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Estimating the costs of influenza A virus in swine (IAV-S) is almost as difficult as  

controlling the virus itself.  IAV-S often appears as a co-infection with other pathogens 

such as porcine reproductive and respiratory syndrome or Mycoplasma hyosynoviae,  

so it’s difficult to assess the economic impact of just IAV-S. One study estimated IAV-S 

losses to be $10.31 per marketing pig1 — and that was in 2008.   

 

As IAV-S continues to evolve, it becomes more challenging to manage. Clearly, there  

is no “silver bullet” to stop this virus. Successful control programs therefore require  

a strategic, integrated approach with all available tools.  

 

Hoping to develop new strategies for control, Zoetis brought together immunology 

specialists and swine veterinarians for a one-day meeting to review the latest  

prevalence data, share field experiences and learn about innovative approaches  

being used to control viruses in other food-animal species. The highlights from those 

presentations and a roundtable discussion are presented in this booklet. 

 

We are pleased to share this information and extend a special thank you to our  

distinguished participants for their insights. 
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1 Donovan TS. Influenza isolate selection methodology for timely autogenous vaccine use. In Proceedings: Amer Assoc Swine Vet Conf 
2008;557-561.
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Influenza A virus remains costly challenge for US pork industry 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
While its mortality rate is low, influenza A virus in swine (IAV-S) continues to cause acute  
respiratory disease and often leads to reduced growth rates in young pigs and steep economic 
losses. Marie Culhane, DVM, PhD, University of Minnesota, says understanding the virus and  
how it mutates is key to successful control programs. 
 
 
Immunity, and understanding how to manage it, remains the  
‘big frontier’ in disease protection 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
“The goal of any operation is to keep an animal as healthy as possible, which means keeping  
the immune system healthy,” says Victor Cortese, DVM, PhD, a veterinarian* specializing in  
immunology. He reviewed the basics of the complex science and how veterinarians should  
apply them to swine herds.  
 
 
8 ways to boost immunity in livestock 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
In the second part of his presentation, Victor Cortese, DVM, PhD, drew on his decades of  
field experience and expertise in immunology to provide tips for optimizing immunity  
in swine herds in the face of IAV-S. 
 
 
Prime boost in cattle shows promise 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Heterologous technology known as “prime boost” has been widely used in the US cattle  
industry. There’s a learning curve, according to Greg Edwards, DVM, a consulting dairy  
veterinarian, but he hopes pork producers can piggy-back on the work that’s already  
been done in cattle and apply it to influenza and other costly swine viruses.  
 
 
Influenza roundtable: Taking control programs to the  
next level in sows and pigs 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Despite the pork industry’s best efforts, IAV-S continues to evolve and remains a challenge  
for US pork producers year-round, particularly in grow-finish systems. Nine veterinarians  
pooled their expertise to discuss the challenges of the costly virus and the prospects for  
new control strategies. 
 
 

Preventing flu transmission from humans to pigs 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Farm employees themselves can have a marked impact on the success of controlling  
IAV-S. Two roundtable panelists  share their views.
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* Cortese was employed by Zoetis at the time of his presentations. He has since retired and now heads  
Cortese Veterinary Consulting, LLC, Louisville, Kentucky.



Around 1997, H3N2 got into swine and, due to a process  
called reassortment during which influenza viruses swap gene  
segments, a triple reassortant virus emerged. “ ”

MARIE CULHANE, DVM, PHD 
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Influenza A virus remains 
costly challenge for US  
pork industry

Influenza A virus in swine (IAV-S) continues to  

challenge the US pork industry. While its mortality rate 

is low, it causes acute respiratory disease and, according 

to the Iowa State University Center for Food Security 

and Public Health, often leads to reduced growth rates 

in young pigs, which can cause economic losses.1  

 

Typical signs include fever, depression, coughing  

(barking), discharge from the nose or eyes, sneezing, 

breathing difficulties, eye redness or inflammation,  

and going off feed.2 However, some pigs infected with 

influenza may show no signs of illness at all.3   

  

 

COSTLY VIRUS  

 

Because morbidity is more common than mortality,  

it’s difficult to put a dollar figure on the cost of IAV-S  

in a herd, but with tight margins, any loss is costly. 

 

Outbreaks can also disrupt markets. In 2009, for  

example, H1N1 was discovered in a 5-year-old boy who 

lived near a pig farm in Mexico. The virus was labeled 

“swine flu,” and US pork sales plummeted.4 The US felt 

the hit in the weeks following the first outbreak,  

when 27 nations blocked all US pork imports. Domestic 

demand plunged as well. From April to October 2009, 

the US industry lost an estimated $1.1 billion, largely  

attributed to concern surrounding H1N1.5  

 

Between the diversity of the virus and its ability to 

move between species, it’s important for veterinarians 

and producers to know which flu viruses are circulating 

in order to plan effective control programs.  
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Marie Culhane, DVM, PhD, has worked with influenza in 

numerous species and understands the virus well. In her  

work with swine and turkeys, the associate professor at 

the University of Minnesota’s College of Veterinary  

Medicine has researched the antigenic and genetic 

characterization of IAV, as well as the pathogenesis of 

unique IAV infections. She’s also looked at the possible 

impact these viruses may have on current vaccination 

protocols in the US livestock industry.  

 

Like many diseases, influenza has been around for  

centuries. During the 1918 flu pandemic, which is  

estimated to have afflicted one-fifth of the earth’s  

population at the time, it killed an astounding 50  

million people, according to the National Archives.6  

 

Using advanced techniques, Culhane said, scientists 

have determined that the 1918 virus was an H1N1  

subtype from birds that got into humans and swine at 

the same time.7 That H1N1 virus evolved in swine and 

was stable for about 70 years. Toward the end of the 

20th century, a new subtype of the influenza virus, 

H3N2, was transmitted from humans to swine. 

 

“Around 1997, H3N2 got into swine and, due to a  

process called reassortment during which influenza  

viruses swap gene segments, a triple reassortant virus 

emerged,” Culhane said. This genetic exchange is  

possible due to the segmented nature of the viral  

genome and occurs when two differing influenza  

viruses co-infect a cell, as explained by the National  

Institute of Health.8   

continued 



UNDERSTAND THE VIRUS 

 

IAV has eight segments, which create antigenic diversity 

when they start to reassort, Culhane said.  

 

“One of the reasons we have this diversity is because  

we have so many species that influenza can infect, and 

there can be exchange of viruses between species, 

especially between pigs, turkeys and humans,” she said. 

“Because pigs are susceptible to both mammalian and 

avian influenza viruses, we have a lot of influenza  

diversity within pigs.” 

 

Swine influenza is divided into different groups. The  

1A viruses are the classical swine-lineage viruses. In  

US nomenclature, those are the swine gammas, alphas 

and betas, including the pandemic-lineage viruses,  

Culhane explained. The H1 viruses are distinguished  

between swine, human or avian lineage, or 1A, 1B  

and 1C, respectively.  

 

“The H3 lineages are primarily North American viruses, 

including the swine TRIG-like viruses — those with the 

triple reassortment internal genes — and the H3N2  

viruses of humans. So we have to ask, ‘Is the gene that’s 

in this virus human, avian or swine?’” Culhane said. 

 

 

CONSTANT VARIATION 

 

The most common subtypes are H1N1, H1N2 and  

H3N2. Reassortments happen frequently, but improved 

surveillance methods allow researchers to pick up the 

human strains in pigs, especially the H3s, Culhane said. 

“The cluster IV-As and cluster IV-Bs emerged in the 2000 

decade, and they were the third or fourth introduction 

from humans in that time period. There are several  

subclusters that are antigenically distinct, even though 

they’re both cluster IVs and they’re both H3N2s. It gets  

a little bit more confusing after that.”

The human seasonal H3 influenza viruses were  

circulating in US pigs during the spring of 2020, she 

said. These viruses emerged in the 2010 decade and 

spilled over into pigs.  

 

Virus characterization is necessary to determine if losses 

associated with IAV-S are due to virus variation, novel 

virus introduction or vaccination compliance issues,  

Culhane said. In addition to the use of polymerase  

chain reaction (PCR) assay or virus isolation (VI) to  

detect IAV-S, subtyping and sequencing are necessary 

for further identification and characterization to  

determine which strain is present, she added. 

 

The PCR or VI methods let researchers know whether 

IAV-S is present, but there are many different types of 

influenza virus.  

 

“You need further identification or characterization to 

figure out what strain was identified,” Culhane said. 

“Was it H1N1, H1N2, H3N2 or was it something else?” 

