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Abstract

The decision to use metaphylactic antibiotics to control bovine respiratory disease in
feedyard cattle has important economic, animal welfare, and antimicrobial stewardship impacts.
Models that consider risk factors for benefitting economically from metaphylaxis including cattle
characteristics, disease characteristics (i.e. metaphylaxis efficacy), production costs (animal
purchase, feed, labor, facilities, etc.), and income value of cattle sold show that these
characteristics have complex interactions with each other and the financial outcome of a cohort
of cattle. Two modeling methods were used to identify key variables driving economic
metaphylactic decisions.

The first economic model evaluated the cohort characteristics of cattle that did not
receive metaphylaxis at the feedyard but that would benefit economically. Estimated net returns
were calculated for 12,785 cohorts for three metaphylactic options: no metaphylaxis, low-
cost/low-efficacy metaphylaxis, and high-cost/high-efficacy metaphylaxis. Logistic regression
models were used to determine the probability of cohorts benefiting from metaphylaxis. Results
show that cohort demographics such as sex, entry weight category, cohort size, and average daily
gain influence the probability of a cohort benefiting economically from metaphylaxis.

Monte Carlo simulation is a technique that uses random sampling of uncertain variable(s)
to estimate a range of potential outcomes. While Monte Carlo simulation is used regularly in
other disciplines, it is scarcely utilized to determine the economics of health outcomes in
veterinary medicine. The use of Monte Carlo simulation to quantify the economic benefits of
metaphylaxis is a novel approach to metaphylactic decision making.

A second economic model was developed that used a Monte Carlo-based stochastic

approach to evaluate the economic benefits of metaphylactic antibiotics. Original cohort data



(n=16,368 lots) were modeled for the actual and the opposite metaphylactic scenarios, then
simulated across 10 years of monthly pricing data to generate cohort-month scenarios. The
cohort-month scenarios were replicated 10 times, with each replication randomly sampling a
metaphylactic efficacy odds ratio and average daily gain adjustment factor. Linear regression and
standardized beta coefficients identified mortality due to bovine respiratory disease as the most
influential variable of difference in net returns between metaphylaxis and no metaphylaxis.
Together, these chapters provide evidence-based tools that advance economically sound,
welfare-conscious, and stewardship-focused metaphylaxis decisions in feedyard cattle. These
findings show that advanced modeling can help to guide more accurate metaphylactic antibiotic

use in feedyard cattle.
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Chapter 1 - Use of Monte Carlo simulation for economic assessment

of cattle health interventions: a narrative review of recent literature

D.J. Kopp

Beef Cattle Institute, Kansas State University, Manhattan, KS 66506, USA
Introduction

The use of economic analysis in veterinary decision-making has become increasingly
important for veterinarians and producers, particularly in food animal production systems where
financial margins are narrow. Traditionally, many economic models used in veterinary settings
involve deterministic variables with fixed values assigned. While this may be effective in other
disciplines, biological variability encountered in veterinary medicine is complex. Variables such
as disease incidence, treatment efficacy, daily weight gain, milk production, drug or vaccine
costs, and market prices fluctuate between animals and production scenarios creating multiple
levels of risk and uncertainty that cannot be represented by one fixed estimate. Economic
decisions in veterinary medicine require modeling techniques that incorporate and communicate
a range of possible outcomes.

Monte Carlo simulation (MCS) is a stochastic modeling technique that uses a distribution
for independent variables to produce a probability distribution for the dependent variable. Rather
than producing a single result, MCS repeatedly samples from a probability distribution assigned
to key inputs (such as disease risk, treatment efficacy, and price) to generate thousands of
simulated outcomes. Each iteration represents a realistic scenario based on a range of possible
values. The final output is not a single projected profit or loss, but a distribution of results that
show the frequency of possible outcomes. Monte Carlo simulation quantifies and illustrates
uncertainty rather than removing or obscuring it, making it uniquely suited for informing the
decisions required in veterinary medicine, where biological systems are variable, and
environmental effects are unpredictable.

