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Prevalence
Bovine respiratory disease (BRD) is one of the most common 
and costly diseases affecting beef and dairy cattle of all age 
groups and production classes in North America. Recent stud-
ies have shown that BRD affects nursing beef calves on more 
than 20% of cow-calf operations in the United States and is re-
sponsible for more than 90% of all morbidity and mortality on 
stocker operations.1-3 In feedlots, BRD affects nearly 20% of all 
animals on feed and is responsible for approximately 75% of all 
morbidity and 50% of all mortality. Similarly, BRD is estimated 
to affect more than 22% of all nursing dairy calves and is re-
sponsible for approximately 20% of all deaths that occur in this 
population.4 Moreover, BRD is the leading cause of morbidity 
and mortality in weaned dairy heifers and this single disease 
syndrome is responsible for nearly 60% of all producer report-
ed deaths in this age group. 

Economic impact
The economic impacts of BRD can be significant, as demon-
strated by losses of more than $260 million in cow-calf and $2 
billion in stocker and feedlot operations annually.5 Indeed, the 
Texas A&M Ranch to Rail studies conducted from 1992-2001 
found that cattle diagnosed with BRD were worth $50-150 less 
than cattle that remained healthy.5 In nursing dairy calves, the 
short-term and long-term costs of BRD have been estimated to 
exceed $42 and $280 per affected animal, respectively.4 Direct 
costs associated with losses due to BRD come from pharmaceu-
ticals and biologics (antimicrobials, anti-inflammatories, vac-
cines, etc.) used for disease prevention, treatment and control, 
as well as reductions in animal performance (reduced average 
daily gain, poorer carcass quality, longer days on feed, lower 
lifetime milk production, etc.).6 In addition, cattle that suc-
cumb to BRD bear production costs incurred up to the time of 
death, the opportunity cost of failure to market the animal or 
failure of the animal to enter future stages of production (lacta-
tion, feeding, etc.), and the costs of carcass disposal.6

Emerging Issues
An increasing prevalence of antimicrobial resistance (AMR) 
in bacterial respiratory pathogens and the negative impacts 
of BRD on animal welfare are two of the most significant is-
sues facing the cattle industry as it relates to BRD. While BRD 
is a multifactorial disease syndrome with numerous risk fac-
tors, bacteria are ultimately responsible for the clinical signs 
observed in affected cattle. For this reason, antimicrobials are 
a mainstay of BRD treatment and control; however, antimicro-
bial resistance is an emerging issue in common bacterial BRD 

pathogens and isolation of multi-drug resistant (MDR) strains 
harboring integrative conjugative elements (ICE) has become a 
more frequent occurrence.7-11 The emergence of MDR bacterial 
strains could complicate the treatment of animals with clinical 
BRD, making some animals less likely to respond to antimicro-
bial administration, a factor that perpetuates the negative eco-
nomic impact of BRD. In addition, the use of antimicrobials in 
production animal agriculture has come under intense scrutiny 
by consumers, human health professionals and regulatory or-
ganizations. Driven by concerns that overuse of antimicrobials 
in animal agriculture contributes to antimicrobial resistance 
challenges being faced in human medicine, numerous new 
regulations have been implemented that affect both the use and 
availability of commonly used, medically important antimicro-
bial agents. Moreover, consumer demand for antibiotic-free, 
all-natural, and organic animal products continues to increase 
and will further serve to place pressure on cattle producers and 
veterinarians to reevaluate their antimicrobial use and pre-
scribing habits. 

 As it relates to animal welfare, it is important to recognize 
that welfare plays an increasingly important role in the public 
perception of animal agriculture and consumer purchasing 
decisions. Additionally, veterinarians are ethically bound to 
recognize and respond to impaired animal welfare as part of 
the veterinary oath. Thus, it is imperative that welfare be at 
the forefront of all considerations and discussions regarding 
management of cattle health so that our social license to oper-
ate can be maintained. In the case of BRD, many risk factors 
for disease development are known, and numerous studies 
have shown that common management practices (weaning, 
vaccination, deworming, adaptation to feed bunks and water 
troughs, provision of shade, increasing nutritional plane, etc.) 
can be used to reduce disease prevalence. Nevertheless, these 
practices are not commonly adopted and, despite decades of re-
search and the widespread availability of effective vaccines and 
pharmaceutical agents, neither the prevalence nor impact of 
BRD have changed over time. Instead, deleterious management 
practices remain commonplace, complicating our best efforts 
to mitigate the impact of this complex disease syndrome. For 
example, less than 40% of U.S. cow-calf producers vaccinate 
calves against common viral respiratory pathogens between 
birth and weaning and fewer than 60% of bull calves are cas-
trated prior to sale. In addition, more than 40% of cow-calf pro-
ducers sell calves the same day they are weaned and, of those 
that do keep calves on farm after weaning, less than 70% keep 
calves for the recommended 45-day preconditioning period. 
Moreover, feeder calves are often transported in small spaces 
over long distances without regular access to feed or water and 
commingled with cattle from many different operations, fac-
tors that result in increased levels of psychological and physi-
ologic stress. There is also an increasing amount of evidence 
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suggesting that BRD can be associated with significant pain and 
discomfort. Over the long term, addressing these issues will 
require forward-thinking leadership, honest and open discus-
sions amongst all industry stakeholders, sincere effort and fi-
nancial incentives.

