn calf?

e This is usually reflected in the wording of the label under the pre-2016 APHIS labeling
guidance.



 What really matters when you vaccinate:

 When you give the vaccine:

* All vaccines that were tested to show they protect the unborn calf against BVD or IBR
were given a few weeks to months before breeding.

* Does that really matter because some of those vaccines claim to protect for a full year?



How does it matter when you vaccinate?

* Figuring out the best time to vaccinate is determined by:
 What we know about how long the vaccine protects;
 What we know about infections of the unborn calf;
 What we know about how the industry works;

* The best time to vaccinate is in the 30-45 days before you start breeding but
there is a ‘vaccination window’ based on what we know about the vaccines.



How do you determine when it is the best time to
vaccinate cows and heifers to protect against BVD?

Outcome of fetal exposure to BVD virus during gestation
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How do you determine when it is the best time to
vaccinate cows and heifers to protect against BVD?

Al or natural
breeding

Cow becomes
pregnant

150 days ‘

* The fetus needs protection for as long as possible and for at least
150 days after conception.



How do you determine when it is the best time to
vaccinate cows and heifers to protect against BVD?

First breeding 3. Soyou need
just about 190-
210 days of
Cow becomes protection from
pregnant vaccination
l
‘ 150 days
1. ittakes two to 2. You need to
three estrus cycles protect the unborn
to get most of the calf for 150 days to
cows pregnant = 42-

prevent forming

63 days Pi’s

e 42-63 days + 150 days=190-210 days after first breeding



How do you determine when it is the best time to
vaccinate cows and heifers to protect against BVD?

f the cow needs 190-210 days of
orotection, to find out when to vaccinate,

you need to know how long vaccine
protection lasts.

* |f you know that you have 206, 365 or 370 days of
protection from the 3 vaccines approved for BVD fetal
protection in Canada with a duration of immunity
statement mlyou know that you need 190-210 days to
protect most of the cows, you can calculate when to
vaccinate (determine the ‘vaccination window’).




neifers?

3. What is the

start of the
‘Vaccination
window’?

Vaccinate?

How do you determine when it is the
nest time to vaccinate cows and

1. So, if you
need 190-210
days after first
breeding, when
can you
vaccinate?

. 190-210 days

2. I you know
that you get 206,
365 or 370 days of
protection after
vaccination, when
do you vaccinate?

First breeding

* The ‘Vaccination Window’ could be as wide as 6 months or as narrow as
‘right now’ before you plan to start breeding (end of VWP) depending o

the vaccine you chose.



* And, this just focuses on BVD where the greatest consequence(s) are
in the first 150 days of pregnancy.
* |IBR virus can cause abortion and stillbirths if infection occurs at any time
during pregnancy.

* If you go through the same calculations for IBR, you will see that pre-breeding is the best
time to vaccinate cows/breeding age heifers.

* Lepto also causes infertility/abortion but we don’t know how long protection
lasts since no lepto vaccines are approved to prevent infertility/abortion.



e Other vaccinations where proper timing is essential to getting a
benefit:

* Scours vaccines:
* The objective is to maximize the protection in colostrum — last 3 weeks of pregnancy

* Best to follow the label in most cases because you can be sure that the vaccine was
proven to work when used that way

e Coliform mastitis vaccines:
* The immune system in the udder seems to have very poor ‘memory’

» Researchers have tried several approaches to get long-lasting protection — none of which
are very convenient or even practical.

* Target high risk periods — hot/humid weather; certain management systems



Theoretical issues in designing vaccination
programs

* Is it better to give different types of vaccine?
* Intranasal only
* Intranasal + some other vaccine?

 Alternate using a killed and a live BVD/IBR vaccine?
o P777?

* There are not many different vaccines that are tested to be used
together by regulators to show that they are both safe and effective
when they are used together (I know of only one situation) but.......

* Researchers may investigate different ways to use vaccines



Comparative efficacy of modified-live and inactivated vaccines in boosting responses to bovine respiratory
syncytial virus following neonatal mucosal priming of beef calves.

Ellis J, Gow S, Berenik A, Lacoste S, Erickson N.
Can Vet J. 2018 Dec;59(12):1311-1319

“......18, 2-month-old Angus-cross passively immune beef heifer calves that had been primed at birth with a
combination viral intranasal vaccine were administered either a parenteral combination vaccine containing
modified-live (MLV) BRSV or a similar vaccine containing inactivated BRSV. At 6 months of age, these calves
and 2 controls that received only the MLV at 2 months of age were challenged with BRSV via aerosol.”

“Two calves, 1 control, and 1 MLV-boosted, developed severe respiratory disease and required
euthanasia; the remaining calves developed no or mild respiratory disease and recovered. Calves
that received the inactivated booster had significantly higher arterial oxygen concentrations on
Day 7 after challenge and had anamnestic BRSV-specific IgG and neutralizing antibodies after
challenge; the MLV-boosted calves did not.”