Monte Carlo simulation is increasingly regarded as a preferred approach for evaluating
animal health interventions with economic consequences. Current literature shows applications

across a variety of cattle related decisions, including foot and mouth disease (FMD)



(Chanchaidechachai et al., 2024; Hasler et al., 2021; Rasmussen, Shaw, et al., 2024), feeder
cattle liver abscesses (Taylor et al., 2025), and mastitis control strategies in dairy cattle
(Bonestroo et al., 2023; Exel et al., 2022; Fadillah et al., 2025; Le Page et al., 2024; Nakada et
al., 2023). In these studies, MCS provides a thorough analysis to quantify risk, economic and
biological variability, and the probability of financial loss or gain. The objective of this review is
to inform readers of the methods, application, and interpretation of MCS in veterinary medical

research.

Materials and Methods

To evaluate how Monte Carlo simulation is used in economic decision-making in
veterinary medicine, a structured literature search was conducted using PubMed (National
Library of Medicine, 2025). This database was selected as it provided comprehensive indexing
of peer-reviewed biomedical and veterinary research.

Initial search terms were selected based on the core concepts of interest: Monte Carlo
simulation or stochastic modeling, economic evaluation or cost analysis, and disease in cattle.
Search terms were entered into the MeSH database from PubMed (National Library of Medicine,
2025) to identify related vocabulary, synonyms, and preferred search terms. This resulted in the
following expanded search string: (((((((("monte carlo") OR (stochastic)) OR ("stochastic
processes')) OR ("stochastic process")) OR ("stochastic model")) OR ("stochastic model*"))
AND (((cattle) OR (bovine)))) AND ((("infect* disease*") OR (disease)) OR ("contag*
disease*"))) AND (((((((((cost-benefit) OR ("cost analysis")) OR ("cost-benefit data")) OR
("benefit and cost")) OR ("cost and benefit")) OR ("economic evaluation*")) OR ("benefit* and
cost*")) OR ("cost utility")) OR (economic)). This string was used to search the database in
August 2025. Only articles published after 2020 and indexed in English were considered.

Returned articles were first evaluated by title and abstract based on several inclusion and
exclusion criteria. The article had to be a primary research study, include cattle as the primary
population of interest—with allowance for studies involving cattle alongside other species such
as small ruminants or swine—and evaluate a disease process from an economic standpoint.

Following the initial abstract and title review, each article was read in full to extract
relevant data. Data were recorded in an Excel spreadsheet. The following variables were
collected for each article: diseases included, number of iterations, number of stochastic variables,

the outcome, and how results were displayed. Display of results included tables, sensitivity



analysis, heat maps, and a variety of graphical options. Additional articles were removed at this
time if they did not provide the previously defined variables.

Information about the selected articles was evaluated to characterize the use of MCS in
primary research involving economic research within the cattle industry. Patterns in variable
selection, model structure, reporting style of results, and economic outcomes were identified to
better understand opportunities for improved transparency and standardization when using MCS

in future research studies.

Results and Discussion

Our search string in PubMed returned 69 articles that met the search criteria. After
abstract and full article evaluation, 37 articles were included in this evaluation. These articles
covered a variety of topics including dairy cattle mastitis, brucellosis, tuberculosis, bovine viral
diarrhea virus, Johne’s disease, highly pathogenic avian influenza, and many more. All articles
used MCS or stochastic simulation and economic data for evaluation.

Included articles use a variety of numbers of iterations when running simulation models.
The maximum number of iterations used in these articles was 150,000 (Naidu et al., 2025) while
the minimum number of iterations was 100 (Ferchiou et al., 2025; Kaniyamattam et al., 2020; Le
Page et al., 2024). The most common number of iterations was 10,000 (Adeyemo et al., 2022;
Fadillah et al., 2025; Griss, Schiipbach-Regula, Carmo, Meylan, Ottardi, et al., 2025; Griss,
Schiipbach-Regula, Carmo, Meylan, & Thomann, 2025; Guétin-Poirier et al., 2020; Hanitravelo
et al., 2025; Hasler et al., 2021; Naidu et al., 2025; Ojeda-Rojas et al., 2025; Pérez-Baez et al.,
2021; Pfrombeck et al., 2025; Rasmussen et al., 2021, 2022; Rodriguez et al., 2025; Silva et al.,
2021; Taylor et al., 2025; Wilson et al., 2020), the mean number of interactions was 12,786, and
the median being 10,000 iterations across all models.

