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Abstract
Bovine respiratory disease (BRD), a multifactorial disease, is the leading cause globally of
mortalities and morbidity in the feedlot industry. The management of animal pre-induction
to the feedlot has been shown to affect the disease outcome post induction. A range of risk
factors contribute to disease incidence. Previous studies have investigated BRD incidence,
severity outcomes and risk factors using information on animal health treatments at the
feedlot and post-slaughter gross pathology scores at the abattoir. However, the economic
analysis in this study includes the cost of BRD to the feedlot and abattoir sectors, whereas
previous studies have focused on the feedlot sector.
This study was developed to evaluate the impact of BRD on economically important
production and carcase traits and the subsequent cost to the value chain. A prospective
cohort study (n = 1,799) was conducted at a large feedlot in the Riverina district of New
South Wales to collect the data required to evaluate the cost of BRD. Animals were
monitored from induction to slaughter using both electronically and manually collected data
to ensure the accuracy of results obtained. Data were collected on induction records, animal
health treatments and feed intake; in addition, Meat Standards Australia carcase data were
collected. Post-slaughter gross pathology scores were collected manually for all animals, in
addition to the commercially collected datasets. Regression analyses were used to identify
associations between the disease, and the production and carcase traits. The multivariable
analysis identified that an increased gross pathology score resulted in decreased average
daily gain on feed (0.14 kg/day between health severely affected animals, P<0.01), reduced
hot standard carcase weight (40kg reduction in HSCW for healthy and rejected animals,
P<0.01), and eye muscle area (23.75cm2 reduction in EMA for healthy and rejected animals,
P<0.01), on the carcase. The animal induction weight (P<0.01), producer (P<0.01) and preinduction vaccination (P<0.01) were found to significantly affect the gross pathology score.
Next, the data from the prospective study were incorporated into an economic model for
BRD. The model was developed to include the cost of disease to the feedlot and abattoir
sectors. Animals were inducted into this trial during the autumn and spring (2011) into a
southern NSW, Australia feedlot. The morbidity rate was between 35 and 78% with a

xv

mortality rate below 1%. The costs included in the final model were those for pre-induction
vaccination ($2.49/head), induction treatments ($14.76 to $16.50/head), animal health
treatments ($23.88 to 31.35/head) and mortality costs ($3.64/head), as an increased cost
per head inducted to the feedlot. The significantly reduced hot standard carcase weight was
the only variable included in the reduced value of carcases sold at $19.60/head inducted.
BRD was estimated to cost the abattoir sector $8.70/head, through reduced primal sales
and offal sales. The overall cost of BRD to the feedlot value chain was estimated to be
between $71.31 and $80.53/head, the cost of BRD presented varies due to seasonality,
incidence rate, treatment regium and feedlot. These costs are higher than those estimated
by previous studies. Overall, the study developed a multidisciplinary economic model which
utilities epidemiological and financial analysis to evaluate the cost of disease from induction
to slaughter of grain-fed animals, which was tested using BRD as a case study. BRD is a
significant cost to the feedlot with a small portion of cost impacting the processing sectors
such as reduced offal sales. The evaluation of the cost of disease needs to be considered at
the supply chain level rather than at each individual sector.
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Chapter 1: Literature Review
1.1 The Australian Beef Industry
The four main sources of animal protein consumed in Australia are beef, lamb, chicken and
pork (see Figure 1.1). Among meats consumed domestically, chicken ranks the highest in
terms of volume, and the domestic demand for chicken has been slowly eroding that for
beef over the past 14 years (see Figure 1.1). However, the retail price of chicken has
stabilised at $5/kg for the past 16 years, whereas the retail price of beef is currently $30/kg
(this value is skewed to the higher end due to the Australian consumers beef eating habits)
(Nason, 2018). Beef is perceived as a premium protein and accounts for the highest share of
the total domestic market sales value of beef. The reduction in the domestic demand has
been absorbed by the growing global demand for beef (see Figure 1.2).
Beef is one of the most important agricultural commodities globally and nationally. It
contributed $16.3 billion to the Australian economy in the 2015–2016 financial year (Meat
& Livestock Australia, 2017a). During 2018, the Australian beef cattle herd size was 26.2
million (Meat & Livestock Australia, 2019), and the beef industry produced 2.28 million
carcase weight tonnes from the 8.48 million head it processed. Most of the red meat
produced is exported, and the remaining is consumed domestically—for instance, 72% was
exported to over 70 countries in 2019 (Meat & Livestock Australia, 2019).
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Figure 1.1: Major sources of animal protein consumed in Australia over the past 20 years
(Organisation for Economic Co-operation and Development [OECD], 2017).
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Figure 1.2: Beef—global demand, total consumption and kilograms consumed per capita per
year for the past 20 years (OECD, 2017).
The beef production value chain comprises the seedstock, producer, backgrounder, feedlot
and abattoir sectors. Beef production through the supply chain can be either grass- or grain2

fed, which is driven by the feeding methods of animals prior to slaughter
(PricewaterhouseCoopers, 2011). The sectors and their roles in the Australian beef supply
chain are as follows:


The seedstock sector drives the genetic direction of the beef value chain through
genomic predictions or genomic breeding values (Johnston, Tier, & Graser, 2012).



The production sector is responsible for cattle breeding; that is, the cow–calf
operation. Operators on the farms control the time at which producers should sell
their cattle (Simon, Hoar, & Tucker, 2016).



Backgrounders purchase weaner calves and grow them through a range of finished
weights for sale direct to slaughter or feedlots for grain finishing (Peel, 2003).



Feedlots purchase animals from either producers or backgrounders to produce
grain-fed beef. In Australia, cattle must be fed for a minimum of 35 days in a feedlot
accredited under the National Feedlot Accreditation Scheme to be certified as grainfed cattle (Agricircle Pty Ltd, 2018).



Abattoirs are facilities licenced to slaughter animals for human consumption.

1.1.1 Factors affecting Australian beef industry productivity
The global demand for beef is set to increase from 68 million tonnes to 77 million tonnes by
2027 (OECD, 2017). This increase in demand will have to be met through increases in
productivity and efficiency in the current value chains, while simultaneously maintaining
environmental sustainability. Productivity increase will be achieved through improvements
in animal health, genetics and the quality of feed that animals ingest, and each sector of the
value chain will have a different impact on this improvement (Hocquette, Lehnert,
Barendse, Cassar-Malek, & Picard, 2007). The seedstock, and the breeder’s selection of
genetics, will drive the increased genetic potential of beef cattle production. The genetic
selection of animals in Australia is mainly based on estimated breeding values, which are
developed using predictive genetic equations that are driven by live animal assessments,
genetic testing and carcase data collected at slaughter (Johnston et al., 2012). The
interaction between traits and heritability is then used to calculate the genetic potential of
animals and is presented as the estimated breeding values (Meyer, 1995). Animal health
management starts with the genetic selection of animals, given the significant variation in

3

susceptibility to diseases among cattle (Berry, Bermingham, Good, & More, 2011). Animal
health management ultimately affects the growth of animals throughout their life. In
addition, the post-birth management of animals affects their health throughout their life
(Barnes, Hay, Morton, & Mahony, 2015). Numerus studies have shown that diseases have a
negative impact on the growth of animals, which results in lower carcase quality and
quantity (Blakebrough-Hall, McMeniman, & González, 2020; Dunn, 1995; Rodriguez-Castillo
et al., 2017; Sackett, Holmes, Abbott, Jephcott, & Barber, 2006). Another important factor
that affects beef production is the nutritional management of animals from birth to
slaughter. In Australia, grass-fed production has several limiting factors. An example is that
the cattle in northern Australia are renowned for phosphorus deficiency due to the limited
phosphorus deficiency in soils (Coates, Kerridge, Miller, & Winter, 1990). However, droughts
have the most wide-ranging effects on animal growth, which limit the animals’ nutritional
availability, thus reducing productivity (Foran & Smith, 1991). To address this, feedlots
provide animals with a high nutritional intake to maximise the development of the desired
carcase characteristics as described in the following sections. These factors ultimately affect
the ability of producers, backgrounders and feedlotters to meet market specifications
efficiently.
1.1.2 Distribution of Australian beef industry
Most of the Australian beef herd is located in North-Eastern Australia, as shown in Figure
1.3 (Meat & Livestock Australia, 2019). Australia has substantial variations in climatic
conditions (e.g. droughts and floods) and lower nutritional value in tropical pastures
(Mitchell, Norman, & Whalley, 2015). These areas are most effective for weaner production,
with these cattle needing finishing prior to being sent to the abattoir. Australian feedlots
have been predominantly established in these areas (see Figure 1.4), with the aim of
finishing cattle prior to slaughter, increasing the quality and quantity of meat produced and
providing a substantial market for cattle producers to sell younger and lighter cattle.

4

Figure 1.3: Distribution of the Australian cattle herd (Meat & Livestock Australia, 2019).

Figure 1.4: Distribution of feedlots in Australia (Australian Lot Feeders Association, 2017).
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1.2 The Australian Beef Feedlot Industry
Feedlots are an integral part of the Australian beef supply chain, through enhancing the
nutritional intake of animals during their finishing phase. The feedlot industry has grown in
the past 18 years from 800,000 grain-fed cattle slaughtered in 1999 to 2.6 million in 2016
from 450 feedlots, as shown in Figure 1.5 (Meat & Livestock Australia, 2017a). This growth
has been mainly driven by diminishing land resources, improvements to animal
performance while at the feedlot and increased efficiency through larger feedlots and thus
reduced cost per head (EconSearch Pty Ltd, IQ Agribusiness, FSA Consulting, & Warwick
Yates and Associates Pty Ltd, 2009).
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Figure 1.5: Annual production volumes of Australian beef. The figure was developed using
data from Meat and Livestock Australia (2017b).
The year-to-year variations in the number of cattle slaughtered (Figure 1.5) result from the
volume of breeding females entering the market during drier seasons, with the sharp
increase in the number slaughtered from 2012 to 2014 being the result of a long running
drought in northern Australia. Droughts affect the feedlot industry significantly through
their substantial effects on feedlot management and economic drivers, given that the cost
of cattle and grain are the main financial drivers in business decisions (Behrendt & Weeks,
2019). Thus, during a drought, the price of cattle is low and that of grain is high, resulting in
a fine balancing act for profitability. The sharp decline in the feedlot capacity in 2013 and
6

2014, as shown in Figure 1.5, is considered the result of feedlots closing in late 2012 due to
the diminishing profitability because of expensive cattle and high grain prices (Condon,
2012; Deloitte Access Economics, 2018).
Generally, cattle entering the feedlot fit into three categories —short-fed, mid-fed and longfed. Their specifications are presented in Table 1.1. The main difference between the shortfed (100–130 days on feed (DoF)) and mid-fed cattle (150–200 DoF) is their induction
weight, with both being slaughtered at similar targeted carcase weights. They are
traditionally Bos taurus with some Bos indicus cattle fed depending on the location of the
feedlot; the animals are processed and sold through several domestic and international
supply chains, depending on the product quality (Gaughan & Sullivan, 2014). These cattle
tend to be fed a high-energy ration comprising 75–85% grain, mainly wheat or barley. The
introduction of these cattle on grain is conducted gradually over the first 21 days, by starting
them on 30% grain and 70% roughage (the percentages programs vary between feedlots)
and gradually moving them to a high-grain ration, to prevent acidosis (Perkins, 2013). The
transition is conducted through either stepped rations or titration rations. Stepped ration
feeding increases the percentage of grain over three to four different rations during the 21day period (Towne, Brandt, & Nagaraja, 1991). Under titration feeding, an induction/starter
ration is fed for the first seven days, and over the next 14 days the percentage of finisher
ration feed is increased, which is a more efficient process than stepped feeding. The
increase in efficiency is due to reducing the number of truck movements within the feedlot.
Depending on the export markets targeted, these animals are treated with a hormone
growth promotant (HGP).
Long-fed cattle tend to be Wagyu or British breed cattle, or a combination of the two. These
animals are fed for more than 220 days, with some being fed for up to 650 days and
produce very high-quality beef. They tend to be fed a high roughage diet, which limits their
growth rates to 1 kg live weight per day with no HGP used (Lunt, Chung, Choi, & Smith,
2005).
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Table 1.1: Specifications of cattle in relation to their class of feeding (Andrews, 2015).
Feeder Type

Induction Weight (kg)

Days on Feed

Short-fed

380–500

100–130

Mid-fed

330–460

150–200

Long-fed

250–350

>200

The location of feedlots, as shown in Figure 1.4, correlates with the regions where grains are
produced since the feedlots require a constant supply of grain. Figure 1.6 shows the
distribution of the main grain-growing areas in Australia. The grain utilisation in a 30,000
head feedlot is estimated at 380 metric tonnes (MT) of grain per day on an as-fed basis
(Forster, 2011). Therefore, the availability and transportation of grain add a considerable
amount to the cost of production.

Figure 1.6: Grain-growing regions in Australia (Brown, Xia, Mornement, Fell, & Miller, 2020).
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1.3 Animal Health in the Feedlot Industry
The key factors affecting the productivity of the feedlot industry in Australia are animal
health, nutrition and genetics. As explained in section 1.1.1, the genetics factors of cattle are
determined prior to induction to the feedlot. The nutrition of animals in the feedlot is
closely managed to ensure they perform to their genetic potential. Therefore, the most
significant challenge for improving productivity in feedlots is the management of animal
health (Perkins, 2013). Animal health conditions reduce performance on feed and negatively
affect the quality and quantity of carcases produced through the feedlot (Erickson et al.,
2011). In addition, treatments for animal health conditions increase input costs, and
mortality results in higher-cost animals (or complete loss due to deaths), which are worth
less at the end of feeding (Stegner et al., 2013).
Many studies have attempted to understand the cost of disease to the Australian beef
industry, such as those by Sackett, Holmes, Abbott, Jephcott, & Barber (2006) and Perkins
(2013). The latter is the only study that has focused solely on understanding the impact of
animal health on the feedlot industry. Perkins (2013) asked feedlot managers in Australia to
score (from 0 to 6) the impact of animal health conditions on feedlot profitability. The
managers of 47 feedlots responded to the questionnaire, and they identified bovine
respiratory disease (BRD) as the major cause of the morbidity and mortality affecting the
Australian feedlot industry. The study recommended further research to understand the
factors associated with the occurrence of BRD. It categorised the following animal health
conditions as having the greatest impact on feedlot profitability:


BRD (3.9 score)



muscular issues with feet (structural issues with feet) (2.6)



heat stress (2.3)



non-eaters (2.0)



feet-related disease (bacterial infections of feet) (1.9)



reproductive issues (1.8)



sudden death (1.7)



gastrointestinal issues (1.7).
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Further, Perkins (2013) included other conditions, such as eye issues; muscular non–feet
related, skin and nervous conditions; buller-steer syndrome; bovine ephemeral fever;
laryngitis trucking tetany; and urinary obstructions.
Since the feed and animal costs in a feedlot are driven by supply and demand in the open
market, animal health is the key factor to be managed for maximising productivity and
consequently profitability, and BRD is the disease that has the most significant impact on
these parameters.
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1.4 Bovine Respiratory Disease
As described in the previous section, feedlot managers participating in Perkins’s (2013)
study identified BRD as the disease with the most significant impact (highest incidence and
greatest impact) on feedlots in Australia. The pathogens involved in BRD progress from the
trachea towards the lungs, causing consolidation of the lungs from the caudal ventral lobe
and moving in a dorsal direction, as shown in Figure 1.7.

Figure 1.7: Transmission of pathogens causing BRD (Timsit, Holman, Hallewell, & Alexander,
2016).
The disease complex is caused by several different pathogens that animals are exposed to
on entry to the feedlot, with 98% of BRD cases occurring during the first 50 DoF (Barnes et
al., 2015). The following are the most common factors contributing to disease progression:


stress caused through movement and induction into the feedlot



exposure to bacteria that their immune system is naive to



immunodeficiency.

The industry is exploring several methods that could be used to advance the technology
available in the feedlot’s management toolbox, to reduce the occurrence of the disease and
the reliance on antimicrobials to manage the disease post induction. However, to
implement these methods the impact of subclinical and clinical disease on productivity
should be understood. The annual cost of BRD to the Australian feedlot industry has been
estimated to be approximately $40 million, but this estimate is based on data from studies
conducted in the early 1990s (Sackett et al., 2006). These studies have used data from a
1990s scientific study on the cost of BRD and extrapolated the cost of disease for the entire
industry, this method is used extensively throughout industry to drive corrective action.
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Although these studies are still relevant, they have addressed the cost of the disease to the
feedlot only and were based on the sale price of animals in the late 1990s. introduction of
carcase quality grading in 2005 by Meat Standards Australia (MSA) introduced additional
traits, which determine the post-boning value of primals. The impact of BRD on these traits
will be discussed later in this review.
To understand the financial impact of BRD to the Australian feedlot industry, it is important
to understand the following three areas:


disease risk factors and infection process



impact of disease on financially important production traits



financial modelling methods available and their limitations in assessing the economic
impact of BRD on key production traits.

The following sections of this literature review provide an overview of Australian and
international studies that have investigated these areas and aim to shed light on the
methods and gaps in current research focused specifically on the Australian feedlot sector.

1.5 Aetiology of Bovine Respiratory Disease
Bovine respiratory disease is a multifactorial disease, with a range of bacterial and viral
pathogens involved, including those commonly present in the feedlot environment and in
the animal’s nasal passages. When the animals’ immune response is under stress, these
pathogens infect the lungs (Rodriguez-Castillo et al., 2017). The common clinical signs of the
disease are dyspnoea, nasal discharge, oral discharge, lethargy and inappetence. In this
section, the bacteria and viruses found in BRD-affected cattle in Australian feedlots are
described (Hay, Barnes et al., 2016). Not all pathogens will be present in every case of BRD,
but in most, more than one pathogen is involved (Timsit, Dendukuri, Schiller, Buczinski,
2016).
Mannheimia haemolytica and Pasturella multocida are the most common bacteria isolated
from BRD-infected feedlot cattle. Both are opportunistic bacteria commonly located in the
nasopharynx (Dabo, Taylor, & Confer, 2007; Rice, Carrasco-Medina, Hodgins, & Shewen,
2007). During periods of excessive stress, they move into the lungs and cause
bronchopneumonia.
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Pasturella multocida tends to cause lung lesions, which develop into acute and sub-acute
bronchopneumonia that may or may not be associated with pleurisy (Dabo et al., 2007). The
pathological effect of Mannheimia haemolytica is due to the development of endotoxins
during the bacterial log phase (Fraser, 1991). The main endotoxin is leukotoxin, which is
pivotal for the development of pneumonia. Its mediation and infiltration in the destruction
of neutrophils and other leukocytes impair the clearance of bacteria and allow fibrinous
pneumonia to develop (Rice et al., 2007). This develops into severe, acute haemorrhagic
fibrinonecrotic pneumonia, causing reddish to grey brown consolidation of the lung
(Campbell, 2017).
Another bacterium isolated from BRD cases is Histophilus somni, an opportunistic bacterium
that commonly resides in the nasopharyngeal region. During the disease process, this
bacterium infects the lower respiratory tract (Griffin, Chengappa, Kuszak, & McVey, 2010).
Mycoplasma bovis, is a bacterium that commonly causes pneumonia, arthritis and
tenosynovitis in feedlot cattle (Caswell, Bateman, Cai, & Castillo-Alcala, 2010) and has also
been isolated from BRD cases. Chronic bronchopneumonia develops with lesions in severe
cases, which affects over 80% of lung tissue (Campbell, 2017).
The four main viruses involved in the BRD complex are Bovine herpes virus type 1 (BoHV-1),
Bovine viral diarrhoea virus (bovine pestivirus; BVDV), parainfluenza 3 virus (PI3V) and
Bovine respiratory syncytial virus (BRSV). BoHV-1 generally infects the respiratory tract,
mainly affecting the lower respiratory tract (Arcangioli et al., 2008). Bovine viral diarrhoea
virus replicates in, and impairs the function of, alveolar macrophages, suppressing the
immune system of infected animals (Griffin et al., 2010). Parainfluenza 3 virus is endemic in
cattle populations—it is most common in calves with poor passive transfer of antibodies and
is an important cofactor in the development of BRD (Ellis, 2010). Bovine respiratory syncytial
virus has a role in summer pneumonia in beef cattle. Bovine respiratory syncytial virus
infections predispose cattle to the establishment of secondary bacterial infections in the
lower respiratory tract (Sacco, McGill, Pillatzki, Palmer, & Ackermann, 2014). In most cases
of BRD, numerous bacterial and viral pathogens are involved with the disease complex.
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1.6 Epidemiology
1.6.1 Species
Respiratory diseases in other intensive production systems are well documented, given the
extensive research devoted to swine and poultry production systems, and have effects
similar to those on cattle (de Jong et al., 2014; Glisson, 1998). BRD is commonly observed in
dairy calves and cattle newly inducted to feedlots (Snowder, Van Vleck, Cundiff, & Bennett,
2006).
1.6.2 Global morbidity & mortality levels of BRD
Bovine respiratory disease is found globally and is the cause of most of the morbidity
reported in international feedlots. In Australian feedlots, BRD accounts for 60–70% of
morbidity, which is similar to that reported among North American feedlots, where BRD
accounts for 60–80% of morbidity and 40–50% of mortality (Hilton, 2014; Sackett et al.,
2006; Timsit et al., 2016). The incidence of BRD in the feedlot industry has increased over
the past 20 years (Hilton, 2014), which is of concern, mainly because of the increase in the
use of antimicrobials to minimise the impact of the disease. This increase has animal and
human health implications owing to antimicrobial resistance issues. The disease’s
multifactorial nature in relation to risk factors and causative agents makes managing it
relatively difficult (Potter, Barrett, Cutler, Hart, & Biggs, 2017). The disease tends to strike
predominantly in cattle post induction and is caused by stress following the transfer from
the farm to the feedlot or auction-based markets etc. This stress results in a suppressed
immune system, causing bacteria commonly residing in the respiratory tract and pathogens
unique to the new environment to infect the animal (Edwards, 2010). The morbidity rates of
the disease vary depending on the season and the stress levels and immune response in
cattle entering the feedlot. Morbidity rates as high as 89.6% have been observed in animals
when they enter the feedlot, with 45% to 55% of mortalities caused by BRD (Johnson &
Pendell, 2017).
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1.6.3 Incubation period
The incubation period of BRD varies from 2 to 6 days depending on the aetiology. Since
animals being relocated to the feedlot and adapting to the new environment experience
stress, 98% of BRD cases occur in the first 50 days after induction (Barnes et al., 2015).
1.6.4 Transmission routes
The pathogens involved in BRD are transmitted between animals through nasal shedding
and direct contact in the feedlot (Confer, 2009). Shared troughs may also play a role in
transmitting the disease in feedlots because droplets can be transferred between the cattle
when they drink at the troughs (Barnes et al., 2015).
The movement of bacteria from the nasal passages into the lungs usually occurs within small
droplets (Lillie & Thomson, 1972). Frank, Briggs and Gillette (1987) identified that animals
with a compromised immune system have a high level of bacteria in their upper respiratory
tract, resulting in a high load moving into the lower respiratory tract. On reaching a lung, the
bacteria colonise its epithelial surface (Griffin et al., 2010).
1.6.5 Potential risk factors
Animal management from 30 days before induction to five days after induction has been
reported to affect the level of BRD occurrence in feedlots. Taylor, Fulton, Lehenbauer, Step
and Confer (2010) identified that transport is the most significant factor for the occurrence
of the disease within this period. Other studies have reported that breed, sex, environment
and pre- and post-induction management are associated with BRD incidence (Snowder et
al., 2006).
The most recent study on risk factors for BRD in the feedlot industry is a large-scale research
project (35,160 cattle; 170 cohorts across 14 feedlots) conducted in eastern Australia
(Barnes et al., 2015). This study confirmed several potential factors for the disease, which
contribute to the animal’s relative risk of contracting BRD in Australia feedlots, as shown in
Table 1.2.
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Table 1.2: Risk factors for bovine respiratory disease occurrence in the feedlot industry
identified in a study in 2015 on 14 feedlots in eastern Australia (Barnes et al., 2015).
Risk Factors

Definition/Value

Shared pen water

Shared water troughs post induction

Animal breed

Breed of the animal

Animal’s lifetime of mixing

Mixing of animals from birth to delivery to the feedlot

Timing of relocation to feedlot

The time between cattle arriving to the feedlot site and
induction, generally higher in autumn and spring.