Beef stocker industry – structure, 
function and challenges
Although often seen as a single entity, the North American beef 
industry is divided into multiple distinct segments that operate 
with different management focuses and end goals in mind. One 
critically important segment of the beef industry is the stocker 
segment, as stockers represent a link between cow-calf produc-
ers and cattle feeders. In the US, between 2/3 and 3/4 of calves 
spend some amount of time in a stocker-type facility before en-
tering a feedlot. One of the reasons for this is that cow-calf op-
erations market calves on a semi-seasonal schedule with most 
calves being marketed in the early to late fall. Cattle feeding, 
however, is constant throughout the course of the year so that 
industry and consumer needs can be effectively met. Stocker 
operations play a critical role in managing this seasonal and ir-
regular supply of feeder cattle, buffering both excess and inad-
equate animal availability. 

More importantly, however, cultural and economic factors of-
ten result in North American cow-calf producers marketing 
calves before they are adequately prepared for finishing. As a 
result, stocker facilities often purchase cattle in small lots and 
the cattle in these lots are usually lightweight, in poor nutri-
tional status, recently weaned, of unknown health status (i.e., 
unvaccinated, not dewormed), and males often remain intact. 
These cattle are then commingled with cattle from multiple 
other sources to build larger groups. Dehydration and negative 
energy balance are also common due to long transport distanc-
es and limited access to water and feed being a part of this pro-
cess. Ultimately, stocker enterprises function to improve the 
health and well-being of mismanaged calves, with a particular 
focus on improving immune status, adding weight and sort-
ing cattle into groups of uniform size, weight and color. These 
practices allow stocker calves to be marketed to cattle feeders 
as a value-added product. Without this industry segment, many 
North American cow-calf producers would have little to no po-
tential to market their cattle in a cost-effective manner. As a 
result, stocker operators provide a way for small-scale cow-calf 
producers to remain viable and competitive in the modern beef 
industry. Thus, the stocker segment is a significant contribu-
tor to the US agricultural economy and the sustainability of the 
U.S. beef industry. 

Unfortunately, the very factors that make stocker operations 
an integral component of the beef industry also increase the 
risk that BRD will develop in a high proportion of calves. The 
inherent structure of the beef cattle marketing system and pro-
cedures commonly performed at the time of initial animal pro-
cessing impose a significant amount of stress on the animal’s 
normal homeostatic mechanisms. Indeed, the processes of 
weaning, marketing, transportation, and adapting to high ener-
gy density feedlot rations likely represent the most challenging 
experiences a calf will ever face. These stresses can be mani-
fested in several ways and include: 1) disruption of the hypotha-
lamic-pituitary-adrenal (HPA) axis; 2) alterations in energy and 
protein metabolism; 3) decreases in appetite and growth rate; 4) 
changes in immunologic function; and 5) compromised rumen 
function. In the end, these different factors interact to increase 

susceptibility of stocker calves to infection with viral and bac-
terial pathogens ubiquitous in their environment and nega-
tively affect health, well-being, productivity, and profitability. 
Therefore, the goals of these proceedings are to describe how 
stresses imposed upon stocker cattle affect physiologic and im-
munologic function and use this information to provide recom-
mendations for the design of practical, evidence-based receiv-
ing programs with a particular focus on arrival facility design, 
vaccines, immunostimulants and metaphylaxis.

Stress – definition, purpose, physiology 
and pathologic effects
Definition and purpose	
Simply defined as the non-specific response of the body to 
change, stress represents the psychological, emotional, or 
physiologic strain imposed by exposure to adverse circum-
stances.12,13 Stress responses are mediated through an inter-
action of body systems that activate the sympathetic-adreno-
medullar (SAM) axis, the HPA axis, and immune system. Stress 
responses allow the body to adapt to internal or external chal-
lenges faced by an animal, with the ultimate goals being re-
moval of the animal from a stressful environment, prevention 
or attenuation of tissue damage, and restoration of psychologic 
and physiologic homeostasis. Nevertheless, when a specific 
stress or series of stressors are overly intense, repetitive, or 
prolonged, stress responses become maladaptive and can be 
detrimental to host physiology. These types of stresses cause 
anxiety, alter appetite, stimulate mobilization of muscle and 
fat, and precipitate the mounting of dysfunctional, and poten-
tially harmful, immune responses. 