These MCS models used different numbers of stochastic variables—ranging anywhere
from 1 (Molento et al., 2020) to 86 (Rasmussen, Barkema, et al., 2024) per model. Results from
MCS are portrayed in a variety of ways. Table 1.1 shows a quantitative list of the ways that
results were presented to readers, with example images of each. A majority of articles used
multiple ways to present results; thus, articles are represented multiple times within the table.

There were a few other ways data were displayed only once throughout the literature
review. A histogram of the MCS output for differences in weight between those that were

infected with Fasciola hepatica and the control groups was used (Molento et al., 2020). A spider



graph was used to describe the mean change across percentile range of 5 input variables that
contributed to the economic outcome (Ojeda-Rojas et al., 2025). A mean cost-effectiveness
index was used to compare to different surveillance protocols to control bovine tuberculosis
(Guétin-Poirier et al., 2020).

The examples of stochastic modeling identified in this review show several different
ways of displaying results from research studies that clearly include representations of the
variability associated with the outcomes. This is useful in veterinary decision making because
deterministic models, while accurately showing the mean or median of expected results, often by
reporting that as the main outcome, obscure variability. Veterinary decision makers are often
charged with considering not only the benefits of diagnostic or therapeutic intervention; they
must consider the probability of success, the potential negative effects, and other factors
associated with the variability of outcomes. While deterministic methods relying on statistical
tests of the mean or median and potential differences between those central tendencies have
value for understanding underlying biology and economics decisions, other important aspects of
variability are lost when results are reported as deterministic or statistical tests of central
tendencies.

Deterministic methods are based on a statistical analysis of inference and allow us to test
the difference between the central tendencies of options and the probability that those differences
are not due to chance. That is a different question than we often ask with stochastic models,
particularly stochastic models focused on economic decisions that allow the decision maker to
identify trade-offs and the probability of the intervention exceeding the cost of the intervention

Although MCS offer important advantages for representing the uncertainty in biological
and economic decision-making, it has several limitations that must be considered when
interpreting results. First, MCS is highly dependent on the accuracy of input distributions used
within the model. While many model-inputs come from specific primary literature sources,
expert opinion is used to identify those that are not readily available from previous research.
Weaknesses in the accuracy or appropriateness of distribution inputs results in weakness in the
MCS output. While we did not quantify the number of variables that were assigned by expert
opinion, specific research addressing many variables is not available, therefore, expert opinion is

relied on frequently.



Second, MCS reported in the veterinary literature typically treats all variables as
independent variables. There are limited studies that include interactions between stochastic
variables, and those that do are simply making educated assumptions about the interaction
distribution. There were few research papers that addressed comorbidity odds ratios between
associated diseases. While two-way interactions are occasionally addressed in MCS investigating
veterinary questions, the interface of biology and economics includes many three-way or more
complex interactions that are particularly difficult to address both in MCS and deterministic
methods. The variables and interactions between them that drive veterinary and economic
questions are extremely complex and not easily valued with assumptions. Lastly, MCS output
should not be interpreted as a perfect prediction of the real world. The output should be held
within the constraints of the model assumptions.

Challenges and cautions from the articles included in this literature review highlight area
for improvement in how MCS is presented in veterinary research. Although most were well
written and interpretable, others would pose difficulties for readers who are unfamiliar with
stochastic modeling. The author found that when clear objectives were not presented in the title,
abstract, and early in the paper, ambiguity was created which limited the reader’s ability to
evaluate whether the simulation was designed and implemented appropriately. When variables,
especially those that are stochastic in value, are not clearly defined or interpretable, readers
struggle to completely digest the variability allowed within the model. To enhance clarity,
authors should provide lists and/or tables outlining stochastic variables and their distributions.
While the use of creative or unconventional methods of displaying results could provide a deeper
understanding of complex questions and outcomes, without well-defined methods for
interpreting results in the novel approach, clarity of conclusions may not be achieved. There are
multiple articles that include extensive equations, some with minimal explanation or
interpretation. Including equations used for modeling may improve the transparency of a
modeling approach but it does not make the article easier to interpret, especially when the

equations are not well-defined.