 

 

IAV-S CHARACTERIZATION IS IMPORTANT 

FOR INFLUENZA MANAGEMENT 

 

IAV-S has traditionally been managed with  

commercial inactivated or autogenous vaccines.  

With the introduction of a live, attenuated influenza 

virus vaccine in 2018, labs now need to determine 

whether they are seeing a vaccine virus or  

wild-type/field strain virus, she continued.  

 

“The characterization of the virus can help you  

determine if the losses you’re experiencing are due 

to a variation of the influenza virus or a new virus  

introduction,” she added. 
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Subtyping the surface proteins hemagglutinin (HA)  

and neuraminidase (NA) by PCR is the fastest, most  

effective method, Culhane said. “It will let you know 

if the strain is H1N1, H3N2, H1N2 or H3N1, but really 

nothing else. We rely on HA and NA sequencing to  

determine the subtype or to determine the cluster or 

clade to know if it’s an alpha, beta, gamma, delta  

or pandemic…” 

 

Sequencing can be a useful diagnostic tool. It can  

help determine the origin, evolution and epidemiology 

of the virus, including where else in the world the  

virus may exist and in what species. The US  

Department of Agriculture subsidizes sequencing  

of virus isolates, Culhane said. There is also an  

influenza-specific sequence database to look at other 

influenza viruses.9 

 

With sequencing and surveillance, researchers can  

then begin to ask questions: 

“After answering the questions, we can look more  

specifically at the sequencing,” Culhane said. “We look  

at the cleavage sites, the epitope sites and the  

glycosylation sites. Those help us identify if there has 

been an antigenic change.” 

 

Culhane is involved in a study involving proactive  

surveillance of humans and pigs for an entire year as 

they come through the farm.  

continued 
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Influenza A virus remains costly challenge for US pork industry

( )You need further identification or characterization 
to figure out what strain was identified. Was it 
H1N1, H1N2, H3N2 or was it something else?

MARIE CULHANE, DVM, PHD 
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Does this virus have evidence of inter-species  
transmissions?  
 
Is this a swine virus in a turkey? 
 
Is this a human virus in a pig?  
 
Is it a vaccine strain or a field strain? 
 
Does this virus have pandemic potential?

• 
 
 

• 
 

• 
 

• 
 

• 



REGIONAL DIFFERENCES 

 

Figure 1 shows the US influenza virus strains reported 

by region in Q4 2016.10  

 

“Overall, the dominant HA and NA combinations we  

see are the H1N1 gamma, the 1A.3.3.3 with a classical 

swine N1, the H1N2 delta 1a with a 2002 lineage N2, 

and the human-like H3N2 that emerged in the 2010s, 

with the 2002 N2,” Culhane said. “Those are dominant  

in all the regions, but there are differences within  

each region.”  

 

Region 2 (the Midwest) had the most submissions and 

also the most diversity, Culhane said. Region 2 has all 

the different H1 types, with more alphas than any of  

the other regions.  

 

“The Midwest is a sink for viruses,” Culhane said.  

“Pigs come into the Midwest, and viruses come into  

the Midwest as well. We can track those genes as  

well as pig movements.”  

 

Region 2 also has a lot of diversity in the H3s, with  

all four kinds of H3 viruses present in the Midwest,  

she explained. Region 1 and Region 3 numbers  

have come up, so Culhane said it’s important to  

continue monitoring the viruses and submitting  

samples for surveillance. 

 

The gamma strains far outnumber any of the other  

H1-type viruses, she noted. 

 

“The USDA surveillance stream11 shows fewer delta  

2s and even fewer H1 pandemic-like viruses than  

the University of Minnesota surveillance stream.  

However, Minnesota is an international lab and it  

receives samples from Mexico and Canada, and that’s 

where a lot of the pandemic streams come from,”  

Culhane said. 

 

 

UNDERSTANDING CLADES 

 

The influenza database has a publicly available tool  

to analyze, visualize and classify an H1 virus to its  

clade, Culhane explained, referring to a further  

subdivision of the virus based on the similarity of  

their HA gene sequences.12   

 

“You can search for the clades and you can upload your 

own sequences and see the clade that they belong to  

as well. If you get an H1 sequence, you want that clade 

information because you want to figure out if your field 

strain has at least the same clade as your vaccine strain. 

You can figure out the clade quickly on your own with 

that tool on the database.” 

 

It’s interesting that beginning in 2018 and continuing 

into 2020, there was an increase in the proportion of 

alpha-like viruses all over the US, Culhane said. These  

were previously Canada viruses seen in South Dakota  

or Minnesota because those states received pigs from 

Canada, but now alpha H1 strains are all over the US.

8

( )
The Midwest is a sink for viruses. Pigs come into 
the Midwest, and viruses come into the Midwest  
as well. We can track those genes as well as  
pig movements. 

MARIE CULHANE, DVM, PHD 
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Figure 1. Influenza virus by region

She said the pork industry also needs to pay more  

attention to neuraminidases — the NA surface proteins 

— because NA can also be antigenically distinct and  

may be important from the standpoint of providing 

more cross-protection.  

 

“This can be a plus for a multivalent vaccine for pigs,  

because any time you have multiple strains in your  

vaccine, you’re probably including all the diverse  

NA proteins too.” 

 

 

A MOVING TARGET 

 

Different strains of the influenza virus are continually 

being identified in more areas. Because pigs move  

between and within regions, the virus remains a  

challenge for US producers and veterinarians. However, 

new tools and protocols are being developed to help 

producers deal with this costly virus.

9
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Influenza A virus remains costly challenge for US pork industry
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1  Swine Influenza. The Center for Food Security and Public Health. 
http://www.cfsph.iastate.edu/Factsheets/pdfs/swine_influenza.pdf  
2  Ibid. 
3  Ibid. 
4  Pork Industry Still Reeling from Swine Flu, ABC News, 2009 Oct. 16. 
https://abcnews.go.com/Business/pork-industry-reeling-swine-
flu/story?id=8840004 
5  Ibid.  
6  The Influenza Epidemic of 1918. https://www.archives.gov/exhibits/influenza-
epidemic/  
7  Anhlan D, Grundmann N, Makalowski W, Ludwig S, Scholtissek C. Origin of the 
1918 pandemic H1N1 influenza A virus as studied by codon usage patterns and 
phylogenetic analysis. RNA. 2011;17(1):64-73. doi:10.1261/rna.2395211. 
8  Steel J, Lowen AC. Influenza A virus reassortment. Curr Top Microbiol  
Immunol. 2014;385:377-401. doi:10.1007/82_2014_395. 
9  Influenza Research Database. 
https://www.fludb.org/brc/home.spg?decorator=influenza 
10  https://www.aphis.usda.gov/animal_health/animal_dis_spec/swine/ 
downloads/fy2016quarter4swinereport.pdf 
11  Swine Surveillance. National Animal Health Laboratory Network. 
https://www.aphis.usda.gov/animal_health/nahln/downloads/InfoCard 
SwineSurveillance.pdf  
12  Anderson TK, et al. A Phylogeny-Based Global Nomenclature System and  
Automated Annotation Tool for H1 Hemagglutinin Genes from Swine Influenza A 
Viruses. mSphere. 2016 Dec 14;1(6):e00275-16. doi:10.1128/mSphere.00275-16. 



If we look at human medicine, immunology is the big 
frontier. We are still learning about the immune system, 
and there are mysteries we don’t understand.“ ”

VICTOR CORTESE, DVM, PHD
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Immunity, and understanding 
how to manage it, remains  
the ‘big frontier’ in  
disease protection

Whether the goal is to decrease sow mortality,  

improve productivity, maximize weight gain or improve 

feed efficiency, a pig’s immune system plays a key role. 

 

“The goal of any operation is to keep an animal as 

healthy as possible, which means keeping the  

immune system healthy,” Victor Cortese, DVM, PhD, a 

veterinarian* specializing in immunology, told a group 

of swine veterinarians. 

 

He noted the research, application and practice  

associated with the immune system have made great 

strides, but there are still many unknowns. 

 

“If we look at human medicine, immunology is the  

big frontier,” Cortese said. “We are still learning about 

the immune system, and there are mysteries we  

don’t understand.”  

 

Borrowing a quote from Edward Bradley, an  

immunologist interviewed by National Geographic  

in 1986, Cortese added, “We probably know as little 

about the immune system now as Columbus knew 

about the Americas after his first voyage.”1  

 

He cited cancer therapies as an example, noting  

that almost any modality for cancer now has some  

component of immune treatments.2 “Ten or 15 years 

ago it was all radiation and chemotherapy, so you  

can see how quickly things are changing and how  

much we’re learning,” he added.