Physiology
There are 2 affective systems in the brain that drive an animal’s 
psychological and physiologic responses to stressful situa-
tions.14 The first, the fear system, is localized to the amygdala 
and, when stimulated, promotes activation of the autonomic 
nervous system and secretion of both catecholamines and cor-
tisol from the adrenal gland. The second, the separation dis-
tress system, is in the stria terminalis of the thalamus and is ac-
tivated when youngstock are separated from their dam, single 
animals are separated from their herd mates, and when ani-
mals are placed into novel social structures.14 Like the effects 
of fear system activation, stimulation of the separation distress 
system increases secretions from the adrenal gland. 

Once the fear and/or separation distress systems have been ac-
tivated, stress responses are initiated. There are 2 components 
to the stress response: 1) A fast response mediated by the SPA 
axis and 2) a slow response mediated by the HPA axis. Activa-
tion of the fast response results in increased secretion of epi-
nephrine and norepinephrine from the adrenal medulla. These 
hormones function to increase blood pressure and heart rate, 
as well as stimulate gluconeogenesis and lipolysis. In addition, 
intestinal motility is reduced, bronchioles are dilated, and be-
havioral changes such as arousal, agitation and alertness occur. 
Activation of the slow response causes release of cortisol into 
the circulation. Cortisol and other steroid hormones function to 
enhance catecholamine release and upregulate the expression 
of catecholamine receptors, antagonize the effects of insulin, 
mobilize body energy stores, stimulate the resorption of water 
and electrolytes in the kidney and, ideally, reduce the magni-
tude of inflammatory response. In the end, these responses are 
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designed to conserve and maintain energy supply, sustain fluid 
and electrolyte homeostasis, reduce inflammation, and remove 
unnecessary or malfunctioning cellular components to support 
the physiologic functions needed to adequately manage stress-
ful situations. 

Pathologic effects
Role of stress in the development of BRD
In both people and mice, a link between respiratory infections 
and common stressors has been suggested. Numerous epidemi-
ologic studies have found that, when people are exposed to psy-
chological stressors, the incidence and severity of respiratory 
infections increases. Indeed, when experimentally challenged 
with a laboratory strain of Influenza A, people experiencing 
higher levels of psychological stress had increased plasma con-
centrations of IL-6 and greater clinical symptom scores than 
those with lower levels of stress. In mice, the effects of stress 
on respiratory infections are more nuanced.15-17 For example, 
restraint stress imposed prior to experimental infection with 
Influenza A was found to reduce both the production of pro-
inflammatory cytokines and infiltration of immune cells into 
the lung.18 Additional work found that administration of RU486, 
a selective glucocorticoid receptor antagonist, resulted in en-
hanced pro-inflammatory responses and increased mouse 
mortality, a finding that confirmed corticosteroid hormones 
were responsible for the disease modifying effects of restraint. 
In contrast, stress imposed through social reorganization was 
found to increase cellular infiltration into the lung, as well 
as disease severity and mortality following Influenza A chal-
lenge.16 Interestingly, the increased mortality seen in this study 
was found to correlate with a state of corticosteroid insensi-
tivity induced by high concentrations of nerve growth factor 
(NGF).15 Thus, it appears as though that the nature and type of 
the stressor imposed upon the animal can have conflicting ef-
fects on the immune response to subsequent infection and con-
tribute to the marked differences seen across different studies. 

Stocker calves are exposed to considerable amounts of stress 
and encounter a wide variety of stressors during the wean-
ing, marketing and transportation processes. Of these stress-
ors, weaning and disruption of established social structures 
are likely the most significant. Previous work has shown that 
weaning and disruption of social structure cause significant 
increases in epinephrine and norepinephrine.19 Also, weaning 
and social disruption, when combined with transport, result 
in increased serum cortisol concentrations, as well as altera-
tions in protein and fatty acid metabolism/excretion. More re-
cent work, however, has shown that the effects of weaning and 
transport stress on serum cortisol concentrations, when evalu-
ated serially with more clinically relevant stress models, might 
be more complex than previously described. A study by Hudson 
et al found that peak serum cortisol concentrations in stressed 
calves were nearly 30% lower than peak cortisol concentra-
tions in control calves.20 Moreover, concentrations of cortisol 
measured serially in the serum of stressed steers were approxi-
mately 50% lower than what was measured in control steers.20 
Another study evaluating a model of weaning stress combined 
with experimental challenge with both bovine herpesvirus-1 
(BHV-1) and M. haemolytica (Mh) found that patterns of serum 
cortisol secretion mimicked that of Hudson et al, with stressed 
calves having lower peak cortisol concentrations and reduced 
cortisol persistence.21 In fact, the duration of hypercortisolaemia 
in stressed calves was less than half that of the control calves.21

