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ABSTRACT: Bovine respiratory disease complex (BRDC) 
is a multi-factor disease, which increases costs and reduces 
revenue from feedlot cattle.  Multiple stressors and 
pathogens (viral and bacterial) have been implicated in the 
etiology of BRDC, therefore multiple approaches will be 
needed to evaluate and identify the genetic components 
associated with this disease.  Once host genetic factors have 
been identified, genetic markers may bridge the information 
gap between feedlots and the seedstock sector facilitating 
improvement in host resistance.  Management changes to 
reduce stress, improved vaccines, and sub-therapeutic and 
therapeutic use of antibiotics will continue to play key roles 
in managing BRDC.  Recent whole genome association 
studies studies indicate that there is indeed genetic variation 
in components of BRDC, which can be exploited to 
enhance disease resistance.  Correlated traits (e.g. vaccine 
response, lung lesions) will provide key information in 
probing genetics of disease resistance. 
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Introduction 
 

Bovine respiratory disease complex, sometimes 
classified as bovine pneumonia, is the most costly bovine 
disease in North America (Griffin (1997)).  In the United 
States, over 50% of feedlot deaths are attributable to BRDC 
and 13.4% of cattle placed in feedlots were treated for 
BRDC with an injectable antibiotic (NAHMS (2011)).  
Furthermore, over 90% of cattle are vaccinated on arrival in 
the feedlot for at least some component of BRDC, and 
approximately 21% are treated as a group with an injectable 
antibiotic on arrival as a preventative measure (NAHMS 
(2011)).  Selection for improved host resistance to BRDC 
would be effective and makes sense economically; Van 
Eenennaam and MacNeil (2011) estimated that the relative 
economic value of selection against BRDC incidence was 
37.7 times that of yearling weight (assuming BRDC 
heritability of 7%).  Given concerns about antibiotic use in 
livestock industries and costs of morbidity and mortality, 
any reduction in the incidence of BRDC would be 
beneficial.  Indeed, these concerns have led to BRDC being 
one of the most extensively studied (and funded) livestock 
diseases (Fulton, 2009).  However, most research has 
focused on prevention through vaccine development, 
clinical treatment, or management strategies.  Genetic 
selection for increased resistance or tolerance could be part 
of an integrated solution to reducing BRDC incidence. 

Unfortunately, like many diseases, selection for 
reduced incidence of BRDC is fraught with complications, 
not the least of which are numerous combinations of 
environmental, bacterial, and viral factors that are sufficient 
but not individually required to induce the disease (Taylor 
et al. (2010)).  Bishop and Woolliams (2010) describe the 

effect of incomplete exposure to a pathogen on biases in 
heritability and SNP estimates.  Because of multiple 
bacterial and viral pathogens causing the same set of 
disease symptoms in BRDC, this potential for bias is 
compounded as different contemporary groups are likely 
exposed to variable levels of multiple heterogeneous 
pathogens.  Even with diagnostic testing to identify causal 
agents from clinically diagnosed animals within 
contemporary groups, the challenge of quantifying variation 
in epidemiological descriptors (prevalence, sensitivity, 
specificity, infection pressure, infectiousness) described by 
Bishop et al. (2012) and Lipschutz-Powell et al. (2014) is 
compounded by multi-factorial nature of this complex.  
Other difficulties such as a high prevalence of subclinical 
animals as observed by lung lesions at slaughter (e.g., 
Whittum et al. (1996)) and accuracy of diagnosis from signs 
and symptoms resulting from other disorders (e.g., body 
temperature from acute acidosis) further complicate the use 
of BRDC field data in genetic selection programs.  

Because of these difficulties with observed 
diagnostic and treatment records as well as the general 
disconnect between feedlot animals where BRDC is most 
prominent and the seedstock sector, traditional genetic 
evaluation tools are not likely to be useful for selection.  
Genomic tools are needed to bridge the gap between 
feedlots (where BRDC happens) and the seedstock sector 
(where genetic improvement happens).  Thus, research 
efforts have focused on providing genomic tools to export 
to seedstock populations (e.g., USDA Bovine Respiratory 
Disease Complex Coordinated Agricultural Project; 
www.brdcomplex.org; BRDCAP).   