Conclusion

Monte Carlo simulation provides a better depiction of the complexity of biology and
production systems and the uncertainty of pricing markets than deterministic models. It is

important to remember that reality is even more complex than stochastic models can define.



There are some examples of MCS used in livestock research and literature, and for the most part,
many papers use similar methods, and report results in common graphical and tabular formats.
Some limitations of MCS and specific manuscripts should be recognized and considered when
integrating the information with other forms of research. It is crucial that authors write articles in

easily interpretable ways so that readers can get the most value out of primary research.



References

Adeyemo, P., Léger, E., Hollenberg, E., Diouf, N., Séne, M., Webster, J. P., & Hisler, B. (2022).
Estimating the financial impact of livestock schistosomiasis on traditional subsistence
and transhumance farmers keeping cattle, sheep and goats in northern Senegal. Parasites
& Vectors, 15, 101. https://doi.org/10.1186/s13071-021-05147-w

Bonestroo, J., Fall, N., Hogeveen, H., Emanuelson, U., Klaas, I. C., & van der Voort, M. (2023).
The costs of chronic mastitis: A simulation study of an automatic milking system farm.
Preventive Veterinary Medicine, 210, 105799.
https://doi.org/10.1016/j.prevetmed.2022.105799

Chanchaidechachai, T., Fischer, E. A. J., Saatkamp, H. W., de Jong, M. C. M., & Hogeveen, H.
(2024). One-size measures do not fit all areas: Evaluation of area-specific control of foot
and mouth disease in Thailand using bioeconomic modelling. Preventive Veterinary
Medicine, 233, 106359. https://doi.org/10.1016/j.prevetmed.2024.106359

Edwardes, F., van der Voort, M., Halasa, T., Holzhauer, M., & Hogeveen, H. (2022). Simulating
the mechanics behind sub-optimal mobility and the associated economic losses in dairy
production. Preventive Veterinary Medicine, 199, 105551.
https://doi.org/10.1016/j.prevetmed.2021.105551

Exel, C. E., Halasa, T., Koop, G., Steeneveld, W., Lam, T. J. G. M., Benedictus, L., &
Gussmann, M. (2022). A stochastic modelling approach to determine the effect of diverse
Staphylococcus aureus strains on the economic and epidemiological outcomes of mastitis
intervention strategies in dairy cattle. Preventive Veterinary Medicine, 199, 105566.
https://doi.org/10.1016/j.prevetmed.2021.105566

Fadillah, A., van den Borne, B. H. P., Schukken, Y. H., Poetri, O. N., & Hogeveen, H. (2025).
Cost-efficiency of mastitis control strategies on smallholder dairy farms. Journal of Dairy
Science, 108(8), 8726—8741. https://doi.org/10.3168/jds.2024-25816

Ferchiou, A., Giacomini, A., Herman, N., Lhermie, G., & Raboisson, D. (2025). Economics of
vaccination against diarrhoea and respiratory diseases in French cow calves’ systems: A
modelling approach. PLOS One, 20(8), €0329325.
https://doi.org/10.1371/journal.pone.0329325

Fountain, J., Brookes, V., Kirkeby, C., Manyweathers, J., Maru, Y., & Hernandez-Jover, M.