In addition to stimulation of stress responses, weaning and so-
cial reorganization have profound impacts on local and system-
ic immune responses. Historically, it has been assumed that 
the increase in catecholamines and cortisol seen in traditional 
stress models had an immunosuppressive effect. New evidence, 
however, has begun to challenge this assumption. Studies per-
formed using isolated populations of neutrophils and eosino-
phils have shown that both epinephrine and norepinephrine 
increase the production of reactive oxygen species and the 
expression of CD11b, molecules responsible for pathogen kill-
ing, facilitation of leukocyte migration and pathogen phagocy-
tosis.22 Also, serum concentrations of haptoglobin have been 
found to increase more than 3-fold in stressed calves when com-
pared to unstressed calves.20,21 Work performed by researchers 
in the UK evaluating immune responses associated with wean-
ing stress found that weaning stress increased the expression 
of genes for the pro-inflammatory cytokines IL-1β, IL-8, IFN-ℽ, 
and TNF-α, as well as the receptor for endotoxin, TLR4.23,24 Ad-
ditionally, there was decreased expression of genes encoding 
glucocorticoid receptors. This same group, using RNA-Seq tech-
nology, found that expression of genes encoding pro-inflam-
matory cytokines, chemokines, and integrins was consistently 
upregulated in calves subjected to weaning stress and these re-
sponses were maintained for up to 7 days following weaning.24 
Studies from researchers at Mississippi State University evalu-
ating the transcriptomic profile of cattle arriving at a stocker 
research facility found that genes promoting immune activa-
tion were upregulated in the blood of auction market derived 
calves when compared to unstressed, single-source controls. 
More specifically, auction market derived calves had increased 
expression of genes associated with enhanced innate immune 
responses and microbial killing, interferon production, and 
TLR4.25-27 Stressed calves were also found to have a decrease in 
expression of genes associated with mediation of inflammatory 
responses. This change was found to involve a decrease in the 
expression of genes for pro-resolvin mediators and endogenous 
metabolism of angiotensinogen.27

Stress-pathogen synergy and BRD
While the development of BRD has been linked to weaning 
stress and social reorganization, severe and fatal cases are 
most often seen when a primary viral infection allows for colo-
nization of the lungs with bacterial pathogens. Viral infections 
of the bovine respiratory tract damage epithelial cells and 
the function of neutrophils and macrophages within the air-
way.28,29 Additionally, common viral pathogens, namely bovine 
respiratory syncytial virus (BRSV) and coronavirus, have been 
shown to upregulate the expression of various receptors that al-
low for pathogenic bacteria to adhere to respiratory epithelial 
cells and invade the lower airway. Also, it has been shown that 
coinfection of isolated lung cell cultures with BRSV and P. mul-
tocida (Pm) results in an increase in the expression of numer-
ous pro-inflammatory cytokines. In a study evaluating a model 
of weaning stress combined with experimental challenge with 
both bovine herpesvirus-1 (BHV-1) and M. haemolytica (Mh) 
concentrations of the proinflammatory molecules haptoglo-
bin, IFN-γ, and TNF-αin the serum of stressed calves were sig-
nificantly higher than in control calves following challenge.21 
Moreover, expression of genes encoding CD14 and TLR4 in iso-
lated populations of peripheral blood mononuclear cells was 
also significantly higher in stressed than control calves.21 In the 
end, stressed calves had a mortality risk (80%) more than dou-
ble that of control calves (40%).21 From this work, it appears as 
though stressors, viruses, and bacteria interact synergistically 
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with one another to enhance the inflammatory response caused 
by infection of the lower respiratory tract with common patho-
gens. Much of this enhanced inflammatory response seems to 
be mediated by a combination of elevations in epinephrine/
norepinephrine, reduced cortisol peak/persistence and viral in-
fection of the respiratory tract, factors that results in increased 
production of pro-inflammatory molecules, decreased produc-
tion of anti-inflammatory molecules, and enhanced attachment 
of bacterial pathogens to the respiratory epithelium. 

Thus, the relationship between stress, BRD, and pulmonary 
pathology is complex, involving multiple body systems and ex-
posure to pathogenic microorganisms. Nevertheless, the com-
mon stressors imposed upon the typical stocker calf seem to 
promote inflammation rather than dampen it. In other words, 
in the same way that acute stress responses prepare an animal 
to mount an effective and efficient fight-or-flight response, it 
also prepares the immune system for challenges commonly 
encountered as part of the stressful event. In summary, data 
would suggest that when calves are provided a period of adapta-
tion prior to a stressful event (i.e., preconditioning), are spared 
significant social disruptions, or have health managed appro-
priately, cortisol concentrations rise and persist at appropri-
ate levels until the stressor is removed. This adaptive response 
likely allows the animal to shunt metabolic resources to tis-
sues needing them most and successfully dampen deleterious 
pro-inflammatory immune responses to preserve physiologic 
homeostasis following exposure to infectious agents. However, 
when a stressful episode is prolonged or severe, episodes are 
repetitive, or no prior period of adaptation is provided (i.e., 
abrupt weaning combined with long distance transport and 
social reorganization) prior to the event, stress responses be-
come dysregulated. This likely results from disruption of the 
HPA axis, hypocortisolaemia, and/or glucocorticoid resistance. 
These factors, combined with exposure to novel respiratory 
viruses and pathogenic bacteria, prevent the animal from con-
trolling wayward immune responses and lung pathology is sub-
sequently enhanced. 