“These data suggest that adjuvanted inactivated parenteral BRSV vaccines
administered at 2 months of age may provide better boosting for neonatally
mucosally primed calves.”




« What do you get when you use different vaccine combinations:

— E J Dubovi, YT Grohn, D V Nydam, Vaccination Programs for Breeding
Heifers Using Combinations of Killed and Modified-Live Vaccines. (15)

— dairy heifers were vaccinated with 1 of 6 different programs:
« K-K-K, K-K-M1, K-K-M2, K-K-M3, M1-M1-K, M1-M1-M1;
 vaccinated at 4 months, 5 months and 10 months of age.

— calves were followed using serology.



Combinations of BVD vaccines

GMT at 6 months following last vaccination
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Combinations of IBR vaccines
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Using combinations of vaccines:

— Conclusions:

e some combination vaccination programs using MLV and inactivated
vaccines tended to produce better serologic responses that purely
Inactivated or purely MLV programs;

 not all combinations will gave the same result;
 not all combinations will give the same result for all antigens

« any benefit in improved serologic response occurs only with specific
combinations.



« What do you get when you use different vaccine combinations:

— R Tremblay. A trial to study long-term vaccination protocols in a
large dairy herd.
— calves were vaccinated according to 3 protocols:
* M-M-M-M
« K-K-M-M
« K-K-K.. (boosted every 6 months)
— cattle were followed using VN serology.
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Using combinations of vaccines:

— Conclusions:

 over the long-term, a program using only MLV vaccines produced the
highest GMT to BVDV in post-fresh cows;

 a vaccination program combining inactivated and MLV vaccines

produced a higher GMT than inactivated vaccines administered every 6
months.



Using combinations of vaccines:

— Overall conclusions:
* Not all vaccination programs produce the same serologic results;
 the only way to know Iif a vaccination program produces better
protection is to evaluate the specific program;
 a lot more work is needed to look at the impact of changing/alternating
vaccines or programs.




Evaluation of reproductive protection against bovine viral diarrhea virus
and bovine herpesvirus-1 afforded by annual revaccination with
modified-live viral or combination modified-live/killed viral vaccines
after primary vaccination with modified-live viral vaccine

Paul H. Walz®'*, M. Daniel Givens !, Soren P. Rodning”, Kay P. Riddell ¢, Bruce W. Brodersen ,
Daniel Scruggs 9, Thomas Short 9, Dale Grotelueschen © Vaccine. 2017 Feb 15:35(7):1046-1054

e 2 groups of heifers vaccinated at weaning and pre-breeding with MLV vaccine then boosted with
either the same MLV or an inactivated/MLV combination vaccine pre-breeding for the second
pregnancy.

* Both vaccine groups and a unvaccinated control group were exposed to 6 BVD PI calves for 16 days
then 91 days later challenged IV with BHV-1.




Vaccination:

Groups A & B received MLV.

Group C received saline.

Vaccination:
Group A received MLV.
Group B received CV.
Group C received saline.

Vaccination:
Group A received MLV.
Group B received CV.
Group C received saline.

Last calf born
following dual
virus exposure
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Evaluation of reproductive protection against bovine viral diarrhea virus
and bovine herpesvirus-1 afforded by annual revaccination with
modified-live viral or combination modified-live/killed viral vaccines
after primary vaccination with modified-live viral vaccine

Paul H. Walz®'*, M. Daniel Givens !, Soren P. Rodning”, Kay P. Riddell ¢, Bruce W. Brodersen ,
Daniel Scruggs 9, Thomas Short 9, Dale Grotelueschen ©

The BVD/BHYV fetal infection rates:

e Saline vaccinated control: 15/15
e MLV + MLV + MLV: 4/23
e MLV+MLV + inactivated/MLV: 0/22 (1 unexplained

abortion)




Evaluation of reproductive protection against bovine viral diarrhea virus
and bovine herpesvirus-1 afforded by annual revaccination with
modified-live viral or combination modified-live/killed viral vaccines
after primary vaccination with modified-live viral vaccine

Paul H. Walz®'*, M. Daniel Givens !, Soren P. Rodning”, Kay P. Riddell ¢, Bruce W. Brodersen ,
Daniel Scruggs 9, Thomas Short 9, Dale Grotelueschen ©

What would have happened if there was a “MLV + MLV
+ no boost” group?

What will happen if you boost with a non-MLV vaccine
oh an ongoing basis?



 When researchers investigate different ways to use vaccines:

* They rarely use the approved methods that regulators require (regulators do
not rely on blood tests to show effectiveness, for example);

* They rarely follow up for the same timeframe that you might want from the
vaccine;

* They rarely look at both safety and effectiveness;

* They rarely look at all the components of the vaccine — they usually only focus
on one of the microbes in the vaccine.

e So it is difficult to figure out whether using research on different
vaccination protocols that have not been done with the same rigor as
required by regulators are safe or will provide good protection,



e Can vaccine antigens interfere with each other?