Induction weight

Induction weight grouping

Sex

Whether steers or heifers

Dentition

Number of teeth

Season of induction

Induction seasons autumn, winter, spring or summer to
account for environmental fluctuations

Weight variation in cohort

The animal weight variation from the mean at induction

Intended days on feed

The number of days the cattle will be fed

Time spent on truck

The time spent transporting cattle from the vendor
property to the feedlot

Saleyard purchases

Cattle were purchased through a saleyard

Induction weather events

Average maximum daily temperature and the minimum
daily temperature first week post induction

Total number of days to fill the

Number of days from opening the lot to closing it

pen

1.6.6 Disease management
Australian feedlots implement extensive measures for preventing and managing BRD to
reduce the losses resulting from the disease, including the use of vaccinations and
antimicrobials. The products used vary depending on the feedlot manager and veterinarian.
The most used antimicrobials in Australia are oxytetracycline, trimethoprim potentiated
sulphonamides, tilmicosin and ceftiofur (Cusack, McMeniman, & Lean, 2003). Antimicrobial
selection tends to be based on cost, effectiveness and treatment regime (Barrett, 2000).
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1.6.6.1 Vaccinations
Vaccination against the pathogens causing BRD varies, given the complexity of the disease
and the range of pathogens involved. Most vaccinations are administered at induction to
the feedlot; however, feedlots sometimes provide financial incentives to vendors to
vaccinate animals three to four weeks prior to induction. The main vaccinations used to
control BRD in Australia are as follows.


Rhinogard is a live attenuated intranasal vaccine against BoHV-1 and is commonly
used at induction to the feedlot. Animals can show mild clinical signs for three to
four days post vaccination, during which time they shed the virus, which is then
transferred through shared water or nose-to-nose contact (More, 2002). However, in
a feedlot using this vaccination all animals would be treated at induction, thus
limiting the potential spread of the virus.



Bovilis® MH + IBR vaccine has been commercially available since 2010 and is used
against BoHV-1.2B and Mannheimia haemolytica strain X387. This vaccination is
used at induction to the feedlot and by producers prior to sale to a feedlot.



Pestigard - BVDV-1 is a vaccine used mainly to protect breeding herds from
contracting BVDV (Pestivirus) because this disease has negative effects on
reproductive performance, including foetal death and malformations (More, 2002).
This vaccine is not commonly used in feedlot cattle at induction since animals tend
to be exposed to BVDV prior to induction.

Vaccines available globally for BRD vary across countries (see Table 1.3). This variation
occurs because vaccines require the use of foetal calf serum and if vaccines from cell lines
obtained from other countries are used, it poses the risk of spread of other diseases.
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Table 1.3: Number of vaccines available against Bovine respiratory diseases associated
pathogens globally (information gathered from Inocul, 2017).
Pathogens

Australia USA Canada

Bovine
respiratory
syncytial virus
Bovine viral
diarrhoea
virus
Histophilus
somni
IBR
Mannheimia
haemolytica
Mycoplasma
bovis
Pasturella
multocida
PI3

1

53

14

72

18

South Russia Africa Asia Middle
America
East
20
4
3
1
55

9

5

1

2

1
2
2

80
26

22
3

70
29

9
2

7
10

1

2
2

16

2

48

3

11

16

3

16

2

48

3

11

16

3

59

18

41

9

5

1

2

1.6.6.2 Antimicrobials
Animals identified as having clinical signs of BRD are separated from the pen and treated
with antimicrobials, only if deemed necessary in accordance with the feedlot veterinarians’
protocols. In addition, in-feed metaphylactic antibiotic treatments are used during the first
14 DoF, and lots at high risk of contracting BRD are treated with an injectable antibiotic
within their first 30 DoF. The following are examples of products used commercially to
control BRD:


Micotil, 300 mg/ml Tilmicosin as tilmicosin phosphate, 1 mL/30 kg bodyweight is a
subcutaneous injection used as the metaphylactic injection.



Tulathromycin 100 mg/ml, 1 mL/40 kg body weight, is a subcutaneous injection used
as a first line defence for animals displaying signs of BRD within their first 60 DoF.



Oxytetracycline hydrochloride, 100 mg/mL, 1 mL/10 kg body weight, is an
intramuscular injection used as the second treatment for animals after 60 DoF.



Chlortetracycline, Chlortetracycline hydrochloride as Calcium Complex, which is used
as an in-feed antimicrobial fed at 0.3% of the animal’s diet for the first 14 DoF.
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Antimicrobial resistance in pathogens involved in BRD in Australia is limited at present;
however, a large-scale project is currently underway to track any microbial resistance
(Australian Lot Feeders’ Association & Meat & Livestock Australia, 2018; Badger et al.,
2020).
1.6.7 Disease diagnosis
Bovine respiratory disease diagnosis can occur on the live animal or through the gross
pathology of carcases post slaughter. This section identifies a range of methods that have
previously been used to identify BRD.
1.6.7.1 Feedlot
The current favoured approach to detect BRD in feedlots is the observation of typical clinical
signs of BRD by trained staff, who view and subjectively assess the health of animals daily.
As common practice in feedlots, animals that show two or more of these signs are treated
with antibiotics for BRD (Cusack, McMeniman, & Lean, 2007). To reduce the staff’s workload
and ensure high-risk animals are assessed more thoroughly than low-risk animals are,
focusing inspections on animals that have been on feed for less than 50 days is important
(Edwards, 2010).
The Remote Early Disease Identification (REDI) system has the capacity to observe animal
behaviour 24 hours a day and identify sick animals through their behaviour. It can identify
diseased animals up to 5 days prior to the conventional pulling method (White, Amrine, &
Goehl, 2015). The REDI system has been developed to use animal behaviours, such as time
spent feeding, socialisation patterns and time spent at the water trough, to identify changes
in behaviour that are linked to BRD. Systems like these are still in their infancy and require,
first, further refinement and then, documentation.
1.6.7.2 Abattoir
To evaluate the effectiveness of interventions and management techniques for controlling
BRD, disease severity scoring of carcases at slaughter is used as a method for assessing the
gross pathology resulting from pneumonia and pleurisy (Bryant, 1997). Currently, only
consulting veterinarians and researchers worldwide use this method; however, peer-

19

reviewed articles based on Australian results are unavailable. The Australian red meat
industry is currently investigating methods of collecting this information commercially. The
following section identifies the disease severity scoring methods used in previous
international studies.
1.6.7.2.1 Assessing the lungs
Lung scoring at slaughter is a method of assessing the gross pathology caused by pneumonia
(mainly, lesions and abscesses) in animals (Bryant, 1997). This method allows the evaluation
of the effectiveness of interventions and management techniques; however, it provides a
limited retrospective evaluation, and not prevention of BRD (Rezac et al., 2014). Several
methods for lung scoring cattle and pigs post slaughter have been published. The methods
tend to vary according to the level of granularity of the data collected, which is directly
affected by the accuracy obtainable at commercial chain speeds. The main published
methods are as follows:
1. Gardner, Dolezal, Bryant, Owens and Smith (1999), evaluated the level of
bronchopneumonia lesion in animals with no lesions (normal lungs), inactive lesions
and active lesions.
2. The Rezac et al. (2014) method for lung scoring uses four categories: 0, normal lung;
1, < 10% consolidation; 2, 10–50% consolidation; and 3, >50% consolidation.
3. Fajt et al.’s (2003) method assesses the level of consolidation in lung lobes in 10%
increments to estimate the percentage of lung affected.
The published gross pathology scoring methods vary in terms of the level of details
collected, and they move from binary estimation to a scoring method with scores ranging
from 1 to 10. The trade-off with these methods is the ability to obtain results accurately at
commercial chain speeds.
1.6.7.2.2 Assessing the thoracic cavity
In some cases of BRD, fibrinous pleurisy can form, which can cause the plural sac and lungs
to stick to the rib cage. Unlike for lung adhesions, only one published plural adhesion scoring
method is available. It is a three-score method, and the scores are (0) No plural adhesion,
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(1) adhesions present but less than 50% of the pleural surfaces and (2) adhesions present on
more than 50% of the pleural surface (Thompson, Stone, & Schultheiss, 2006).
Collecting information on the level of infection in the thorax is important since it determines
the amount of saleable meat from the rib cavity. Only a few studies have collected data on
the level of pleurisy adhesions in association with BRD.
1.6.7.2.3 Assessing the liver
The assessment of cattle livers is generally conducted to ascertain other infections in the
body. Grain-fed cattle have the highest rate of liver abscesses, which are influenced by
dietary and management factors (Nagaraja & Chengappa, 1998). The Rezac et al. (2014)
method of assessing livers is the most widely used and provides the greatest detail. It uses a
liver scoring method as follows: N: normal livers; A: livers with less than two abscesses that
are less than 2 cm in diameter; A: two to four abscesses between 2 and 4 cm in diameter;
and A+: livers more than four abscesses of diameter above 4 cm. In addition to the level and
size of abscesses observed, the fibrosis of livers needs to be considered.
The collection of data on the lungs and the thoracic cavity scoring allow a complete
understanding of the level of BRD in animals at slaughter. The liver score is not to be
included since it is unrelated to the disease process.

1.7 Impact of Bovine Respiratory Disease on Production and Carcase Traits
Producing the required quantity and quality of beef to meet consumers’ specifications is the
main driver of value in the beef supply chain. Animal disease can jeopardise the ability of
the carcase to fit these specifications. The biologic mechanisms that cause these effects are
shown in Table 1.4. To better understand the economic implications of a failure to meet
specifications, first, the effects of disease need to be understood. In addition, it is important
to understand the relative importance of a production trait to the supply chain since this will
drive the related economic implications.
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Table 1.4: Mechanisms for disease-induced carcase composition changes (Larson, 2005).
Disease Response

Mechanism for Influencing Carcase Composition

Increased cortisol

Inhibit thyroid stimulating hormone
Suppress 5’ deiodinase (decreased conversion of T4 to T3)
Muscle catabolism

Increased tumour

Decreased protein synthesis

necrosis factor

Insulin like growth factor I receptor resistance
Impaired insulin activity
Preferential lipolysis of inter- and intramuscular fat over subcutaneous
fat during inflammatory response

Anorexia

Increased growth hormone
Decreased serum insulin like growth factor I
Decreased effective days on feed

1.7.1 Production traits
Bovine respiratory disease has a negative effect on production traits while animals are on
feed (Wilson et al., 2017). The factors critical to the productivity of feedlots is the
conversion of feed intake to carcase weight. This section identifies the main factors that are
affected by the progression of the disease. Notably, most of the studies included have been
completed internationally.
1.7.1.1 Feed intake
The BRD risk period during the first 50 DoF is the core period in which the animal feed
intake must be monitored if the technology required to do so is available. Jackson, Carstens,
Tedeschi and Pinchak (2016) found that the feed intake started to decline 6.26 days before
clinical symptoms were observed. Dry matter feed intake was recorded by Wilson et al.
(2017), which identified a net increase in intake for cattle treated for BRD. However, the
separation of calves on the number of treatments was retrospective at 85 DoF, resulting in
the feed intake being recorded after the disease had cleared. The comparison between
these two studies shows the importance of measuring feed intake associated with BRD in
real time but is not specific to BRD. Sickness behaviours are normally characterised by
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decreased exploratory activity, fever, sleep and inappetence. The inappetence is established
through an upregulation in leptin expression in adipose tissue (Colditz, 2004).
1.7.1.2 Feed conversion
The reduction in feed conversion observed in animals with clinical BRD is due to the immune
response when fighting the disease. The fever and sickness behaviour reduces fatty acid
uptake and protein synthesis and enhances the breakdown of muscle (Colditz, 2004). Feed
conversion ratio decreases as a result. Reduced feed efficiency is generally difficult to
demonstrate in commercial trials because individual animal intakes are not recorded (Faber
et al. 2000).
1.7.1.3 Average daily gain
The reduction in feed conversion of an animal and the suppression of its appetite due to
BRD reduces the live weight gain of animals on feed. The result of these two factors has
been investigated repeatedly in relation to the overall weight gain of animals while on feed.
The variation in live weight gains generally occurs through three phases, the induction phase
(0 to 50/60 DoF), the finishing period (> 60 DoF) and the feeding phase (ADG from induction
to slaughter). The impact of BRD on ADG measured in several studies is shown in Table 1.5.
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Table 1.5: Effects of bovine respiratory disease on live weight gains (kg/day) in feedlot trials
using number of treatments as the measure of disease severity.
Article

0

1

2

Treatments

Treatment

Treatments

1.8

1.7

1.3

BlakebroughHall, et al., 2020
Erickson et al.,
2011

1.421

1.4

1.33

1.53

1.49

1.35

1.77

1.068

1.02

1.04

Gardner, Dolezal,
Bryant, Owens &
Smith, 1999
Stegner et al.,
2013

Schneider, Tait,
Busby & Reecy,
2009
Wilson et al.,
2017

P-Value

Period
<0.001
<0.001
Not
significant
0.021

Overall
Overall

Overall
Induction
phase

Not

Finishing

significant

phase

1.51

1.14

<0.001

1.44

1.37

<0.001

1.74

1.76

1.78

Feeding

Not
significant

Induction
phase
Overall
Overall

Two methods used to identify differences in performance are the number of treatments and
the post-slaughter lung pathology, as shown in Table 1.6. All the studies shown in Table 1.5,
except for Wilson et al. (2017), show a reduced ADG during the first 50 DoF. As previously
indicated, Wilson et al. (2017) recorded the opposite effect on ADG, because the animals
they examined were separated post BRD treatment. A similar finding was reported by
Stegner et al. (2013), for the period from 70 to 208 DoF. The differences noted between
trials could be caused by the impact of differing disease severity levels and other
contributing factors.
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Table 1.6: The variation in average daily gain (kg/day) on feed on analysing disease in live
animals and carcases (Wilson et al., 2017).
Testing method

None

Non-active

Active

Clinical disease identification

1.58

1.42

1.17

Number of treatments

No Treatments

1 Treatment

2 Treatments

Post-slaughter lung scoring

1.53

1.49

1.35

1.7.2 Carcase traits
1.7.2.1 Dressing percentage
Dressing percentage is the percentage of a carcase trimmed to the hot standard carcase
weight (HSCW) as a percentage of the live animal weight. Heavily muscled carcases tend to
have a high dressing percentage, providing more saleable meat from the live animal.
Previous studies conducted on the effects of BRD have shown that a decreased dressing
percentage results in a lighter carcase. Wilson et al. (2017) found a significant reduction in
dressing percentage in animals treated for BRD.
1.7.2.2 Carcase weight
Hot standard carcase weight is the combined effect of induction liveweight, ADG and
dressing percentage, as the main measure of carcase quantity, affects carcase value
considerably. The negative impact of BRD on the carcase weight of animals has been widely
reported (Blakebrough-Hall, et al., 2020; Erickson et al., 2011; Gardner, Dolezal, Bryant,
Owens & Smith, 1999). Commercially, feedlots slaughter all animals from an induction
cohort; however, in the published literature some studies have considered diseased animals
that are slaughtered later than the main cohort is, to increase their carcases weight. This
method does allow to increase the value of carcases post slaughter but is not viable in
commercial operations.
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1.7.2.3 Condemned products
Offal is inspected in Australian processing plants by accredited independent meat
inspectors. These personnel inspect all offal for defects and acceptability (Butler, Murray, &
Tidswell, 2003). The level of contamination caused by disease in the offal dictates whether
the product can be sold for human consumption, pet food or rendered. The severity of BRD
infection in the lung will affect the volume of lungs harvested from the slaughter floor,
affecting the processor’s income.
1.7.2.4 Carcase quality attributes
The quality attributes of carcases in Australia are underpinned by the AusMeat and MSA
grading system. MSA has been developed to assess the eating quality of carcases using a
palatability analysis of critical control points in the supply chain (Polkinghorne & Thompson,
2008). The evaluation of key management, processing and breed characteristics is
underpinned by nearly 700,000 consumer taste tests (Meat & Livestock Australia, 2016). In
contrast, the United States Department of Agriculture (USDA) grading system is based on an
assessment of only carcase traits of animals at slaughter (Smith, Tatum, & Belk, 2008). The
literature reviewed in this thesis will focus on the MSA grading system because this is the
grading system to be used through the trial.
The MSA system has been developed to provide the production and processing sectors with
grading scores to show the quality of their products and to allow processors to underpin
their brands. The main three outcomes are (MSA, 2017):
1. MSA compliance: the mandatory requirements are pH less than <5.72, rib fat greater
than 3 mm and carcase below 12oC at grading. Carcases must meet these minimum
requirements prior to obtaining the following scores.
2. MSA Index (production) scores carcases on HGP status, milk-fed vealer, saleyard
purchase, hump height, tropical breed content, ossification, rib fat, HSCW, sex and
marbling (McGilchrist, Polkinghorne, Ball, & Thompson2019)
3. MSA plant-specific boning runs (PSBRs) include all the traits in the MSA index, with
the addition of fat colour, meat colour and eye muscle area. The specific
requirements are sent by the processor. These boning runs allow the plant to
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separate carcases according to the boning runs, to meet their customer’s
specifications.
Data collected on carcases through the MSA process are combined to calculate the MSA
scores in real time. The MSA index and PSBRs use the combination of these traits to
calculate the palatability of 39 cuts (Watson, Polkinghorne, & Thompson, 2008). Each cut
has an associated palatability score and a cut yield percentage, which are combined with the
weightings for animal management and carcases characteristics (see Table 1.7) to calculate
the MSA index. The values used to calculate the MSA PSBR are specified by the processing
plant and will vary developing on their customer’s specifications. The carcase traits included
in the MSA grading, which could be affected by BRD, are ossification, rib fat, HSCW and
marbling; the other traits are based on animal age or breed. The effect of BRD on these
traits has been studied internationally only, and thus, their effect on the carcase’s ability to
meet MSA grades has not been investigated.
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Table 1.7: Carcase traits included in the Meat Standards Australia (2017) grading and their
subsequent effect on the Meat Standards Australia index that underpins the eating quality
of Australian beef production.
Carcase Input

Impact on MSA Index

HGP status

−5

Milk fed vealer

4

Saleyard

−5

MSA marbling

0.15 (per 110 points)

Hump height

−0.7

Tropical breed content

0% = 0
12% = −1.6
18% = −3.2
25% = −3.9
38% = −4.7
50% = −5.2
75% = −5.5
100% = −6.3

Ossification score

−0.6

Rib fat

0.1

Hot standard carcase
weight

0.01

Sex

0.3

1.7.2.5 pH
MSA grading requires carcases to have a pH below 5.71 for carcase compliance because of
the direct link between pH and dark cutting. The glycogen stores of an animal post mortem
are converted to lactic acid, through glycolysis, thereby reducing the pH of muscles
(Ferguson & Gerrard, 2014). When carcases cannot reach the 5.71 pH cut-off, the meat
tends to dark cut. High pH in cattle is usually associated with the animal nutritional intake,
particularly in grass-fed systems (McGilchrist, Perovic, Gardner, Pethick, & Jose, 2014).
However, grain-fed cattle are on a high-energy diet prior to slaughter but are still
susceptible to dark cutting (Hopkins, Bruce, & Li, 2016).
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1.7.2.6 Marbling
Marbling consists of intramuscular fat laid down between bundles of skeletal muscle and
enhances the eating sensation when consuming cooked meat (Harper & Pethick, 2004). The
synthesis of intramuscular fat is affected by the animal’s carcase weight, genetics and
overall fatness. Burns et al. (2015) identified a linear (R2 = 0.76) correlation between the
Marbling Score and the HSCW of cattle slaughtered at carcase weights ranging from 200 to
400 kg. Trials conducted in the United States of America (USA) have also observed
statistically significant reductions (Erickson et al., 2011; Gardner et al., 1999; Schneider, Tait,
Busby, & Reecy, 2009) or trends towards significant reductions (Wilson et al., 2017) in
marbling in association with a reduction in carcase weight. This potential interaction is
important for the level of marbling in animals affected by BRD, because if the HSCW is
significantly affected by the disease, then a negative effect could also be observed on the
animal’s marbling score.
1.7.2.7 Fat depth
The rib fat depth of a carcase has also been identified to be positively correlated with the
carcase weight of animals (Harper, & Pethick, 2004). Unlike marbling, the rib fat decreases
the value of the carcase since the excessive fat requires trimming post slaughter. Rib fat
depths have also been shown to be reduced significantly in carcases of animals affected by
BRD (Erickson et al., 2011; Gardner et al., 1999).
1.7.3 Previous research
The studies investigating the impact of BRD on carcase weight, marbling and fat depth have
all been conducted in the USA. The USDA and MSA grading systems use distinctly different
grading characteristics, which limits the ability to compare the economic costs of the disease
between the two countries. The methods used to collect the data between the two grading
systems also differs greatly, limited the ability to compare the systems. In addition,
differences in production systems have a considerable effect on the impact of disease in the
two countries. Therefore, research using Australian data should be conducted to accurately
estimate the impact of BRD on carcase characteristics.
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1.8 Assessment of the Economic Impact of Bovine Respiratory Disease
The economic impact of BRD is driven by the increase in input costs through disease
management and a decrease in the value of animals due to its impact on production and
carcase traits. The disease costs are generally endured by the feedlot industry but have a
considerable effect on the supply chain. The main costs that affect the Australian supply
chain are as follows:


carcase quantity and quality



cost of treatment, monitoring and disposal of dead animals.



reduced production performance from animal morbidity and mortality.

