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Evolution of Respiratory Vaccines



WhaWhat’s on the “Menu” today?

• Some basic Immunology

• Types of vaccines and how they work

– Some evidence to show they actually work

– How we can maybe improve the way they work by 
re-thinking how we give them



How do you or a steer defend against the world:
3 layers of defense

https://ib.bioninja.com.au/lines-of-defence/



Overview of “Barriers” and Innate and Acquired 
Immune Responses in the bovine respiratory tract….

From Tizard, Veterinary Immunology, 9th edition

T cells



Generally, the life style of the “Bug” determines the 
immunological Response

• Intracellular pathogens (viruses) • Extracellular pathogens (Bacteria)

• B cells 

recognize 

native whole 

antigens

• T cells  

recognize 

“processed”

antigens



Think of infectious disease as a RACE between a  “bug” 
and a host………



Think of the immune response as a 
rheostat, not an on-off switch!



Reasonable Expectation: Vaccines, 
properly applied, reduce the size of the 

dead pile, they don’t prevent it!



• https://www.iis.u-tokyo.ac.jp/en/news/3529/

https://www.iis.u-tokyo.ac.jp/en/news/3529/

Basic vaccine types used in cattle for the last 50 years



How do RNA vaccines work?

Key Facts for Consumers
•No Genetic Modification: mRNA vaccines do not alter the animal's DNA; they provide 
temporary instructions to cells to build a protein that triggers an immune response.
•No Residue in Meat: mRNA is highly unstable and degrades within hours or days. 
Additionally, mandatory withdrawal periods ensure that any vaccine components are 
cleared from the animal's system long before processing



The FUTURE?  “self-amplifying” RNA vaccines

RNA and saRNA vaccines act like MLV vaccines: they 
stimulate both CMI and antibody responses



Generally, the life style of “Bug” determines the type of 
vaccine to use

• Intracellular pathogens (viruses) • Extracellular pathogens (Bacteria)

• Inactivated 

(“killed”) 

vaccines

• Modified-live 

vaccines



Outcome variables of efficacy in BRSV challenge model

• % pneumonic lung
– Image analysis

• Arterial pO2
– Percutaneous aortic puncture

• Nasal shed

• Clinical signs

– Respiratory rate / character

– Rectal temperature



How well do commercial injectable MLV 
vaccines for BRSV “work”?

• Seronegative calves

• Vaccinated with 1 of several injectable MLV 

vaccines; challenged 2 weeks later

• Reduction in clincal signs, (viral shed)

• Reduction in pulmonary lesions

• Reduction in compromise of pulmonary function 

(pO2)



Parenteral BHV-1 vaccines…how well do they work????

• Reduction in clinical signs

• Reduction in viral shedding

• Reduction in lesions



Clinical immunity to BHV-1…how long does it last?

• Given the logistical difficulties in maintaining cattle in isolation for extended periods after 
vaccination and prior to experimental infection, there have been relatively few studies that 
have examined duration of immunity to BHV-1 vaccines.  Available data indicate the duration 
of immunity to conventional parenteral BHV-1 vaccines is at least 4-6 mo….but begins to 
wane shortly after vaccination!!! 



Standard of Practice
• Vaccinating on arrival at feedlot…………………

….and then hoping for an immunological miracle…

or blaming the vaccine (company) if there is no 

miracle…





So, should we just stop vaccinating?

Developing LOW RISK 
cattle should be the 
goal!







Developing LOW RISK 
cattle should be the 
goal!

No published field studies show that giving an intranasal (IN) respiratory 
vaccine on arrival worsens BRD outcomes.



Standard of Practice
• Vaccinating young calves with injectable vaccines…

….is this really the best way to develop LOW RISK cattle…….. Why or 
why not?



NO!  It’s because maternal antibodies block 
injectable vaccines… but, remember, the “blocking” 

(inhibitory) effect of maternal antibodies is a rheostat; not 
an on-off switch!



Do maternal antibodies block priming of injectable BRSV 

vaccines..???

YES!, at levels consistent with good passive transfer; it’s not all or none!!!

Calves vaccinated at 30 days of age; 

mean VN titer 1:16??
Calves vaccinated at 3-9 days of age; 

mean VN titer 1:64



• Risk of exposure

• Risk of DISEASE after 

exposure

What happens in a “herd” to assure its 

survival from infectious diseases…and 

how can we improve on that with 

vaccination?
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Ellis, et al. JAVMA, 2013

IN BRSV vaccines “override” maternal antibodies…  

but have short DOI;what’s the best boost??....



The (Heterologous) Prime/Boost approach to Immunization

• The Concept: Expose the immune system to different forms of an antigen by 
different routes to achieve broadest most durable response

>2,700 papers in “prime/boost” search on Medline



Comparing responses to MLV versus Inactivated boosters for BRSV: The inactivated 
booster conferred superior clinical immunity when neonatally IN-primed calves were 
challenged at weaning(6 months of age)……..