This paper seeks to make a case for genetic 
strategies to improve selection programs for resistance or 
tolerance to BRDC.  Herein, we briefly summarize 
pathogens and environmental conditions known to cause 
BRDC, review previous genetic and genomic literature in 
the area, and suggest possible strategies for future genetic 
work in genetics of BRDC.   

 
BRDC Factors 

 
Clinical symptoms of BRDC include fever, 

lethargy, loss of appetite, nasal discharge, eye discharge, 
coughing, rapid or difficult breathing, and ear droopiness.  
None of these symptoms are absolute and many will be 
observed at different stages or with different causal 
pathogens.  The non-specific nature of this list of symptoms 
is not surprising given the large number of pathogens that 
can cause these symptoms.  In addition, the presence of sick 
animals is usually the ‘tip of the iceberg” in that there will 
likely be contemporaries with subclinical BRDC wherever 
there are obvious sick animals.  The combination of 
multiple pathogens, variable symptoms, and the prevalence 

http://www.brdcomplex.org/


of subclinical animals decrease the overall specificity and 
sensitivity of BRDC diagnosis.  To improve diagnoses, an 
understanding of the epidemiological factors affecting 
BRDC is important.  These factors can be grouped into 
pathogens (viral and bacterial) and environmental stressors. 

 
Viral infections. A viral infection is usually 

considered a primary infection in cases of BRDC (Taylor et 
al. (2010)); that is, viral infection generally precedes or is 
concurrent with bacterial agents involved with BRDC.  In 
general, respiratory symptoms from viral respiratory 
pathogens are less severe than those observed with bacterial 
infection.  However, Taylor et al. (2010) hypothesized that 
viral infection predisposes animals to later bacterial 
infection by causing damage to respiratory clearance 
mechanisms resulting in the relocation of commensal 
bacteria from the upper respiratory tract to compromised 
lungs, leading to a secondary bacterial infection.   

Five primary viral pathogens have been identified 
as causing or predisposing to bovine respiratory disease.  
These are bovine viral diarrhea virus (BVDV, 2 strains), 
bovine herpesvirus-1 (BHV-1), bovine respiratory syncytial 
virus (BRSV), parainfluenza-3 (PI-3), and bovine 
coronavirus (BCV) (Fulton (2009)).  Most cattle are 
vaccinated for four of these five viruses at some point in the 
production cycle (BVDV-1 and -2, BHV-1, BRSV, and PI-
3).   While these vaccines have definitely been shown to 
have high efficacy, events such as weaning can affect an 
animal’s immune response (Downey et al. (2013)) reducing 
the animal’s ability to acquire immunity as well as mount 
an effective immune response to viral or bacterial exposure.  

Several of these BRDC-associated viruses have 
properties that increase the likelihood of secondary 
infections.  For instance, while BVDV generally only 
produces mild respiratory symptoms, it has 
immunosuppressive properties resulting in co-infection 
with other BRDC pathogens (Molina et al. (2014)).  BHV-1 
also suppresses a portion of the immune system (interferon 
type 1 transcription) and remains in latency for the life of 
the animal, meaning reactivation is possible (Muylkens et 
al. (2007)).  Respiratory symptoms from BRSV are likely 
the most severe of the viral causes in general with 
symptoms similar to those observed with human RSV 
(Gershwin (2007)).  The addition of BCV as a major viral 
pathogen in BRDC is relatively recent (Storz et al. (2000)), 
but simultaneous infection with bacterial pathogens has 
been observed (Fulton (2009)).  While PI-3 is generally 
considered to be less virulent, infection with any of these 
viruses has been thought to predispose animals to 
subsequent bacterial infections. 

 
Bacterial infections.  Bacterial infections cause 

most of the morbidity and mortality observed with clinical 
cases of BRDC.  Mannheimia haemolytica, Pasteurella 
multocida, Mycoplasma bovis, and Histophilus somni are 
the bacteria that are most often implicated as causing 
BRDC (Taylor et al. (2010)).   Taylor et al. (2010) reviews 
that this implication is based on their isolation from tissues 
collected from clinical BRDC cases, results from 
vaccination trials, and serological surveys.  Of these four 
bacterial species, M. haemolytica is usually considered the 

most prevalent in BRDC cases.  However, clinical 
presentation does not typically differ among the species and 
researchers often make no distinction among the pathogens 
(Taylor (2010)).   Still, each of the pathogens has 
mechanisms that allow opportunistic respiratory infection. 