UNDERSTANDING THE IMMUNE SYSTEM 

 

To appreciate the new concepts in immunity  

management, it’s important for veterinarians to  

understand there are two types of immunity —  

innate and adaptive — although these distinctions  

are not mutually exclusive.3  

 

 

Innate immunity 

 

According to The Biology Project, an interactive  

online resource for learning biology developed at  

the University of Arizona, innate immunity “refers to 

nonspecific defense mechanisms that come into  

play immediately or within hours of an antigen’s  

appearance in the body. These mechanisms include  

physical barriers such as skin, chemicals in the blood 

and immune-system cells that attack foreign cells  

in the body.” 

 

The innate immune systems of the upper and lower  

respiratory tract are quite different, Cortese explained. 

The upper respiratory tract is inhabited by many  

different bacteria while the lower respiratory tract is 

sterile except for the lung microbiota. 

 

The mucocilliary-clearance mechanism is based on  

cilia, which move mucous from the respiratory tract  

to the throat, where it is swallowed.  

 

“It moves at 1.5 cm per minute with 15,000 waves per 

minute and clears 90% of inhaled bacteria out within  

4 hours in healthy animals,” he said.4   

continued 
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Cortese Veterinary Consulting, LLC, Louisville, Kentucky.



The innate immune system is damaged by infectious 

agents, including dust and noxious fumes (diesel 

smoke, ammonia). Only particles less than 5 microns 

get past the innate defenses of the healthy  

upper airway.5  

 

In reference to the activation state and traffic patterns 

of pulmonary dendritic cells, Cortese noted that “one of 

the big breakthroughs” that occurred in immunology 

over the past 10 years was recognizing that the innate 

immune system is not “antigen nonspecific.”   

 

“In fact,” he added, “researchers received the Nobel Prize 

when they learned that the native immune system is 

not nonspecific and that it drives the immune system in 

specific ways.”6  

 

 

Adaptive immunity 

 

Adaptive immunity refers to an antigen-specific  

immune response, which is more complex than the  

innate,7 Cortese explained. The antigen must be  

processed and recognized. Then, according to The  

Biology Project, the adaptive immune system “creates 

an army of immune cells specifically designed to  

attack the antigen.”  

 

“Adaptive immunity also includes a ‘memory’ that 

makes future responses against a specific antigen  

more efficient,” the immunologist added. 

 

An important point to remember is that with  

repeated exposure, the innate immune system  

will wear down. 

 

The same is true with stress. Neutrophils, the most  

common type of white blood cell (WBC), are among  

the first immune cells to defend against infection.  

They contain granules that release enzymes to help  

kill and digest these cells.8 Neutrophil function is  

decreased in all species of mammals when they’re  

undergoing stress, so their ability to traffic to the site  

of infection, and their ability to phagocytize, are  

decreased. “We see the innate immune system as  

the first one that down-regulates during stress,”  

he explained.  

 

When the native immune system gets overwhelmed, 

the adaptive immune system turns on, and the  

immune system will improve with exposure  

to vaccination.  

 

“As a general rule, the adaptive immune system tends 

to keep improving with repeat exposure,” Cortese said. 

“But research shows you can overwhelm the adaptive 

immune system as well, particularly if exposure occurs 

every day.”9  
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Think about that in your swine-production facilities. 
When there is constant virus circulation, it can be 
difficult to get ahead of the problem because the  
animals’ immune systems are overwhelmed.

VICTOR CORTESE, DVM, PHD

“

”



For example, when exposure to a virus occurs  

repeatedly in cattle, research has shown that  

protection from a vaccine may drop by 25% or  

30% compared to a one-time exposure.10  

 

“Think about that in your swine-production facilities,” 

Cortese told the veterinarians. “When there is constant 

virus circulation, it can be difficult to get ahead of  

the problem because the animals’ immune systems  

are overwhelmed. 

 

“The difference between periodic and everyday  

exposure is very different in terms of the adaptive  

immune system,” he continued. 

 

 

ROLE OF NEUTROPHILS  

 

Neutrophils are a type of WBC that helps heal  

damaged tissues and resolve infections. Neutrophil 

blood levels increase naturally in response to infections, 

injuries and other types of stress. They may decrease  

in response to severe or chronic infections, drug  

treatments and genetic conditions.11   

 

“Neutrophils help prevent infections by blocking,  

disabling, digesting or warding off invading particles 

and microorganisms,” Cortese explained.  “They also 

communicate with other cells to help them repair cells 

and mount a proper immune response.” 12 

 

If an infection overwhelms the neutrophils, either  

by level or duration, then there is recruitment of  

macrophages, which differ in three ways. Cortese said 

macrophages can:
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“When macrophages get turned on, the infection is 

higher than what the innate immune system can  

handle,” he said. “Because neutrophils die very rapidly, 

macrophages can continue to present antigens for a 

long period of time.”  

 

Most veterinarians were taught the innate immune  

system was totally antigen-nonspecific, and the  

outcomes were not specific, Cortese said, yet  

researchers have found there were specific results 

driven by toll receptors in the cells that can  

recognize different pathogens.  

 

In fact, in mammals, there are at least 13 different  

toll-cell receptors in macrophages that interact with 

pathogens and drive the immune system in different 

ways.13 This is important because it explains some of  

the immunologic concepts in veterinary medicine  

and is helping pave the way for the next generation  

of vaccine adjuvants.  

 

continued 

Rebuild their cell walls and remake enzymes. 
 
Secrete cytokines that begin to drive the immune 
system in different ways. 
 
Present antigen to clusters of differentiation (CD) 
— both CD4s and CD8s — starting the crossover 
between the native immune system and the  
adaptive immune system. 

• 
 

• 
 
 

• 
 

Immunity, and understanding how to manage it, remains the ‘big frontier’ in disease protection



“If I can turn on the right toll-cell receptors, I can  

drive immune-system responses in specific ways  

based on toll-cell receptors,” Cortese said. “This  

is being looked at from the standpoint of  

treatments (as immune modulators) and also  

as potential adjuvants.”  

 

Two areas of research that are changing paradigms 

about the impact of the immune system on  

performance are perinatal programming and antigen 

interference, Cortese said. 

 

The immune system has three basic jobs. The first is  

to recognize when there are abnormal cells in the  

body, and that is most likely to happen when there  

is viral exposure, Cortese explained. 

 

“Viruses can only reproduce by going intracellular  

and hijacking that cell’s machinery,” he said. “If the  

virus is good at hiding and changing that abnormal  

cell, it’s harder for vaccines to work against it and,  

thus, harder for us to control it. On the other hand, 

if the virus makes big changes on the cell surface,  

it’s very easy for the immune system to recognize it  

and easier for us to make vaccines. For example,  

herpesviruses can go latent and hide from the  

immune system.” 

 

The second job of the immune system is to recognize 

abnormal proteins in the extracellular fluids. This  

includes bacterial and fungal infections, along  

with parasites.

The third job is communication and regulation.  

“Remember, the immune system must always check 

back and shut down as quickly as possible, particularly 

in production animals,” Cortese said. 

 

 

CELL-MEDIATED IMMUNITY  

 

Understanding cell-mediated immunity is also  

important when planning vaccination strategies. 

 

“On the veterinary side, we often talk about CDs — 

the proteins on the surface of cells that can be used  

to make monoclonal antibodies,” Cortese said,  

pointing to names like CD4 and CD8.   

 

He explained these used to be called “helper cells”  

and “killer T cells.” These cells can be further divided  

into TH-1 and TH-2 cells.14 As a general rule, TH-1s are  

antiviral and TH-2s are antibacterial.  

 

“To tackle a bacterium and a virus at the same time,  

I’m asking the immune system to give both TH-1 and 

TH-2 responses,” Cortese said. “We’re learning this  

may be difficult to do effectively and efficiently. This 

(antigen interference or dominant antigens) is one of 

the brand-new concepts in veterinary medicine that  

has been a commonly published concept on the  

human side.”   

 

More research is needed on the concept, as Cortese  

said the immune response may change based on the  

age of the animal, the vaccine and whether the  

animal was previously vaccinated. 
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( )If I can turn on the right toll-cell receptors, I can 
drive immune-system responses in specific ways 
based on toll-cell receptors.

“
”

VICTOR CORTESE, DVM, PHD
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Immunity, and understanding how to manage it, remains the ‘big frontier’ in disease protection

histocompatibiity complex (MHC) and do not require 

antibodies. They require prior activation for killing cells 

with abnormal MHC-1.16 

 

The killer T cells circulate around the body and look  

at every nucleated cell, Cortese said. If the MHC-1 is  

normal, the T cells “go right on by it.” If the MHC-1 is  

abnormal, they will attach to the cell and release 

enzymes. The enzymes make holes in the cell surface, 

allowing fluid to enter the cell like a water balloon,  

and the cell ruptures.  