Arterial pO2 day 7 after challenge
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Mean total clinical scores on day 7:  

 Inactivated vaccinees  0.3

 MLV vaccinees 1.1

Significantly different at P=0.05

Ellis, et al., CVJ, 2018



• Study 1 and Study 2 had 33 and 22 commercial cross neonatal beef calves, 
respectively.

• Procedure Study 1 compared BCoV-neutralizing antibody concentrations of control 
calves with 3 groups of calves differentially vaccinated with mucosal and/or 
systemic BCoV modified live virus (MLV) vaccines. Study 2 compared specific and 
neutralizing antibody concentrations among mucosally BCoV primed groups of 
calves that were differentially systemically boosted.

• Bottom line results: In Study 1, calves that were mucosally 
primed and systemically boosted had higher BCoV-
neutralizing antibody concentrations than the only control 
group at weaning. In Study 2, boosting mucosally primed 
calves by injecting inactivated or MLV vaccine resulted in 
anamnestic BCoV-specific antibody responses at weaning

• Conclusion: Neonatal mucosal priming and systemic boosting resulted in 
anamnestic BCoV antibody responses at weaning.

CVJ / VOL 65 / MARCH 2024

Comparison of virus-neutralizing and virus-specific ELISA antibody 
responses among bovine neonates differentially primed and boosted 

against bovine coronavirus 
Nathan E.N. Erickson, Stacey Lacoste, Michelle Sniatynski, Cheryl Waldner, John Ellis



• Commercial heifer and steer beef calves born in April and May 2022.
• Procedure Calves were randomly enrolled into 3 treatment groups. Those in 2 

groups [V1 (n = 160) and V2 (n = 160)] were administered a mucosal priming dose 
of 1 of 2 commercial BCoV vaccines; those in the 3rd group [CTL (n = 151)] were 
unvaccinated against BCoV. The V1 and V2 groups were boosted by intramuscular 
injection pre-weaning with the same vaccine used for priming

• Bottom line results: Postweaning BRD treatment rates for V1, 
V2, and CTL were 7%, 9%, and 14%, respectively. The CTL 
calves had 2.23 greater odds of receiving treatment for BRD 
than V1 calves. There were no differences in odds of 
treatment between CTL and V2 calves or V1 and V2 calves

• Conclusion: In a herd with previously diagnosed BCoV BRD cases, prime-boost 
vaccination of calves is associated with a difference in odds of BRD treatment post-
weaning compared to not vaccinating calves against BCoV.

CVJ / VOL 65 / JUNE 2024

Comparison of postweaning bovine respiratory disease treatment 
rates between non-vaccinated control beef calves and calves variably 
primed and boosted using commercially available bovine coronavirus 

vaccines 
Nathan E.N. Erickson, Sharlene April, John R. Campbell, Elizabeth Homerosky, Tommy Ware, Craig Dorin, 

Cheryl L. Waldner, John A. Ellis



Comparison of pre-weaning bovine respiratory disease 
treatment rates between non-vaccinated control and variably 

primed and boosted beef calves receiving commercially 
available bovine coronavirus vaccines

Nathan E.N. Erickson, Tommy Ware, John Campbell, Kathy Larson, John A. Ellis, Cheryl L. Waldner

• Beef calves  of mixed sex and breed at a privately owned ranch in north-
central Alberta with a history of BRD were randomized into a clinical vaccine 
trial.

• Procedure At birth, 447 calves were enrolled into the vaccine (VAC) group 
and administered an intranasal dose of BCoV vaccine, and 439 calves were 
enrolled as controls (CON). Most VAC calves (n = 389) also received an 
intramuscular dose of BCoV vaccine at an average of 49 d (SD: 7 d). 

• Bottom line results: Weaning weights were higher for VAC 
calves (P = 0.04) and, despite increased costs due to 
vaccination, revenue for VAC calves was an average of 
$10.50/head higher.

• Conclusion: Vaccination of neonatal calves with BCoV vaccine reduced the 
frequency of BRD treatment and total mortality and improved weaning 
weights and revenue potential in this herd.

CVJ - February 2026, Vol. 67, No. 2



• Prime with intranasal

– Can be safely done at young age

– Override maternal antibodies

– Prime mucosal and systemic immune response

• Boost with injectable

– Better (systemic) memory response

– No head gate needed

An approach to improving overall vaccine 

efficacy…getting LOW RISK cattle…….we really 

don’t need new vaccines we just need to rethink the 

way we’re using the ones we have

Suggested protocol for use of  
intranasal and injectable vaccines  
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