M. haemolytica is a commensal bacteria often 
observed in the upper respiratory tract (Rice (2008)) of 
healthy animals.  Primary infections and environmental 
conditions that impair the immune function likely allow M. 
haemolytica to move deeper into the respiratory tract.  Rice 
(2008) reviews that the primary virulence factor that allows 
M. haemolyitca to be pathogenic is the production of 
leukotoxin.  Leukotoxin impairs or kills (lysis) leukocytes.  
When the bacteria migrate to the lower respiratory system, 
they are able to maintain infection by destroying 
leukocytes.  Long term infection results in lung injury, 
lesions, and inflammation; the inflammatory response is 
likely also a result of pro-inflammatory cytokine release in 
response to lipopolysaccharide which is also produced by 
M. haemolytica.   

 As M. haemolytica has long been considered the 
primary bacterial species involved in BRDC, its virulence 
factors and modes of action are the most defined.  Each of 
the other species mentioned has their own virulence factors 
(Fulton (2009)) that allow colonization of the lungs and 
result in lesions.  (Taylor et al. (2010)).  For instance, like 
M. haemolytica, P. multocida produce lipoplysaccharides.  
Specific pathogenesis for each of these four species and a 
few other candidates for BRDC is reviewed by Confer 
(2009).  Further understanding of the virulence factors for 
both bacterial and viral BRDC pathogens may provide 
candidates for gene network analyses or for physiological 
traits that can indicate potential for BRDC susceptibility. 

The fact that all of these bacterial species result in 
symptoms and lesions that are virtually indistinguishable 
suggests that colonization of the lungs by commensal 
bacteria is possible when calves have succumbed to an 
immunological imbalance due to viral infection or 
environmental stress (Caswell (2014)).  Careful 
examination of environmental factors that may predispose 
animals to bacterial infection may help identify targets for 
genetic selection to reduce BRDC incidence. 

 
Environmental factors.  Feedlot operators have 

long had anecdotal knowledge that certain factors such as 
low weights, early weaning, long transports, and cohort 
mixing can influence the rate of BRDC in newly arriving 
calves.  Many of these environmental factors have indeed 
been scientifically documented to increase the incidence of 
BRDC.  As a result, feedlots are often willing to pay a 
premium for calves from a known source with known pre-
weaning programs (e.g., vaccination, low-stress weaning 
practices, early castration, etc.) to avoid death loss and 
morbidity of high risk calves.   

Babcock et al. (2013) demonstrated that pen- and 
animal- level descriptors can predict cumulative morbidity 
of animals during their feeding period.  Predictors in their 
model were mean pen/lot weight on arrival, gender, arrival 
month, and arrival year.  Additionally they fitted a ‘risk 
code’ assigned by feedlot personnel; these codes were 
subjective, but they typically reflected the personnel’s 



visual appraisal of the animals, the cattle source, and 
transport time.  Models accurately predicted animals that 
were unlikely to succumb to BRDC although predicting 
morbidity was more difficult in higher risk cattle, likely due 
to differences in pathogen load. 

Several other environmental factors increase the 
likelihood of BRDC.  Duff and Galyean (2007) divided 
environmental variables affecting BRDC into pre- and post-
weaning factors.  Pre-weaning factors included nutrition, 
intake of colostrums (passive maternal antibody transfer), 
whether or not the animals were persistently infected with 
BVDV, temperament, and pre-shipping management 
(vaccination, nutritional status).  Post-weaning factors that 
they reported were transportation/market stress, 
commingling (due pathogen exchange/social hierarchy), 
receiving management (castration if necessary, dehorning, 
implantation), receiving rations, and prophylactic 
antibiotics.  Taylor et al. (2010) mentioned many of these 
same factors but also added extreme or highly variable 
weather and animal source (ranch or sale barn).  Most of 
these factors are reasonably logical because of their stress 
potential.  Salak-Johnson and McGlone (2007) hypothesize 
that disposition may not directly affect BRDC incidence; 
rather they suggest the social dominance structure within 
cohort groups as a likely indicator of disease risk.  In 
general, any practice that causes discomfort or stress for the 
calf will most likely predispose them to BRDC.  For 
example, stress causes a fight or flight response resulting in 
release of cortisol, which suppresses the immune system 
predisposing the animal to infection with M. haemolytica 
without a viral precursor (Rice et al. (2008)). 