 

“If the cell is full of virus when it ruptures, antibodies  

are needed to neutralize it,” Cortese said. “That’s why 

just having cell-mediated immunity won’t provide  

complete viral protection.” 

 

The MHCs for cell recognition are developed in utero. 

When a piglet is born, its killer T cells already know  

what is normal.   

 

Cortese said scientists know three things about  

colostral WBCs in pigs. First, they transfer active cell  

immunity, short-term, and that active cell immunity 

“probably lasts somewhere between 6 to 8 weeks  

or longer.”  

 

Secondly, WBCs help to down-regulate stress  

receptors on lymphocytes. As a result, when WBCs  

are adequate, they stop up-regulation of stress  

receptors on lymphocytes, which means piglets can 

handle weaning better, the immunologist said.  

 

“Third and most important, maternal WBCs teach the 

pig’s immune system how to present antigens. This  

may impact how that animal responds to antigens for 

the rest of its life.” 

 

References appear on p. 19

Cortese took it a step further to describe how this  

could impact vaccine protocols in pigs. “As we look  

at the future of vaccination in pigs, we have to  

understand what interferences are occurring, and, 

where combinations are relevant, we have to  

redesign our vaccination programs as we’ve done  

in the cattle and equine markets,” Cortese said. 

 

For example, if veterinarians administer one vaccine  

for herpesvirus and one for Pasteurella, only one-third  

of those animals will have an immune response,  

and two-thirds will not have a protective immune  

response, even with a licensed vaccine for Pasteurella. 

“The dominant herpesvirus vaccine drives a TH-1  

response, even if I have different injection sites,”  

Cortese explained. 

 

 

PHAGOCYTIC CELLS  

 

Many internal organs have their own specialized  

phagocytic cells — an important first step in immune 

systems, Cortese said.  

 

“The pulmonary macrophage is the primary early 

clearer of bacterial invaders in the lungs — not in the 

upper respiratory tract,” he said. “If a ration contains  

improper energy levels and pigs are being pushed too 

hard, you will decrease macrophage function in the 

lungs, and there’s some good work showing the 

relationship between incidence and severity of  

pneumonia when energy levels are out of balance.”15   

 

 

ABNORMAL-CELL RECOGNITION  

 

Killer T cells (CD8+) are unique because they can  

recognize cells that are either abnormally stressed  

or infected and displaying an abnormal major    
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ways  
to boost  
immunity  
in livestock

Drawing on his decades  

of field experience and  

expertise in immunology,  

Victor Cortese, DVM, PhD,  

offered suggestions for  

optimizing immunity.

8
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The goal with the immune system is to keep it from working too  
hard, Victor Cortese, DVM, PhD, said, because an animal requires  
more energy and protein if the immune system is challenged. When 
that production cost occurs, it can have long-term impacts.  
 
“If you’re over-vaccinating pigs in the first 30 days of life, it can have  
a long-term negative impact on weight gain, feed efficiency and  
reproductive capabilities, yet we have tended to think this is the best 
time,” Cortese said. “As we learn more about perinatal programming, 
this is an area in which we need to be careful.”  
 
Not all animals respond to vaccination in the same way. Cortese  
reminded swine veterinarians that there are at least a dozen factors 
that could affect the ability of an individual animal to respond to  
vaccination, including:  
 
1.    Type of vaccine 
2.    Proper handling of vaccine to ensure proper dosage 
3.    Fever  
4.    Subclinical disease  
5.    Parasites 
6.    Maternal antibodies 
7.    Heat (external temperature) 
8.    Stress (higher levels of cortisol) 
9.    Nutrition status (micro-minerals important) 
10.  Immune status 
11.  Prior disease exposure or vaccination 
12.  Use of antibiotics (live-bacteria vaccines)

•   TREAT THE IMMUNE SYSTEM WELL    •

1

An animal’s immune system depends on the available nutrients it  
receives, and this should be checked frequently.  
 
Cortese recalled that when a plant producing vitamin A had to close 
because of a fire, the vitamin was sourced from other countries where 
variability was greater. Pigs and cattle across the US began to show 
signs of vitamin A deficiencies.  
 
An Iowa swine veterinarian contacted Cortese at that time and said  
he couldn’t get pneumonia under control in a barn. Cortese suggested 
he pull some blood from the pigs, and when he did, Iowa State  
University laboratory technicians told him it was the lowest vitamin A 
levels they’d ever seen in pigs.  
 
“What the pig is absorbing is what’s useable in the ration,” he  
reminded the veterinarians.  “We can’t assume anymore, particularly  
as our facilities get bigger, that what’s been balanced on paper is  
what a pig is absorbing. It’s important to periodically check  
trace-mineral and vitamin levels to understand what’s being  
absorbed and the impact nutrition has on the immune system.”  
 
Water interactions are also a factor, he said. “I have customers with 
wells in Indiana right now that are so high in zinc that they’re causing 
zinc toxicity. We need to do a better job of checking.”

•   CHECK NUTRIENT AVAILABILITY   •

2
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Where permissible, prime boost is a sound health 
strategy that needs to be further explored in all 
species, especially when traditional approaches fall 
short of expectations.

VICTOR CORTESE, DVM, PHD

“

”

“To me, the most interesting and unexpected finding is that, in  
many cases, heterologous prime boost is more effective than the  
homologous prime-boost approach,”20 he said, adding that the  
rapid progress of novel vaccination approaches, such as DNA  
vaccines and viral vector-based vaccines, has further expanded the 
scope of heterologous prime-boost vaccination.21 Homologous  
prime boost refers to “conventional” vaccination with two doses of  
the same vaccine, whereas heterologous involves changing the  
vaccine that is used to booster the first vaccine. 
 
“There are enough papers published now that prime boost is a  
commonly accepted immunologic concept,” Cortese said, adding that 
“greater levels of immunity are often established by heterologous 
prime boost than can be attained by a single vaccine administration  
or traditional homologous boost strategies,” he added.  
 
“Where permissible, prime boost is a sound health strategy that  
needs to be further explored in all species, especially when traditional 
approaches fall short of expectations.”  

One strategy used successfully in bovine health programs is called 
“heterologous prime boost,” which involves priming the immune  
system to a target antigen delivered by one vector, route or  
mechanism, and then selectively boosting this immunity by  
re-administering the antigen in the context of a second and distinct 
method,17 Cortese explained. It is also used extensively in poultry. 
 
“Several papers have highlighted the power of prime-boost strategies 
in eliciting protective cellular immunity to a variety of pathogens and 
have demonstrated efficacy in humans,”18 Cortese said.  
  
“Coupled with advances in our understanding of the mechanisms  
underlying the generation, maintenance and recall of T-cell memory, 
the field is poised to make tremendous progress.” 
 
Over the past decade, studies with cattle have shown that  
prime-boost immunizations can be given with different  
vaccine-delivery methods while using the same antigen, in a  
“heterologous” prime-boost format.19   
 

•   CONSIDER HETEROLOGOUS PRIME BOOST   •

3

Cytokines and lymphokines have multiple areas of effectiveness, so it’s 
important to choose the primary and secondary effects, Cortese said.  
 
For example, if a veterinarian is using an antiviral, does it downgrade 
the antibacterial that’s being used at the same time?  
 
“You have to know all the effects of that cytokine and lymphokine.  
The range, or the dosage, between effective and toxicity is very  
narrow,” he said.  
 
“We can do this with the way we vaccinate animals,” he added. “We  
can cause the over-release of cytokines with the number of antigens, 
and it can impact feed intake and increase mortality.”  

•   KNOW THE EFFECTS OF CYTOKINES, LYMPHOKINES   •

4
According to Cortese, humans share a common MHC in only one out 
of every 350,000 to 500,000 people. In pigs, the MHCs are much more 
closely related, so there isn’t as much variation.  
 
“In the past — 10 or 15 years ago — the belief was that a piglet was 
born with this blank slate, waiting for colostrum so we could start  
vaccination,” Cortese said. “The belief now is that pigs are born with 
very small numbers of killer T cells, and vaccination causes a form of 
expansion to protective levels.”  
 
As a general rule, Cortese said, the best way to start protecting from 
viral infections is with a modified-live vaccine.  

continued on page 18

•   CONSIDER MHC WHEN VACCINATING   • 

5



If you partial-dose a vaccine, you’re never giving the same  
dose. The only time I know that I’m above the minimum  
immunizing dose is when I give a full dose, because that’s  
what we have to do for the USDA to guarantee that we’re 
above that minimum immunizing dose at outdate.