Managing high-risk calf health – 
arrival facility design, vaccination, 
metaphylaxis and immunostimulants
Overview
Because of the effects that stress, pathogen exposure and im-
mune dysfunction have on the health of high-risk calves, they 
are put into stocker production systems to most efficiently ad-
dress challenges associated with the increased risk of BRD 
commonly seen in these populations. As a result, veterinar-
ians consulting with stocker operations spend a large part of 
their time developing arrival health programs. Volumes of 
scientific information regarding the design of effective arrival 
protocols have been published and practitioners often combine 
these data with personal observations, clinical experience and 
knowledge of different production systems to develop protocols 
tailored to individual operations. Nevertheless, no one protocol 
is appropriate for all operations and there is tremendous oppor-
tunity to refine health protocols using rational, evidence-based 
and sustainable decision-making principles.

Of the various tools used to mitigate the impact of BRD of 
stocker calves at the time of arrival processing, the use of 
vaccines, metaphylaxis and immunostimulants has received 
the most consistent and well-researched attention. While 

pharmaceuticals and biologics are considered the standards 
for management of BRD risk in stocker facilities, arrival facil-
ity design and considerations related to animal flow are often 
overlooked. Proper facility design allows for the development 
of efficient and effective biocontainment and biosecurity pro-
tocols. It also assists with management of environmental ex-
tremes and facilitation of recovery from transportation events 
by allowing for the provision of high-quality feedstuffs, clean 
water and comfortable resting areas. Surveys have shown that 
nearly 100% of calves classified as high-risk will receive at least 
1 vaccine at arrival processing and another 53% will be revac-
cinated between 14 and 21 days on feed. These same surveys 
also found that nearly 100% of consultants recommend the use 
of metaphylaxis to control BRD. Unfortunately, results of trials 
evaluating the use of modified-live vaccines in stocker calves at 
the time of arrival processing have been conflicting and some 
data would suggest that this practice might be more harmful 
than it is beneficial. Also, not all antimicrobials labeled for 
metaphylactic use have equivalent efficacies and the emergence 
of MDR bacterial pathogens following metaphylaxis is a threat 
to the long-term sustainability of this practice. While the use of 
immunostimulants has not been evaluated to the same extent, 
several recent studies have evaluated their impact on morbid-
ity, mortality and performance in experimental and commer-
cial settings and the results of these trials, while somewhat lim-
ited, show promise. With these things in mind, the remainder 
of these proceedings will focus on how the rational implemen-
tation of these tools can be used to improve stocker calf health 
and welfare, as well as to enhance operational productivity and 
profitability. 

Arrival facility design
It has been the author’s observation that facilities designed to 
receive cattle are poorly designed and inadequately utilized. 
Facilities are often too small for their intended use, and this ne-
cessitates regrouping and resorting arrival cohorts, factors that 
further increase social stresses experienced by stocker calves. 
Also, the size of the carryover population (i.e., processed calves 
that remain in the receiving facilities as new groups arrive) can 
be substantial on some operations and this allows for carryover 
of pathogens from one group to the next. In addition, receiving 
areas are often unshaded, poorly ventilated and, in some cases, 
have substantial amounts of mud/manure accumulation. Poor 
management of these areas can lead to increased nutritional 
demands, reduced performance, decreased comfort, and high-
er levels of morbidity and mortality.

As a general practice, receiving pens should be managed on an 
all in-all out basis and resident cattle populations should never 
be kept in or near the arrival barn to reduce sharing of patho-
gens among groups. They should also be designed so that each 
calf has least 14-20 sq ft of space and, at times of the year when 
heat is of concern, a minimum of 2m2 of shaded area/calf (natu-
ral or artificial) should be provided. Because newly received 
cattle will often walk the periphery of their enclosure, feed 
bunks and water troughs should be placed along fencelines and 
oriented perpendicularly to the long axis of the fence to force 
cattle to run into them. There should be 18-24 linear inches of 
feed bunk space and 2 linear inches of water trough space per 
calf to provide enough space for all cattle to eat and drink with-
out antagonistic social interactions. It is often recommended 
that feed be placed in bunks prior to arrival and that this feed 
be top-dressed with high-quality grass hay to stimulate feed 
intake and reinvigorate rumen microbes. Waterers should be 
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allowed to overflow so that the sounds of running water are 
recreated and water flow should be such that it allows the con-
sumption of up to 15L water/100 kg of BW/day during hotter 
times of the year. 