(2022). One size does not fit all: Exploring the economic and non-economic outcomes of



on-farm biosecurity for bovine viral diarrhoea virus in Australian beef production.
Preventive Veterinary Medicine, 208, 105758.
https://doi.org/10.1016/j.prevetmed.2022.105758

Fountain, J., Hernandez-Jover, M., Kirkeby, C., Halasa, T., Manyweathers, J., Maru, Y., &
Brookes, V. (2021). Modeling the Effect of Bovine Viral Diarrhea Virus in Australian
Beef Herds. Frontiers in Veterinary Science, 8. https://doi.org/10.3389/fvets.2021.795575

Griss, S., Schiipbach-Regula, G., Carmo, L. P., Meylan, M., Ottardi, M., & Thomann, B. (2025).
Disease and economic impact estimation of Mycobacterium avium ssp. Paratuberculosis
infection in Swiss dairy herds. Journal of Dairy Science, 108(7), 7481-7492.
https://doi.org/10.3168/jds.2024-25832

Griss, S., Schiipbach-Regula, G., Carmo, L. P., Meylan, M., & Thomann, B. (2025). Economic
viability of different surveillance strategies for the control of paratuberculosis in Swiss
dairy cattle. Preventive Veterinary Medicine, 245, 106685.
https://doi.org/10.1016/j.prevetmed.2025.106685

Guétin-Poirier, V., Riviere, J., & Dufour, B. (2020). Cost-effectiveness of two different protocols
for animal tracing investigations of bovine tuberculosis outbreaks in France. Preventive
Veterinary Medicine, 175, 104868. https://doi.org/10.1016/j.prevetmed.2019.104868

Han, J.-H., Weston, J. F., Heuer, C., & Gates, M. C. (2020). Modelling the economics of bovine
viral diarrhoea virus control in pastoral dairy and beef cattle herds. Preventive Veterinary
Medicine, 182, 105092. https://doi.org/10.1016/j.prevetmed.2020.105092

Hanitravelo, G. L. J., Lhermie, G., Manriquez, D., Henaux, V., Durand, B., & Raboisson, D.
(2025). Cost-effectiveness assessment of alternative surveillance measures for bovine
tuberculosis using stochastic modeling simulation. Preventive Veterinary Medicine, 237,
106443. https://doi.org/10.1016/j.prevetmed.2025.106443

Hasler, B., Limon, G., Queenan, K., Rushton, J., Madege, M., Mlangwa, J., & Mghwira, J.
(2021). Cost-benefit and feasibility analysis for establishing a foot-and-mouth disease
free zone in Rukwa region in Tanzania. Preventive Veterinary Medicine, 196, 105494.
https://doi.org/10.1016/j.prevetmed.2021.105494

Kaniyamattam, K., De Vries, A., Tauer, L. W., & Grohn, Y. T. (2020). Economics of reducing
antibiotic usage for clinical mastitis and metritis through genomic selection. Journal of

Dairy Science, 103(1), 473-491. https://doi.org/10.3168/jds.2018-15817



Le Page, T., Ferchiou, A., Dufour, S., Kabera, F., Dubuc, J., Lhermie, G., Raboisson, D., & Roy,
J.-P. (2024). Dairy farmer income, working time, and antimicrobial use under different
dry cow therapy protocols. Journal of Dairy Science, 107(10), 8115-8129.
https://doi.org/10.3168/jds.2023-24407

Mlala, S., Picault, S., Sala, C., Villard, P., Vinard, J.-L., & Hénaux, V. (2025). Assessing the
efficiency of the bovine brucellosis surveillance-control system in a disease-free context
through agent-based modelling. Veterinary Research, 56(1), 120.
https://doi.org/10.1186/s13567-025-01549-1

Molento, M. B., Dutra, L. H., Pritsch, I. C., Garbin, V. P., Pereira, A. M., Gavido, A., Gabriel, A.
L., Sousa, R. S. de, & Viana, J. G. A. (2020). Fasciola hepatica infection in cattle and the
use of simulation models for endemic areas. Journal of Helminthology, 94, e185.
https://doi.org/10.1017/S0022149X2000067X

Naidu, G. G., Shivappa, R. R., Rajanna, P. R., Gondali, H., Devaraju, M. H., Nagesh, P. K. S.,
Gajendiran, N., Kanani, A., Bhatt, L., Tapase, J., Arumugam, S., Biswal, J. R.,
Shivamurthy, S. G. C., Manjunathareddy, G. B., Bora, D. P., Chhetri, B., Revanaiah, Y.,
Pujar, S. S., & Gulati, B. R. (2025). Assessment of economic burden of lumpy skin
disease in India using stochastic modeling. Scientific Reports, 15, 10160.
https://doi.org/10.1038/s41598-025-94383-6