VICTOR CORTESE, DVM, PHD

“

”

ways  
to boost  
immunity  
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Veterinarians can spend time looking too closely at antibodies on 
enzyme-linked immunosorbent assay, or ELISA tests, Cortese said.  
 
“ELISA tests basically measure all the antibodies to an antigen,  
protective or not,” he said. “Scientists can develop a vaccine that will 
give you a very high level of those titers, but those titers can block  
protective antibodies from actually attaching. The trend is to  
over-interpret titers.”  
 
As an example, he pointed to a study at Auburn University22 that 
looked at three different vaccines for a cattle disease. The group that 
had the highest titer gave the lowest protection while the group that 
had the lowest titer had the highest level of protection.  
 
Field experience shows that after day 2 or 3, antibody levels in a sow’s 
milk are way down. It’s therefore at a protective level for only the first  
3 or 4 days. Colostrum antibodies are re-secreted for the first 5 days  
of life.  
 
“Then the pump shuts down, and these facts play into production 
management,” Cortese said. “A titer tells you whether exposure has  
occurred, either to a vaccine or to a disease. Be very careful correlating 
titers to level of protection. The only place where this has been  
consistently shown in the literature is with colostrum because that is  
a finite amount.” 
 
The higher the titer from colostrum, the better protection a pig has,  
he explained.  
 
“However, when we begin to talk about a pig making antibodies,  
the rate at which a pig can make antibodies is so fast that the  
difference between a 32 and a 128 is basically a moot point. A pig  
can make antibodies at the rate of 500 antibodies per second in  
response to disease,” he said.  

•   DON’T GET HUNG UP ON TITERS   •

6

Vaccines will degrade over time, Cortese said, including premixed  
vaccines. Research from Australia has shown that when oxygen hits 
premixed vaccines, degradation begins to occur within 21 to 28 days 
of when the seal is broken.  
 
“If you work for a swine facility, you should do comprehensive vaccine 
audits periodically,” Cortese said. “These audits don’t start with how 
vaccines are administered to pigs. They should start in the supply 
room first, where vaccines are stored.”  
 
If the refrigerator isn’t set up at the right temperature, every dose  
from the stored vaccines could be compromised.  
 
Cortese has seen facilities experience significant losses simply  
because their vaccines were mishandled as a result of refrigerators 
being out of spec.  

•   SAFEGUARD VACCINE QUALITY   •

8

Partial dosing is another area in which Cortese is concerned. “You  
may be losing cell-mediated immunity if you partial-dose,” he said. 
 
There’s another fallacy to partial dosing. When a vaccine is released  
for distribution, it has an expiration date. “We determine the minimum 
immunizing dose needed to turn on the immune system to be  
protective; then we add to that time to get the expiration date,”  
Cortese said. 
  
“If you partial-dose a vaccine, you’re never giving the same dose.  
The only time I know that I’m above the minimum immunizing dose  
is when I give a full dose, because that’s what we have to do for the 
USDA to guarantee that we’re above that minimum immunizing  
dose at outdate,” he explained. 

•   AVOID PARTIAL DOSING   •

7
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ROLE OF ANTIBODIES  

 

Vertebrates inevitably die of infection if they are  

unable to make antibodies. Antibodies defend  

mammals against infection by binding to viruses and 

microbial toxins, thereby inactivating them.23 The  

binding of antibodies to invading pathogens also  

recruits various types of WBCs and a system of blood 

proteins. The WBCs and activated components that are  

complementary work together to attack the invaders.24  

 

Synthesized exclusively by B cells, antibodies are  

produced in billions of forms, each with a different 

amino acid sequence and a different antigen-binding 

site.25 Collectively called immunoglobulins (Ig), they are 

among the most abundant protein components in the 

blood, constituting about 20% of the total protein in 

plasma by weight.26   

 

The B cells are responsible for abnormal proteins in  

the extracellular fluids, Cortese said. Antibodies are  

abbreviated in four primary classes as IgG, IgA,  

IgM and IgE. Antibodies are Y-shaped, and the upper 

portion is what interacts with the antigen, he added. 

The lower portion, or tail, is the part that’s biologically 

active. It interacts with other antibodies or cells in the 

body. Because of their Y shape, antibodies are  

three-dimensional. 

 

 

NEW OUTLOOK ON IMMUNOLOGY  

 

There’s no question that researchers’ knowledge  

of the immune system and how it responds to disease 

as well as vaccination has changed dramatically. As  

a result, new strategies to better control disease are 

being identified. 

 

“The local immune system is a huge frontier,” he said.  

 

Veterinarians have access to new information on   

the immune system, Cortese said, adding that advanced 

protocols offer opportunities to better impact animal 

health. “This is going to be an exciting thing as we look 

to the future,” he said.  
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Immunity, and understanding how to manage it, remains the ‘big frontier’ in disease protection
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...the heterologous prime-boost strategy involves priming the  
immune system with a target antigen delivered by one vector, route  
or mechanism and then selectively boosting this immunity...[ ]

GREG EDWARDS, DVM
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Prime boost in cattle shows 
promise in food-animal  
production

Heterologous prime-boost technology, often referred 

to simply as “prime boost,” has been widely adopted in 

the US cattle industry,1 but like any new process, its 

value needs to be documented before veterinarians in 

the pork industry are comfortable recommending it, 

Greg Edwards, DVM, an independent bovine veterinary 

consultant, told a group of swine veterinarians. 

 

There’s a learning curve, according to the consulting 

dairy veterinarian, but he hopes pork producers can 

piggy-back on the work that’s already been done in  

the cattle industry. 

 

The benefits of prime boost boil down to immunity,  

Edwards said.

“When we vaccinate, we are trying to increase  

individual and herd immunity,” he said (Figure 1).  

“Herd immunity increases with vaccination, and  

higher herd immunity helps cattle withstand  

variations in disease pressure.” 

 

According to Edwards, the heterologous prime-boost 

strategy involves priming the immune system with a  

target antigen delivered by one vector, route or  

mechanism and then selectively boosting this immunity 

by re-administering the antigen in the context of a  

second and distinct method.2  

continued 
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Herd immunity is increased with vaccinationCattle are at risk when 

disease pressure

exceeds herd immunity

Higher herd immunity helps cattle
withstand variations in disease pressure

Time

Disease pressure

Herd immunity

Figure 1. Immunity management in cattle

Source: G. Edwards



Several papers have highlighted the power of  

prime-boost strategies in eliciting protective cellular  

immunity to a variety of pathogens and have  

demonstrated efficacy in humans.3 Coupled with  

advances in the understanding of the mechanisms  

underlying the generation, maintenance and recall  

of T-cell memory, the field is poised to make  

tremendous progress.4 

 

The key strength of this strategy is that greater levels  

of immunity are established by heterologous prime 

boost than can be attained by a single vaccine  

administration or homologous boost strategies,  

Edwards said. 

 

He added that with some of the early prime-boost  

research, the effect was merely additive. However, 

newer strategies indicate powerful synergistic effects 

can be achieved, including: 

Edwards noted that maternal-antigen interference or 

blockage can occur for up to 16 weeks of age for some 

cattle diseases. 

 

“This is variable, though,” he said. “We do a lot of  

serology on large farms to determine how good their 

colostrum-transfer program is, and we have to set up 

our programs based on that information. Bovine  

respiratory syncytial virus (BRSV) is really a driver for us. 

It’s a ubiquitous virus, and the calf can get exposed as 

soon as mom turns around and starts licking its face.” 

 

In field trials, Edwards said the immune-response  

sensors were more concentrated in the respiratory tract 

than in the reproductive tract when using an intranasal 

product first, followed by a prime boost with a  

modified-live injectable product. 

 

Details of a beef-calf vaccination study are shown  

in Figure 2. 

 

“We used an intranasal product with a modified-live  

injectable product because of antigen interference,”  

Edwards explained. “We found that using the viral  

infectious bovine rhinotracheitis (IBR), which is a  

herpesvirus, with the bacterins did not give the  

same kind of response. There was a response to the  

bacterins, but the viral always took precedence.  