Based on the effect of environmental factors on the 
epidemiology of BRDC, stress obviously can decrease the 
overall efficiency of the immune system.  However, 
tracking exactly how stress changes immune function is 
much more difficult.  Salak-Johnson and McGlone (2007) 
suggest that research findings on the effects of stress on the 
immune function are not consistent and are likely 
dependent on the duration and severity of the stress event.  
Different stressors can cause up- or down- regulation of 
cell-mediated responses by disrupting the balance between 
T helper 1 (favoring cell-mediated immunity) and T helper 
2 (humoral immunity) cells.  The authors argue that the 
result may be enhancement of one type of immune response 
to the detriment of the other.  The preferred mode of action 
depends on the characteristics of the pathogen.  Further, the 
balance may shift back and forth between the two pathways 
depending on the duration and the time elapsed after the 
stress event as the immune system returns to a homeostatic 
state.  While the exact effect of stress on overall immune 
function is clearly unknown, it is clear that stress alters its 
natural state.  Variation in animal responses to stimulated 
stressors seems to be a strong candidate as an indirect 
measure of BRDC susceptibility.  However measuring 
stress may prove difficult using numerous indirect 
physiological measures as indicators of stress response.   

 
Genetic and Genomic Effects on BRDC 

 
 Heritability and breed variation for BRDC 
incidence.  Literature relative to the heritability of BRDC 

incidence or susceptibility is fairly limited likely due to 
resources required to gather information on commercial 
populations with limited pedigree records.  Lyons et al. 
(1991) was one of the first to estimate heritability of 
pneumonia incidence between 0.07 and 0.11 in dairy cattle.  
Other, more recent heritability estimates from dairy cattle 
range from 0.04 to 0.10 (Heringstad et al. (2008); 
Henderson et al. (2011), McCorquodale et al. (2013)).  In 
an analysis combining several purebred and composite beef 
cattle breeds, Mugglie-Cockett et al. (1992) identified 
significant breed differences and estimated heritability 
between 0.06 and 0.10.  Snowder et al. (2005, 2006) 
expanded the number of breeds (sire-breeds) evaluated 
estimated heritability between 0.07 and 0.19.  Another more 
recent estimate from a collaboration with commercial 
producers and feedlots produced heritability estimates of 
0.11 for pre-weaning calves and 0.08 for post-weaning 
(Schneider et al. (2010)).  With the exception of Heringstad 
et al. (2008), each of these studies used a linear model to 
analyze binary records of pneumonia.   Thus,  heritability 
estimates are likely lower than would be predicted with a 
binary (probit, logit) model.  In addition, heritability is 
likely biased downward as described by Bishop and 
Woolliums (2010) because of inconsistent pathogen 
exposure and imprecise definitions of clinical BRDC.   
 Leach et al. (2013) fitted a multiple-trait model to 
estimate genetic relationships between respiratory disease 
incidence and several potential indicator traits.  The 
indicator traits included lung lesions at slaughter, and 
complete blood counts (white blood cell types) before and 
after receiving a viral BRDC booster vaccine.  Bivariate 
correlations were estimated between BRDC incidence or 
lung lesions with all blood count measures.  Heritability 
estimates for white blood counts were moderate to high 
(0.21 to 0.50) while the estimated heritabilities were 0.07 
and 0.06 for BRDC incidence and lung lesion incidence, 
respectively.  The change in overall white blood cell counts 
and lymphocyte counts in response to vaccination was 
favorably correlated with reduced BRDC incidence (r = -
0.50 and -0.67, respectively).  These results suggest that 
immunological indicator traits with higher heritabilities 
may be a viable avenue to select for BRDC resistance.  
Further development of indicator traits is warranted. 
 