Nakada, S., Fujimoto, Y., Kohara, J., & Makita, K. (2023). Economic losses associated with
mastitis due to bovine leukemia virus infection. Journal of Dairy Science, 106(1), 576—
588. https://doi.org/10.3168/jds.2021-21722

Ojeda-Rojas, O. A., Pérez-Baez, J., Casaro, S., Chebel, R. C., Cunha, F., De Vries, A., Santos, J.
E.P., Lima, F. S., Pinedo, P., Schuenemann, G. M., Bicalho, R. C., Gilbert, R. O.,
Rodriguez-Zas, S., Seabury, C. M., Rosa, G., Thatcher, W. W., & Galvao, K. N. (2025).
The economic impact of purulent vaginal discharge in dairy herds within a single
lactation. Journal of Dairy Science, 108(3), 2710-2720. https://doi.org/10.3168/jds.2024-
24897

Pérez-Baez, J., Silva, T. V., Risco, C. A., Chebel, R. C., Cunha, F., De Vries, A., Santos, J. E. P.,
Lima, F. S., Pinedo, P., Schuenemann, G. M., Bicalho, R. C., Gilbert, R. O., Rodrigez-
Zas, S., Seabury, C. M., Rosa, G., Thatcher, W. W., & Galvao, K. N. (2021). The



economic cost of metritis in dairy herds. Journal of Dairy Science, 104(3), 3158-3168.
https://doi.org/10.3168/;ds.2020-19125

Pfrombeck, J., Gandorfer, M., Zeiler, E., & Ettema, J. (2025). An economic evaluation of sensor-
assisted health monitoring in dairy farming using the example of a rumen bolus. Journal
of Dairy Science, 108(3), 2573-2594. https://doi.org/10.3168/jds.2024-25255

Railey, A. F., & Marsh, T. L. (2021). Economic Benefits of Diagnostic Testing in Livestock:
Anaplasmosis in Cattle. Frontiers in Veterinary Science, 8, 626420.
https://doi.org/10.3389/fvets.2021.626420

Rasmussen, P., Barkema, H. W., Beaulieu, E., Mason, S., & Hall, D. C. (2022). Economic
premiums associated with Mycobacterium avium ssp. Paratuberculosis-negative
replacement purchases in major dairy-producing regions. Journal of Dairy Science,
105(4), 3234-3247. https://doi.org/10.3168/jds.2021-21224

Rasmussen, P., Barkema, H. W., Mason, S., Beaulieu, E., & Hall, D. C. (2021). Economic losses
due to Johne’s disease (paratuberculosis) in dairy cattle. Journal of Dairy Science, 104(3),
3123-3143. https://doi.org/10.3168/jds.2020-19381

Rasmussen, P., Barkema, H. W., Osei, P. P., Taylor, J., Shaw, A. P., Conrady, B., Chaters, G.,
Muioz, V., Hall, D. C., Apenteng, O. O., Rushton, J., & Torgerson, P. R. (2024). Global
losses due to dairy cattle diseases: A comorbidity-adjusted economic analysis. Journal of
Dairy Science, 107(9), 6945-6970. https://doi.org/10.3168/jds.2023-24626

Rasmussen, P., Shaw, A. P., Jemberu, W. T., Knight-Jones, T., Conrady, B., Apenteng, O. O.,
Cheng, Y., Mufioz, V., Rushton, J., & Torgerson, P. R. (2024). Economic losses due to
foot-and-mouth disease (FMD) in Ethiopian cattle. Preventive Veterinary Medicine, 230,
106276. https://doi.org/10.1016/j.prevetmed.2024.106276

Robcis, R., Ferchiou, A., Berrada, M., Ndiaye, Y., Herman, N., Lhermie, G., & Raboisson, D.
(2023). Cost of lameness in dairy herds: An integrated bioeconomic modeling approach.
Journal of Dairy Science, 106(4), 2519—-2534. https://doi.org/10.3168/jds.2022-22446