Using the intranasal vaccine got us around that  

dominant-antigen interference.”  

continued 
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More complete immune system stimulation 
 
Better cell-mediated immunity/T-cell stimulation 

 
Increased number of antigen-specific T cells 
 
Selective enrichment of high-activity T cells  
 
Potentially better local immunity  
 
Increased efficacy against pathogen challenge 

• 
 

• 
 

• 
 

• 
 

• 
 

• 

( )Several papers have highlighted the power of prime-boost 
strategies in eliciting protective cellular immunity to  
a variety of pathogens… 

GREG EDWARDS, DVM



•  75 calves per group (all IBR naive) 
•  55-90 days of age (mean 74) 
•  Blocked by age and sex, then randomly assigned 
•  150 days between 1st and 2nd immunization

C O M PA R I S O N   
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A N T I B O DY   
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Prime boost in cattle shows promise in food-animal production

Figure 3. Results of beef-calf study

Least squares means of BRSV neutralizing antibody at days 0, 14, 27, 153 and 174

Treatment group

T1 Intranasal vaccine 
One shot

14.1 8.7 24.1 2.8 15.3

T2 Modified-live 
injectable

12.9 7.4 14.7 2.1 7.2

P value * * ** ** **

T1 vs T2

* not significant    ** significant

P = 0.64 P = 0.33 P = 0.003 P = 0.001 P = 0.006

Vaccine Day 0 Day 14 Day 27 Day 153 Day 174

Figure 1. Immunity management in cattle

Source: G. Edwards

Source: G. Edwards

Figure 2. Beef-calf vaccination study



He said researchers used the same product as the 

booster in group T2 indicated in Figure 3, making  

it homologous.  

 

“At day 14 you can see their responses are statistically 

different,” Edwards said. “When we got out to 5 months 

and it was time for the booster, there was statistical  

relevance. And then, 21 days after that second booster, 

the response difference was still statistically significant. 

 

“That’s prime boost,” he added. “We just drove the BRSV 

response by utilizing the intranasal first and then gave 

the modified-live injectable as the booster, where the 

T2 group received a booster with the same vaccine.” 

 

Conclusions from the study:

It’s important to point out that the antigens of the  

products used in the study were the same, as were  

the manufacturer and the process, Edwards said. In  

addition, all products used in the study were used  

according to label. 

 

 

DAIRY-CALF STUDY  

 

A calf’s neonatal immune system doesn’t respond  

well to injectable vaccinations, Edwards said, noting a 

maternal-antibody interference primarily with bovine 

viral diarrhea (BVD) and risk exposure. 

 

“We don’t necessarily see BRSV disease in baby calves, 

but we see secondary infections that happen because 

BRSV is present,” Edwards said. “In this study, we used an 

intranasal, modified-live product at birth. 

 

“We used the first intranasal and then we gave a 

booster with the second intranasal at 6 to 8 weeks, 

knowing we would see disease presentation or a  

decrease in efficacy at that point,” Edwards said.  

 

“We gave a booster again after 5 months because we 

were past the BVD maternal-antibody interference, and 

then we gave a booster with a homologous vaccine  

at 6 months because of the protection in the combo 

product. We used the modified-live injectable again at 

pre-breeding for the reproduction results that we 

wanted. This was the best-case scenario to get  

everything covered.” 

 

With this method, the calves were sensitized so a  

second injection for IBR wasn’t needed right away.  

 

“We monitored the response the calves had against 

BRSV, and by 7 weeks we still had 100% of the calves  

responding by titers,” Edwards said. “When we got  

to 9 weeks, we could see the beginning of some  
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Either calf vaccination program at the time of  

turnout would be highly successful in stimulating  

a humoral immune response.   

 

Vaccination of the calves with the intranasal  

vaccine resulted in the most significant BRSV  

response initially and at 153 days later, and  

again following a revaccination with the  

modified-live injectable. 

 

No interference was seen with the combination 

vaccines in this study. 

 

Vaccination of calves with the newly adjuvanted 

vaccines did not stimulate antibody increases if  

the calves had maternal antibody >32.   

 

The most effective vaccination program in this 

study was the intranasal administration of the  

first vaccine and the concurrent subcutaneous  

administration of the second vaccine at turnout, 

followed by the subcutaneous administration of  

a modified-live injectable at the time of  

pre-weaning/weaning.   

 

• 
 
 
 

• 
 
 
 
 
 

• 
 
 

• 
 
 
 

• 



degradation, and some of the calves weren’t at a  

protective level. By the time they got to 14 weeks of 

age, there was no difference between the vaccinated 

calves and the control calves. We established that we 

needed a second dose between 6 and 8 weeks of  

age, timed either just before or at the time of weaning 

(Figure 4).” 

 

The intranasal IBR also induced a good response to  

interferons, a group of soluble glycoproteins that are 

produced and released from cells in response to virus 

infection and other stimuli.5 With interferon added  

during the post-weaning period, the calves were ready 

for the prime boost, Edwards said, to stimulate the  

innate immune system. 

 

The duration of efficacy with intranasal vaccinations 

changes with age.6 In addition, as the respiratory tract 

matures immunologically, the duration of efficacy  

becomes longer, Edwards said.  

continued 
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Prime boost in cattle shows promise in food-animal production

Figure 4. Results of dairy-calf study

I N T R A N A S A L  V A C C I N E  M O D I F I E D  L I V E  I N J E C T A B L E

DOSE 1  
Vaccine should be given within the first 24 hours  
after birth. 
 
•  This provides 6 months’ protection against IBR. 
 
    There is no need to give injectable IBR. 
 
•  Protection against BRSV is the highest possible   
   compared to injectables. 
 
   Protection duration (not on label) 
   7 weeks — 100% 
   9 weeks — 75% 
   14 weeks — Not different from non-vaccinated;   
   therefore, a second dose is required. 
  

DOSE 2  
Second dose extends BRSV protection to 120 days.

5 MONTHS 
 
•  Past maternal-antibody blockage for BVD 
  •  Prime-boost BRSV 

6 MONTHS 
 
•  Homologous booster other antigens  
•  Duration of immunity achieved  
•  IBR, BVD 

PREBREEDING 
 
•  Fetal protection  
•  Duration of immunity achieved  
•  IBR, BVD 

Clinical results — Decrease in neonatal BRD; decrease in transition BRD.
Source: G. Edwards



The value of heterologous prime boost is that it  

stimulates the immune system of the animal differently 

each time, which appears to build immunity.  

 

“Using an influenza vaccine in young piglets, compared 

to giving it at 8 weeks or 6 months, will probably show 

different durations, which is what we’re finding as we 

do more of these studies,” Cortese said. 

 

“As you look at sow mortality and protecting sows  

both pre-farrow and post-farrow, the two-dose  

protocol might provide immune modulation,” he  

continued. “We’re fairly sure a prime-boost strategy  

provides broader protection from both a reproductive 

and respiratory standpoint — that’s what the literature  

indicates in the cattle industry.  

 

“We’ve now looked at using prime boost during  

periods of stress in cattle, particularly with an  

intranasal followed by an injectable,” Cortese added. 

“Using prime boost during periods of stress shows an 

immune response quite similar to unstressed animals.”7 

 

 

INTRANASAL, INTRADERMAL OR AEROSOL?  

 

Intranasal seems to be the route that works best  

for cattle, Edwards said, because it can be  

administered at the same time the calves or cows  

are being processed.  
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During the trial, control animals as well as the  

vaccinated animals were challenged. 

 

“We achieved a duration of immunity of 12 months for 

IBR and BVD,” Edwards said. “That’s on the label. We did 

not have a duration of immunity for BRSV, but that’s 

what we seeded so strongly with the intranasal. We  

assume from our injectables we’re probably getting 

good coverage for 6 to 7 months and possibly up to 11. 

We also used this protocol pre-breeding so we had the 

antigen in the animal as she started her pregnancy. The 

clinical results showed a decrease in young-calf bovine 

respiratory disease complex, and we also saw a  

decrease in bovine respiratory disease post-weaning.” 

 

Edwards and Victor Cortese, DVM, PhD, a veterinarian*  

who specializes in immunology, have worked with  

cattle producers extensively, and they estimate that 

about 90% of the calves in the US are given an  

intranasal with the prime-boost concept.  

 

“A dairy heifer from a large facility may move to three  

or four different facilities before having her first calf,”  

Edwards said. “Until she has her second calf, she may  

be moved to two more. The disease risk or exposure  

to BRSV is there. Stimulating the local immune system 

helps the cow get through these transitions because 

we’re giving her an injectable vaccine during a time 

period when her body is shifting its emphasis.”

( )Using prime boost during periods of stress shows an  
immune response quite similar to unstressed animals.

VICTOR CORTESE, DVM, PHD

“
”

* Cortese was employed by Zoetis at the time of his presentations. He has since retired and now heads  
Cortese Veterinary Consulting, LLC, Louisville, Kentucky.



Veterinarians who work in pig production are looking 

for methods that would keep farm employees from  

having to pick up every pig. Aerosol transmission has 

been used for some viruses, but there are variables  

and safety is a concern.  