Rushton (2017) identified that the future of economics in production animals is reliant on
the growing need to be more proactive and the generation of information on burdens and
costs of disease. Rushton (2017) findings led to the development of an economic model to
create information, which enables changes in animal management practices that utilise
commercially collected data.
1.8.1 Design of studies assessing the economic impact of diseases
The economic modelling of diseases in the livestock production industries is generally not
conducted with the same level of detail as of diseases that affect human health (BrooksPollock, de Jong, Keeling, Klinkenberg, & Wood, 2015). Several factors affect the type of
economic models used, such as the data available and the model purpose. In addition, the
structure of the model used will affect the outcomes of the model. Establishing the key
differences between human-based modelling and production animal-based modelling
provides some context to all other factors discussed. The main difference in the direction of
these studies is the purpose and outcomes required from the results. The outcome from
most of the human-based disease modelling is the economic cost to society of disease
spread, which is commonly measured in terms of disability-adjusted life years (Singh,
Khatkar, Gill, & Dhand, 2017). In contrast, most animal production economic models
evaluate the impact of disease on production performance (Nixon, Vineer, & Wall, 2017).
The contributing factors, which tend to be similar between animal production models and
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human-based economic models, are: the input costs associated with disease morbidity and
mortality; the disease spread and management; and the sensitivity of diagnostic tests.
Recent reviews of disease economic modelling completed globally have identified an
opportunity and a need to develop well-structured comprehensive models (Clark, Stewart,
Panzone, Kyriazakis, & Frewer, 2017; Donatelli et al., 2017; Rushton, 2017). The following
sections provide an overview of the main drivers that affect the outputs of economic
models and aim to shed light on areas that traditionally have restricted the use of the
results to the public domain, rather than allowing management changes in commercial
operations.
1.8.1.1 Disease status
The general classification of diseases that are modelled globally are either endemic or exotic
(McEldowney, Grant, & Medley, 2013), with the status of the disease significantly affecting
the motivation and expected outcomes from the model. Endemic diseases tend to be
modelled to understand the economic impact of treatments or to present the cost of
disease (Nixon et al., 2017). Exotic diseases tend to be modelled to understand the
economic and social implications of the disease introduction, for example, the impact of
foot and mouth disease (Knight-Jones & Rushton, 2013).
The status of the disease also influences the motivation of the analysis, with the literature
review identifying that politics or production drive the focus of most studies. Most studies
investigating the economic impact of exotic diseases are politically driven, to support
governments on policy decision-making (Webb et al., 2017). However, studies on endemic
disease tend to focus more on the cost of disease to the production industries. The
economic cost of BRD has been investigated in many North American studies, such as that
of Wilson et al. (2017), which reported on the economic implications of this disease for
North American feedlots. Previous studies have mainly focused on the impact of disease on
production traits in the feedlot sector; however, there are other costs (such as, the cost of
offal condemned, reduction in carcases quality and impact on carcase value, cost to dispose
of deaths, etc) associated with disease throughout the supply chain, which have not been
investigated (Blakebrough-Hall et al., 2020; Faber, Hartwig, Busby, & BreDahl, 2000;
Rodriguez-Castillo et al., 2017). In addition, in relation to BRD, understanding the costs
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incurred by the feedlot alone does not provide a good estimation of the overall cost of the
disease.
1.8.1.2 Model type
The two main types of economic models are static and dynamic models. Static models use a
fixed dataset to analysis the economic impact of variables, whereas dynamic models use a
dataset that changes over time (Gale, 1973). The development of dynamic disease models
assists managers to change practices to reduce the ongoing economic impact of the disease
on the production system. However, all published studies on the cost of disease use static
models, such as the economic matrix that excludes changes to economic variables over
time. Nathues et al. (2017) developed an economic model for the pork industry, which
produced static results that were then incorporated into a dynamic model, which allows
industry participants to change values to understand their unique position in the market.
These types of models allow some variation in the dynamics of the production industries.
The UPMC Center for Health Security (2017) has developed many online calculators to
provide the dynamic costs of disease worldwide. The creation of dynamic models available
to industry will facilitate industry participants to continually reduce the cost of disease in
the supply chain.
The other model characteristic to consider is the economic outputs investigated by the
model, these being economics related directly to the costs of disease or the effectiveness of
disease management (including treatments). This is particularly important in the red meat
supply chain because the management of diseases is generally determined or influenced by
the economic returns for the participant (e.g. producer; Nixon et al., 2017). In economic
models developed to investigate the cost of BRD to feedlot industries worldwide, the cost of
treatments and their effectiveness are used as outputs rather than estimating the cost of
the disease, since in field conditions the disease is not allowed to progress (Gardner et al.,
1999). This is because many of these studies were completed in commercial production
systems and animal welfare ethical considerations of allowing animals to die from disease
had to be followed.
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1.8.1.3 Study type
In developing economic studies to understand the impact of a disease, retrospective and
prospective approaches both tend to be used for data collection. Prospective studies tend
to be tailored to evaluate the effects of a treatment on animals enrolled in the trial,
whereas a retrospective study tends to be designed using historical data to understand
long-term relationships between management and disease (Thiese, 2014). Both methods
have limitations but can provide opportunities when used in succession. Prospective studies
can provide greater understanding of the dynamics of the disease progression and the
subsequent economic impact of the disease within a population (Hoogendoorn et al., 2005).
Used in conjunction with a prospective study, the analysis of retrospective data can provide
an understanding of the broader effects of the disease to the wider population and the
factors contributing to the disease occurrence. The Australian red meat industry is fortunate
because there are extensive databases containing information on BRD, which allows this
process to be completed.
The understanding of the implications of disease through a prospective study can be
integrated into retrospective real-time decision support systems where the data is collected
commercially (Dórea, Sanchez, & Revie, 2011). This process allows industry participants to
monitor the cost of disease on an ongoing basis using the detailed investigation undertaken
during a prospective study. The natural progression of the decision support systems is then
to establish predictive algorithms to reduce the incidence of disease using the retrospective
method, thus reducing the cost of disease by predicting outbreaks and managing them
accordingly (Yam, Tse, Li, & Tu, 2001).
1.8.1.4 Study level
The data availability and the type of study influence the establishment of the industry level
for which an economic model is developed, which will affect the relevance of the model to
industry participants. Models tend to be developed on either an enterprise or industry level
(Dijkhuizen & Morris, 1997). Variables such as region, state, company or pen level analysis
fits under each of these types of analysis to further understand the impact of diseases.
Industry-level information is important from the perspective of investing in methods to
reduce the impact of the disease on the industry. However, this information has limited
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impact on disease management at an enterprise level. The interaction between data
availability and the confidentiality of enterprise-level data can affect model development
(Brooks-Pollock et al., 2015). The methods are linked strongly to the study type. An
enterprise-based prospective study would aim to create the model parameters for an
industry-wide retrospective result. Conducting the analysis at the enterprise level allows the
use of cloud-based enterprise-specific decision support systems, providing individual
producers with information on the economic impact of the disease to their specific
property.
1.8.1.5 Implications
The underlying trend identified in many studies is the need for better utilisation of data that
are currently commercially collected on a routine basis. Data collection methods across the
red meat industry vary between companies and storage databases. Utilising this data for
industry-based data analysis creates issues related to data standards and the confidentiality
of the results. Where the data can be accessed and utilised for economic modelling at the
enterprise and industry level, the right expertise is needed to enable the results to allow
meaningful information to be created through the process (Brooks-Pollock et al., 2015;
Faber et al., 2000; Perry, Grace, & Sones, 2013; Rushton, 2017).
1.8.2 Economic modelling outputs
The design of the economic study and the expected outputs from the model will determine
the type of data to be collected and the methods to be used to collect the data. This section
provides details of three different model outputs used in economic models, which are
relevant to this study.
1.8.2.1 Cost of illness
The cost of illness is ascertained to understand the cost incurred owing to disease, which
includes all inputs for estimating the cost of disease to a country, industry or enterprise.
Previous cost of illness studies have used the first method for the economic evaluation of
disease in the health field (Tarricone, 2006). The costs included in the studies on human
health are hospitalisation costs, such as the cost of bed occupancy, consumables and
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medical staff time. Costs incurred on medical treatments and outpatient consultations have
also been included in more recent studies but were not in earlier studies (Drummond,
1992). Animal health studies have included the costs of animal health treatments,
vaccination and labour required to treat animals in addition to reduced performance, yield and
quality (Blakebrough-Hall et al., 2020).

A systematic review on the cost of illness studies on multiple sclerosis concluded that the
costs presented in these studies are better observed as a ratio between the severity of
disease and the cost of illness, to enable comparison among studies (Ernstsson et al., 2016).
In contrast, it is difficult to compare the cost of illness studies on the livestock industry
between countries. Studies evaluating the cost of BRD in feedlots worldwide have not
provided context to the risk factors that animals are exposed to prior to induction, which
limits the ability to compare the economic results (Faber et al., 2000).
Further, in using the cost of illness method, all costs associated with the disease should be
included in the analysis. This study method forms the basis for conducting cost–benefit
analyses, decision analyses and cost-effectiveness studies, which are imperative to the
understanding of the true impact of a disease prior to assessing alternative methods for its
treatment or control.
1.8.2.2 Cost-effectiveness study
The main differences between a cost of illness study and a cost-effectiveness study is that
the latter investigates the cost of interventions on the disease outcome (Gold, 1996). These
studies are used when comparing the benefits (such as productivity losses between
treatments) and costs of two or more treatments for a disease. Ball, Kegley, Sarchet and
Powell (2019) have recently shown that calves treated using Tulathromycin 100mg/mL (TUL,
Draxxin, Zoetis, Florham Park, NJ) had a larger first treatment antibiotic cost than that of
calves treated with tilmicosin (TIL, Micotil, Elanco Animal Health, Greenfield, IN). These
studies are used widely in beef industry because feedlot managers are able to still treat
animals with antimicrobials but understand the implications of the cost of disease without
negatively affecting the animal’s welfare.
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1.8.2.3 Cost–benefit analysis
A cost–benefit analysis assesses the costs and benefits of implementing something new or
different. It assesses not only the financial implications but also the overall impact on
economic, social and environmental factors (Josselin & Le Maux, 2017). These evaluations
provide important information for policy and commercial decision-makers to ensure that
their decisions do not negatively affect the company or population. The results from a cost
of illness study can be efficiently adapted to a cost–benefit analysis if treatments of the
known affect are available (Wilson et al., 2017).
1.8.2.4 Modelling summary
In developing an economic model, all costs of the disease should be included. The methods
used to understand the cost of disease in a commercial supply chain will include a
combination of a cost of illness study and a cost-effectiveness of treatment study (Pinior,
Köfer, & Rube, 2014). The cost–benefit analysis method could be used to assess the benefits
achieved through the installation of monitoring technology, such as REDI (see section
1.6.7.1 for details).
1.8.3 Economic evaluation of BRD
The economic evaluation of diseases in the red meat industry has been conducted several
times over the past 25 years. A report commissioned by the Meat & Livestock Australia
identified gaps in the knowledge of the effectiveness of existing preventive and treatment
strategies for disease in the red meat industry (Lane, Jubb, Shepherd, Webb-Ware, &
Fordyce, 2015). These findings are supported by previous studies on the Australian red meat
industry (Sackett et al., 2006).
Two economic studies have been conducted on the cost of BRD to the Australian feedlot
industry. Dunn et al. (1995), identified the cost of BRD at A$4.19 million per annum and
Sackett et al. (2006), at A$40.70 million, the most significant impact on these cost estimates
was the level of disease, value of treatments and value of livestock between 1995 and 2006.
The most recent field trial conducted to understand the impact of BRD on cattle’s
performance on feed is that of Dunn et al. (1995). Sackett et al. (2006) used an economic
model based on the data Dunn et al. collected in 1995 and updated the cost of BRD to real
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terms, including the increase in feedlot capacity between 1995 and 2006. The effects of a
reduction in carcase quality or the decrease in primal meat cut value are not included in
both these studies, because the data collection was conducted prior to MSA grading tacking
off in Australia in 2005, MSA was initiated in 1998 but didn’t start grading a significant
portion of cattle slaughtered until 2005.
Many global studies investigate the financial impact of BRD. Table 1.8 provides a list of these
studies with information on the costs considered and the part of the value chain on which
the study focused. A number of these costs will be borne at the subsequent sector of the
chain, however data is collecting in the following studies:


producer: production losses and cost increase (Rushton, 2017)



feedlot: increased labour, antimicrobial treatments, mortalities, chronic BRD cases,
decreased performance, yardage costs, feed costs (Blakebrough-Hall et al., 2020;
Faber et al., 2000; Wilson et al., 2017)



abattoir: reduced carcase weight, MSA traits (Blakebrough-Hall et al., 2020; Wilson
et al., 2017).

The financial burden of disease on where the above data is collected is shown in Table 1.8.
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Table 1.8: Information on studies investigating the financial impact of bovine respiratory disease on the value chain. The results in the
following table are all displayed as a per head cost.
Feedlot
Study
Blakebrough-Hall,

Morbidity Costs

Mortality cost

($/head)

($/head)

13.31

1647.53

Abattoir

Net Result

Country

($/head)

Conducted

67.10 to 213.90

164

Australia

57.48

57.48

USA

Sales Value ($/head)

Offal Yields ($/head)

Primal Sales
($/head)

McMeniman &
González, 2020
Faber, Hartwig,

12.39

Busby & BreDahl,
2000
Rodriguez-Castillo

16 to 38

Mexico

et al., 2017
Schneider, Tait,

23.23 to 54.01

USA

13.90

USA

Busby & Reecy,
2009
Snowder, Van
Vleck, Cundiff &
Bennett, 2006
Stegner et al., 2013
Wilson et al., 2017

2.56 to 7.90
6.74 to 74.232

31.13 to 103.34

23.98

USA

37.87 to

USA

230.46
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1.9 Summary
To conclude, extensive research has been conducted to determine the cost of livestock
diseases worldwide over the past 30 years. However, the methods and outcomes vary
substantially for several reasons. The methods are dependent on whether the research is
conducted for policy development or for improving efficiency in production industries. The
direction of the present study is directly related to the economic impact of BRD on the
production industries for understanding the key drivers of the cost of the disease.
Therefore, the focus will be on developing a methodology that identifies the cost of disease
to all sectors of the supply chain. This study will pave the way for developing predictive and
preventive technologies to reduce the cost of BRD over time.
Bovine respiratory disease has been shown to negatively affect economically import
production and carcase traits. These traits included ADG, dressing percentage, carcase
weight, marbling and fat depth. The costs associated with treating animals with BRD
increases the overall cost of animal production to the feedlot industry, thus resulting in a
carcase that costs more to produce and are worth less than disease-free animals. Previous
studies have shown that the management of animals pre and post induction to the feedlot
influences the severity of disease during the first 60 DoF. At the time of undertaking this
study, no recently completed epidemiological study focused on BRD from the economic
perspective was available. All economic studies on BRD have focused on the cost of BRD to
the feedlot sector alone and have not considered the cost of disease to the value chain.
Hence, this study was developed to overcome these shortfalls in the current literature.
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Chapter 2: Objectives and Research Aims
The two main research gaps identified during the review of the relevant literature were (1)
the lack of current information on the cost of BRD to the Australian feedlot value chain and
(2) the development of an economic model that identifies the cost of disease to the value
chain.
The overall aim of this project was to assess the impact of BRD on the Australian grain-fed
beef industry. To achieve this aim, the following two objectives were set:
Objective 1: Establish the impact of BRD on economically important production and carcase traits in
Australian feedlot cattle, using one feedlot as a case study.
Objective 2: Determine the economic impact of BRD to the Australian cattle feedlot value chain, at the
producer, feedlot and abattoir sectors, using one feedlot as a case study.
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Chapter 3: Assessing the Impact of Bovine Respiratory Disease on
Economically Important Production and Carcase Traits in Australian
Feedlot Cattle
3.1 Introduction
Bovine respiratory disease is a multifactorial disease, with a range of pathogens involved,
including those commonly present in the feedlot environment and animal’s airways (Confer,
2009). The stress caused by relocating animals to the feedlot suppresses the immune
response, allowing these pathogens to infect the animal’s lungs where animals cannot stop
the progression of the disease or the treatment is in-effective (Rodriguez-Castillo et al.,
2017). The common clinical signs of BRD are dyspnoea, nasal discharge, oral discharge,
lethargy and inappetence (Hay, Morton, Mahony, Clements, & Barnes, 2016). Pathogens
previously identified in Australian cattle with BRD are Mannheimia haemolytica, Pasturella
multocida¸ Histophilus somni, Mycoplasma bovis, Bovine herpes virus (BoHV-1), Bovine viral
diarrhoea virus (bovine pestivirus; BVDV), parainfluenza 3 virus (PI3V) and Bovine
respiratory syncytial virus (BRSV) (Campbell, 2017; Dabo et al., 2007; Griffin et al., 2010;
Hay, Barnes et al., 2016; Rice et al., 2007).
Bovine respiratory disease is the leading cause of mortality and morbidity in feedlots
globally (Wilson et al., 2017). In Australian feedlots, BRD accounts for 60–70% of feedlot
disease morbidity, and 40–50% of mortalities (Sackett et al., 2006). International studies
have shown that BRD reduces feedlot performance, resulting in a reduced carcase quality
and quantity at slaughter (Blakebrough-Hall., 2020; Wilson et al., 2017). BRD is prevented
and managed through vaccinations and antibiotics to minimise the losses it causes. The
antibiotics used vary across countries, but most Australian feedlots use oxytetracycline,
trimethoprim, potentiated sulphonamides, tilmicosin and ceftiofur (Cusack et al., 2003). The
most widely used vaccines in Australia are Bovilis® MH + IBR (Inactive vaccine against
Mannheimia haemolytica and bovine herpesvirus type 1.2b) and Rhinoguard® (modified live
nasal vaccine against bovine herpesvirus-1) (Cusack & Mahony, 2019). Diseased animals in
feedlots are traditionally identified through visual assessment for common clinical signs,
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(Hay, Morton, Mahony et al., 2016). These animals are then removed from their pen and
treated with antibiotics in alignment with the treatment protocols implemented by the
consulting feedlot veterinarian.
Lung assessment of post-slaughter gross pathology has historically been conducted using
several methods to assess carcases for subclinical BRD (Gardner et al., 1999; Rezac et al.,
2014). BRD affects the quality and weight of carcases produced from affected animals
(Wilson et al., 2017). The most reported effects of BRD on production traits are on average
daily gain (ADG), hot standard carcase weight (HSCW), pH, marbling and fat depth
(Blakebrough-Hall et al., 2020; Erickson et al., 2011; Gardner et al., 1999).
Extensive research has been conducted internationally over many years to investigate the
impact of BRD. However, there is limited research based in Australia, which limits the
industry’s understanding of the disease. The two main studies recently conducted in
Australia are an epidemiological study investigating the potential risk factors of BRD and a
study that predominantly used animals purchased at saleyards (Barnes et al., 2015;
Blakebrough-Hall et al., 2020). Barnes et al. (2015) identified a range of risk factors
associated with BRD post induction but used data that are not commercially available to
feedlot operators, because they completed questionaries with vendors supplying the cattle.
Blakebrough-Hall et al. (2020) predominantly used animals purchased at saleyards, with a
small portion from direct consignment and previous studies have shown that animals in
saleyards have a higher risk of contracting BRD. However, numerous feedlot purchasing
strategies exclude animals bought from saleyards owing to the elevated risk, which limits
feedlots that can use these results. Therefore, the two most recent studies in Australia only
apply to animal purchases through specific channels of the Australian feedlot industry or use
data that cannot be used by commercial operators to manage their BRD risk. Given the
limitations in Australian published data, the international studies are a useful source of
reference. However, owing to the environmental impact on disease occurrence, different
vaccines, different environmental conditions, different feeding regions, different animal
maturity and feedlot entry, different expected growth rates in different countries.
International results are unlikely to be representative of the Australian feedlot system.
Therefore, additional research is needed to enable the Australian feedlot industry to reduce
the impact of BRD through changes in management practices. Thus, this study aimed to
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investigate the impact of BRD on economically important traits of feedlot cattle carcases,
using a prospective cohort study at an Australian cattle feedlot.

3.2 Materials and Methods
A prospective cohort study at a southern Australian cattle feedlot was undertaken to assess
the impact of BRD on production and carcase traits, with data gathered during the feedlot
period and at slaughter. Data gathered during the feedlot period included induction details,
animal health treatments, 60-day weight and exit weight. At slaughter, the following
information was gathered: dead weight (live animal weight minus blood volume), lung
consolidation score, pleurisy score and carcase grading data (fat depth, HSCW, body number
etc). A multivariable model was developed to investigate the impact of explanatory
variables on dependent variables. The dependent variables included were economically
important production and carcase traits and were tested against explanatory variables to
determine whether they significantly affect the disease outcome. The trial was approved by
the New South Wales, Department of Agriculture Animal Care and Ethics Committee (TRIM
16/1932 (2)).
3.2.1 Animal induction
A total of 1,799 head of steers inducted at a southern Australian cattle feedlot were
included in this study. The animals were inducted in six cohorts (live weight = 368 ± 138 kg)
during April–October 2017. The live weight was collected on animals which had all arrived
the day prior to industry and fed hay on arrival, animals were not fed after 5pm on the day
arrival and were then fed after the weight was recorded, this was in order to limit gut fill
without compromising the animal health. The animals were of Angus, Shorthorn and
Hereford genetic base. Animal induction occurred the morning after delivery, and induction
cohorts (of 300 animals) were filled over a 14-day period. The induction process consisted of
Bovilis® MH + IBR (Coopers Animal Health) and Rhinoguard® (Zoetis Animal health)
vaccinations, Benzidamole drench, an HGP, individual animal weight and identification.
Induction protocols that were not related to BRD have not been included due to the
commercially in confident nature of the procedures. Post induction, animals were moved
into commercial feedlot pens with 13.3 m2 per animal, 24.5 cm of bunk space per head and
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two shared water troughs, which were cleaned biweekly. Data gathered at this stage and
used in this study included: animal induction weight, producer ID, pre-induction vaccination
history for BRD (All animals which had received a single dose of Bovilis® MH + IBR (Coopers
Animal Health) prior to induction were delivered with a statutory declaration stating the
batch number of expiry date for animals when sold to the feedlot), induction season and
breed.
3.2.2 Feedlot feeding
The feedlot ration was delivered twice daily, with 30% of the daily intake delivered on the
first feed and the remaining 70% delivered on the second round of feeding. The volume of
ration delivered was calculated each morning by a senior feedlot staff member, with the
target requiring only crumbs left in the feed bunk at 6am. Where greater volumes remained
the ration volume would be decreased, however when there were only crumbs left the
volume would be increase slightly. The ration was distributed using truck mounted Roto-Mix
920 mixer boxes (Roto-Mix, Kansas). The white grain-based (either wheat or barley) ration
was transitioned from a starter ration to the finisher ration over a 21-day period. Once
animals were on the finisher ration, they remained on this ration until slaughter. The
specific ration details are commercially in confidence and thus could not be included.
3.2.3 Feedlot animal health management
The animals were visually monitored by two trained animal health staff for clinical
symptoms of BRD daily. The animals were treated for BRD if they displayed any two of the
following symptoms: lethargy, lack of purpose, profound depression, low head carriage
(where the tip of the head is suppled below the shoulders), slow movements, sleepy/dull
eyes and markedly reduced prey animal awareness. Animals were only treated on visual
signs which in accordance with the Feedlot veterinarians’ protocols. The treatment protocol
for BRD used was as follows: first treatment, 1 mL/40 kg body weight of Tulathromycin,
100 mg/mL (Draxxin, Zoetis); second treatment, 1 mL/10 kg body weight of Oxytetracycline,
100 mg/mL (Engemycin 100, Coopers Animal Health). The second treatment was
administered if animals were identified as being sick five or more days post their first
treatment. Any animals identified as sick after their second treatment were removed from
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the cohort and sold or euthanised. Where animals have been sold as reject the sales value is
included in the economic chapter. All animal BRD status, treatment records and body weight
at the time of treatment were recorded and included in the data analysis for this study.
Animals that died or were euthanised were necropsied by a veterinarian trained personnel
with photos collected for review, and only animals that were confirmed to have died
because of BRD were included in the mortality rates.
3.2.4 Slaughter process
Each induction cohort was slaughtered over three slaughter days; the average number of
DoF at slaughter along with the start and finish slaughter dates are included in Table 3.1.
The day before the animals were due to be relocated to the abattoir, they were moved from
their pen to lairage yards and separated into mobs of 46–52 animals, which was governed
by the 35,000 kg weight limit on the trucks. The animals were held in the lairage yards and
were relocated to the abattoir 12–24 hours prior to slaughter. Animal had free access to
water until departure and feed was not provided the day of departure.
Table 3.1: Range of dates on which each cohort in the trial was slaughtered. The total
number of head is the total number of animals slaughtered with the main cohort of animals.
The ‘Slaughter days on feed’ shows the mean and variation in the number of days on feed of
animals in each cohort that was slaughtered. The lower days on feed for cohort five and six
was because these cohorts had a higher induction weight than cohorts one to four.
Cohort Slaughter
Start Date

Slaughter

Total Head

Slaughter Days

Induction

Completion

Slaughtered

on Feed

weight

Date
1

6/11/2017

15/11/2017

275

197 (±4)

334 (±57)

2

22/11/2017

27/11/2017

248

208 (±0)

328 (±57)

3

4/12/2017

6/12/2017

269

214 (±1.5)

325 (±57)

4

11/12/2017

14/12/2017

274

205 (±2)

334 (±57)

5

12/2/2018

22/2/2018

283

153 (±0.5)

442 (±57)

6

26/2/2018

19/2/2018

286

141 (±4.5)

432 (±57)
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3.2.5 Production and carcase trait data collection
Production and carcase traits were recorded from induction to slaughter to understand the
impact of BRD. ADG for the induction period (0 to ~60 DoF) and finishing phase (~60 DoF to
slaughter) and overall gain (induction to slaughter) were calculated using the induction
weight, the weight at the end of the induction phase (60 ± 5 DoF) and the dead weight at
slaughter (184 ± 40 DoF) (see Table 3.1 for specific number of DoF for each induction
cohort). The 60 day weight was recorded using the same induction scales when animals
were between 60 and 70 days on feed. All animals were fed the day prior to weights
recorded and weight the morning follow. Animals were then fed once they were returned to
there home pen after weights were recorded.
At the abattoir, carcase data was collected in accordance with AUS-MEAT standards at
slaughter, and MSA carcase assessment, 18 to 24 hours post slaughter. The slaughter data
and MSA assessment data were collected by plant staff and provided to the research team
as an electronic data file post slaughter. The data provided included: dead weight, HSCW,
dentition, P8 (rump) fat depth, MSA marbling, pH, meat colour, fat colour, hump height,
ossification, eye muscle area and rib fat depth. A subset of this data was used as outcome
variables in this study, as described in the following section.
3.2.6 Post-slaughter gross pathology scoring
Subclinical BRD was assessed post slaughter by gross pathology for pneumonia by
identifying lung consolidation and pleurisy through the recognition of plural tags on the lung
surface, using a methodology adapted from Rezac et al. (2014). The gross pathology scoring
method used was a score from zero to three for lung consolidation and pleurisy. Figure 3.1
and Figure 3.2 provide a description of each of these scores for lung pathology and pleurisy,
respectively. Both sets of scores were then combined to obtain an overall carcase score,
using the matrix shown in Table 3.2. The individual and combined scores were used in this
study to understand the impact of subclinical disease on animal performance and carcase
traits. Gross pathology scoring was conducted by two people through visual inspection (K.
Bryan and one other person on each slaughter day), one located at the evisceration table
and the other at the offal chain. Three other people assisted with the data collection, and all
had a completed a minimum of three years of a bachelor’s degree course in Animal Science.
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Training was conducted by a senior feedlot veterinarian prior to the commencement of the
trial cattle slaughter.