Rodriguez, Z., O’Connor, A., Bradford, B. J., & Picasso-Risso, C. (2025). Characterization and
health, productivity, and economic effects of highly pathogenic avian influenza HSN1
outbreak in dairy cattle. Journal of Dairy Science, 108(6), 6349—6358.
https://doi.org/10.3168/;ds.2025-26377

10



Rowe, S. M., Nydam, D. V., Godden, S. M., Gorden, P. J., Lago, A., Vasquez, A. K., Royster,
E., Timmerman, J., Thomas, M. J., & Lynch, R. A. (2021). Partial budget analysis of
culture- and algorithm-guided selective dry cow therapy. Journal of Dairy Science,
104(5), 5652-5664. https://doi.org/10.3168/jds.2020-19366

Silva, T. V., de Oliveira, E. B., Pérez-Baez, J., Risco, C. A., Chebel, R. C., Cunha, F., Daetz, R.,
Santos, J. E. P., Lima, F. S., Jeong, K. C., & Galvao, K. N. (2021). Economic comparison

between ceftiofur-treated and nontreated dairy cows with metritis. Journal of Dairy
Science, 104(8), 8918—-8930. https://doi.org/10.3168/jds.2020-19430
Steeneveld, W., Amuta, P., Soest, F. J. S. van, Jorritsma, R., & Hogeveen, H. (2020). Estimating
the combined costs of clinical and subclinical ketosis in dairy cows. PLOS ONE, 15(4),
€0230448. https://doi.org/10.1371/journal.pone.0230448
Taylor, D. D., Groenendaal, H., Morley, P. S., & Zagmutt, F. (2025). Economic costs of liver
abscesses in U.S. beef feedlot cattle: A comprehensive economic analysis. Journal of
Animal Science, 103, skaf127. https://doi.org/10.1093/jas/skaf127
Wicaksono, A., van den Borne, B. H. P., Aardema, H., van Werven, T., Hogeveen, H., &
Steeneveld, W. (2025). Estimating the costs of interrelated reproductive disorders in dairy

farms. Journal of Dairy Science, 108(8), 8508—8528. https://doi.org/10.3168/jds.2024-
26053

Wilson, C. S., Jenkins, D. J., Brookes, V. J., Barnes, T. S., & Budke, C. M. (2020). Assessment
of the direct economic losses associated with hydatid disease (Echinococcus granulosus
sensu stricto) in beef cattle slaughtered at an Australian abattoir. Preventive Veterinary

Medicine, 176, 104900. https://doi.org/10.1016/j.prevetmed.2020.104900

11



Tables

Table 1.1. Count of results display with examples of each

Type of Count | Articles
Display
Tables 26 (Adeyemo et al., 2022; Bonestroo et al., 2023; Chanchaidechachai et al.,
2024; Edwardes et al., 2022; Exel et al., 2022; Fadillah et al., 2025;
Ferchiou et al., 2025; Fountain et al., 2021; Griss, Schiipbach-Regula,
Carmo, Meylan, Ottardi, et al., 2025; Guétin-Poirier et al., 2020; Han et
al., 2020; Kaniyamattam et al., 2020; Mlala et al., 2025; Molento et al.,
2020; Naidu et al., 2025; Nakada et al., 2023; Pfrombeck et al., 2025;
Railey & Marsh, 2021; Rasmussen, Barkema, et al., 2024; Rasmussen et
al., 2021, 2022; Rasmussen, Shaw, et al., 2024; Robcis et al., 2023;
Steeneveld et al., 2020, 2020; Wicaksono et al., 2025; Wilson et al., 2020)
Sensitivity | 19 (Adeyemo et al., 2022; Bonestroo et al., 2023; Edwardes et al., 2022; Exel
Analysis et al., 2022; Fadillah et al., 2025; Fountain et al., 2021, 2022; Griss,
Schiipbach-Regula, Carmo, Meylan, Ottardi, et al., 2025; Han et al., 2020;
Hasler et al., 2021; Mlala et al., 2025; Naidu et al., 2025; Rasmussen,
Barkema, et al., 2024; Rasmussen et al., 2021, 2022; Rasmussen, Shaw, et
al., 2024; Rowe et al., 2021; Steeneveld et al., 2020; Wicaksono et al.,
2025)
Type of Count | Example [citation] Articles
Display
Heat 4 TS @ | (Exeletal.,
Maps N = 2022; Griss,
Schiipbach-
Regula, Carmo,
Meylan, &
Thomann, 2025;
Rasmussen,
Barkema, et al.,
2024;
Rasmussen,
Shaw, et al.,
2024)