 

Another option is intradermal, Cortese noted.  

 

“I published a paper years ago looking at intradermal 

followed by intramuscular injection,” he said. “Prime 

boost was occurring with the same antigens, and the 

antigen load went down dramatically.” 8 

 

Intradermal isn’t an option in cattle because of hide 

thickness but may be a viable option for the pork  

industry. Cortese said it is used extensively in  

European pig production with some of the  

circovirus vaccines, and when comparisons are  

made between intramuscular and intradermal,  

there isn’t a difference. 

 

More research is needed on intradermal vaccines,  

and Cortese believes the most accurate method is 

through intranasal vaccination.  
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1   Cortese VS, Edwards G. Roundtable discussion on prime boost technology. 
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2   Edwards G. Roundtable discussion on prime boost technology. August 2019. 
3  Woodland DL. Jump-starting the immune system: prime-boosting comes of 
age. Trends Immunol. 2004 Feb;25(2):98-104.  
4   Ibid. 
5  Smith G, Talbot-Cooper C, Yongxu L. Adv Virus Res. 2018;100(14):355-378.  
6  Cortese VS. Communication during the Prime Boost roundtable. August 
2019. 
7  Cortese VS, Woolums A, Hurley DJ, Berghaus R, Bernard JK, Short TH.  
Comparison of interferon and bovine herpesvirus-1-specific IgA levels in nasal 
secretions of dairy cattle administered an intranasal modified live viral vaccine 
prior to calving or on the day of calving. Vet Immunol Immunopath. 
2017;187:35-41. 
8  West K, Petrie L, Konoby C, Haines DM, Cortese V, Ellis JA. The efficacy of 
modified-live bovine respiratory syncytial virus vaccines in experimentally  
infected calves. Vaccine. 1999;18(9-10):907-919. doi:10.1016/s0264-
410x(99)00324-2



Outside of porcine reproductive and respiratory syndrome,  
the thing that gets in our way the most is influenza. “ ”
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Influenza roundtable:  
Taking control programs to  
the next level in sows and pigs

Despite the pork industry’s best efforts, influenza A 

virus in swine (IAV-S) continues to evolve and remains  

a challenge for US pork producers and veterinarians — 

particularly in grow-finish systems. The year-round  

presence of the virus has compounded the problem  

and made control programs more challenging.  

 

In addition, broad-based movement of pigs throughout 

the country means that multiple flows often come  

together from different areas. This complicates the  

ability to identify specific strains, let alone control them, 

said veterinarians during a roundtable discussion  

on swine influenza hosted by Zoetis. Even within  

single-flow operations, multiple introductions of flu  

are common. 

 

Veterinarians in the roundtable discussion agreed that 

managing IAV-S had become a major obstacle to raising 

healthy, profitable pigs. 

 

“Outside of porcine reproductive and respiratory  

syndrome (PRRS), the thing that gets in our way the 

most is influenza,” said Clayton Johnson, DVM,  

veterinarian and director of health at Carthage  

Veterinary Services, Ltd, Carthage, Illinois.  

 

Monitoring the virus is therefore critical to the success 

of control programs. “If you could figure out what virus 

was going to trigger it, you could go in quickly and  

vaccinate your way out of it,” Johnson added.

START WITH THE SOWS  

 

The panel said the first step toward lasting protection 

was to target endemic infections on sow farms.  

 

“When you have a continuous-flow gilt-development 

unit on-site, once a virus comes in, it’s extremely  

expensive to get it out,” said Johnson, who works  

primarily with multipliers. “There’s a genetic loss and  

it’s a high-cost situation. To mitigate those impacts, the 

more cross-protection we can build in, the better.” 

 

While there are no clear-cut answers on how to control 

lateral transmission of IAV-S in hog-dense areas, the  

veterinarians agreed it was important to have a game 

plan for managing it. 

 

“If you take some time and invest in a strategy, it’s  

time well spent,” Johnson said. “Resources are limited 

and maybe it’s not at the top of the list. But if you  

know you have flu problems, there are tools and  

monitoring technologies that can help drive you  

toward good decisions.”  

 

Martin Mohr, DVM, a veterinarian with Mohr Vet in 

Springfield, Minnesota, agreed that having a sound 

strategy for the sow farm was critical for success.  

 

“I want to first get a good diagnosis, make a herd plan 

and determine the goal,” he said. “I like to compare the 

field virus to any historical virus on the farm. In many 

cases, the commercial killed vaccine works well, but 

sometimes we need an autogenous.”  

continued 
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In terms of timing for grow-finish pig protection,  

Mohr said vaccinating sows once at about 6 weeks  

pre-farrow has been more beneficial for him than 

whole-herd vaccination.  

 

“I recommend vaccinating gilts twice, at 6 weeks and  

3 weeks or 6 weeks and 4 weeks pre-farrow,” he added.  

“We can maximize colostrum so we don’t have to  

vaccinate the growing pigs. You have to take the time, 

track it and figure out what you have; otherwise you’re 

going to be frustrated, throw your hands up and not  

do it anymore.” 

 

 

STOPPING THE FLOW  

 

Another veterinarian from Carthage, Claire LeFevre, 

DVM, emphasized the importance of controlling  

endemic strains and preventing them from trickling 

down to grow-finish farms, where they can markedly 

hurt pig performance. 

 

“When we make the decision to accept flu-positive  

replacement gilts into a farm that has existing endemic 

strains, I’m looking ahead at what I can do to help  

mitigate the effect on the weaned pigs going out,”  

she said. “I’m thinking about what I can do in the  

growing-gilt population that I know is at risk and then 

find a way to also pursue a more stable sow herd so  

I have an easier-starting pig for the client.”  

 

She noted that in the farms she works with, when  

multipliers break with influenza, several commercial 

sow farms will continue to receive pigs. Individual farms 

and shareholders make the decision about whether to 

accept an influenza-positive source. If the multiplier is 

influenza-positive, they have the option of growing gilts 

off-site until they test influenza-negative. The producer 

can then restock the gilt-development unit with  

negative gilts to help prevent sow farm infection.   

 

 

MOST SOW HERDS VACCINATED  

 

Doug Powers, DVM, a practitioner based in Rushville,  

Indiana, and president of Four Star Veterinary Service, 

said most of the sow farms he works with vaccinate 

sows twice a year for influenza.  

 

“We have four strains in our autogenous vaccine right 

now: the human-like strain, an alpha, the gamma and 

the delta-2,” Powers said. “We continue to monitor herds 

and do sequencing to see what’s coming into the area. 

More than 90% of our sow herds are vaccinated with 

either the regional flu vaccine or the commercial killed 

vaccine, and 60% to 75% of the growing pigs are  

also vaccinated.” 

 

In the end, veterinarians must use the best science  

they have at their disposal to mitigate the flow of flu 

virus. The true measure of success is a negative weaned  

3 0

I N T E G R A T E D  F L U  M A N A G E M E N T :  N E W  S T R A T E G I E S  F O R  C O N T R O L

( )
You have to take the time, track it and figure  
out what you have; otherwise you’re going to be  
frustrated, throw your hands up and not do  
it anymore.

MARTIN MOHR, DVM

“

”



pig, said Bob Thompson, DVM, long-time veterinarian 

with PIC and now an independent consultant.  

 

“If I can produce a negative weaned pig and that pig 

has a chance to succeed in the downstream production 

level, for me that’s crucial,” Thompson said.  

 

He cautioned that most sow herds today don’t  

experience full-blown outbreaks of IAV-S.    

 

“We had one unvaccinated sow herd that had a  

dramatic outbreak, but normally sow herds are not  

an issue — it’s the piglets,” he said.  “A lot of times  

influenza doesn’t bother anything, especially if you’re 

not mixing pigs. That’s probably what’s driven the  

idea of batch farrowing — to try to get bigger groups  

of pigs and reduce the number of sources.” 

 

 

PROTECTING THE PIGS  

 

Marie Culhane, DVM, PhD, with University of  

Minnesota’s College of Veterinary Medicine, concurred 

that vaccinating sows is critical because it stimulates 

production of maternally derived antibodies (MDAs), 

which help protect piglets.  

 

Studies show that sow vaccination decreases the  

likelihood of influenza in piglets at weaning. For many 

farms, vaccinating pigs is necessary to help protect 

against the virus and prevent performance losses.  

However, Culhane cautioned that sow vaccination is  
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often not enough, and other management changes  

and control measures must be considered. 

 

Carthage’s Johnson agreed and suggested that MDAs 

could sometimes provide a false sense of security.  

He reported having cases where weaned pigs were  

negative, but then influenza popped up later in the 

nursery. The immunity level was high, but 1% or 2% of 

the pigs would lose their MDAs and become infected.  