Vaccination
Vaccination against common viral and bacterial respiratory 
pathogens is a frequently used and almost universally pre-
ferred approach for controlling BRD in almost all cattle popula-
tions and studies have shown that nearly all North American 
stocker calves are given a vaccine at the time of arrival process-
ing. Even though the use of vaccines is common, there is very 
little evidence to available to support this practice. In fact, a re-
cently published systematic review and network meta-analysis 
showed no evidence to suggest that the use of viral or bacterial 
vaccines at or near arrival reduced the incidence of BRD in 
feedlot cattle.30 Moreover, results of recent trials would suggest 
that arrival viral vaccination might, in certain situations, even 
serve to enhance BRD-associated BRD morbidity and mortality. 
Indeed, a meta-analysis recently published by our group found 
that vaccination (arrival or delayed) had no impact on morbid-
ity but showed that delaying vaccination by 2-4 weeks reduced 
mortality by nearly 20%.31 As a result, there has been an in-
creasing amount of focus given to delaying vaccination for 14-30 
days to allow stress responses and immune function to return 
to a homeostatic state. This work has shown that delaying viral 
vaccination by 2-4 weeks can improve performance, reduce 
relapse risk, decrease mortality, and increase profit per heifer 
sold when compared to arrival vaccination or no vaccination at 
all.31-33

In one study that evaluated the effect of arrival vs. delayed viral 
vaccination, 528 high-risk calves were assigned to either an ar-
rival vaccination or delayed vaccination (14-days after arrival) 
group.34 Calves in the delayed vaccination group had improved 
performance and numerically less BRD-associated morbidity 
and mortality. Another study that enrolled nearly 5200 auction 
market derived heifers found that calves receiving their first 
viral vaccine 30 days following arrival had a reduced risk of sec-
ond treatment and numerically lower risks of overall morbidity, 
total mortality and BRD-associated mortality than calves vacci-
nated at arrival.33 In another trial that evaluated the impact of 
arrival vaccination on BRD morbidity and mortality, 80 auction 
market derived calves were assigned to receive either an arrival 
viral vaccine or no vaccine at all. In the calves that received an 
arrival vaccine, BRD-associated morbidity and mortality were 
3.2 and 8.3 times higher, respectively, than in calves that did 
not receive a vaccine.35 In a study that enrolled 370 high-risk 
calves and evaluated the effects of arrival viral vaccination, de-
layed viral vaccination or no vaccination, calves in the delayed 
vaccination group had significantly higher average daily gain 
and a lower risk of relapse than calves assigned to the 2 other 
treatment groups.36 In another trial in which 2,600 high-risk 
heifers were enrolled to evaluate the effect of 3 different vac-
cine programs on health and performance, overall mortality 
and case fatality risk were lower, while profit/heifer sold was 
$10-20 higher in the delayed vaccination group than in the 2 ar-
rival vaccination groups.32

In contrast to viral vaccines, the use of vaccines labeled control 
of BRD associated with bacterial pathogens show more prom-
ise, specifically those products commonly used for reduction 
in disease prevalence and severity associated with Mh. Cur-
rently available vaccines contain either modified live Mh and/
or Pm, inactivated bacteria, leukotoxin, or leukotoxin and other 

bacterial products. A meta-analysis published in 2012 evaluat-
ing the available published research found that Mh vaccines 
significantly decreased BRD morbidity and tended to reduce 
crude mortality in feedlot cattle and beef and dairy calves.37 In 
fact, this study showed that morbidity and mortality associated 
with BRD in cattle were reduced by 7% and 24%, respectively, 
in vaccinated cattle.37 Nevertheless, a more recently published 
meta-analysis found that there were too few published trials us-
ing bacterial vaccines in comparable populations to perform a 
formal statistical analysis.38 Therefore, while the use of these 
products for reducing disease prevalence and severity is in-
triguing, more data derived from well-designed clinical trials 
are needed before their ultimate benefit can be fully assessed. 

Metaphylaxis		
Despite decades of research, the risk of morbidity and mortal-
ity associated with BRD has remained relatively unchanged 
and common interventions (i.e., vaccination) have been shown 
to have little impact on its incidence. However, the use of anti-
microbial metaphylaxis in animals considered to be high-risk 
for the development of clinical BRD has been shown to reduce 
morbidity and mortality significantly when compared to con-
trols. Work recently published by our group showed that cattle 
receiving metaphylactic tulathromycin were 78% less likely to 
be treated for BRD than cattle given saline.3 Similarly, Crosby 
et al found that cattle given tulathromycin at the time of arrival 
processing were 3 times less likely to be treated for BRD than 
untreated controls.8 Additionally, these same trials showed sig-
nificant improvements in animal performance with cattle re-
ceiving metaphylaxis gaining 0.15-0.32 kg/day more than cattle 
that not treated.3,8 In the end, it has been estimated that the 
use of metaphylaxis in fed cattle has a direct net return of more 
than $530 million and that eliminating metaphylaxis would re-
sult in nearly $2 billion in surplus losses to beef producers.39