 Genomics.  Genomic tools are necessary to 
facilitate selection of beef cattle in the seedstock sector 
using phenotype data from the feedlot and commercial 
cow/calf sectors where pedigrees are limited or completely 
unknown.  Genomics as a transitional tool is even more 
important when some of the traits measured to increase 
diagnosis accuracy or BRDC risk, such as traits indicative 
of immune function, are cost-prohibitive in normal cattle 
production.  The advent of high-density SNP arrays and the 
continued reduction in sequencing costs through next-
generation sequencing have increased the appeal of using 
genomics to facilitate selection of novel traits. 
 Genomic studies for BRDC incidence have been 
fairly limited.  Two QTL studies were conducted with 
treatment records on U.S. Meat Animal Research Center 
(USMARC) F1-sire families using microsatellite markers.  
The first identified a putative QTL on BTA20 using a 



phenotype that combined disease records for 
keratoconjunctivitis (pinkeye), infectious pododermatitis 
(footrot), and BRDC into a single phenotype representing 
whether the animal was diagnosed and treated for any of 
these diseases or untreated (Casas and Snowder (2008)).  
The second study used only BRDC treatment records and 
identified suggestive QTL on BTA2 and BTA26 (Neibergs 
et al. (2011)).  These QTL were confirmed (later with SNP 
associations in Zanella et al. (2011)) through association of 
several of the suggestive microsatellite markers with 
animals identified as persistently infected with BVDV 
relative to age- and source-matched control animals. 
 In addition to these QTL studies, researchers from 
the BRDCAP have reported several regions of interest from 
dairy case-control projects.   Long term plans will include 
further data collection and analysis of cases and controls 
from beef cattle populations. 
 Casas et al. (2014) identified 1 SNP strongly 
associated with persistent BVDV infection, and 15 SNP 
were moderately associated (Welcome Trust genome-wide 
benchmarks).  Most of these SNP were near genes 
implicated in suppression of the immune system.   This 
study used pooled DNA samples as a cost-saving measure.  
A second paper from this meeting (Keele et al. (2014)) also 
used DNA pooling to identify SNP with differing 
frequencies between animals with severe lung lesions 
relative to animals with little or no lung lesions.  Seven 
genome wide significant markers were identified near or 
within genes with functions such as tissue repair/growth, 
tumor suppression, and immunological function. 
 Leach et al. (2012) identified QTL associated with 
various measures of BRSV vaccine response, continuing 
work describing genetic variation of these traits in the same 
population (O’Neal et al. (2006)).  Vaccine response was 
measured using ELISA IgG1 and IgG2 titers at biweekly 
time points before and after vaccination.  Using 
microsatellite markers in an F2 resource population 
(Holstein x Charolais), they identified 27 different QTL for 
maternal antibody decay (based on BRSV antibody level at 
and before vaccination) and response to vaccination.  
Further work (unpublished) by the same group has focused 
on QTL for BHV-1 and PI-3 vaccination.  Based on these 
results and moderate heritability (0.25-0.36) estimated by 
O’Neal et al. (2006), humoral vaccine response may be a 
strong indirect selection candidate for BRDC resistance.  
 A genome-wide association analysis (unpublished) 
was conducted for white blood cell counts using the same 
data from Leach et al. (2013).  Across all traits, 35 SNP 
reached a chromosome-wide (0.05/number of markers on a 
chromosome) level of significance with 4 markers reaching 
genome-wide significance for traits related to basophils or 
eosinophils.  While neither of these white blood cell types 
were genetically related to BRDC incidence, this result 
does suggest genetic control of these white blood cells in 
response to vaccination. 
 

Strategies Going Forward 
 

 While heritable variation in both BRDC incidence 
and several physiological measures has been established, 
these results are still insufficient to establish national cattle 

evaluations for BRDC resistance or tolerance.  As stated 
previously, direct estimation of EBV for resistance to 
BRDC from field data is unlikely.  Therefore, any progress 
requires the intervention of academic and industry research 
communities in cooperation with commercial cattle 
producers.  As of now, prediction using available genomic 
tools seems to be the most likely candidate to facilitate 
genetic improvement, though there is a chance that some 
relatively inexpensive alternative measure of BRDC risk 
could be developed and utilized in pedigreed seedstock 
populations.  Given the challenges of working directly with 
disease phenotypes (particularly binomial treatment 
records), these research programs must be carefully 
designed to optimize the probability of success.  In our 
opinion, a multi-pronged strategy is required.  First, we 
must develop large populations with simple, direct 
phenotypes (e.g., clinical disease incidence) through 
collaborations with commercial cattle producers, feedlots, 
and abattoirs to increase our power to detect genetic 
associations.   These large populations will provide greater 
statistical power to detect genomic associations for this 
complex phenotype.  At the same time, research herds with 
the ability to record intensive and expensive phenotypes 
need to develop physiological measures that are genetically 
correlated to the risk of developing BRDC.  
 