0

1

2

3

Figure 3.1: Lung images classified using the lung pathology scoring method used during the
trial. The scores are as follows: 0, normal (healthy) lung; 1, < 10% lung consolidation; 2, 10–
50% lung consolidation; and 3, >50% lung consolidation.
0

1

2

3

Figure 3.2: Pleurisy scores ranged from zero to three. Score zero is no pleurisy, score one is
pleuritic tags between lung lobes, or on the lung surface with no adhesion on the pleura of
the thorax, score two is pleuritic lesions with localised adhesion to the thoracic wall, and a
score three is severe pleuritic adhesions with the chest requiring ‘stripping’.
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Table 3.2: Method used to classify animals according to pleurisy and pneumonia scores
(shown in Figure 3.1 and Figure 3.2) to estimate bovine respiratory disease severity. In this
study, the combined post-slaughter gross pathology score was used to identify normal (N),
moderate (M) and severely (S) affected animals through the combined disease pathway
caused by BRD. These scores where developed in consultation with the feedlot veterinarian
to align the level of disease with the impact on the animal.
Lung
Consolidation
0
1–10%
11–49%
>50%
No score

0
N
N
M
S
M

Pleurisy Score
1
2
N
M
M
M
M
S
S
S
M
M

3
S
S
S
S
S

3.2.7 Animal Reconciliation
The destination of the 1,799 animals inducted through the course of the trials are displayed
in the Table 3.3. Throughout the results section there is some variation in the total number
of animals in each analysis. The following provides an explanation to the destination and the
cause of variation in the total number analysed:


Total number inducted; the total number of animals inducted into each cohort.



Animals with 60-day weight recorded; animals which were in the home pen when
the 60-day weight was recorded. There were a number of animals in the hospital
yards and some missing which were subsequently found in other pens.



Slaughtered with the final Cohort; Total number of animals which were slaughtered
with the final cohort in each pen.



Slaughtered with the final cohort with gross pathology data; animals which were
slaughtered with the main cohort that had a complete set of gross pathology data
recorded. There were a number of animals which were missed due to human error.



Slaughtered with the final cohort with MSA data; animals which were slaughtered
with the main cohort, had a complete set of gross pathology data and had all the
MSA data obtained from the processing plant. This was the main dataset used for
the statistical analysis on carcases with MSA & gross pathology scoring.
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Rejected due to BRD; were animals which were rejected from the main cohort after
their second treatment for BRD failed and they remained sick. These animals were
slaughtered earlier than the rest of the cohort if they were fit for load. If they were
not fit for load, they were subsequently euthanised.



Rejected due to other disease; animals which were removed from the main cohort of
animals for either severe illness (other than BRD) or buller’s. These animals were
removed from the analysis and slaughtered as the same time as rejected due to BRD.



Deaths due to BRD; animal which died or were euthanized due to chronic BRD.



Deaths due to other diseases; animals were animal which died or were euthanized
due other animal health conditions (such as acidosis and feet issues).
Missing animals; animals which were not in there correct home pen at time of



slaughter.
The stats analysis was completed on the largest dataset available for each animal group
included from the above datasets.
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Table 3.3: Reconciliation of animals inducted and their destination throughout the trial, the
final destination of animal through this trial were slaughtered with the final cohort,
slaughtered with final cohort but missed gross pathology score, rejected animals and
deaths.
Induction Block
1
Total number inducted
Animals with 60 day
weights recorded
Slaughtered with the final
cohort

2

3

4

5

6

Total

300 300 300 300 300

299

1799

294 287 291 289 278

289

1728

275 256 277 274 283

286

1651

252 205 249 251 270

273

1500

258 231 252 253 266

266

1529

2

12

Slaughtered with the final
cohort with missed gross
pathology score
Slaughtered with the final
cohort with missed gross
pathology score with MSA Data
Rejected due to BRD

3

3

3

1

Rejected due to other disease

8

25

9

12

3

8

65

Deaths due to BRD

0

3

0

0

1

0

4

Deaths due to other diseases

6

7

6

7

4

0

30

Missing Animals

5

6

4

9

5

7
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3.2.8 Data analysis
Data gathered in this trial were collected both through commercial routinely used systems
and manually to ensure the accuracy of data collected. All animal induction, animal health
treatment and slaughter data were provided in electronic form from the feedlot. In
addition, a research team member (K. Bryan) collected the animal induction data, animal
health treatment data and post-slaughter gross pathology scoring manually and created a
Microsoft Excel (2017) spreadsheet. The manually recorded data were then correlated to
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the commercially collected data to check errors in both datasets. The final dataset used was
a combination of the commercially collected and manually collected data. All datasets were
compared together, any non-alignment in data was assessed on its merits and the most
realistic data point used, for example two induction weights were recorded and one was
outside the include grid the other data point was used. Descriptive statistics were
completed using Microsoft Excel (2017), including all feedlot performance and carcase
characteristics, to provide an overview of the impact of BRD. Statistical analyses were
conducted to identify associations between the post-slaughter gross pathology scores,
feedlot performance and carcase characteristics. The statistical software R (Core team 2013)
was used to develop univariable and multivariable generalised linear mixed models for the
continuous dependent variables and ordinal logistic regression models for the ordinal
dependent variables.
A univariable analysis was initially used to investigate the association of each of the
explanatory variables with the dependent variables. The explanatory variables included
were induction block, induction weight, pre-induction vaccination with Bovilis® MH + IBR,
animal breed, the season of feedlot entry, BRD animal health treatments and DoF. In
addition, the combined post-slaughter gross pathology score was used as an explanatory
variable for ADG and carcase traits. The dependent variables included were HSCW, ADG
(induction to slaughter, kg), P8 fat depth, marbling score (both AUS-MEAT and MSA), meat
colour, pH, rib fat, ossification and disease outcome (combined pleurisy and lung score). In
all the models, producer was included as a random effect, it was also tested in relation to
pen but was not shown to be significant. The explanatory variables associated with
dependent variables at P < 0.2 in the univariable analysis were considered in the
multivariable analysis. Lastly, the collinearity between explanatory variables was tested, and
if two variables were identified as being highly collinear, only one variable was considered
for the multivariable analyses. The final multivariable model was built by removing variables
with P-value >0.05, leaving only significant variables in the multivariable model.

3.3 Results
The analysis of the results has shown that some traits were significantly affected by either
gross pathology score, number of treatments with the feedlot or both. The results section
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has been presented to show all three of the outcomes, the following describes which traits
and subsequent tables have been significantly affected by each disease outcome:


Gross pathology score
o Descriptive statistics (Tables 3.4 & 3.6)
o

Average daily gain from induction to slaughter (Table 3.7)

o Average daily gain during the finishing phase (Table 3.8)
o Hot standard carcase weight (Table 3.9)
o Eye Muscle area (Table 3.10)


Number of animal treatments
o MSA Marbling (Table 3.11)



Both Gross pathology score & number of animal treatments
o Average daily gain from induction to the end of the induction period (Table
3.12)

Throughput the following section all explanatory variables included in the analysis
(induction block, induction weight, pre-induction vaccination with Bovilis® MH + IBR, animal
breed, the season of feedlot entry, BRD animal health treatments and DoF), however only
significantly affected variables have been included in the beknow section.
3.3.1 Descriptive statistics – Gross pathology scoring classification
3.3.1.1 Feedlot performance and animal health management
Table 3.4 shows the descriptive statistics of the induction phase (induction to 60 DoF), the
finishing phase (60 DoF to slaughter) and the overall performance (induction to slaughter),
according to the disease severity score obtained at the abattoir. The mean induction weight
of severely diseased animals was 68 kg lesser than that of healthy animals. This reduction
was further exacerbated over the induction phase, with a reduced ADG (0.47 kg/day
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(P<0.05; Table 3.4), which resulted in severely affected animals being 94 kg (P<0.05) lighter
than healthy animals at the end of the induction phase. However, the ADG during the
finishing phase showed no difference between disease severity scores.
Table 3.4: Live weight and average daily gain (kg) of a cohort of cattle induced to an
Australian feedlot, in a study conducted in 2017. Each variable has been presented for the
overall cohort and for each of the four categories of bovine respiratory disease severity
scores assessed post slaughter (normal, moderately diseased, severely diseased and
rejected animals). Only traits which were shown to be significantly affected (P<0.05) by
gross pathology score have been maintained.
Variable and
Gross Pathology Overall Moderate Normal Severe
Score
60-Day weight (kg)
Mean
483
456
492
398
SE
3.45
3.72
1.05
10.6
Max
679
655
679
522
Min
277
359
334
343
N
1616
335
1248
21
Induction phase ADG (kg/ day)
Mean
2.02
1.97
2.05
1.58
SE
0.04
0.02
0.01
0.11
Max
3.91
3.31
3.91
2.34
Min
0.6
0.6
0.11
0.6
N
1614
335
1248
21
Finishing phase ADG (kg/ day)
Mean
1.53
1.57
1.54
1.55
SE
0.019
0.01
0.01
0.06
Max
2.96
2.18
2.69
1.98
Min
−3.09
0.8
0.22
1.03
N
1552
323
1203
21
Overall ADG (kg/ day)
Mean
1.69
1.69
1.7
1.56
SE
0.017
0.01
0.01
0.06
Max
2.44
2.26
2.44
1.93
Min
−0.77
0.92
0.99
0.95
N
1585
328
1228
21

Reject

438
16.53
574
277
12
2
0.12
3.28
1.29
10
−0.45
0.35
1.49
−3.09
5
0.78
0.19
2.27
−0.77
8

Table 3.5 displays the morbidity rates for BRD of each lot included in the trial based on
animal treatment with antimicrobials. The table shows that the treatment rate (first
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treatment) ranged from 35% to 78%, with 18–37% of animals being treated twice for BRD
while on feed. These treatment rangers are on the higher end of the expected but will be
reviewed in the discussion. Figure 3.3 demonstrates the variation in the percentage of
animals treated from each producer that supplied animals for the trial; the variation for
each vendor ranged from 8% to 75% of animals supplied. The morbidity rate of other
diseases in the feedlot was less than 10% for all lots, and the majority of these were either
bullers or lame animals. Bullers were animals that were removed from the main cohort and
excluded from the analysis because other steers excessively followed and mounted the
affected animal (Ulbrich, 1981). The animals removed from the analysis shown in Table 3.5
were due to gaps in the data collected on these animals, this will impact on the analysis but
was caused by the trial being completed in a commercial production chain.
Table 3.5: Disease morbidity (bovine respiratory disease (BRD) and other conditions) and
mortality (BRD) recorded among a cohort of 1,799 cattle in an Australian feedlot in a study
conducted in 2017.
Induction Block
1

2

3

4

300

300

300

300

300

299

Morbidity rate

78%

69%

52%

39%

52%

35%

Relapse rate*

37%

35%

29%

30%

30%

18%

Morbidity rate

8%

5%

9%

4%

5%

2%

Relapse rate

4%

7%

21%

8%

0%

29%

0

3 (1%)

0

0 1 (0.3%)

0

20

49

28

Total number inducted

5

6

BRD

Other conditions ƚ

BRD mortalities
Animal removed from analysisβ

* Animals that required more than one treatment
ƚ Mainly bullers and lame animals
β Excluded from the analysis because of incomplete information

54

25

15

11

3.3.2 Carcase performance
Table 3.6 shows the descriptive statistics of carcase traits for animals with a normal,
moderate and severe BRD disease severity score as recorded post slaughter. Diseased
animals have been shown to be lighter, on average, than normal animals. Animals
slaughtered in the main cohort (normal, moderate or severely affected animals) were less
affected than animals slaughtered as rejected animals.

Table 3.6: Descriptive statistics for carcase traits of a cohort of feedlot cattle in a study
conducted in 2017. Each variable has been presented for the overall cohort and for each of
the four categories of bovine respiratory disease severity scores assessed post slaughter
(normal, moderately diseased, severely diseased and rejected animals). Only traits which
were shown to be significantly affected (P<0.05) by gross pathology score have been
maintained.
Variable and Gross Pathology Overall Moderate Normal Severe Reject
Score
Eye muscle area (cm2)
Mean
87
87
87
87
63
SE
0.35
0.23
0.12
0.74
6.3
Max
106
106
106
93
93
Min
40
77
77
78
40
N
1647
340
1274
21
12
Hot standard carcase weight
(Kg)
Mean
396
390
399
359
250
SE
2.69
1.74
0.94
7.65 15.37
Max
517
484
517
419
384
Min
157
303
273
269
157
N
1645
340
1274
21
10
P8 fat depth (mm)
Mean
20
20
20
20
6
SE
0.49
0.32
0.17
1.3
1.13
Max
47
41
47
29
16
Min
1
7
6
7
1
N
1645
340
1274
21
10
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3.3.3 Regression analyses – Significantly affected by Gross pathology scoring
3.3.3.1 Average daily gain
The final multivariable models for ADG identified a significant association with occurrence of
disease, identified through both gross pathology score and animal treatment, with disease
being associated with a reduced ADG during different periods on feed. The ADG from
induction to slaughter (Table 3.7) was significantly affected by the induction weight
(P = 0.04) and the post-slaughter gross pathology score (P < 0.001). There was a minimal
impact between normal and moderate animals (0.01 Kg/ head/day) however the variation in
growth rate decreases from 1.70 Kg/ head/day for normal animals to 1.56 Kg/ head/day and
0.78 Kg/ head/day for severely affected animals and rejected animals respectfully. On
separating the feeding period into the induction and finishing phases, the post-slaughter
gross pathology score remained significantly associated with ADG for both periods
(P < 0.001). During the finishing phase, the post-slaughter gross pathology scores were also
significantly associated with ADG (Table 3.8). Interestingly, during the finishing phase, breed
was found to be associated with the ADG of animals, with the crossbred animals having
0.07–0.11 kg per day higher growth than the highest pure-bred animals in the trial. In
addition, producer was a significant random factor in the final model (P < 0.001).
Table 3.7: Final multivariable model investigating the impact of bovine respiratory disease
on the average daily gain from induction to slaughter, in a cohort of 1,799 feedlot cattle in a
study conducted in 2017 in Australia.
Mean

Parameter
Estimate

S.E.
(Mean)

0.00035

0.00017

N

Induction weight
Gross pathology score
Normal
1.70
Moderate
1.69
Severe
1.56
Reject
0.78
Producer

PValue
0.04
<0.001

-0.01
−0.15
−0.94

0.01
0.05
0.07

1,228
328
10
21
<0.001
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Table 3.8: Final multivariable model investigating the impact of bovine respiratory disease
on the average daily gain during the finishing phase of the trial, in a cohort of 1,799 feedlot
cattle in a study conducted in 2017 in Australia.
Mean
(kg/
day)

Parameter
Estimate

S.E.
(Mean)

N

Induction weight

<0.001
0.0010

0.0002

Breed
Angus
Angus Cross
Shorthorn
Shorthorn
Cross
Gross pathology score
Normal
Moderate
Severe
Reject
Days on feed

PValue

<0.001
1.55
1.66
1.35
1.62

0.06
−0.13
0.13

0.03
0.03
0.16

1,236
134
181
3
<0.001

1.54
1.57
1.55
−0.45

−0.01
−0.07
−1.54

0.02
0.11
0.06

1,203
323
7
21
<0.001

0.0045

0.0005

Producer

<0.001

3.3.3.2 Hot standard carcase weight
The reduction in ADG in association with the severity of disease caused a reduction in the
HSCW (Table 3.9). The final multivariable model for the HSCW indicates that this output is
affected by the induction weight (P < 0.001), the combined post-slaughter gross pathology
score (P < 0.001), the DoF (P < 0.001) and the season of induction (P < 0.001), as shown in
Table 3.9. The parameter estimates for the impact of HSCW and induction weight has shown
that animals that were 1kg heavier at induction they were 0.64 kg heavier at slaughter.
Noting that the days on feed impact on HSCW was caused but the different animal weight
categories at induction from cohorts 5 and 6, were inducted in the Spring.
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Table 3.9: Final multivariable model investigating the impact of bovine respiratory disease
on the hot standard carcase weight, in a cohort of 1,799 feedlot cattle in a study conducted
in 2017 in Australia.
Mean
(kg)

Parameter
Estimate

S.E.
(Mean)

0.64

0.02

N

Induction weight
Gross pathology score
Normal
Moderate
Severe
Reject
Days on feed

<0.001
399
390
350
359

- 2.33
−19.21
−72.95

1.44
5.16
13.22

1,274
340
10
21
<0.001

0.78
Season
Autumn
Spring
Producer

PValue
<0.001

0.10
<0.001

395
397

-

-

−22.90

6.33

1,075
570
<0.001

3.3.3.3 Eye muscle area
The combined gross pathology score was also found to be significantly associated with the
eye muscle area (P < 0.001). However, as shown in Table 3.10, the overall reduction in eye
muscle area was minimal for animals slaughtered with the main cohort, and the rejected
animals were the most significantly affected cohort.
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Table 3.10: Final multivariable model investigating the impact of bovine respiratory disease
on eye muscle area, in a cohort of 1,799 feedlot cattle in a study conducted in 2017 in
Australia.

Gross pathology score
Moderate
Normal
Severe
Reject
Days on feed

Mean

Parameter

S.E.

(cm2)

Estimate

(Mean)

N

PValue
<0.001

87.06
87.10
87.24
63.31

0.17
0.02
−24.45

0.31
1.13
1.55

340
1,274
13
21
0.004

0.015

0.005

3.3.4 Regression analysis– Significantly affected by animal health treatment
3.3.4.1 MSA Marbling
The next step was to assess the impact of BRD on the carcase quality parameters. The only
factor shown to have a trend towards being affected by the disease was MSA marbling
(Table 3.11), with a potential association with BRD treatments (P = 0.054). No association
was found with the disease pathology score. Producer was a significant random effect in this
model (P = 0.0023).
Table 3.11: Final multivariable model investigating the impact of bovine respiratory disease
on MSA marbling, in a cohort of 1,799 feedlot cattle in a study conducted in 2017 in
Australia.
Mean
Parameter
(marbling Estimate
score)

S.E.
(Mean)

N

P-Value

BRD treatments
0.054
No treatments
1 treatment
2 Treatments
Producer

438
427
431

- 12.08
- 11.12

5.30
7.4

827
492
207
P = 0.0023
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3.3.5 Regression analysis– Significantly affected by both animal health treatment and gross
pathology scoring
Average daily gain from induction to the end of the induction phase was the only variable
significantly affected by both Gross pathology score and BRD treatments as shown in Table
3.12. As can be seen in this table the Producer and induction weight also significantly
affected the ADG over the an initial phase on feed.
Table 3.12: Final multivariable model investigating the impact of bovine respiratory disease
on the average daily gain from induction to the end of the induction period, in a cohort of
1,799 feedlot cattle in a study conducted in 2017 in Australia.
Mean
(kg/day)

Parameter
Estimate

S.E.
(Mean)

N

Induction weight

0.0011
0.0010

Gross pathology score
Normal
2.05
Moderate
1.97
Severe
1.58
Reject
2.00
BRD treatments
No treatment 2.06
1 treatment
2.00
2 treatments 1.94
Producer

PValue

0.0003
<0.001

−0.03
−0.32
0.12

0.02
0.12
0.09

1,248
335
10
21
<0.001

- 0.07
−1.4

0.02
0.03

875
511
228
<0.001

3.3.5.1 Post-slaughter gross pathology score
An ordinal multivariable model was used to investigate associations between the induction
variables and the post-slaughter gross pathology scores. The analysis outputs suggested that
the animals’ induction weight (P = 0.002) and pre-induction vaccination with Bovilis® MH +
IBR (P = 0.044) were significantly associated with the post-slaughter disease severity scores,
as can be seen in Table 3.13. The results shown that the lighter the animals at induction, the
more severely were they affected by disease. Animals vaccinated pre-induction were found
to have a lower severity score, the percentage of each cohort vaccinated with Bovilis® MH +
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IBR prior to induction is shown in table 3.14. Producer was also a significant random effect
in this model (P = 0.043).