 

“The flu virus may be circulating, but pigs don’t  

always show clinical signs, so it’s different from PRRS,” 

Johnson said. 

 

And when conditions are right, it doesn’t take long for 

the flu virus to spread in grow-finish herds. 

 

“It is interesting every year to see where the outbreak 

starts in growing pigs [in hog-dense areas] and see it 

burn through the state in market hogs, because by  

the end of October it’s through everything. And the 

consequences associated with influenza in late  

finishing can really hurt,” Johnson said. 

 

 

SLOW STARTERS  

 

Thompson said the economic impact of IAV-S on  

grow-finish pigs can be devastating because they tend 

to go off feed, become slower starters and leave the 

nursery with poor weaning weights. Even if they don’t  

continued 

When we make the decision to accept flu-positive 
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do to help mitigate the effect on the weaned pigs 
going out.

CLAIRE LEFEVRE, DVM

“
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experience an outbreak during the nursery phase,  

influenza can cause late-finishing outbreaks if naïve 

pigs become laterally infected, the veterinarian said. 

 

Co-infections with other pathogens exacerbate the 

problem, because the innate immune system can be 

overwhelmed when pigs have multiple infections.  

The veterinarians said they often have to give more 

treatments to control co-infections.  

 

The key, according to Four Star’s Powers, is to produce 

healthier animals from the start — ones that will  

better respond to influenza vaccines. That often means 

providing good nutrition from the beginning.  

 

The only hitch: Much of the nutrition and immunology 

research in swine was done 15 or 20 years ago,  

cautioned Victor Cortese, DVM, PhD, a veterinary  

immunologist.* The pork industry could benefit from 

additional research in this area. 

 

“What looks good on paper is not always being  

absorbed by the pig,” Cortese said. “We’ve had to use 

chelated minerals and other products to bring nutrient 

levels up. On the positive side, it’s pretty easy to do  

that and see the impact on health parameters and  

clinical outcomes.” 

 

 

TWO-DOSE PROGRAM  

 

When pigs do get off to a good start, Powers sees good 

value in vaccinating piglets, sometimes as early as 3 

weeks, followed by a booster 6 weeks later. Sometimes 

the first dose is given to pigs at 6 weeks with a booster 

at 9 weeks. Either way, it’s almost always a two-dose 

program, he said. 

 

He noted there are times when producers would stop 

vaccinating to see if they could save money, but that 

decision often backfires. “Those are always the herds 

where we have the late flu breaks, and we get a lot of 

death loss in 220-pound pigs,” he said. “That costs a lot, 

so those customers are quick to put the vaccine back in. 

  

“Most of the groups we vaccinate are in flu-positive  

areas so we’re just trying to get them through,” Powers 

added. “We know they’re going to have exposure, but 

we want to reduce the risk of that exposure on their 

performance outcomes.” 

 

 

VACCINE OPTIONS  

 

Mohr with Mohr Vet talked about his experience  

using a live, attenuated, intranasal vaccine but said  

results have been mixed.  

 

“There’s value in it, but you have to accept that pigs  

still cough,” he said. “Producers had a problem investing 

money, time and energy and still see their pigs cough.” 

 

The veterinarians on the panel said that while  

autogenous vaccines are commonly used to protect 

against IAV-S, their production time — often 20 weeks 

— presented challenges on some farms. “If you have to  
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We know they’re going to have exposure, but we 
want to reduce the risk of that exposure on their 
performance outcomes.

DOUG POWERS, DVM

“
”

* Cortese was employed by Zoetis at the time of his presentations. He has since retired and now heads  
Cortese Veterinary Consulting, LLC, Louisville, Kentucky.



isolate a new virus and grow it, you have opportunity 

for endemic influenza on your sow farm until the  

vaccine is produced,” Carthage’s LeFevre said, adding 

that the wait time will impact the herd downstream. 

 

While not widely recommended, some veterinarians  

on the panel said there were times when they needed 

to use an autogenous vaccine that was on the shelf 

from an earlier case of influenza. Any success with  

that approach was attributed to cross-protection. 

Others said they preferred to use readily available  

commercial IAV-S vaccines while waiting for the  

autogenous vaccine to be developed.  

 

 

PRIME BOOST’S POTENTIAL  

 

While more research is needed, the University of  

Minnesota’s Culhane expressed hope for heterologous 

prime-boost vaccination strategies used successfully  

in other species, including humans, to manage viral  

diseases. This strategy typically involves priming  

animals with one type of vaccine and then boosting 

them with another to obtain broader coverage, though 

no commercial IAV-S vaccines are currently indicated  

for this approach. Nevertheless, the diversity of IAV-S 

makes it necessary to consider new and multiple  

approaches, she explained.  

 

Prime boost is a relatively new concept and provides  

a different way of looking at protection from various 

swine diseases, but it’s not a “one size fits all.” The  

veterinarians stressed the importance of looking at   
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each pathogen separately and understanding the  

combinations being used in a vaccine protocol. In  

addition, timing is key.  

 

“Based on a pig’s age, the concept of prime boost  

encompasses a good, comprehensive approach,” Mohr 

said. “It makes a lot of immunological sense, so we  

need to continue to develop it for respective diseases.” 

 

Culhane thinks the strategy could ultimately yield  

several advantages, but she noted there were lots of 

moving parts to consider. 

 

“If that approach involves two different vaccines at  

different times, or pre-farrow versus mass vaccination, 

or a combination of monovalent and polyvalent  

vaccines, all those protocols should be looked at [in  

future research] as a way to reduce clinical signs and 

virus shedding,” she said.  

 

Greg Edwards, DVM, a consulting veterinarian with 

hands-on experience with prime-boost vaccination  

programs in cattle, also thinks the concept could have 

potential in the pork industry. He cautioned that it was 

no replacement for good management, however. 

 

“We’re not going to control diseases just with vaccines,” 

he reminded the panel. “Many other management  

practices come into play. So, don’t ever truncate all 

those factors — diagnostics, biosecurity, pig flow,  

managing co-infections — when adopting new  

vaccination strategies. Everything’s connected. There’s 

never a silver bullet.”

( )We had one unvaccinated sow herd that had a  
dramatic outbreak, but normally sow herds are not 
an issue — it’s the piglets.

“
”

BOB THOMPSON, DVM



Beyond nutrition and starting with a healthy pig,  

employees themselves can have a marked impact on 

the success of controlling influenza A virus in 

swine (IAV-S).  

 

Marie Culhane, DVM, PhD, associate professor at  

the University of Minnesota’s College of Veterinary  

Medicine, pointed to the challenges of staying ahead  

of a constantly evolving virus and slowing transmission 

from humans to pigs.  

 

“One of the factors that drives influenza change is  

continuous introduction of virus from humans into 

pigs,” she said. “We want to not only vaccinate pigs but 

also have good biosecurity and hygiene protocols, such 

as asking employees to wear gloves and masks when 

having contact with pigs.” 
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ON-SITE TESTING 

 

Pointing to a test approved by the Clinical Laboratory 

Improvement Amendments (CLIA) as well as a  

non-CLIA test for influenza A, Culhane stressed the  

need for on-site influenza testing for employees.   

 

“On our farms we would use the non-CLIA tests,” she 

said. “Ideally, to test for influenza A in humans, we 

would have to partner with public health, but there  

are people who do want to partner with us.” 

 

Martin Mohr, DVM, with Mohr Vet in Springfield,  

Minnesota, also voiced concern about workers  

infecting pigs with influenza.  

 

“The human component [of influenza transmission] 

needs to be studied, because a big percentage of  

the H3 human links are present in the cases that  

Marie [Culhane] has seen,” he said, pointing to work  

at the University of Minnesota.  

 

“They also seem to be more severe, especially in  

growing pigs, so that’s a bigger challenge when it 

comes to the impact of influenza.” 

 

 

SHARING CREWS 

 

Culhane expressed surprise at how many producers 

share crews to perform specific tasks like construction, 

vaccination or load-out. 

 

“Is that crew abiding by the same biosecurity as your 

regular farm staff? Maybe that’s where influenza is  

coming in,” she said.  

 

“In human studies, wearing a mask decreases flu spread, 

because it catches the influenza droplets,” Culhane said. 

“When you wash your hands, you wash the droplets off. 

In addition, getting people vaccinated is another way 

we may be able to control influenza.” 
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We want to not only  

vaccinate pigs but also have 

good biosecurity and  

hygiene protocols, such as 

asking employees to wear 

gloves and masks when  

having contact with pigs.

“

”
MARIE CULHANE, DVM, PHD
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