 Resource populations. Simultaneous estimation 
of epidemiological and genetic parameters as suggested by 
Bishop et al. (2012) and outlined by Lipschutz-Powell 
(2014) requires large populations of animals with disease 
incidence records.  This requirement is even more 
pronounced with the multi-factorial causes of BRDC.   

Establishment of large populations with attainable 
BRDC records is not easy.  The USMARC is likely the 
largest single beef cattle research herd in the world, yet still 
requires several years to collect enough BRDC 2,000-5,000 
records needed to parameterize a simple GWAS (on 
average less than 300 cases/yr).   Collecting data from 
commercial producers and feedlot requires an excessive 
amount of good-will on the part of the operator as 
collection of records and DNA tissue samples is almost 
always of some inconvenience to their enterprise.  Still, 
development of these relationships is critical, and some 
models have been developed.  Keele et al. (2014) is a 
successful example.  Both USMARC and the BRDCAP 
have developed collaborations with commercial feedlots to 
obtain records, tissue samples, and, in the case of the 
BRDCAP, nasal-pharyngeal samples.  Continued fruitful 
collaboration with commercial feedlots will result in tools 
to  exploit genetic variation in BRDC resistance.  

 
Indicator traits.  Classical animal breeding theory 

implies several advantages of multiple-trait models to 
derived EBV including accounting for biases in data 
recording and estimation of breeding values in 
subpopulations where the phenotype of interest is not 
directly recorded.  These advantages extend to association 
analyses of generically correlated traits.  Often national 
cattle genetic evaluation programs will record an indicator 
trait, such as birth weight, to increase the prediction 
accuracy of an economically important trait such as calving 



difficulty.  In this context, for a difficult to measure trait 
like BRDC incidence, measurement of indicator traits 
should prove to be valuable for two main reasons.  First, 
because of the accuracy of diagnosing clinical animals, 
indicator traits such as pathogen identification, body 
temperature, or lung lesions could improve the accuracy of 
this diagnosis (possibly including identifying the specific 
pathogens involved).  Second, indicator traits measures as 
responses to some stimulus (vaccination, imposed stress, 
glucocorticoid treatment, lipopolysaccharide) could serve as 
measures of the risk of acquiring BRDC.   

Bishop and Woolliams (2010) caution that 
indicator traits may need to be analyzed in a different 
context than as a correlated trait; rather, they should be 
thought of as having different distributions based on 
whether the animal is truly sick or healthy.  This caution is 
particularly important for traits that are measured to proxy 
diagnoses; their example was somatic cell count as a proxy 
for mastitis in dairy cattle breeding programs.  Indicator 
traits that are measured responses to some stimuli may not 
have this problem; however, estimated genetic correlations 
between these traits and disease incidence are likely biased 
depending on the accuracy of diagnosis.  This caution aside, 
measurement of these indicator traits will improve our 
ability to quantify host genetic effects of BRDC. 

Breaking down into our two categories (improving 
BRDC diagnosis vs. assessing BRDC risk), several groups 
have already examined potential indicator traits.  Under 
improved BRDC diagnosis, lung lesions are the most often 
cited candidate (Wittum et al. (1996); Schneider et al. 
(2009); Leach et al. (2013)). In each of these studies, the 
incidence of at least some lesions is considerably higher 
than the number of animals treated or diagnosed with 
BRDC (5-15% BRDC incidence vs. 60-80% with lesions).  
One interpretation of this data is that BRDC incidence is 
much higher than the observed clinical cases.  However, in 
each of these studies there are also animals treated for 
BRDC with no lung lesions.  These may be incorrect 
diagnoses, clinical BRDC animals that responded to 
treatment, or tissue repair mechanisms as suggested by the 
genome scan in Keele et al. (2014).  Other traits to improve 
diagnosis are reasonably intuitive (body temperature, 
stethoscope readings, etc.).  Love et al. (2014) developed a 
scoring system based on objective analysis of clinically 
diagnosed animals to improve field BRDC diagnoses. 
 From the earlier genomic studies, vaccination 
response has already been identified as a potential measure 
of immune response.  Glass et al. (2012) makes a strong 
case for evaluating genetic variation in humoral antibodies 
as related to maternal antibody decay and in response to 
vaccination.  Downey et al. (2013) outlines the potential for 
maternal antibodies for BVDV to interfere with humoral 
vaccine response as measure by serum neutralization.  The 
literature on maternal antibody inference is not completely 
clear as some research suggests that there the effect on 
individual humoral response is minimal (Zimmerman et al. 
(2006)).  Based on results in mice, one may question 
whether or not it is practical to select too strongly for 
humoral vaccine response without regard for other traits 
related to immune function (Amor et al., 2005).  