Table 3.13: Final ordinate regression analysis investigating the impact of induction variables
on bovine respiratory disease combined gross pathology scoring.
Induction variable
Animal induction weight
Pre-induction vaccination with Bovilis® MH + IBR
Producer

P-Value
0.002
0.044
0.043

Table 3.14: Percentage of animals in each cohort vaccinated with Bovilis® MH + IBR prior to
induction.
Vaccination status
1
Pre-vaccinated
Not Pre-vaccinated

0%
100%

Induction cohort
3
4
0%
5%
0%
100%
95%
100%
2
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5
35%
65%

6
56%
44%

3.4 Discussion
In this study, the impact of BRD on animal performance, carcase quality and the factors
associated with BRD occurrence were investigated. Animals were monitored from induction
to slaughter to ensure data accuracy. BRD is the most prevalent disease in the Australian
feedlot sector (Perkins, 2013; Sackett et al., 2006). The level of BRD within the feedlot is
affected by animal management and environmental factors, which makes it difficult for the
feedlot industry to compare results internationally (Barnes et al., 2015). Some variables
investigated in the current study aligned with those investigated in international studies, but
others were specific to Australia’s grading systems (e.g. MSA). Two key epidemiological
studies have recently investigated the potential impact of BRD in Australia, but both have
some limitations (Barnes et al., 2015; Blakebrough-Hall et al., 2020). Barnes et al. (2015)
included data that is not commercially available, and Blakebrough-Hall et al. (2020) used
animals predominantly purchased directly through saleyards. In addition, commercial
feedlot operators do not have commercially tangible methods to understand the impact of
BRD to their operations.
Hence, this study focused on investigating the impact of BRD on carcase traits and
performance parameters as well as on investigating the factors associated with the
occurrence of disease. Where possible, commercial data collection protocols were used to
understand the cost of disease to the feedlot supply chain. To ensure the accuracy of the
data, a small cohort of animals from a single feedlot was monitored from induction to
slaughter. However, the small size of the cohort of animals used in this study, compared
with the majority of international studies on this topic, in which each had more than 5,000
animals (Rezac et al., 2014; Schneider et al., 2009), was a potential limitation. The present
study’s trial identified that the induction weight, pre-induction vaccination and source of
animals (producer) significantly affected the disease outcome, see section 3.3.5.1 for
details. This study also identified an association between BRD occurrence, ADG, HSCW and
eye muscle area, when using post slaughter gross pathology scores; the MSA marbling score
was significantly associated with animal treatments.
At feedlot entry, data were collected on a routine basis on the following variables: vendor,
breed, dentition, induction weight and pre-induction vaccination (i.e. whether animals had
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been vaccinated). A large study on risk factors in Australia has gathered data from preinduction animal management, but since the data were not commercially collected or
available, feedlot managers would find the study results to be of limited use in controlling
BRD (Hay, Morton, Clements, Mahony, & Barnes, 2017; Hay, Morton, Mahony et al., 2016;
Hay, Morton, Schibrowski et al., 2016). Thus, not all information on the risk factors of the
disease are available to feedlot managers to reduce the BRD incidence rate. In the current
study, lighter animals at induction were more likely to show signs of disease post slaughter.
Previous studies have shown that older animals are less likely to contract BRD at induction;
however, in the current study over 98% of animals had no permanent incisors (Hay, Morton,
Schibrowski et al., 2016). Induction weight has previously been used as a proxy for age,
which supports the result in this study (Barnes et al., 2015).
The producer of animals (producer) was significantly associated with the disease outcome,
which was expected to be linked to management of animal pre-induction. However,
because of confidentiality reasons, the full history of the animals through the National
Livestock Identification Scheme (NLIS), including their management and movements, was
unavailable, and the stressors due to handling pre-induction could not be investigated. The
management of animals from weaning to induction has previously been shown to affect
BRD incidence (Cusack & Mahony, 2019). The fact that gross pathology scores across
producers was significant was not unexpected, and on further investigation, the incidence of
the combined gross pathology score ranged from 8% to 75% across the 52 producers that
supplied animals for the trial. All animals were purchased directly from the property;
however, it was unknown whether these animals were vendor-bred or from a
backgrounding property. Hay (2015) has shown that vendor-bred animals had a higher risk
of contracting BRD. Ideally, a future analysis would include the NLIS history of animals to
identify whether they were vendor-bred, backgrounded or purchased through saleyards.
There were no saleyard cattle included in the study and the feedlot didn’t have the data to
show weather the cattle were vendor bred or backgrounded, thus could not be included in
the statical analysis.
Pre-induction vaccination using Bovilis® MH + IBR, used widely within Australia, was the last
variable to significantly affect the combined gross pathology score. Barnes et al. (2015) has
identified that a dedicated randomised control experiment is needed to prove the benefits
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of pre-induction vaccinations. The benefit of pre-induction vaccination shown in this study
did not address differences in management approaches adopted by producers, such as for
yard weaning, genetic influences and time spent on the truck to deliver animals to the
feedlot (Cusack & Mahony, 2019). Thus, the current study also supports the call for further
studies in this area.
In this study, BRD was classified by live animal treatments (number of treatments) as well as
post-slaughter gross pathology (lung consolidation and pleurisy scoring of the carcase).
Other studies have used a combination of animal treatments and lung lesions but have
indicated limited association between live animal treatment and post-slaughter gross
pathology, which is identical to the outcome observed in this study (Schneider et al., 2009).
Although the causality of this finding cannot be determined, there are many plausible
explanations. Firstly, some animals had been treated and had recovered fully. Thus, they did
not show signs of lung damage. Alternatively, animals may have had lung and pleurisy
damage prior to feedlot entry or maintained a subclinical status of disease during the
feeding period.
The animal health treatments administered through this trial were 35 to 75% for the
induction cohorts, with an 18–37% re-treatment rate. The published rates of BRD animal
health treatments in international trials ranges from 31.4 to 68%, with Australian rates
recorded at 25.6% morbidity (Blakebrough-Hall et al., 2020; Griffin, 2014; Timsit, et al.,
2016). The identification of animals requiring treatment is subjective, which can cause low
accuracy of BRD identification (e.g. low sensitivity) (Cusack et al., 2007). In contrast, the
combined gross pathology score indicated a moderate level of infection among the cohort
of animals included in the study. The majority (78%) were classified as normal, with 21%
being moderately diseased and only 1% being severely diseased. Among the animals with
normal lung pathology, 45% had been treated at least once for BRD. Previous studies have
shown slightly more severe gross pathology rates, with Rezac et al. (2014) reporting rates of
67%, 23% and 10% of normal, mild and severe lung pathology, respectfully. A trial
conducted in a similar region to that of this study reported 81% of normal lung gross
pathology, with a much lower treatment rate of 31% (Blakebrough-Hall et al., 2020). The
differences observed could be due to feedlot management and pre-induction management.
In addition, it this study it was not possible to identify the animals that had BRD and
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recovered during the feeding period. The BRD mortality rate in the current study was 0.2%,
and it was much lower than that of other studies, which have observed a mortality rate of
2.5–13.2% across their induction cohorts (Blakebrough-Hall et al., 2020). Only one animal
died from BRD in their home pen, suggesting that feedlot staff were effectively managing
BRD on site at the expense of treating a very large proportion of animals. It is anticipated
that the relatively high pull rate caused animals to be treated that did not actually have BRD.
Disease rates have a major impact on the performance and costs of animals in the feedlot.
This trial has shown that animals with post-slaughter gross pathology grow slower, resulting
in a reduced carcase yield at slaughter. The traits affected by BRD will vary between feedlots
and seasons because of variations in risk factors (Wilson et al., 2017). The impact of BRD on
ADG was most significant during the induction phase, which resulted in a reduction of the
overall ADG. The negative impact of BRD on animals’ ADG is well documented (Cusack et al.,
2007; Erickson et al., 2011; Gardner et al., 1999; Schneider et al., 2009; Stegner et al., 2013;
Wilson et al., 2017). Wilson et al. (2017) found that diseased animals increased their growth
post the 60 DoF; however, they used animal treatments only, and not gross pathology, to
determine disease outcome. The reduction in ADG during the induction phase was expected
because animals tend to have a reduced feed intake and are redirecting energy to fighting
the disease (Larson, 2005). The follow-on effect of the reduced ADG was the reduction in
HSCW and eye muscle area (Pitchford et al., 2006). The final HSCW of animals was
significantly affected by the combined gross pathology score, with a reduction of 9 kg to
40 kg for moderately and severely affected animals, respectively. Studies conducted in
North America have revealed a 7.1–8.16 kg reduction due to severe lung lesions at slaughter
(Griffin, 2014; Rezac et al., 2014; Schneider et al., 2009). These studies had minimum
variation in induction weights. A recent study in Australia saw a 39.6 kg reduction in HSCW
at slaughter, which supports the greater reduction found in our study (Blakebrough-Hall et
al., 2020). In addition to HSCW, diseased carcases had a reduction in EMA which
demonstrates a reduction in muscling, demonstrated a reduction in yield from diseased
carcases.
Interestingly, MSA Marbling was the only fat measurement affected by the disease (i.e. it
was affected only because of animal treatments), and not the combined gross pathology
score. P8 fat depth was expected to be affected because of the positive correlation between
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fat depth and carcase weight. However, this result was not found in the current study. This
result is in contrast with previously reported findings (Erickson et al., 2011; Gardner et al.,
1999). The lack of association between fat depth and disease could be due to the size of the
cohort included in the current study, which could have limited the ability to identify mild
changes in fat levels. The unaffected P8 fat depth is likely to result in a lighter carcase with a
similar fat depth, resulting in a reduced yield from carcases potentially caused by inaccuracy
of measurements. The significant reduction in marbling is in contrast with the finding of
several published studies, these studies had much larger cohorts of animals which could
have caused the variation between the results (Erickson et al., 2011; Schneider et al., 2009).
Despite this finding having limited impact on the value of primals sold from carcases, further
investigation using a larger trial size is needed to fully understand the impact of disease on
marbling.
In conclusion, this trial showed that BRD affects the quality and quantity of beef produced
and that induction factors have a significant impact on disease occurrence and severity,
which is in alignment with past studies in the Australian context (Hay, Barnes et al., 2016;
Hay, Morton, Clements et al., 2016; Hay et al., 2017; Hay, Morton, Mahony et al., 2016; Hay,
Morton, Schibrowski et al., 2016). The aim of this project was to identify the economically
important traits affected by BRD that influence the transfer of value within the supply chain.
Of the traits examined that affect the current carcase grid parameters, only HSCW has been
shown to be significantly affected by BRD, and it will be included in subsequent economic
analysis. This study has used commercially collected data to identify the risk factors at
induction which impact on the incidence rate of BRD. These finding would enable the
feedlot sector to develop methods to understand the potential risk of BRD prior to
purchase. In the case of this trial the factors that significantly affected the combined gross
pathology score were induction weight, producer and pre-induction vaccination. Several
processors are working towards collecting animal health gross pathology data at slaughter,
which would provide feedlot supply chains with information to start developing BRD risk
profiles on animals before induction. There are other variables that were not significant in
this study but may be applicable in other feedlots. The data used throughout this trial was
commercially collected, which shows that with the correct analysis of industry data feedlots
could more closely manage BRD. The analysis methods presented provides an opportunity
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for industry to develop decision support systems that could be used to reduce the impact of
BRD of the feedlot supply chain. The development of these systems would require
significant investment, however if it reduced the impact of BRD within the first 60 days post
induction they would reduce the costs associated with BRD in the value chain. Further
studies will assess the economic impact of BRD on the Australian feedlot industry.
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Chapter 4: Development of an Economic Model to Assess the
Financial Impact of Disease to the Feedlot Value Chain: Case Study
Using a Model on Bovine Respiratory Disease
4.1 Introduction
Australia produced 2.28 million tonnes of beef in 2019 from 8.48 million head, and it
exported 72% of its beef products to more than 70 countries (Meat & Livestock Australia,
2019). On average, a third of beef produced in Australia is grain-fed (Meat & Livestock
Australia, 2017a). Given the estimated increase in global demand from 68 million to 77
million tonnes of beef over the next 10 years, red meat value chains need to increase
productivity and efficiency to meet this demand increase (OECD, 2017). This productivity
increase will arise through improvements in efficiency of live cattle production, and each
sector of the value chain will have a different impact on this improvement (Hocquette et al.,
2007). The most significant challenge for improving feedlot productivity is the management
of animal health (Perkins, 2013). Animal health conditions reduce animal performance and
can negatively affect the quality and quantity of carcases produced through the feedlot
(Erickson et al., 2011). The cost of animal health to the Australian feedlot industry is
currently estimated at $40 million annually, of which 71% is attributable to BRD (Sackett et
al., 2006).
Typically, the economic modelling of disease in the livestock production industry is not
conducted at the same level as of diseases that affect human health (Brooks-Pollock et al.,
2015). Traditionally, either economists or veterinarians have conducted research on animal
health economics, and ‘the economist and an animal health professional use economics
differs and creates frustrations’ (Rushton, 2017). This fact limits the scope of projects
undertaken based on the economic theory used and the degree of replication and variables
included in these studies. Thus, modelling the cost of disease has had limited scope
historically (Rushton, 2017). Using BRD as an example, all previous studies have limited their
focus to the feedlot sector and have not covered the whole beef supply chain (BlakebroughHall et al., 2020; Wilson et al., 2017). Most analyses have included the cost of animal health
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treatments and discounts on the carcases at the point of sale, and some have included the
lost opportunity cost of mortalities (Blakebrough-Hall et al., 2020; Faber et al., 2000;
Rodriguez-Castillo et al., 2017; Snowder et al., 2006; Stegner et al., 2013). A limitation of the
analysis in these studies is that they were conducted in the context of the USA and hence
used data relevant to that country’s beef industry including the USDA carcase grading
criteria, which differ from the Australian MSA carcase grading system. Since completion of
the trials there has been an article published used MSA based data (Blakebrough-Hall et al.,
2020). The USDA and MSA grading systems are not equivalent, given that the MSA model
uses a meat cut by cooking method analysis and has been developed from predicting the
eating quality from consumer sensory tests and the management pathway of the animal
(Thompson, 2003). However, the USDA system uses only carcase traits, predominantly
marbling, to categorise the carcase quality (Polkinghorne & Thompson, 2010). Therefore,
the lost value through decrease in carcase quality between the USDA and MSA grading
systems is not directly correlated.
To address the limitations in previous economic models, this study aimed to develop a
model that can be utilised by the feedlot supply chain to understand the cost of disease. The
aim was to develop an economic model to assess the cost of disease to a commercial red
meat value chain. To achieve this aim, the following two steps have been completed:
developing an economic model that enables the use of commercial data to understand the
cost of disease (focused on BRD) to the feedlot and abattoir, and testing the functionality of
the economic model using a commercial feedlot case study.
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4.2 Methods
This study involved two distinct methods: developing the economic model and testing its
functionality using a case study on the cost of BRD to the Australian feedlot supply chain.
The model equations have been included in the results section.
4.2.1 Model development
The spreadsheet model was developed using both Microsoft Excel ™ (Microsoft
Corporation, 2017) and R (Core Team, 2013). The incorporation of R (Core Team, 2013)
enabled a larger dataset to be analysed into the future than what is possible using Microsoft
Excel alone. The current model has been developed as a static model because of the
restrictions of the project but has the capacity to be a dynamic model with a machine
learning component that further captures correlations between inputs and predicted
outputs.
4.2.1.1 Model Structure
The financial model developed is a cost of disease model which incorporated the producerfeedlot and feedlot-abattoir value transfer. The following outlines the cost implications
included in each sector of the value chain:


Producer
o Pre-induction treatment



Feedlot
o Induction treatments
o Animal health treatments and associated labour costs
o Mortality costs (included, animal purchase price, feed intake, disposal of
carcases etc)
o Reduced income from carcase sales



Abattoir
o Reduced cost of the animal (subtracted from the overall cost to the sector)
o Reduced income from offal sales
o Reduced income from product quality and quantity changes.
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The results have been presented from a commercial fucus and thus a cost per head in
induction is the most important outcome. However, all the costs associated with disease
have been calculated on an individual animal bases and then summed the required
variables. This enables the outcome from the model to be presented as follows:


Vendor who the animals were purchased from.



Disease severity level.



Year



For multi-feedlot business feedlot



Season.

The model was developed to enable to user to present the results as required, however our
outcomes focus on a cost per head inducted.
4.2.1.2 Model inclusions
The management systems of Australian feedlots and abattoirs record every movement or
treatment of an animal, carcase or carton within their facility. The animal transfer between
the backgrounding farm and the feedlot is recorded against the NLIS using its radiofrequency identification (RFID) tag number. Animal history (RFID, vendor, animal cost,
induction weight, induction treatments and pre-induction vaccinations, if applicable) is
recorded in a management database. All the animal induction histories (on an individual
animal basis) were received in an electronic form and incorporated into the financial model
dataset. The treatment cost and schedule were applied to the applicable animal histories.
The total labour cost of induction was incorporated on a per animal basis, which was
calculated by using the hourly industry throughput divided by the induction labour cost.
These costs were combined for each treatment, and only the treatment against the diseases
of interest were included in the result.
Post-induction animals were placed into their feedlot pen and fed a commercial feedlot
ration twice daily. The number of head in each pen, and the volume and type of ration along
with the time, date and operator, were recorded for each pen daily. These data were
provided daily from the feedlot database and were used to calculate the cost of feeding the
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cattle. The costs associated with feeding animals included were ration cost per tonne with a
capital (averaged over the 5-year life of the equipment) and operational costs of machinery.
Animal health treatments were conducted daily on sick animals. Treated animals had their
RFID, treatment consumables and date recorded both manually and electronically. The
labour cost associated with the identification, treatment and management of diseased
animals was recorded to calculate the average labour cost (over a 6-month period) to treat
sick animals. The daily hours work by the staff at the hospital and pen riders was recorded
and logged to calculate the average hours per animal treated over the duration of the trial.
The treatment cost and schedule (personal communication with consulting veterinarian)
were added to the animal history files started at induction, the consulting veterinarian’s cost
annual service agreement cost was seen as an overhead cost and thus excluded from the
calculation.
All cattle mortalities were necropsied to identify the cause of death. The cause, date and
location of death were recorded along with the animal’s RFID tag number and were added
to the animal history file from induction. All animal health treatments (including for other
conditions), animal purchase price and feeding costs were included. The opportunity cost of
animals not reaching slaughter was calculated from the average carcase value of carcases
within the cohort. All costs were then added to the final mortality cost at the completion of
the trial.
The NLIS RFID was aligned to the carcase number at slaughter. AUS-MEAT and MSA
standard data collection occurred throughout the slaughter and boning process at the
abattoir (AUS-MEAT, 2020; Meat Standards Australia, 2017). The variables included in the
dataset provided were hot standard carcase weight (HSCW), P8 fat depth, meat colour, fat
colour, MSA marbling, AUS-MEAT marbling, pH, ossification and eye muscle area. Provisions
were built into the model to include lean meat yield once it is collected commercially by
industry but was not used as part of this study. The model development included all carcase
traits, sales price and carcase discounts. However, only carcase traits shown to be
significantly affected by disease should be included in the sales price from the feedlot to the
abattoir. In this case, HSCW was the only trait that showed significance in the statistical
analysis completed in chapter 3. The carcase grid used within this trial does not include
marbling as a paid variable and thus not included in the final outcome. The cost of discounts
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was calculated for all animals and then presented for each post-slaughter gross pathology
score presented in chapter 3.2.6. (see page 60). Then, the cost per head inducted and cost
per head slaughtered were calculated for the feedlot and abattoir.
The cost of disease to the abattoir was included in the development of the model through a
reduction in the overall quality and quantity of primal meat cuts and offal. The model was
developed to used standards data at present and where actual weights on boning yields are
collected, they can be utilised for a more accurate result. The reduced values of primals
between diseases and non-diseased carcases were then subtracted to show the net
reduction in income for the abattoir due to disease.
The final cost of disease was presented as the cost per head inducted or per head
slaughtered for the feedlot and abattoir sectors.

4.3 The Case Study
A commercial feedlot in southern New South Wales (NSW) was used to develop a case study
to validate the model. The disease in focus was BRD. The physical data were collected from
a cohort of 1,799 steers that were monitored as part of a larger industry trial conducted
during 2017–2018 (Abell, 2018). The trial was approved by the New South Wales,
Department of Agriculture Animal Care and Ethics Committee (TRIM 16/1932 (2)). Data
were sourced from physical records at the feedlot and the abattoir. The feedlot and abattoir
data were provided in electronic form daily via email. Table 4.1 shows the data that were
obtained from the feedlot case study. The carcase data variables (see Table 4.1) were
collected in accordance with AUS-MEAT and MSA standards (Thompson, 2003; Watson,
Polkinghorne, & Thompson, 2008).
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Table 4.1: Data collected during the trial at the feedlot for animal health treatments and
ration delivery, and at the abattoir on carcase traits.
Induction Data

Animal Treatment Data

Ration Data

Vendor identification

Animal RFID

Feed date

Animal individual
radio-frequency
identification (RFID)
Individual animal
visual ID
Animal induction
weight

Animal Visual ID

Ration Type

Number of days on feed

Pen

Time/date of
induction
Animal breed
Treatment protocol
ID
Pre-induction
vaccination (on-farm
vaccination for BRD)
Feedlot pen number
allocation
Feedlot lot number

Disease classification Volume fed (kg)
Diseases for which each
animal was being treated
during their time on
feed.
Treatment drug used
Operator
Volume of treatment
drug used
Date/time of treatment

Carcase
Data
MSA
marbling
AUS-MEAT
marbling
Fat colour
Meat colour

Truck number

Eye muscle
area
Ossification

Shift

pH
Breed
HSCW
Dead weight,
collect
immediately
after
slaughter

All financial values used in the case study are included in the results section for the
economic model. The financial variables used in the model and sources are in Table 4.2.
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Table 4.2: Cost standards included in the economic model and sources from which they
were obtained.
Cost Standard Input

Reference & Details

Cattle prices

Short and mid fed feeder price indicators
2017 (Meat & Livestock Australia, 2017a)

Carcase grid discounts

Grain fed slaughter grid for discounts,
commercial grid from abattoir was
unavailable (Future Beef, 2018)

Feed prices

Feedlot was paying delivered to feedlot
based on the commercial value of grain
(Index Mundi, 2018)

Labour rates

NSW farmers pastoral award for Feedlot
staff (NSW Farmers, 2018).

Animal health treatment costs

Personal comms, feedlot veterinarian

Equipment maintenance and capital costs`

Capital cost was used to calculate the per
head cost per day of the equipment costs
(Personal comms, feedlot manager)

Offal and rendering yields

Spooncer, 1992

The case study was developed based on a trial conducted at a large feedlot (>20,000 head)
in the Riverina district of NSW. The cattle were all Bos taurus animals, which were
predominantly Angus, Hereford and Shorthorn genetic base. The animals were inducted into
six cohorts in April–October 2017 (live weight = 368 ± 138 kg). All animals were purchased
directly from the vendor’s farm. The induction process consisted of Bovilis® MH + IBR and
Rhinoguard® (Zoetis Animal health) vaccinations, Benzidamole drench, an HGP, individual
animal weight and identification. Post induction, animals were allocated to a commercial
feedlot pen with 13.3 m2 per animal, 24.5 cm of bunk space per head and two shared water
troughs, which were cleaned biweekly. Cattle were fed in accordance with the feedlot
protocol. The diet included a barley or wheat-based ration twice daily, with an initial 21-day
introduction to the finisher ration. The first four cohorts were fed for 205 ± 9 days, and
cohorts five and six were fed for 144 ± 9 days.
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The animals were inspected daily for disease by the feedlot animal health team, and any
animals identified as ill through visual inspection in pen only as per the feedlot’s animal
health management protocols, were removed and treated. The animal treatment for BRD at
the feedlot were as follows: first treatment, 1 mL/40 kg body weight of Tulathromycin,
100 mg/mL (Draxxin, Zoetis); second treatment, 1 mL/10 kg body weight of Oxytetracycline,
100 mg/mL (Engemycin 100, Coopers Animal Health). Treated animals were placed back in
their home pen. Any animal identified as sick after the second treatment was removed; it
was placed in a chronic sickness pen and subsequently slaughtered as a rejected animal.
Rejected animals were removed regardless of illness and each illness was recorded against
the animal. All mortalities during the trial were necropsied by a veterinarian trained
personnel, with photos obtained for review by the consulting feedlot veterinarian. The
detailed method and data collection for the prospective cohort study have been provided in
Chapter 3.
The costing results have all been presented as a cost per head inducted for the cohort, and
not per head diseased. These results are shown as a close-out cost, which is the method
used extensively in the feedlot industry because it allows mortalities to be included in the
profitability calculation for the induction cohort. The cost per head for each disease severity
score has been provided, but it is specified in the results when these are included.
The costing of products from live animal to primal cuts packed for sale are included in the
model to understand the impact of disease throughout the slaughtering and boning process.
The process included is live animal to HSCW, which is on average 55% of the live animal
weight. The hot carcase is then chilled, resulting in about 2.5% drip loss, and then, the cold
carcase is boned, with an estimated 73% of hot carcase weight is packed primals. Standard
bone out yields were used for the purpose of this trial.
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4.4 Results
This economic model captures the cost of direct expenses related to disease (i.e.
treatments) and the opportunity cost of a change in carcase value due to weight and
quality.
4.4.1 Feedlot
The cost of disease to the Australian feedlot sector is calculated using the function,
(1)

𝐹𝑒𝑒𝑑𝑙𝑜𝑡 𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝐶𝑜𝑠𝑡𝑠 ($⁄𝐻𝑒𝑎𝑑 )
= 𝐼𝑛𝑝𝑢𝑡 𝐶𝑜𝑠𝑡𝑠 ($⁄𝐻𝑒𝑎𝑑) + 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑂𝑢𝑡𝑝𝑢𝑡 𝑉𝑎𝑙𝑢𝑒 ($⁄𝐻𝑒𝑎𝑑 )

The result presented will be a cost per head inducted, which can then be used to compare
different cohorts of animals inducted and to understand the cost of disease to the feedlot
industry. The cost per head inducted tended to be used to enable the lot to be closed out
and to understand the profit on the lot, including the cost of deaths and all treatments. The
focus of the model development was for cost per head inducted to alight the costings with
the commercial feedlot methodologies. However, as all the values are calculated on a per
head basis, where researchers are looking for different output values such as level of
severity the model can be adapted by summarising the results to a different variable.
4.4.1.1 Input costs
The input costs to manage disease in the feedlot sector were calculated using function (2).
All labour costs are covered under each area input costs, such as induction, pen riders and
hospital staff.
𝐼𝑛𝑝𝑢𝑡 𝑐𝑜𝑠𝑡𝑠 = 𝐵 + 𝐼𝑇 + 𝐻𝑇 + 𝑀𝐶
IC = input costs ($/head inducted), B = producer bonus ($/head inducted), IT = induction treatments
($/head inducted), HT = hospital treatment ($/head inducted), MC = mortality costs ($/head inducted)

The bonus (B) was the value paid to the producer for treating animals for a particular
disease condition prior to sale to the feedlot (e.g. pre-vaccination for BRD complex;
supplying more than 40 head in a lot). The total amount paid varied depending on the
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(2)

impact of disease on the feedlot. Therefore, B is a payment for the producer but an
increased cost for the feedlot. Function (3) was used to calculate the total cost of this bonus
to the feedlot. Table 4.3 shows the variation in cost to the feedlot for the pre-vaccination
bonus. The payment of the pre-vaccination payment will vary depending on feedlots and
thus is a variable that can be turned off if the feedlot is not paying producers to vaccinate. In
the instance of this trial the producers had to sign a statutory declaration including the
batch-number and expiry date of the vaccination with when sold to the feedlot.