Today, multiple antimicrobials are labeled for metaphylac-
tic use and the decision to use a specific antimicrobial is of-
ten based on combinations of label approvals, efficacy (real 
or perceived), cost-effectiveness, and familiarity.40 What is 
most important to the clinician prescribing antimicrobials 
for metaphylactic use, however; is clinical efficacy. Choosing 
metaphylactic antimicrobials with greater efficacy has the po-
tential to enhance economic returns to the operation by reduc-
ing morbidity, retreatment, and case fatality risks, as well as 
enhancing performance. In the ideal world, conclusions related 
to efficacy are based on evidence from well-designed, random-
ized, controlled clinical trials. Fortunately, multiple clinical tri-
als have been performed to investigate the comparative efficacy 
of the various antimicrobials commonly used for metaphylaxis 
and, in recent years, several meta-analyses have been pub-
lished to summarize the results of these trials. A meta-analysis 
is a statistical representation and summary of the results of 
multiple studies. These types of studies provide a combined 
effect size of a specific intervention across multiple studies 
and provide the results in a single location. The results of one 
meta-analysis showed that macrolide antimicrobials, specifi-
cally tulathromycin, tilmicosin and gamithromycin, were more 
efficacious than other antimicrobials evaluated.41 A mixed-
treatment meta-analysis published in 2020 showed similar re-
sults, with macrolide antimicrobials, namely tulathromycin 
and gamithromycin, ranking consistently higher than all other 
antimicrobial classes.42 In addition to meta-analyses, the NNT 
statistic has been used to evaluate antimicrobial efficacy.43 The 
NNT is the reciprocal of the attributable risk reduction (ARR), 
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a parameter that describes the difference in the probabilities 
of an event occurring in control and treatment groups.43 Com-
pared to the ARR, the NNT is more straightforward to interpret 
and is defined as the number of treatments needed to make a 
difference in the outcome of 1 patient. The use of NNT, by ex-
pressing the effect of the drug relative to the likelihood of re-
covery of untreated controls, has the added benefit of incorpo-
rating the severity of the disease challenge into the estimate of 
drug effect.43 When efficacy is evaluated using the NNT statis-
tic, the NNT for macrolides ranges from 2-3 while the NNT for 
other antimicrobial agents ranges from 7 to more than 10.43

Historically, the efficacy of metaphylaxis was rooted in the ef-
fect of the antimicrobial effect of the administered drug on 
pathogenic bacterial populations. While some of the numerous 
benefits of metaphylaxis are certainly related to treatment of 
animals with subclinical disease at the time of drug adminis-
tration, it is likely that metaphylaxis also modifies the epidemi-
ologic parameters associated with BRD outbreaks in high-risk 
cattle populations.44 More specifically, metaphylactic antimi-
crobial administration reduces the susceptibility of animals 
to BRD by reducing bacterial burdens to a level that is below a 
threshold sufficient to cause clinical disease. During this time, 
stress responses dissipate, and protective immune responses 
are mounted. Once therapeutic antimicrobial concentrations 
are no longer present, specific immunity is at such level that 
calves remain healthy in the face of additional challenge.44

In addition to their disease modifying effects, the macrolides 
have been shown to have potent immunomodulatory proper-
ties.45-47 Work performed with this class of antimicrobials in 
both cattle and swine has shown that these drugs reduce the 
secretion of IL-8 from activated immune cells, decrease the 
production of reactive oxygen species, induce apoptosis in ac-
tivated neutrophils, and enhance macrophage-mediated clear-
ance of necrotic cells.46,47 Also, tulathromycin has been shown 
to prevent alterations in neutrophil phagocytic function caused 
by infection with viral respiratory pathogens. In live animals, 
these immunomodulatory effects have been shown to reduce 
pulmonary damage and progression of existing pulmonary le-
sions. Thus, the macrolides, in addition to their antimicrobial 
activity, dampen pro-inflammatory immune responses and 
have pro-resolving effects that are likely responsible for their 
clinical effects. Therefore, metaphylaxis effectively functions 
as a modifier of the disease reproduction factor (R0) by forc-
ing a temporary change in the susceptible population that al-
lows animals to move permanently to a resolved/resistant state 
through a combination of pathogen burden reduction, promo-
tion of specific immunity, and modulation of inflammatory 
responses. 