 Thompson-Crispi et al. (2012) suggest an 
approach balancing measures of general cell-mediated 
immunity and antibody-mediated immunity.  They detected 
a negative correlation between cell-mediated and humoral 
immune response, implying that it is important to include 
both in selection programs.  Several groups conducted 
genetic analyses of immune cells, cytokines, and acute 
phase proteins in response to imposed stress as measures of 
immunity (Clapperton et al. (2008; 2009); Qui et al. (2007)) 
though most have not been related directly to BRDC as of 
yet with the exception of Leach et al. (2013).  All of these 
measures may help to quantify genetic variation in immune 
response and allow balanced selection for overall immune 
function.   

Several other measures come to mind as possible 
indicators of risk of BRDC.  Part of the clinical presentation 
of BRDC relates to an observed over-inflammatory 
response.  It is well-documented that anti-inflammatory 
drugs can improve BRDC presentation (e.g., Scott (1994), 
Bednarek et al. (2003)).  Therefore, measures of 
inflammatory response may be indirect targets for tolerance 
to BRDC infection.  Like other immunological measures, it 
is likely that selection against inflammation could be taken 
too far because of effects on other disease. Pathogen 
shedding, that is the risk of an animal transmitting 
pathogens, may also be important.   Interactions between 
the animal host in BRDC and genomic information on 
pathogens can be examined through metagenomics. 

 
 Metagenomics. Metagenomics is the complete 
genomic content of all living organisms with a sample.  For 
the purpose of BRDC, this definition encompasses the 
commensal and pathogenic bacteria in the whole respiratory 
tract as well as any viral DNA or RNA.  With the full 
genome characterization of M. haemolytica complete 
(Harhay et al. (2013)), relating strain genomic variation and 
future functional annotation to host genotypes could allow 
new targets for vaccine and BRDC drug interventions in 
addition to improving animal selection opportunities.  In 
addition, identification of taxonomic bacterial species 
residing in the respiratory tract before or during BRDC 
infection may provide a further indicator of BRDC risk by 
analyzing which microbial species may correlate to BRDC 
incidence.   
 As a pilot project at USMARC, we have begun 
examining taxonomic groups residing in the upper nasal 
cavity when animals are diagnosed with BRDC and 
comparing these samples to random control animals using 
next-generation sequencing (Pacific Biosciences RSII 
instrument, Pacific Biosystems, Menlo Park, CA).  Time 
points reported herein include approximately one week and 
four weeks after weaning.  Nasal swabs from ten animals 
were pooled for DNA extraction at each time point within 
each phenotype (sick or control), for a total of 4 pools.  To 
evaluate and compare the microbiome of each pooled 
sample, the variable region (approximately 1,700 bp) along 
the 16S ribosomal RNA gene was amplified to include v1-
v8.  The amplified products were then sequenced and 
sequence reads were analyzed to identify subfamilies for 
the bacterial populations present.  Overall, M. haemolytica 
was the predominant bacterial subfamily present in all pools 



evaluated (36-87%), with the BRDC pools having a greater 
percentage of M.haemolytica compared to the control pools 
(week 1: 87% versus 44%; week 4: 58% versus 36%).  
Additionally, percentage of M. haemolytica was greatest at 
one week after weaning (87%).  These results confirm the 
role of M. haemolytica in BRDC epidemiology. 

 
Conclusion 

 
Genetics will be an important component of an 

integrated system to reduce the incidence of BRDC.  
Continued research in this area is warranted.  Researchers 
will need to focus on developing large resource populations 
and new indicator trait development to increase the 
probability of success.  Metagenomics may allow for new 
frontiers in this area through examination of interactions 
between pathogens and the host. 

Mention of a trade name, proprietary product, or 
specific equipment does not constitute a guarantee or 
warranty by the USDA and does not imply approval to the 
exclusion of other products that may be suitable.  USDA is 
an equal opportunity provider and employer. 
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