𝐵=

∑ 𝐼𝑃𝑃
𝐻𝐷𝐼

(3)

B = producer bonus ($/head inducted), HDI = head inducted (number of HD), IPP = increased
purchase price ($)

Induction treatments (IT) are administered to cattle during induction to the feedlot. The
induction process involved individually weighing the animals, applying health treatments,
and allocating animals to their feeding pen. Only the two induction treatments to manage
BRD were included in the model. The range of the treatment costs is presented in Table 4.3.
There was a range in prices for treatments owing to the volume of product purchased and
administered to animals based on their liveweight. The number of animals treated with the
pre-induction vaccine bonus will affect the total cost of BRD to the feedlot and needs to be
considered in relation to other costs when managing BRD in commercial feedlots.
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Table 4.3: Prevention treatments administered to animals to manage bovine respiratory
disease in the feedlot (personal communication). These treatments were applied to all
animals entering the feedlot.
Product

Number of

Measure

Units
Pre-vaccination bonus

1

Cost per

Cost Per Unit
From ($)

To ($)

15.00

15.00

head
Bovilis® MH + IBR

1

Per head

6.28

6.79

Rhinoguard®

1

Per Head

2.89

3.09

Chlortetracycline

0.001

Per kg

14.28

17.14

hydrochloride (CTC)
Equation (5) represents the cost of treatment and the time (labour) spent on treating
animals at induction to a per-head cost, with equation (4) being the sum of all treatments
relevant to the pathogen in question, which for this example, is the BRD complex.

𝐼𝑇 =

∑(𝐼𝑇𝑅 + 𝐼𝑇𝑅 + ⋯ + 𝐼𝑇𝑅 )
𝐻𝐷𝐼

(4)

IT = induction treatment cost for target disease ($/head inducted), ITRx = individual induction
treatment cost for the xth treatment for target disease ($/head), HDI = head inducted (head)

𝐼𝑇𝑅𝑥 =

𝑇𝑃𝐶
∗ 𝑇𝑉 + 𝐼𝑁𝑃𝑇
𝐶𝑉

(5)

ITRx = individual induction treatment cost for the xth treatment for target disease ($/head), TPC =
treatment package cost ($), CV = container volume (mL), TV = treatment volume (mL/head), INPT =
induction labour per treatment ($/trt)

Labour costs were calculated using function (6) for inputs for this function detailed in Table
4.4, and the staff positions required to vaccinate animals for BRD are included. In all, seven
treatments were administered at induction; therefore, the percentage of time taken for
each treatment was 14.3% of the hourly cost. The calculations were made at a throughput
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rate of 80 head cattle per hour through the induction shed. The overhead costs were in
addition to the pay rates presented, which included superannuation, holiday pay (including
leave loading), long service leave and sick leave.
𝐼𝑁𝑃𝑇 =

(6)

𝑁𝐼𝑆 ∗ 𝑅𝑇 ∗ 𝑂𝐻
𝐼𝑃𝐻 ∗ 𝑁𝑇

INPT = total labour cost per induction treatment ($/trt), NIS = number of induction staff, RT = rate per
hour, OH = labour overhead costs, IPT = inductions per hour, NT = number of treatments

Table 4.4: Pay rates of staff in the induction shed (NSW Farmers, 2018).
Staff Position

Number

Pay Rate ($)

Overheads (%)

Supervisor

1

19.10

32.24

Crush staff

2

18.04

32.24

The hospital treatment (HT) costs were calculated using functions (7) and (8) to establish the
cost of treating animals with antimicrobials. Equation (8) must be repeated for all
treatments administered. The treatments administered differed depending on the
treatment protocol used by the feedlot.
Table 4.5 shows the treatments used for BRD, in which Tulathromycin, 100 mg/mL (Draxxin,
Zoetis); and an ear tag for the first treatment, Oxytetracycline, 100 mg/mL (Engemycin 100,
Coopers Animal Health) as a second treatment and another ear tag as a third treatment
were used.

𝐻𝑇 =

∑(𝐻𝑇𝑅 + 𝐻𝑇𝑅 + ⋯ + 𝐻𝑇𝑅 )
𝐻𝐷𝐼

𝐻𝑇𝑅 =

𝐿𝑊 𝑇𝑃𝐶
∗
+ 𝐻𝑂𝑆𝐿
𝑇𝑆 𝐶𝑉

HT = hospital treatment cost ($/head inducted), HTRx = individual hospital treatment cost received
to the xth session ($/head), HDI = head inducted (head), LW = total liveweight (kg), TS = treatment
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(7)

(8)

schedule (mL/kg LW), TPC = treatment package cost ($), CV = container volume (mL), HOSL =
total labour cost per hospital session ($/head)

The units utilised of each drug were rounded off to the next whole millilitre (for all
treatments), as per the treatment schedule used at the feedlot, to ensure that the value
calculated represented the volume used. The volumes used in this analysis were the actual
volumes used for treating cattle in the feedlot. The costs associated with the treatments
used throughout the trial are displayed in Table 4.5.

Table 4.5: Examples of treatment schedules used in equation (10) to calculate the volume of
product administered to each animal (personal communication).
Treatment (HTR)
Tulathromycin, 100 mg/mL

Treatment Schedule

Cost Per

Cost Per

(Unit Used/Unit)

Unit (Lower)

Unit (Upper)

1 mL/40 kg

$3.38

$3.50

1 mL/10 kg

$0.21

$0.23

1Tag/head

$0.50

$0.55

(Draxxin)
Oxytetracycline,
100 mg/mL
Ear Tag

Labour costs associated with the hospital staff and pen riders are shown in Table 4.6. At the
case study feedlot, the pen riding team comprised four staff and an animal health manager,
and the hospital shed was staffed with two people. The labour costs associated with staff
pen riding was calculated by using the total number of hours per week spent pen riding
multiplied by the percentage of cattle treated of animals treated for BRD each day. The
hospital shed staff time was calculated using the total time required to treat all animals each
day. In instances where the pen riding and hospital staff are to be retained at the same level
irrespective of the level of disease in the feedlot, the labour cost component can be
removed from the total cost of the disease. The total animals on feed were not considered
in the equation as the costs were allocated only to sick animals within the feedlot.
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𝐻𝑂𝑆𝐿 =

𝑁𝑆𝑃 ∗ 𝑅𝑇 ∗ 𝐻𝑃𝑅 ∗ 𝑂𝐻 (𝐹𝑇𝑇 − 𝑆𝑇𝑇 − 𝐿𝐵) ∗ 𝑁𝑆𝑆 ∗ 𝑂𝐻 ∗ 𝑅𝑇
+
𝑁𝑢𝑇𝑊
𝑁𝑢𝑇𝐷

(9)

HOSL = total labour cost per hospital session ($/head), NSP = number of staff pen riding (people), RT = rate per
hour ($/hour), HPR = hours pen riding per week (hour/pen rider), OH = labour overhead costs, NuTW = number
of animals treated per week (head), FTT = finish treating time, STT = start treating Time, LB = lunch break
(only where applicable), NSS = number of staff at hospital shed (people), NuTD = number treated per day
(head)

Table 4.6: Animal health personnel and assumptions used to calculate labour costs (NSW
Farmers, 2018).
Position

Number

Number

Rate ($)

Pen Riding Hospital

Overheads

Weekly

Hours

(%)

Hours

Pen

Per

Riding

Shed

Position
Supervisor

1

19.1

32.24

70

35

Senior

2

18.47

32.24

70

35

Junior

1

18.04

32.24

70

35

Animal

0.5

0.5

20.13

32.24

70

35

2

18.47

32.24

40

0

Health
Manager
Hospital
shed
Costs associated with mortalities at the feedlot have been calculated using equation (10).
The costs included animal purchase price, feed intake and labour to relocate the carcase.
The costs of deaths were only included for animals confirmed as dying from the disease
being analysed. Animals which disease from the allocated disease need to show clinical
symptoms through a necropsy and have a treatment record for the disease, unless the
animal died in the home pen.
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𝑀𝐶 =

∑ (𝐼𝐿𝑊 ∗ 𝑃𝑃 + 𝑀𝐹𝐶 + 𝑂𝐼𝑇 + 𝑂𝐻𝑇 + 𝑁𝐵𝐶 + 𝐿𝑂𝐶)
𝐻𝐷𝐼

(10)

MC = mortality cost ($/head inducted), DE = dead’s (head), ILW = induction liveweight (kg),
PP = purchase price landed at feedlot ($/kg), MFC = mortality feed Cost ($/head dead), HDI = head
inducted (head) OIT = other induction costs incurred ($/head dead), OHT = other hospital costs
incurred ($/head dead), NBC = necropsy and burial costs ($/head dead), LOC = lost opportunity costs
($/head dead)

Table 4.7 shows the purchase price per kilogram used in calculation 9; the induction weight
of the animal has been used for total weight. The long-fed price (feeder steer: 280–350 kg)
was used for all cattle that died from cohorts 1 to 4, and the mid-fed (short-fed feeder steer:
380–500 kg) price was used for cohorts 5 and 6. All prices were obtained from Meat &
Livestock Australia (2018) statistics using the eastern states paddock feeder cattle indicators
and were calculated from a monthly average over the last 10 years. A weighted average
could not be used, because the number of cattle sold through the markets was not
available. Trucking cost and shrinkage have not been included in the equation as they are a
cost associated with all animals not just diseased animals.
Table 4.7: Cattle purchase price per kilogram used in the purchase price calculation for
cattle that died from bovine respiratory disease. These values were liveweight prices at
purchase (Meat & Livestock Australia (2018) statistics, eastern states paddock feeder cattle
indicators)
Cattle Type

2018 Average ($)

Mid-Fed

3.19

Long-Fed

3.16

The cost of ration consumed by animals that died from BRD during the trial was calculated
by using function (13) below. Significantly, only the costs associated with animals that died
of the disease are included.

𝑀𝐹𝐶 = ∑

∗ 𝑅𝐶 + ∑

(

)∗

∗

∗

+ 𝑇𝐶 (11)

MFC = mortality feed cost ($/head dead), NuP = Number of animals in pen at time of feeding, FDP = feed
delivered to pen (kg), Dx = feed delivery day, RC = ration cost ($/kg As-Fed), FTT = finish treating time, STT =
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start treating time, LB = lunch break (only where applicable), NSS = number of staff feeding (people), OH =
staff overheads, RT = rate per hour ($/hour), NuHF = number of head fed, DD = death date, D = 0 is induction
date, TC = truck cost

The ration costs displayed in Table 4.8 were used to calculate the feed cost of animals that
died from BRD during the trial. These costs were based on the 10-year long-term average
price of wheat and barley grain prices, up until December 2018 (IndexMundi, 2018). The
percentage of grain in the diet included in each ration is displayed. These were also used to
calculate the cost to feed cattle in the lost opportunity calculation below. The costs of
rations were calculated on as-fed basis.
Table 4.8: Ration costs used in the calculation (IndexMundi, 2018).
Ration

Cost ($/Tonne)

White Grain (%)

Ration 1

244

59.5

Ration 2

$250

65.5

Ration 3

257

72.4

Ration 4

271

85.2

Table 4.9 presents the labour costs used in the second half of equation (13), which includes
the costs associated with feeding cattle in the feedlot.
Table 4.9: Feed team personnel and assumptions used in calculating the labour costs for
feeding animals (NSW Farmers, 2018).
Staff Position

Number

Pay Rate ($)

Overheads (%)

Truck drivers

2

23.86

32.24

Mill management

1

24.42

32.24

Supervisors

2

26.62

32.24

Ratio batching

1

24.42

32.24

Costs associated with feed delivery to the pen included the cost of maintaining and owning
the feed truck and mixer (in this case study, a truck mounted Roto-Mix 920) are calculated
using equation (12) with the annual costs shown in Table 4.10. These calculations were
based on the number of head on feed for the 2017–2018 financial year as shown by the
data provided by the feedlot.
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𝑇𝐶 =

(12)

𝑅𝑀 + 𝑇𝐷 + 𝐷
∗ 𝐷𝐷
∑ 𝐻𝑃𝐷

TC = truck cost, RM = repairs & maintenance ($/year), TD = truck depreciation ($/year), D = diesel
($/year) HPD = head per day, DD = death days on feed (number/days)

Table 4.10: Costs associated with delivery of rations to the pen (personal communication).
Cost

Annual Cost ($)

Repairs & maintenance (RM)

45,000

Total feed truck depreciation for feedlot (TD)

100,000

Diesel (D)

109,500

Equations (13) & (14) are a repeat of equations (4) & (5) but are calculated for all other
induction treatments, which accounted for the cost of these treatments for animals that
have died from BRD. The main reason for including these separately was to ensure that all
treatment costs were included for animals that had died and that treatment costs for the
other animals through to slaughter were excluded. Thus, the cost for treating with HGP’s
were not a cost of BRD but needed to be included if an animal died from BRD because it was
an input to the dead animal. that died.

𝑂𝐼𝑇 =

(𝑂𝑇𝑅 + 𝑂𝑇𝑅 + ⋯ + 𝑂𝑇𝑅 )

(13)

OIT = other induction treatment cost for target disease ($/head dead), OTRx = other induction treatment cost for
the xth treatment for target disease ($/head),

𝑂𝑇𝑅𝑥 =

𝑇𝑃𝐶
∗ 𝑇𝑉 + 𝐼𝑁𝑃𝑇
𝐶𝑉
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(14)

OTRx = other induction treatment cost for the xth treatment for target disease ($/head), TPC =
Treatment Package Cost ($), CV = Container Volume (mL), TV = treatment volume (Unit/Measure,
Table 4.11), INPT = Induction Labour per treatment ($/trt)

Table 4.11: Treatments administered during induction not targeting bovine respiratory
disease management (personal communication).
Product

Oral Benzimidazole

Number of Units

Cost per Unit ($)

per head

From

To

33 mL

0.03

0.05

1

1.46

1.46

1

2.12

2.12

1

0.55

0.55

(Strategik Mini-Dose, Jurox
Animal Health)
Component S (20 mg
Oestradiol Benzoate +
200 mg Progesterone,
Elanco Animal Health)
Compudose 200 (25.7 Mg
Oestradiol 17ß, Elanco
Animal Health)
Ear Tag

Equations (14) & (15) are a repeat of equations (6) & (7) but were repeated for all animal
health treatments completed on animals that died from BRD. These equations only include
the treatments for animal health conditions other than BRD. The costs of the other animal
health treatment administer at the feedlot are included in Table 4.12. This approach was
adopted to include all costs associated with animals that have died from BRD in the result.
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𝑂𝐻𝑇 =

(15)

𝑂𝐻𝑇𝑅 + 𝑂𝐻𝑇𝑅 + ⋯ + 𝑂𝐻𝑇𝑅

𝑂𝐻𝑇𝑅𝑥 =

(16)

𝐿𝑊 𝑇𝑃𝐶
∗
+ 𝐻𝑂𝑆𝐿
𝑇𝑆 𝐶𝑉

HT = hospital treatment cost ($/head dead), OHTRx = other hospital treatment cost received to the
xth treatment ($/head), HDI = head inducted (head), LW = total liveweight (kg), TS = treatment
schedule (mL/kg LW), TPC = treatment package cost ($), CV = container volume (mL), HOSL =
total labour cost per hospital session ($)/head,

Table 4.12: Examples of treatment schedules (TS) used in equation (15) to calculate both the
volume of product administered to each animal and the other treatment costs (OTH)
included in the mortality costs equation (values obtained from a consultant veterinarian;
personal communication).
Treatment (HTR)
Benacillin (Procaine

Treatment Schedule

Cost Per

Cost Per

(Unit Used)

Unit (Lower)

Unit (Upper)

1 mL/25 kg

$0.12

$0.14

1 mL/20 kg

$0.09

$0.01

penicillin 150 mg/ml,
Benzathine penicillin 150
mg/ml, Procaine
hydrochloride 20 mg/ml)
Propercillin (Procaine
penicillin 300 mg/mL)
Equation 17 was used to calculate the costs associated with removing the carcases from the
pen, completing the necropsy and burying the carcases. These costs were included only for
animals that were confirmed to have died from BRD. The hourly labour costs and hours
required to perform these tasks are included in Table 4.13.
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𝑁𝐵𝐶 = 𝐿𝑁𝐶 ∗ 𝑉 + 𝑊𝐻𝐶 ∗ 𝑉 + LRC ∗ V

(17)

NBC = necropsy and burial costs ($/head dead), LNC = labour costs to complete necropsy ($/hour), V =
volume of variable needed (proportion of 1 hour), WHC = wheel loader costs ($/hour), & LRC = labour to
relocate carcase ($/hour)

Table 4.13: Variables used to calculate the costs associated with burial and necropsy of
carcases (NSW Farmers, 2018).
Costs

Variable

Volume (hours)

Labour costs to complete

$26.60/hr

0.5

Labour to relocate carcase

$26.60/hr

0.5

Wheel loader costs*

30.3 L/Hour @ $1.285/L

0.5

necropsy

* The feedlot operates a Volvo L250 to relocate carcases from the pen to burial.
The opportunity cost of cattle that exited the feedlot before the due slaughter date (i.e. died
or were culled) is presented in equation (17). The purchase price, the mean induction
weight, ADG and total DoF were all obtained from the induction cohort at the end of the
trial. The average sale price of $5.30 was obtained from OTH grain-fed cattle indicators,
Queensland, 100 day grain-fed steers category, which is the main price indicator on the
Australia eastern seaboard (Meat & Livestock Australia, 2017a) since the data were not
available from the case study. Equation 17 uses the average grain-fed carcase weight price
and the average dressing percentage from the corresponding induction cohort to convert
this price to the average sale price (ASP) per kg liveweight. The feed intake costs associated
with the animal reaching slaughter were calculated using the prices included in Table 4.8.
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𝐿𝑂𝐶 = (𝑀𝐼𝑊 + 𝐴𝐷𝐺 ∗ 𝑇𝐷𝑜𝐹) ∗ 𝐴𝑆𝑃 − (𝐼𝐿𝑊 ∗ 𝑃𝑃) − 𝐹𝐶𝐶

(18)

LOC = lost opportunity cost ($/head dead), MIW = mean induction weight (kg), ADG = average daily
gain (kg), TDoF = total days on feed for market category (days), ASP = average sale price ($/kg LW),
NoD = number of deaths, HDI = head inducted (head), ILW = induction liveweight (kg), PP =
purchase price landed at feedlot ($/kg), FCC = feed consumption cost ($/head)

𝐹𝐶𝐶 = 𝐹𝐶 +𝐹𝐶

+ 𝐹𝐶

+ 𝐹𝐶

FCC = feed consumption cost ($/head), FC Rx = feed cost for the xth ration ($/head)
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(19)

4.4.1.2 Feedlot output value
BRD has been reported to reduce the value of carcases as a result of a decrease in carcase
quantity and quality (Blakebrough-Hall et al., 2020; Wilson et al., 2017). The gross pathology
classification explained in Chapter 3, on page 63, was used to separate the carcases for
analysis. Function (20) describes the main impact of the reduction in the value of diseased
carcases; the two factors are discounts associated with not meeting the specifications in the
carcase grids owing to quality and the reduction in carcase weight.
(20)

𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑎𝑙𝑢𝑒
= 𝐶𝑎𝑟𝑐𝑎𝑠𝑒 𝑔𝑟𝑖𝑑 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 + 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑐𝑎𝑟𝑐𝑎𝑠𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
+ 𝐿𝑜𝑠𝑡 𝑜𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝑐𝑜𝑠𝑡

Function (21) calculates the discount on carcases in association with the current carcase
grid. The model has been developed to allow the carcase traits included to be turned on and
off as the results change between abattoirs and price grids in the future. pH discount has
not been included in the equation as it is incorporated into the MSA grading equation. As an
example, the marbling score discount (MSD) and yield discount (YD) have been included to
allow scenarios to be run to demonstrate the variations in value as the industry moves
towards a value-based marketing grid. Importantly, grid discounts for quality and the
reduction in carcase weight have been included separately in this function. Additional
discounts can be easily added function 21 as the carcase grids change over time.

𝐶𝐺𝐷 = 𝐻𝑆𝐶𝑊 ∗ (𝑊𝐺𝐷 + 𝐹𝐷𝐷 + 𝑀𝐶𝐷 + 𝑀𝑆𝐷 + 𝑌𝐷)

CGD = carcase grid discount for each diseased carcase ($/head), HSCW = hot standard carcase
weight (kg), WGD = weight group discount (c/kg), FDD = fat depth discount (c/kg), MCD = meat
colour discount (c/kg), MSD = marbling score discount (c/kg), YD = yield discount (c/kg)
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(21)

Table 4.14 contains the discount values for each carcase trait, which have been used in the
calculation of carcases discounts. The discounts included have been developed from
summarising details from three commercial carcase grids.
Function (22) is used to calculate the lost opportunity costs owing to the reduced carcase
weight.

(22)

𝑉𝐶𝑊 = (𝑀𝐻𝑆𝐶𝑊 − 𝐻𝑆𝐶𝑊) ∗ 𝐶𝑃

VCW = variation in carcase weight ($/head), HSCW = hot standard carcase weight (kg), MHSCW =
mean hot standard carcase weight (kg), CP = carcase price (c/kg)

Table 4.14: Discounts used to estimate the feedlot output value (Future Beef, 2018).
Carcase Weight Group
Discount (WGD)
From
To
Discount
($/kg)
180
200
−0.40
200
220
−0.35
220
240
−0.30
240
260
−0.25
260
280
−0.20
280
300
−0.15
300
500
0.00

Fat Depth Discount
From

To

0
7
23
33
43
50

7
22
32
42
49
150

Discount
($/kg)
−0.20
0.00
−0.05
−0.30
−0.50
−0.80

Meat Colour Discount
From

To

1A
3

3

Discount
($/kg)
0.00
−0.20

The model was developed to include a full range of carcase traits, but not all the data were
available from the case study.
The average cost of disease for each gross pathology classification is calculated using
function (23).

𝐴𝐶𝐷

=

∑ 𝐶𝐺𝐷
𝑆𝑁
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(23)

ACDGPSx = average diseased carcase discount for the xth gross pathology classification ($/head),
CGDGPSx = individual carcase grid discount in the xth gross pathology classification ($/head),
SNGPSx = head slaughtered in each gross pathology classification (head)

Function (24) is used to calculate the total number of diseased carcases from the addition of
head slaughtered in each gross pathology classification.