* During the approval process, multi-antigen vaccines that are designed to be
administered at the same time must be tested for efficacy to show they are
efficacious when administered in the combination vaccine — LOI testing, lack-
of-interference testing.

* Vaccines that are administered in separate injections have not undergone
official LOI testing unless the product labels state that the products
can/should be administered at the same time.

* Very few (maybe 2 vaccines in Canada) have regulatory statements that they
can be used together or in sequence.




Okay, well what can you do when you
plan vaccination?



e Calf pneumonia:

* For a variety of reasons, calf pneumonia is difficult to prevent using
vaccination:

Age of onset

Passive/active immunity

Multiple periods of risk

Multiple microbes potentially involved

* Environmental risk factors for infection and for disease

* Understandably veterinarians and farmers are still looking for the perfect
pneumonia prevention program.



e Calf pneumonia:

* Would it be better to vaccinate the cows?
e Colostrum will help protect calves from scours and from pneumonia.

* The immunity in colostrum protects against scours for a few days to weeks and against
pneumonia for a few weeks.

* You need to know when calves get pneumonia to figure out whether you should
vaccinate cows, calves or, maybe, both.



Calves are protected by immunity from colostrum
(passive immunity) and from their own immune system
(active immunity)

Disease Period of high
Resistance susceptibility
A to pneumonia

Active immunity
(Calf's own

Immune system)

01 2 3 4 5 6 7 8 910
Age of the calf (weeks)

The transition from passive to active is a
susceptible time for calves.



e Calf pneumonia:

* Vaccinating dry cows and making sure calves get colostrum protects best if
pneumonia occurs in the first 6 weeks of life;

* Vaccinating calves can give some protection from the time calves are 1 week
old (it is very difficult to test if vaccines will protect calves vaccinated under a
week of age).



e Calf pneumonia:
e |Intranasal vaccination:

The microbes that cause pneumonia infect the calf’s nose and throat first. Maybe it
would be better to boost it’s resistance there.

Indeed this might be better but it may not be better in all cases because the vaccines for
intranasal use only contain a few microbes (2 or 3).

Some intranasal vaccines are tested to be given at birth and others to older calves;
All these vaccines were tested in calves that were not fed colostrum

Research shows that protection against BRSV from intranasal vaccine is gone within just
about 3 months when they are given to calves that did get colostrum.




e Calf pneumonia:

* Even if you gave intranasal vaccines to new-born or week old calves, there is
no evidence that protection lasts much past weaning so they should be
vaccinated again.

* Give the second vaccination before major events like weaning or 10-14 days
before the age that you know you have had pneumonia problems.

* |f the second vaccination happens before the calf is 5-6 months old, it will
need to be vaccinated again before breeding.

* That might consider when, that does not answer the question, with what?



What would a diary cow vaccination or life cycle
vaccination program look like?



Vaccination

* Basic (core) vaccination program for replacements and cows:

* Disease? Infection of unborn calf
with IBR and BVD
viruses.
 Who's at risk? Breeding cows and heifers
* When? Throughout pregnancy

* Plan: Vaccinate prebreeding or before periods of risk.



Vaccination

 Basic (core) vaccination program for calves and cows:

e Disease? Acute BVD (and causes of acute illness/pneumonia)
 Who’s at risk? All cattle

* When? From birth

* Plan: Vaccinate calves:

e At birth or a few days old
* At or near weaning
e At 6 months then annually or before periods of risk.



Vaccination

 Basic (core) vaccination program for cows (to protect calves):

* Disease? Scours

 Who's at risk? Calves

* When? From birth

* Plan: Vaccinate cows in dry period and ensure good

colostrum management.



Vaccination

* Basic (core) vaccination program for cows:

* Disease? Toxic mastitis
 Who's at risk? All lactating cattle but mainly fresh cows
* When?

Before freshening; hot, humid weather; certain
bedding management situations

* Plan: Vaccinate before freshening +/- boosting



Vaccination

* Elective vaccination program for replacements and cows:

* Disease? Infertility/Abortion from Leptospira
 Who's at risk? Breeding cows and heifers

* When? Throughout pregnancy

* Plan: Vaccinate prebreeding or before a period of

increased risk. Likely requires frequent boosting.
Will not eliminate renal carriers



Vaccination

* Elective vaccination program for cows:

* Disease? Histophilis, Mannheimia
 Who's at risk? Mature cattle weaned calves
* When? After grouping or mixing; weather/facility stress

* Plan: Vaccinate before mixing.



Vaccination

* Elective vaccination program for cows:

e Disease? Clostridial diseases/Blackleg
 Who's at risk? All cattle but mainly young stock
* When? Before first turnout

e Plan: Vaccinate before turnout



* Vaccination recommendations should be written/recorded (paper,
electronic):
* Who to vaccinate
* When to vaccinate
 What vaccine to use (including route)

e Storage and mixing instructions?

* Epinephrine available when vaccines are administered.



Thank You

Questions?