While the use of metaphylaxis has significant benefits for the 
stocker producer, this practice is not without its detriments. 
Recent trials have shown an association between the use of 
metaphylaxis and the emergence of MDR bacterial isolates in 
high-risk calves.8 In addition, metaphylaxis has been shown 
to increase total antimicrobial use relative to the use of a pull-
and-treat strategy.3 With the public perception of antimicrobial 
use in animal agriculture being what it is, it is necessary to 
revisit the approaches taken when deciding whether metaphy-
laxis is justified in a specific population. Additionally, economic 
analyses have shown that identifying and focusing metaphy-
lactic therapy on only those groups of animals with the highest 
likelihood of BRD development has the highest potential for 
economic payback, a factor that becomes increasingly impor-
tant as animal prices, feed costs and cost of gain increase.48 It 

has been shown in one clinical trial that selective metaphylaxis 
with florfenicol in only calves with elevated rectal temperature 
was not significantly different from metaphylaxis of the entire 
group when considering clinical, pathological, and productivity 
outcomes. Another more recent trial using 216 lightweight beef 
steers found that the use of random metaphylaxis with tildip-
irosin in just 66% of calves was not different than medicating 
100% of animals when considering health outcomes. Moreover, 
this trial showed that production outcomes were maintained, 
total antimicrobial use was reduced, and medication costs per 
steer were decreased. Thus, the use of a precision medicine 
approach will become more important in the future and al-
low for treating animals selectively at the herd level. Taking a 
targeted, precision-oriented approach will allow producers to 
benefit from the numerous benefits of metaphylaxis, while also 
having the net effect of dissociating it from the negative conno-
tations that come with mass medication. Unfortunately, large 
scale data on when metaphylaxis can be selectively initiated 
are lacking. The lack of validated diagnostic tests that have ac-
ceptable sensitivity and specificity is a major limitation to such 
a strategy. Nevertheless, radio frequency identification (RFID) 
technologies, chuteside blood leukocyte differentials, and other 
precision technologies are under investigation and hold prom-
ise for the future. 

Immunostimulants
Immunologic dysfunction is common in high-risk stocker 
calves and modulation of these dysfunctional responses has the 
potential to be leveraged to improve outcomes in BRD-affected 
cattle. One of the best studied immunostimulants is Zelnate, 
a product containing non-coding DNA in a cationic lipid ma-
trix. This product is intended to modulate immune responses 
through activation of the innate immune system. In vitro work 
has shown that Zelnate activates IRF3 in innate immune cells 
via GAS-STING pathway.49 Activation of this pathway leads to 
the production of type I interferons and, while type I interfer-
ons are known primarily for their antiviral activity, they have 
also been shown to have potent anti-inflammatory effects. 
Work has shown that this interferon subtype increases con-
centration of the anti-inflammatory cytokine IL-10 in response 
to LPS exposure or viral infection. In addition, increased con-
centrations of type I interferons suppress the activity of the 
pro-inflammatory cytokines IFN-ℽ, TNF-α,IL-8, and IL-17. Also, 
type I interferons promote the differentiation and prolifera-
tion of regulatory T cells, suppress inflammasome activity, and 
stimulate lymphocyte apoptosis. Thus, stimulation of type I in-
terferon production could lead to a wide array of beneficial im-
munomodulatory functions in animals at risk for BRD. 

In an experimental challenge model, Zelnate was found to be 
safe for use and reduced both lung lesion severity (36% reduc-
tion) and mortality (5% vs. 20%) in treated animals.50 In a study 
evaluating delayed viral respiratory vaccination and immu-
nostimulant inclusion in an arrival protocol, the addition of 
Zelnate was found to reduce the number of cattle requiring 3 
treatments, BRD case fatality risk, BRD mortality, and overall 
mortality.33 In fact, cattle receiving Zelnate and subsequently 
diagnosed with BRD were 22% less likely to die than cattle not 
receiving treatment.33 In another trial comparing on-arrival 
treatment with tulathromycin or the combination of tulathro-
mycin and Zelnate, cattle given the combination treatment had 
a reduction in BRD-associated morbidity, BRD case fatality, and 
BRD-associated mortality.51 More recent work performed in 64 
single-source, recently weaned, cross-bred beef calves found 
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that calves treated with Zelnate had a tendency for improved 
performance (higher ADG and feed:gain) than control calves.52 
In addition, cytokine expression profiles in mononuclear cells 
isolated from treated calves were different than those of con-
trol calves, with calves given Zelnate having higher levels of 
IFN-ℽ and lower levels of IL-4 and TNF-α.52 These data suggest 
that Zelnate promoted the development of robust Th-1 immune 
responses and Th-1 responses are known to be important for 
protection against viral and extracellular bacterial infections. 
Interestingly, there was an outbreak of BRD that occurred dur-
ing the trial and 6 of the 63 cattle included in the study died. Of 
the 6 that died, 5 were in the control group and only 1 was in 
the treatment group.52 While these numbers are too small to 
make definitive conclusions, they do suggest that inclusion of 
Zelnate in a receiving protocol might have had a benefit on re-
ducing mortality in the recently weaned steers included in this 
study. Therefore, there is evidence to suggest that the use of 
Zelnate has the potential to improve performance, decrease the 
number of cattle requiring multiple antimicrobial treatments, 
reduce disease severity, and improve survival through restora-
tion of immune homeostasis through modulation of immune 
responses. 
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