𝐷𝐶 = 𝑆𝑁

+ 𝑆𝑁

(24)

+ ⋯ + 𝑆𝑁

DC = total diseased carcases (head), SNGPSx = head slaughtered in each gross pathology
classification (head)

The reduced output value per head inducted into the feedlot is calculated using equation
(25).
𝑅𝑂𝑉 =

𝐴𝐶𝐷

∗

− 𝐴𝐶𝐷

𝑆𝑁
𝐷𝐶

+ 𝐴𝐶𝐷
∗

∗

𝑆𝑁
𝐷𝐶

+ ⋯ + 𝐴𝐶𝐷

∗

𝑆𝑁
𝐷𝐶

(25)

𝐷𝐶
𝐻𝐷𝐼

ROV = reduced output value ($/head), ACDGPSx = average diseased carcase discount for the xth
gross pathology classification ($/head), SNGPSx = head slaughtered in each gross pathology
classification (head), ACDGPS = average carcase discount for healthy carcases ($/head), DC =
diseased carcases (head), HDI = head inducted (head)

The final component of the reduction in value caused by the sale of animals was the lost
opportunity cost. This cost was the difference between the purchase price and the sales
price with the cost of feed removed. It is calculated through using equations (26) and (27),
and accounts for the variation in induction weight and animals growing slower while on
feed. The animal purchase priced used in these equations is in Table 4.7, with the carcase
price at $5.30/head, and the ration cost is shown in Table 4.8.
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𝐿𝑜𝑠𝑡 𝑜𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 =

∑ 𝐴𝑀
∑ 𝐴𝑀
−
𝑁𝐷𝐴
𝑁𝐻𝐴

(26)

AM = animal margin, DA = diseased animals, NDA = number of diseased animals, HA = health animals, NHA
= number of health animals

𝐴𝑀 = 𝐻𝑆𝐶𝑊 ∗ 𝐶𝑃 − 𝐼𝐿𝑊 ∗ 𝐴𝑃𝑃 −

𝐷𝐹𝐷 ∗ 𝑅𝐶
𝑁𝐷𝑃

(27)

AM = animal margin, APP = animal purchase price, ILW = induction liveweight (kg), PP = purchase price
landed at feedlot ($/kg), HSCW = hot standard carcase weight, CP = carcase price, DFD = daily feed delivery,
NDP = number of head in pen, RC = ration cost
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4.4.2 Abattoir
The impact of disease on the abattoir’s income depends on the quality and quantity of
saleable beef and offal, as shown in equation (28). Noting equation (28) subtracts and costs
associated with transfer of value back to the feedlot sector, removing and cost burden from
the feedlot sector from the Abattoir. These costs are only associated with the variables
which are included in the carcase grid calculation (Function 21).
(28)

𝐴𝑀 = 𝐷𝑂𝑉 − 𝑅𝐼𝑉 − 𝐷𝑂𝐼
AM = abattoir margin ($/head slaughtered), decreased output value ($/head slaughtered), RIV =
reduced input value ($/head slaughtered), DOI = decreased offal income ($/head slaughtered)

The variation between decreased output value (DOV) and reduced input value (RIV) for
diseased and non-diseased carcase is of interest since it illustrates the interaction between
carcase value and saleable beef cut value.
4.4.2.1 Input value
The input value from the processor is the output value from the feedlot; however, the
presentation of the discounts per head is on a slaughter basis not a per head inducted. This
is the only difference between equation (29) and equation (13).
𝑅𝐼𝑉 =

𝐴𝐶𝐷

∗

𝑆𝑁
𝐷𝐶

− 𝐴𝐶𝐷

+ 𝐴𝐶𝐷
∗

∗

𝑆𝑁
𝐷𝐶

+ ⋯ + 𝐴𝐶𝐷

∗

𝑆𝑁
𝐷𝐶

(29)

𝐷𝐶
𝑆𝑁

RIV = reduced input value ($/head slaughtered), ACD = average diseased carcase discount ($/head),
GPS = gross pathology classification, GPS = average carcase discount for non-diseased carcases; SN
= head slaughtered, DC = diseased carcases (head)

4.4.2.2 Decreased Offal Income
The human consumption of diseased offal is condemned, which reduces its value. Any
infected offal is either sold as pet food or is processed through the rendering plant. Function
(30) calculates the cost of three major organs that are readily affected by disease. Function
(31) is repeated for each organ affected by the disease and the values are added together
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using function (30). The value and volume of offal produced from carcases within this model
is completed using the assumption in table 4.15, not the actual pack volume of offal as there
are a number of other market forces which will affect the volume of offal packed.

𝐷𝑂𝐼 = 𝐷𝑂𝐶 + 𝐷𝑂𝐶 + ⋯ + 𝐷𝑂𝐶

(30)

DOI = decreased offal income ($/head slaughtered), DOCx = disease offal cost to x th organ ($/head
slaughtered)

𝐷𝑂𝐶 =

∑

(𝑂𝑊𝑅𝐸 ∗ 𝑂𝑉) − ∑ 𝑂𝑊𝑅𝐸(𝑀𝐵𝑀𝑉 − 𝑇𝐴𝑉)
𝐻𝑆𝑁 + 𝐷𝑆𝑁

(31)

DOCx = disease offal cost to xth organ ($/head slaughtered), HA = heathy animals, DOC =
decreased offal income ($/head slaughtered), OWRE = offal weight regression equation, OV =
offal value, MBMV = meat & bone meal value ($/kg), TAV = tallow value ($/kg), HSN = healthy
number slaughtered, DSN = diseased head slaughtered, DA = diseased animals

Loss through pleurisy infections is included in the HSCW since the rib cage lining is stripped
prior to the HSCW being recorded.
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Table 4.15: Value of key organs included in the economic analysis, with average price for
2018 calendar year, the regression equation to identify the weight of each organ and the
yield losses of rendered products. (Spooncer, 1992)
Organ

2018

Offal Weight Regression

Meat & Bone

Tallow

Average

Equation

Meal Yield

Yield

𝑂𝑌 = 0.87 + 0.0043 ∗

21.6%

0%

18.3%

6.9%

21.6%

4.6%

Price ($/kg)
Lung

$1.44

𝐻𝑆𝐶𝑊
Heart

$2.33

𝑂𝑌 = 0.07 + 0.0048
∗ 𝐻𝑆𝐶𝑊

Liver

$1.21

𝑂𝑌 = 3.38 + 0.0094
∗ 𝐻𝑆𝐶𝑊

Meat & Bone

$0.52

Meal
Tallow

$0.74

4.4.2.3 Meat sales
The sales price of beef primal cuts is associated with a variation in the weight and quality of
cuts. Equation 29 was used to calculate the overall cost of diseases to meat sales.
𝐷𝑂𝑉 = 𝑅𝑃𝑉 + 𝑅𝑃𝑄𝑉

(32)

DOV = decreased output value ($/head slaughtered), RPV = reduced primal value ($/head
slaughtered), DPQV = reduced primal quality value

4.4.2.3.1 Decreased primal weight
Decreased income from the reduction in primal weight sales was calculated for the 13 main
primals included in Function (34), and it was repeated for each individual primal to
understand the value lost from primal weight decrease obtained from diseased animals.
Significantly, the weight of primals was calculated individually for healthy and diseased
animals using a standard yield for primals (see Table 4.16). This method does not allow a
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change in the distribution of muscling potentially caused by the disease. Function (33) then
adds the discounted beef primal values together, providing the total cost to the carcase. The
primal weight is calculated using the assumptions in Table 4.16, where boning trials can be
completed to compare the variation in primal yields due to disease, these values should
replace those in Table 4.16.

𝑅𝑃𝑉 = 𝐷𝑃𝑉

+ 𝐷𝑃𝑉 + ⋯ + 𝐷𝑃𝑉

(33)

RPV = reduced primal value ($/head slaughtered), DPVx = decreased primal value to the x th cut
($/head slaughtered) e.g. BB = bolar blade, B = brisket

𝐷𝑃𝑉 =

∑

(𝐻𝑆𝐶𝑊 ∗ 𝑃𝑌 ∗ 𝑃𝑉) − ∑ (𝐻𝑆𝐶𝑊 ∗ 𝑃𝑌 ∗ 𝑃𝑉)
𝐻𝑆𝑁 + 𝐷𝑆𝑁

DPVx = decreased primal value to the xth cut ($/head slaughtered), PV = primal value, PY = primal
yield, HSCW = hot standard carcase weight (kg), HSN = healthy number slaughtered, DSN =
diseased head slaughtered, DA = diseased animals
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(34)

Table 4.16: Wholesale primal values and yields used to calculate the cost of bovine
respiratory disease affected carcases. These values were obtained from Meat & Livestock
Australia statistics (2017a), wholesale Australian chilled grain-fed beef prices 2018; the cut
yields were obtained from Watson et al. (2008). Where bone out yields are completed for
each level of diseased animal the value in this table should be replaced for each disease
level data for a more accurate result.
Primal

Wholesale Price ($/Kg)

Yield (%)

Bolar blade

9.40

8

Brisket

5.49

6

Chuck

5.70

11

Chuck tender

6.10

2

Cube roll

19.79

3

Knuckle

6.44

8

Rib set

3.34

2

Rump

9.38

6

Silverside

5.99

14

Striploin

17.83

4

Tenderloin

29.92

3

Thin flank

13.00

5

Tri-tip

12.35

1

4.4.2.3.2 Decrease in primal quality value
Decreased income from a reduction in carcase quality affected the value of beef cuts boned.
This resulted from higher quality cuts creating more value from a carcase than lower quality
cuts; that is, cuts can be marketed based on quality to different types of consumers, such as
restaurants and retail outlets. These differences in value do not always transfer back to the
price paid for cattle from the feedlot, such as in the case of marbling. Function (35)
calculates the difference in the value of carcases affected by disease.
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𝑅𝑃𝑄𝑉 = 𝐷𝑃𝑄𝑉

+ 𝐷𝑃𝑄𝑉 + ⋯ + 𝐷𝑃𝑄𝑉

(35)

DPQV = reduced primal quality value ($/head slaughtered), DPVx = decrease primal quality
value to the xth cut ($/head slaughtered) e.g. BB = bolar blade, B = brisket

Function (35) is used to calculate the accumulated value of the 13 primals sold from the
carcase. The bone out percentage of each cut was obtained from Watson et al. (2008) and
will be used to calculate the volume of each cut.
𝐷𝑃𝑉 =

∑

(𝐻𝑆𝐶𝑊 ∗ 𝑃𝑌 ∗ 𝑃𝑄𝑉) − ∑ (𝐻𝑆𝐶𝑊 ∗ 𝑃𝑌 ∗ 𝑃𝑄𝑉)
𝐻𝑆𝑁 + 𝐷𝑆𝑁

(36)

DPQVx = decreased primal value to the xth cut ($/head slaughtered), PQV = primal quality value, PY
= primal yield, HSCW = hot standard carcase weight (kg), HSN = healthy number slaughtered,
DSN = diseased head slaughtered, DA = diseased animals

The quality grade specifications, shown in Table 4.17, were used to categorise carcases by
quality traits. The quality grade was used to group carcases by quality attributes in
alignment with processors’ primal sale specifications. The cut value per carcase was then
used to calculate the value of primal cuts produced from each carcase using function (36).
This provided the total value of primal cuts per carcase and was averaged for each
combined gross pathology score. This functionality was not used in the case study since it
had no significant impact on carcase quality.
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Table 4.17: Carcase specifications for each quality grade used in the calculation of value of
primals as an example, only. Specific company plant boning runs should be used in replace
of these values.
Quality Grade

Meat Colour (Max)

Fat Depth (mm)

Marbling (Min)

1

3

Any

3

2

3

<28

2

3

3

>28

2

4

3

<28

0

5

3

>28

0

6

Any

Any

0

100

4.4.3 Case study results
Chapter 3 reported on the epidemiology outcomes of the case study, and it reported
morbidity of 35–78% and mortality of less than 1%. The cost of BRD to the feedlot identified
through this case study was calculated using the 1,799 head of cattle. As previously
identified, the costs presented in the section are all a cost per head inducted and can be
presented using other variables as required. The total cost per head inducted to the feedlot
and abattoir sectors calculated through this trial was $71.31/head to $80.53/head. The
following sections identify the costs to the feedlot and abattoir. As shown in Table 4.18,
between $63.34 and $72.56/head of the total cost is born by the feedlot, and the remaining
$8.70 affects the abattoir sector. When these values are extrapolated across the feedlot
industry (1.39 million head, 2018) the total cost is in the vicinity of $99.1–$112 million per
year, which is an increase from $40.7 million (Sackett et al., 2006). Noting the cost to
industry is affected by the morbidity and mortality rates within each feedlot and thus will be
skewed depending on the seasonal variables within the specific feedlot.
Table 4.18: Cost of bovine respiratory disease per head inducted to the feedlot sector.
Abattoir costs will vary but were calculated on assumptions due to the confidential nature
of the data.
Expenses
Total industry cost

From ($)
71.31

To ($)
80.53

Feedlot sector ($/head inducted)
Feedlot input costs
Reduced income from animals

63.34
43.74
19.60

72.56
53.50
19.60

Costs to abattoir ($/head slaughtered)
Reduced carcase costs
Reduced offal value
Reduced primal value

8.70
−17.57
3.93
22.34

8.70
−17.57
3.93
22.34

The from and to values included in this section of the report represent the 25 and 75%
percentile bands and predominantly are impacted with the variation in treatment cost or time
spent treating animals within the feedlot environment.
4.4.3.1 Feedlot input costs
The feedlot input costs included were the costs associated with the prevention and
treatment of cattle while on feed. The increase in input costs to the feedlot for the cattle
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assessed in this trial was between $43.74 and $52.50/head inducted, the breakdown of
which is provided in Table 4.19. It is important to note that unless otherwise specified, the
costs are all displayed on a cost per head inducted, in Australian dollars.
Table 4.19: Total cost of bovine respiratory disease within the feedlot ($/head inducted)
Feedlot Input Cost Breakdown

From ($)

To ($)

Pre-induction vaccination bonus

2.49

2.49

Induction expenses

14.76

16.50

Hospital expenses

23.88

31.35

Mortality costs

3.64

3.64

4.4.3.2 Pre-induction vaccination bonus
The benefit paid to producers through administering a pre-induction Bovilis® MH + IBR
vaccination was $15.00/head per animal vaccinated, which equated to $2.49/head inducted
This value will vary depending on the number of animals vaccinated and the benefits being
paid by the feedlot. The method of payment for the pre-induction treatment used in
Australia at the time of the study was either a per-head rate or a per kilogram rate paid
after induction to the feedlot. Where feedlots are not paying for pre-vaccination, this
feature can be disabled.
4.4.3.3 BRD induction treatments
The cost of preventive treatments during the first 14 days that cattle were on feed was
between $14.76/head and 16.50/head. The breakdown of these costs is presented in Table
4.20, which demonstrates that most of the costs were associated with vaccinations
administered.
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Table 4.20: Cost of preventive treatments against bovine respiratory disease administered
at induction and over the first 14 days that cattle are on feed.
Induction Treatments

$14.76

$16.50

Rhinoguard®

$2.90

$3.09

CTC

$5.18

$6.22

Bovilis® MH + IBR

$6.29

$6.79

Induction labour costs

$0.40

$0.40

4.4.3.4 BRD hospital treatments
The cost of treatments presented in Table 4.21 resulted in a total cost ranging from $23.88
to $31.35 per head inducted. These costs equated to between $5,076 and $5,283 per lot
inducted during the trial. The hospital tag cost listed below is administered to all animals
when treated, to track their treatment progress. Noting that the pull rates in this trial are
relatively high, the model has been built to allow the data to be updated with new feedlot
data to understand the relativities and impact of cost of disease.
Table 4.21: Cost of bovine respiratory disease treatments per head inducted
Total Treatment Cost

$23.88

$31.35

Hospital treatments

$15.58

$16.21

Tulathromycin, 100 mg/mL

$14.27

$14.77

Oxytetracycline, 100 mg/mL

$1.10

$1.21

Hospital Tag

$0.21

$0.23

$8.30

$15.14

Hospital shed labour

$2.31

$4.02

Pen riding labour

$5.98

$11.13

Hospital labour

As Table 4.22 shows, treating animals once for BRD costs $31.78 to $32.91, depending on
their weight when treated. Treating animals twice for BRD costs the feedlot $39.83 to
$41.73. However, the cattle inducted into cohorts 5 and 6 cost the feedlot between $40.25
and $41.68 for one treatment and between $50.87 and $53.31 for two treatments. The
variation in the treatment cost was due to the variation in volume administered owing to
the variation in weights at treatment time. The mid-fed cattle’s average weight when first
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treated was 460.5 kg, whereas the long-fed cattle averaged 359.7 kg at the same point. The
100.6 kg difference increased the volume of Tulathromycin, 100 mg/mL used by 2.5 mL, on
average, resulting in the $10 increase in treatment costs.
Table 4.22: Cost to treat cattle during the trial, the long-fed costs to treat cohorts 1 to 4 of
the trial and the mid-fed costs related to cohorts 5 and 6.
Animal Type

Drug

Long-Fed

Tulathromycin, 100 mg/mL
Oxytetracycline, 100 mg/mL
Tulathromycin, 100 mg/mL
Oxytetracycline, 100 mg/mL

Mid-Fed

Low
Cost ($)
31.78
8.05
40.51
10.57

SE
0.13
0.07
0.67
0.40

High Cost
($)
32.91
8.82
41.94
11.58

SE
0.13
0.08
0.70
0.42

4.4.3.4.1 External validation of data
The commercial data obtained for the trial also contained information on the health
treatments of all animals inducted into the feedlot during the trial period. This information
was used to compare the cost of treatments on the case study lots with those of the feedlot
population. Table 4.23 presents the average cost per head inducted for the trial cattle and
the same animal types across the feedlot population. This comparison identified that the
trial animals cost slightly less to treat per head inducted during the trial.
Table 4.23: Cost of treating animals for bovine respiratory disease at the feedlot during the
data collection period at the feedlot, comparing the trial cattle to the feedlot’s induction
during the trial.
Cattle Cohort
Trial cattle

Number of Cattle
1,799

Feedlot’s shortand long-fed
inductions

17,982

Treatments
1st
2nd
Total
1st
2nd
Total
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From ($)
14.27
1.10
15.37
15.72
1.43
16.65

To ($)
14.77
1.21
15.98
16.28
1.57
17.32

4.4.3.4.2 Variation in costs between lots
As identified in the literature review (Chapter 1) and in the epidemiological chapter (Chapter
3), a range of factors influenced the occurrence of BRD within the feedlot, including the fact
that the highest cost of BRD identified in the feedlot was the cost to treat sick animals.
However, the present study found no correlation between the number of animals treated in
the feedlot for BRD and the combined gross pathology score of carcases at the abattoir,
through the epidemiological multivariable analysis (see Chapter 3 for details). This is
important to consider when reviewing Table 4.24 because the variation in the costs of
treating animals is not always correlated with the post-slaughter gross pathology. However,
feedlots need to treat animals while on feed to reduce the mortality costs associated with
the disease. This can however increase the number of animals pulled and treated to reduce
the disease in feedlots through higher antibiotic use.
Table 4.24 presents the variation in the cost per head inducted for each block and the range
in costs for vendors represented in each block. The variation in cost of treatments while in
the feedlot varies from $3.38 to $35.49/head inducted for different vendors, with animals
inducted at a similar time. The greatest driver of this cost was the number of animals pulled
from the pens for displaying signs of illness and then being treated for BRD.
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Table 4.24: Cost of bovine respiratory disease per head inducted by vendor and induction
blocks. The values for the highest and lowest cost producer as well as the largest cohort
inducted during the trial are included.
Average Cost ($)

Pen 1
19.41

Cost ($/head
inducted)
Number inducted
per vendor
Percentage
treated from each
vendor

Pen 2
Pen 3
Pen 4
19.43
17.73
11.23
Highest cost per head vendor

Pen 5
17.32

Pen 6
13.09

25.56

25.35

35.49

19.01

27.79

18.25

16

12

2

40

9

5

75

75

100

65

67

40

Lowest cost per head vendor
Cost ($/head
inducted)
Number inducted
per vendor
Percentage
treated from each
vendor

6.30

14.97

10.14

6.76

3.38

5.63

17

7

39

5

12

21

47

43

36

20

8

14

Largest mob inducted
Cost ($/head
inducted)
Number inducted
per vendor
Percentage
treated from each
vendor

21.07

19.62

11.65

6.90

15.68

10.20

77

103

101

123

47

56

64

66

39

23

36

23

4.4.3.5 Mortality costs
The total cost of mortalities per head inducted was $3.64. This equates to $1,636 per head
that died during the trial however will be impacted majorly by market dynamics. The
breakdown of these costs is provided in Table 4.25. The purchase cost comprised $2.61 of
the total cost. The low mortality cost of this trial has caused the low cost of mortality per
head induced but has been included to show the outputs from the model.
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Table 4.25: Mortality costs resulting from deaths of animals with confirmed bovine
respiratory disease during necropsy
Cost
Mortality Costs
Purchase Cost
Feeding Costs
Ration cost
Repairs & maintenance (RM)
Truck depreciation (TD)
Diesel (D)
Labour
Induction Treatments
Oral Benzimidazole
Component S
Compudose 200
Ear Tag
Labour
Other Hospital Treatments
Benacillin
Propercillin
Labour
Necropsy & Burial Costs
Labour costs to complete necropsy
Labour to relocate costs
Wheel loader costs
Lost Opportunity Cost
Estimated sales price
Purchase price
Feed intake
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Cost ($/head
inducted)
$3.64
$2.61
$0.306
$0.289
$0.004
$0.008
$0.006
$0.0001
$0.01
$0.002
$0.003
$0.005
$0.001
$0.002

$0.10
$0.03
$0.03
$0.04
$6.48
$4.85
−$2.61
−$1.63

4.4.3.6 Feedlot output value
The total cost of BRD to the value of carcases sold was $19.60 per head inducted. Table 4.26
shows the variation in the value of carcases due to BRD animals within the trial that were,
on average, 14.6 kg (HSCW) lighter than healthy animals. As shown in Table 4.26, only the
reduced value of carcases caused by the traits significantly affected by BRD has been
included in the final result.
Table 4.26: Reduced carcase value caused by disease (Wilson et al., 2017)
Reduced Animal Gross Margin

$19.60

Lost Opportunity Cost

$7.88

Carcase Weight Discount

$0.12

Reduced Carcase Weight

$11.60

Fat Depth Discount
Meat Colour Discount
Fat Colour Discount
Marbling Discount
4.4.3.6.1 Reduced carcase weight
The reduction in the HSCW of cattle owing to BRD caused the greatest reduction in the
value of animals exiting the feedlot. As shown in Figure 4.3, animals with a moderate gross
pathology score, on average, returned $52/head less than a health animal with a severely
affected animal returning on average, $176/head less than a health animal.
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$800.00

HSCW discounts ($/ head)

$600.00
$400.00
$200.00
$$(200.00)
$(400.00)
$(600.00)
$(800.00)

Normal

Moderate

Severe

Post-slaughter gross pathology score

Figure 4.1: Carcase weight discounts imposed on normal, moderately diseased, and severely
diseased animals (P<0.001)

4.4.3.7 BRD cost to the abattoir
The total reduction in the value of carcases due to BRD is $8.70/head slaughtered, and as
shown in Table 4.27, most of this reduction results from a $22.34/head reduction in lost
opportunity cost from reduced primal weights. The reduction in purchase price was
−$17.34/head because of the reduced carcase weight of disease animals. No reduction in
primal quality value was recorded through this trial since the disease did not cause a
significant difference to meat colour or marbling grades, which would result in a larger
difference in carcase value. The variation in boning yield of carcases affected by BRD will
have an impact on the results shown in Table 4.27. The boning yield has been maintained as
a constant in this instance but could be rep[laced by actual boning yields if the information
was available.
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Table 4.27: Cost of bovine respiratory disease to the abattoir sector calculated on a per head
slaughtered basis.
Cost of BRD to Abattoir ($/Head Slaughtered)
Reduced Carcase Value

$8.70
−$17.57

HSCW discount

$0.14

Reduced carcase weight

$17.43

Fat depth discount
Meat colour discount
Fat colour discount
Marbling discount
Reduced Offal Value

$3.93

Condemned offal

$3.93

Reduced Offal Weight Increase to All Offal

$0

Reduced Primal Value

$22.34

Reduction in Primal Weight

$22.34

Bolar blade

$2.47

Brisket

$1.08

Chuck

$2.06

Chuck tender

$0.40

Cube roll

$1.95

Knuckle

$1.69

Rib set

$0.22

Rump

$1.85

Silverside

$2.76

Striploin

$2.35

Tenderloin

$2.95

Thin flank

$2.14

Tri-tip

$0.41

Reduction in Primal Quality

$0
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4.5 Discussion
4.5.1 Economic model developed
The aim of this study was to develop and test an economic model to assess the cost of
disease to a commercial feedlot value chain. The need for the development of an economic
model was identified during a literature review of recently published articles identifying the
lack of methods available in animal health economics (Brooks-Pollock et al., 2015; Perry et
al., 2013; Rushton, 2017). This aim was successfully achieved by developing and testing an
economic model to evaluate all costs that contribute to the cost of BRD to the Australian
feedlot industry. Previous economic methods have also been based on the cost of illness
method (which includes all inputs for a specific disease; see page 50 of Chapter 1 for details)
but have excluded the cost of disease to the value chain (Faber et al., 2000; RodriguezCastillo et al., 2017; Schneider et al., 2009). The model developed in the current study
includes the cost of disease from the entry to the feedlot through to the final product. The
data used to test the model uses assumptions in the abattoir section of the model which
limits the accuracy of the results. The main variables which will affect the value of results
between this trial and is the treatment rates are unique to the feedlot and year it was
completed. This approach enabled an analysis to understand the cost of disease on the
quantity and quality of primal cuts. Where the cost of disease is limited to the feedlot
industry, only the costs associated with treatment, weight gains and labour were included
(Blakebrough-Hall et al., 2020). This model has identified the lost value from the value chain
for all animals and the associated costs of disease through until the primal cuts and offal
production from beef carcases. This discussion explores the current and future functionality
of the economic model.
The limitations identified by the published literature focused on the development of the
model in the following areas: establish a static model utilising commercial data, which
provides the framework for a dynamic model; identify all associated disease costs; present
results that enable feedlot managers to compare the cost of disease between induction
cohorts; include only the cost of traits affected by the disease; and test the model to
provide the industry with the updated cost of BRD (Clark et al., 2017; Donatelli et al., 2017;
Rushton, 2017). The traits that were affected in this trial will vary depending on level of
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disease, source of the cattle, genetics and a rafter of other factors, thus the analysis should
be repeated over time to show variation in the cost of disease over time.
The economic model was developed as a static model, and commercially collected data
were used in the analysis. As identified in the literature review, the development of static
models has limitations since the results do not change over time (Gale, 1973). The results
within the case study have this limitation. However, the method developed would allow a
dynamic model to be developed from the results of this study, and it could be further
developed to receive real-time data from feedlots and processing plants. Nathues et al.
(2017) developed a similar system for the pork industry to enable the cost of disease to
change dynamically over time. Animal data between the feedlot and abattoir could be
linked using the NLIS ID and body number within the abattoir to trace the animal to the
animal from induction to slaughter. Their model included the breeding and rearing functions
in the value chain, but it excluded the impact on the quality and quantity of carcases
produced from diseased and healthy animals. The industry could utilise the current
methodology to develop a commercial decision support system in the future to reduce the
cost of BRD to the Australian feedlot value chain. Through the development of a decision
support tool, the assumptions used in the abattoir section could be relaced with actual
boning room yields to show the actual variation in yields between diseased and nondiseased animals.
The model includes the cost of disease to the feedlot and abattoirs sectors, with the transfer
of value back to the producer included. The method developed could be used as a
framework for the grass-fed value chain but needs to be validated. Owing to the time and
budget limitations of the project, the model did not include the variation in costs for
different pre-induction management methods. Barnes et al. (2015) have identified a list of
risk factors that influence the incidence of BRD in the Australian value chain, which was
utilised in developing the data collected in this study. The costs associated with different
management methods that affect the incidence of BRD need to be evaluated and
incorporated into the current model. Noting that the treatment, mortality and morbidity
rates all affect the cost of disease the cost associated with different management practices
will also be affected by these variables. In some instances the management methods will
increase or decrease morbidity and mortality rates but are a commercial decision between
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the feedlot manager and veterinarian. This process would enable the feedlot value chain to
identify the costs of different management methods pre-induction on the cost of BRD to the
feedlot and abattoir.
Previous reports traditionally presented results as a cost per level of disease severity (see
Chapter 3 for methodology) (Blakebrough-Hall et al., 2020; Faber et al., 2000; RodriguezCastillo et al., 2017; Schneider et al., 2009). However, at the closing out (once all animals are
slaughtered from the lot) of a cohort from commercial feedlots, attempts are made to
determine the profitability per head to ascertain the performance of the cohort. This
method enables feedlot managers to compare the profitability of cohorts when including
the cost of mortalities. As all costs are calculated on an individual animal basis the cost for
an increasing severity of disease can be easily calculated, however was not the focus of this
trial. The model in the current study was developed to calculate the cost of disease on an
individual animal basis, and thus, both methods can be used, depending on the presentation
of results needed.
The proposed model enables users to review the cost of disease due to the traits identified
to be statically affected by disease. Jarvis and Valdes-Donoso (2013) identified that
economists and veterinarians use similar modelling techniques to understand the cost of
disease. The development of this model was focused on demonstrating the requirement to
use both approaches to develop a sound methodology that would enable industry to better
understand the cost of disease. The traits identified in Chapter 3 suggested as being affected
by BRD were HSCW, eye muscle area and ADG. However other studies have found
additional traits to be significantly affected but BRD and thus would need to be reliability
included in the costing model. As Drummond (1992) has identified, early cost of illness
studies on human health excluded outpatient consultation. Similarly, economists do not
inherently understand the animal product value chain and thus would miss specific costs to
the value chain. The dialogue issues between veterinarians and economists have limited the
development of multidisciplinary methodologies to incorporate all cost implications of
disease (Rushton, 2017). The multidisciplinary team provided a unique approach to
incorporate the epidemiological with the economic approach to the development of the
economic model.
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4.5.2 Case study results: cost of BRD to feedlot industry
The annual cost of BRD to the Australian feedlot industry was calculated to be between
$99.1 and $112 million. This is more than double the previous estimate of $40.7 million
(Sackett et al., 2006). The variation in costs associated with BRD results from a variation in
mortality and morbidity levels. The extrapolation of the cost per head calculated in this
study to the cost per year for industry is affected by the fact that the costs are very feedlot
specific. The disease rate, treatment rates, mortality rates and treatment protocols all vary
between feedlots. Economic results in studies are traditionally presented as cost per animal
treated, and not as cost per head inducted (Blakebrough-Hall et al., 2020; Stegner et al.,
2013; Wilson et al., 2017). Both methods are technically correct; however, the commercial
impact is calculated on a per head inducted basis for each lot. This approach allows the
costs of deaths to be averaged across the induction lot. Noting that all costs are attributed
back to an individual animal and thus can be summaries by the severity level of disease. Any
commercial animal health management system developed should allow the costs to be
compared per animal by disease status, per head inducted or per head for vendors. This
would enable the feedlot managers and buyers to review the analysis for different phases of
the process. Throughout this discussion, the dollars per animal (by disease outcome) or
dollars per head inducted will be used to compare with other papers. The review of results
is presented in chronologic order from pre-induction vaccination costs to variation in primal
values.
The prevention costs associated with BRD management include pre-vaccination conducted
on-farm and treatments applied to animals at induction to the feedlot. Each individual
feedlot has its own protocols for animal health treatments at induction. The total cost of
disease prevention to the feedlot ranged from $17.25 to $18.99/head inducted (Table 4.19).
This cost includes $2.49/head inducted or $15/head vaccinated for pre-induction
vaccinations and between $14.76 and $16.50/head induction costs. The pre-induction
vaccination with Bovilis® MH + IBR is administered by the producer on-farm, more than 28
days before the animal arrives at the feedlot. Vaccination programs are identified in the
published literature, but no other articles have included the cost of pre-induction
vaccination in the cost of BRD (Blakebrough-Hall et al., 2020; Edwards, 2010; Schneider et
al., 2009; Snowder et al., 2006; Wilson et al., 2017). The payment of pre-vaccination of
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animals against BRD is a commercial decision on the supply chain and can only occur in
direct from producer purchases not for animals purchase from saleyards. As discussed in the
epidemiological section (Chapter 3), the pre-induction vaccination was shown to
significantly reduce the severity of disease. Conversely, the costs associated with induction
vaccinations have been included in most studies, and these protocols in previous Australian
studies have been shown to cost $7.30–$12.24 (Blakebrough-Hall et al., 2020; Sackett et al.,
2006), which is lower than in the current study results. This difference may be due to the
different vaccination protocols of feedlots. The variation in costs in international studies has
little relevance, since those countries have access to different vaccines, as discussed in the
literature review (Chapter 2).
The cost of treating animals for BRD in the current study ranged from $37.57 to $39.09 per
animal treated or $15.58 and $16.21/head inducted (Table 4.21). This cost is based on the
animal health treatment protocol at the feedlot. This finding is comparable with that of
Blakebrough-Hall et al. (2020), who reported a treatment cost of between $5.71 and
$44.50/animal treated in New South Wales, Australia. In addition to the animal health
treatment cost, the model includes the cost of labour. In the current study, the labour cost
for treating diseased animals was calculated at $8.80 to $15.14/head (Table 4.23), leading to
a total cost of $23.88 to $31.35/head inducted, which was shown to be the largest single
cost of managing BRD to the feedlot supply chain, when compared on a per head inducted
basis. The average cost of treatments reported from studies in the USA ranged between
US$15.57 ($20.01) and US$18.10 ($23.26) (Faber et al., 2000; Schneider et al., 2009). The
variation in costs between the current study and that of Faber et al. (2000) is most likely
owing to the antimicrobial used for the first and second treatments. The treatment rate of
animals within the feedlot will have also caused the variation in these treatment costs.
The final cost associated with the BRD at the feedlot is the mortality cost. The mortality rate
across the trial in the present study was 0.2%, which resulted in a cost of $3.64/head
inducted (Table 4.25) or $1,637/head of animals that died. This value included the purchase
price, feed costs, hospital treatments, necropsy and burial costs and the lost opportunity
cost of animals not making it to slaughter. The morbidity level reported in the current study
is lower than that in previous reports, which indicated a morbidity level between 1.49% and
13.9% caused by clinical BRD (Wilson et al., 2017). The variation in mortality rate of animals
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is affected by treatment rates, seasonality, feedlot design and location of the feedlot. The
greatest portion of the mortality costs is the purchase cost of the animal and the lost
opportunity cost associated with not receiving revenue for the carcase. Blakebrough-Hall et
al. (2020) reported a net loss of $1,647.53 per head that died from BRD in a trial conducted
under market dynamics similar to that of the current study. The results of both studies are
similar, which demonstrated that the model in the current study is valid. However, they did
not attribute the value back to the cost per head inducted (Blakebrough-Hall et al., 2020).
Numerous other studies have excluded the mortality cost altogether, which reduces the
overall cost of disease reported in these articles (Stegner et al., 2013; Wilson et al., 2017). In
developing a platform to manage animal health in feedlots, the cost of deaths needs to be
incorporated back to the induction lot to ensure that the losses are accounted for. For
example, if the losses in the current study had been in line with the variation identified by
Wilson et al. (2017), the cost per head inducted could have been between $24.39 and
$227.53/head inducted.
The value of a carcase is determined mainly by its weight, fat depth and meat quality
attributes. In Chapter 3, the epidemiological section of this thesis, HSCW was shown to be
significantly affected by BRD. The model has been developed to include all MSA grading
variables, but the analysis in this case study has been limited to include only the traits
significantly affected. In the current study, the total reduction in value was $8.70/head
inducted, or $54/head for moderately affected and $839/head for severely affected animals
(see page 64 for details on the level of disease severity; see Table 4.27). It has been reported
previously that BRD results in a cost of between $67.10 and $213.9/head (Blakebrough-Hall
et al., 2020). This is a higher cost per head than that of the present study at between $52.04
and $176.57/head reduction in sales value. International studies have observed a slightly
lower cost per head for reduced carcase weight, $31.13 to $103.34 per head, than found in
the current study. The carcases did receive a higher discount because of the reduced
carcase weight. However, these trades-offs should be managed separately from the
evaluation of the impact of disease in the value chain. There were no costs associated with a
reduction in the quality of carcases produced through this trial. However, most international
articles are based around the USDA model, and thus, the quality attributes are not
comparable with those of the present study; Blakebrough-Hall (2020) is the only recent
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Australian study completed, which found Marbling, rib fat & P8 fat depths to be significantly
affect by pleurisy and pneumonia, using the Australian system. The difference between
Blakebrough-hall’s (2020) result sand the results in this study was the much greater
difference in HSCW at slaughter. This trial has shown that no animals slaughtered within the
main cohort did not have the quality attributes significantly impacted by the post-slaughter
gross pathology scores. The final impact of BRD to the feedlot sector of the supply chain is a
lower income from a carcase that cost more to produce.
The final component included in the financial model of cost to the processor is the impact of
diseases on offal production and the quality and quantity of carcases produced. Most
studies fail to report the cost of BRD to the processing sector (Blakebrough-Hall et al., 2020;
Faber et al., 2000; Rodriguez-Castillo et al., 2017; Schneider et al., 2009; Snowder et al.,
2006). However, when assessing the cost of disease to the industry it is important to
consider the cost to the supply chain. The cost to the processing sector calculated in this
case study was $20.55/head slaughtered, which is separated into a reduced payment to the
feedlot of $6.23, a reduced offal value of $3.93/head and a reduced primal value of
$22.85/head processed. The losses on offal value will fluctuate with market prices and
whether processors are packing offal. The result obtained is based on lower levels of offal
collection due to condemnation of offal owing to disease (Sentance, 2011). The current
payment grid structures does not include any offal value transfer between sectors and thus
the value-based marketing discussion in industry is looking to change the pricing dynamics.
The primal cut value was determined from a grid based on the marbling score but was
excluded because of the lack of data. It is also unknown whether the reduction in carcase
weight caused by disease reduces weight gain more in specific muscles and subsequently
primals. For these reasons, the $22.85/head reduction in primal value from the boned
carcases would need further investigation to validate the cost of BRD to carcase quality.

4.6 Conclusion
To conclude, the cost of BRD to the Australian feedlot industry has been calculated at
between $99.1 and $112 million annually, which is much higher than previously estimated.
The methods used to calculate the cost of disease vary between published studies. Most
articles present their results on a level of disease severity; however, this method does not
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enable supply chain participants to benchmark their cost of BRD with the published
literature. The model developed in the current study has limitations in regards to the
processing sector, which would be resolved with access to confidential cut pricings and
yields at a primal level. These limitations could be overcome through the development of a
supply chain model. The results obtained demonstrate the majority of costs associated with
BRD in the Australian feedlot industry are absorbed by the feedlot industry. It is believed
that by overcoming the limitation of the lack of data in the processing sector, one of the
following would occur: (1) demonstration of the misalignment between cut values and
carcase values or (2) demonstration that the major share of cost of disease is born by the
feedlot industry. If the latter were to occur, the major benefit to the processing sector for
improved animal health would be due to the increased volume of offal sales for human
consumption. Once the economic model is further validated, it would provide the basis to
develop a decision support system to reduce the cost of BRD to the feedlot value chain.
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Chapter 5: General Discussion and Conclusions
This project was developed to understand the impact of disease on economically important
production and carcase traits and to develop an economic model to quantify the cost of BRD
to the feedlot and abattoir. The study was designed to include 1799 head of cattle at one
feedlot to reduce variation in results, which has allowed the accurate development of the
economic model. The results from the model are specific to the feedlot however, the due
diligence in developing the model have created a sound foundation for the future of animal
health economics in the Australian feedlot value chain. The objectives, at the onset of this
project, were as follows:
1) establish the impact of BRD on economically important production and carcase traits in
feedlot cattle

2) determine the economic impact of BRD on the Australian cattle feedlot value chain, including
at the producer, feedlot and abattoir level.

The objectives were achieved through undertaking a prospective cohort study to ensure
that only statistically significant traits were included in the economic modelling, along with
all amenable costs. Overall, the cost of BRD was calculated to range from $71.31 to
$80.53/head. The disease significantly reduced HSCW and the severity of the disease was
driven by the animal source (producer), induction weight and pre-induction vaccination with
Bovilis® MH + IBR. All data used for the analysis, except the post-slaughter gross pathology
scores, were commercially collected data. The following discussion summarises the methods
used to achieve these objectives, the limitations of the study and the implications of the
results for the grain-fed value chain.
The first objective was achieved by completing a prospective cohort study of 1,799 steers
inducted at a feedlot in southern NSW as part of a larger study (Abell, 2018). The first four
cohorts were inducted during April and May 2017 and were between 250 and 380 kg at
induction. The fifth and sixth cohorts were inducted during September and October and
were between 380 and 500 kg at induction. This trial has shown that BRD affects the weight
of carcases and that disease severity was associated with some induction variables, which
aligns with the findings of previous studies on BRD risk factors in Australia. The multivariable
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regression analysis assessed the impact of the severity of BRD against all carcase traits
collected at the abattoir. The results showed that only HSCW was significantly affected by
BRD, and therefore, it was the only variable included in the economic analysis. The
contributing risk factors identified through this trial for BRD occurrence and severity were
producer, pre-induction vaccination and induction live weight, whereas other studies have
identified a range of other factors (Barnes et al., 2016; Hay, Morton, Clements et al., 2016;
Hay et al., 2017; Hay, Morton, Mahony et al., 2016; Hay, Morton, Schibrowski et al., 2016). It
is expected that these risk factors contributed to the high mortality rates seen in the
feedlot, additionally the lack of secondary objective evaluation of BRD will have
compounded the effect. It is expected that the animal type, age and environmental
conditions at the feedlot has caused the difference in traits affected by BRD. However, in
this study, some data were not available owing to confidentiality, were not collected
commercially or were not significant in this study and were therefore excluded. Finally,
there was no association identified between gross pathology scores and animals treated for
BRD, this is potentially due to the relatively high treatment rate of animals against BRD.
Despite these results being specific to the study, the outcomes from this analysis have
shown that commercially collected data can be used to develop commercial decision
support systems that could aid in reducing the impact of disease in the feedlot value chain.
The second phase of analysis was focused on calculating the cost of BRD to the Australian
feedlot industry, to achieve the second objective of the project. Through a review of the
economic models available, it was identified that only the cost to the feedlot had previously
been included (Blakebrough-Hall et al., 2020; Wilson et al., 2017). Therefore, the approach
taken in this study involved two distinct components, the development of an economic
model to ascertain the effects of BRD and the completion of a case study using the model to
test the model requirements. The economic model was developed to include all costs of
disease from pre-induction to the value of the primals from boned carcases. The feedlot
data were collected electronically daily, and in addition, manual records were maintained
separately to ensure the accuracy of the commercially collected data. The data used in the
economic analysis were collected from the feedlot management system daily to track the
animals from induction to slaughter. The total cost of BRD has been estimated at between
$63.34 and $72.56/head inducted for the feedlot sector and $8.70 for the abattoir. Previous
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studies present the cost of BRD on differing levels of disease severity, which can be easily
summaries in the model as all the values have been calculated on a per head basis.
(Blakebrough-Hall et al., 2020; Faber et al., 2000; Rodriguez-Castillo et al., 2017; Schneider
et al., 2009; Snowder et al., 2006; Stegner et al., 2013; Wilson et al., 2017). However, using
this approach does not allow supply chain participants to benchmark their costs to the
published literature. Therefore, the model developed included all the costs as a cost per
head inducted, which is the method used within the feedlot industry. This allows the feedlot
managers to monitor changes in costs between lost as the pricing variables change in eth
model. This is particularly important when feedlots are setting there pricing grids for
induction as the cost ratios between animal health, ration costs and cattle costs can be the
difference between profitability and making a loss on a mob of cattle. The greatest
contributors to the cost of BRD is the reduction of carcase weight at slaughter and hospital
expenses associated with treating animals. A limitation of this study was that the feedlot
protocols only use visual inspection for identification of animal with BRD, not using
secondary measurements such as rectal temperatures (Blakebrough-Hall et al., 2020). This
limitation may have caused for a higher-than-normal pulling rate, increase the cost of
antibiotic administration in this trial. The reduction in ADG observed in diseased cattle was
the cause of the reduction in carcase weight at slaughter, which is a well-documented as an
impact of BRD in feedlots (Blakebrough-Hall et al., 2020; Faber et al., 2000; RodriguezCastillo et al., 2017; Schneider et al., 2009; Snowder et al., 2006; Stegner et al., 2013; Wilson
et al., 2017). The greater the reduction in ADG observed and the shorter the feedlot period
the higher the cost of BRD reducing ADG will be. Therefore, this needs to be considered be
feedlots when developing BRD managements strategies. The other contributing factor to a
reduction in carcase weight is a lower induction weight, which was seen significantly affect
gross pathology at slaughter. The impact of induction weights on the HSCW is a limitation of
this study, as the lower the induction weight coupled with a lower ADG results in a lower
HSCW. The focus of future studies needs to consider the implications for commercial
operations as in this study if lighter animals result in a higher burden on BRD then the cost is
much greater. Standardising induction weight would limit some of the variability but then
limit the impact of disease to variables which cannot be controlled in a commercial
environment. The model developed has limitations in the producer and abattoir sectors,
which would need to be addressed as follows.
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The only value included for the production sector was the payment for pre-induction
vaccinations for Bovilis® MH + IBR. The cost of administering this vaccination was not
included since it required additional data that were not collected as part of this study. The
model accounts for all costs associated with disease management in the feedlot. However,
the functionality could be readily adapted to consider diseases in grass-fed cattle. The
processing sector component of the model has limitations because of the confidentially of
data on cut pricings and yields at a primal level. However, the model functionality would
enable this analysis to be completed when such data are available, the current results only
use assumptions and would need validation through a subsequent trial. The major cost of
disease shown using the current model was the reduction in offal yields.
The base model developed could be modified to include or exclude different sectors of the
value chain. For example, the live animal costs could be excluded, and the model could be
used to assess the costs of disease at slaughter. These modifications would enable several
different outcomes, which are as follows:
(1) Processors can understand the cost of offal condemned because of disease.
(2) The analysis can identify the regions and vendors that have a greater incidence of
disease and subsequent increase in cost.
(3) Producers can gain strategic feedback on the cost of disease to their enterprise.
The risk factor analysis on all carcase traits could be used to assess operational data
collected in plants to provide feedback that leads to change management. However, the
disease outcome data, such as gross pathology scoring, would require to be collected
commercially. The level of data collected for each disease needs to show the severity of
disease. Without the severity of disease collected, the economic impact of disease may be
missed, resulting in limited, or lack of, value created for industry.
The focus of this study has been to develop a statistically sound economic model that
utilises commercially collected data. This focus was used to ensure the method could be
utilised in the commercial beef industry. As Jarvis and Valdes-Donoso (2013) identified, the
two main approaches to animal health economics have been developed by economists and
veterinarians, which influences the outcomes of studies in this field.
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The final consideration for this study is identifying the implications of the outcome on the
beef industry. Currently, several systems are being developed to identify BRD in feedlots
more accurately, such as the REDI system, which uses changes in animal behaviour patterns
to identify diseased animals (White et al., 2015). These systems would enable a more
accurate identification of on-feed cattle with BRD. However, our study and other studies
completed in Australia, have shown that animal management pre-induction strategy is a key
contributor to the severity of disease identified post-slaughter (Barnes et al., 2015). This
finding provides supply chain participants with the ability to identity key vendors whose
animals have a low susceptibility to BRD post induction. Feedback mechanisms to transfer
animal disease outcomes back to the vendor and/or breeder would enable practice change
to reduce the incidence of disease.
This study has shown that BRD in feedlots increases the production costs of animals and
reduces their value at slaughter. The data limiting this analysis to date has been the lack of a
commercially available system to collect post-slaughter gross pathology scoring; however,
systems are currently being developed and installed to collect this data in Australian
abattoirs. Through better selection of animals that have a lower susceptibility to disease,
feedlots could reduce their utilisation of antimicrobials post induction. Market dynamics will
influence the ability of some supply chains to obtain animals. However, they will be able to
price animal purchases, so that additional value is transferred back to the producers for
animals with lower disease susceptibility or can negotiate the delivery of animals for periods
of lower disease burden. For these systems to work, additional investment is required to
develop integrated data analytic systems in the feedlot value chain that provide an overview
of animal health and associated costs using the methods used in this study. For these
outcomes to be successful, the following future research should be conducted to increase
the benefit of this research to the Australian beef industry.


Adapt the model to the grass-fed value chain by completing a pasture-based
prospective cohort study, the variables and costs between the feedlot sector and
grass-fed sector but the methodology could be reality adapted.
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Conduct a comprehensive review of the cost of different on-farm management
methods (e.g. yard weaning and pre-induction vaccinations) and their impact on
disease outcome after induction.



Test the model on a larger cohort of animals using commercially collected data to
demonstrate the variation in variables that need to be considered in future
developments of the model. Within these trails multiple feedlots should be included
to demonstrate the impact of region, staff, treatment regium, season and year. This
would enable a much more rounded outcome with much richer learnings on the
impact of BRD.



Evaluate the impact of disease on primal yields through the boning room, to
evaluate any changes in weight distribution on carcases caused by disease.



Develop a commercial animal health management system using the model
developed through this project to show feedlots what are the greatest impact of cost
from disease, to enact practices changes, reducing the cost of BRD to the grain-fed
value chain.

To conclude, this study has successfully identified the impact of BRD on carcase traits and
the cost of disease to the Australian feedlot value chain. On completion of the additional
research required to further validate the economic methodology, a system could be
developed to reduce the incidence and cost of BRD to the Australian feedlot value chain.
The methodology developed and tested in this study could be easily transferred to other
diseases. The use of such an economic model has the potential to provide an annual update
on the cost of disease to the red meat industry, which would enable focused investment to
reduce cost and improve efficiencies in red meat value chains.
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