12




Tornado
Graph

16

Rate of yearly livestock population increase 077
Price of vaccines 062

Number of cattle per farm (small farm) 009

Number of cattle per farm (medium farm) 005

Number of cattle per farm (large farm) 003

Correction factor for disease undereporting (small farms) 0.02
Between herd prevalence (small farm) bo2

Correction factor for disease undereporting (medium farms) 002
Between herd prevalence (medium farm) 0.02

-08 -07 -06 -05 -04 -03 -02 -01 o 01
Coefficient value
(@)

Number of dosis of vaccinesper year o carte

Rate of yearly livestock population increase

Price of vaccines

Number of cattle per farm (small farm) 007
Number of cattle per farm (medium farm) B
Number of cattle per farm (large farm) I; 02
Correction factor for disease undereporting (small farms) Il 02
Between herd prevalence (small farm) lwz

08 07 06 05 -04 03 -02 -01 ] 01
Coefficient value (b)

[Figure 5a and 5b, (Hésler et al., 2021)]

(Edwardes et al.,
2022; Fadillah et
al., 2025;
Fountain et al.,
2022; Griss,
Schiipbach-
Regula, Carmo,
Meylan, Ottardi,
et al., 2025; Han
et al., 2020;
Hasler et al.,
2021; Ojeda-
Rojas et al.,
2025; Pérez-
Baez et al., 2021;
Rasmussen,
Barkema, et al.,
2024,
Rasmussen et al.,
2021, 2022;
Rasmussen,
Shaw, et al.,
2024; Rowe et
al., 2021; Taylor
etal., 2025;
Wicaksono et al.,
2025; Wilson et
al., 2020)

13




Bar Graph

12

Culling infected farms

Delay 14 days Delay 7 days ]| Delay 1 day
3e+06
¥ 2e+06
.g o . - - R T —
e+
o
0e+00 & - C __‘_‘ '-“ """"""
25 50 75 100 25 50 75 100 25 50 75 100
Compliance (%)
Ring vaccination
Vaccine efficacy 25% ] [ Vaccine efficacy 50% ‘ Vaccine efficacy75% Vaccine efficacy 100%
3e+06 ‘
¥ 2e+06
B
3 1e408 |
Oe-+00 - - T N ) - — Talaiiall Saas | H e i S | [T e S it
25 50 75 100 25 5 75 100 25 50 75 100 25 50 75 100
Compliance (%)
Infected farm isolation
utoff1km & Reduced kemel509 butoff1km & Reduced kemel759 butoffokm & Reduced kemei509 futoffokm & Reduced kemel75¢
3e+06 ‘
W 2e+06 |
8 1e+06 :
o
0e+00 O --1--—---- 3 e iiig), o AXTLLEILELE

25 50 75 100 25 50 7% 100 25 50 75 100 25 50 7% 100
Compliance (%)

Stakeholder groups [l Farmers [} Govemment

[Figure 4, (Chanchaidechachai et al., 2024)]

(Chanchaidechac
hai et al., 2024;
Fountain et al.,
2022; Griss,
Schiipbach-
Regula, Carmo,
Meylan, &
Thomann, 2025;
Mlala et al.,
2025; Naidu et
al., 2025; Ojeda-
Rojas et al.,
2025; Pérez-
Baez et al., 2021;
Rasmussen et al.,
2021,
Rasmussen,
Shaw, et al.,
2024; Rodriguez
et al., 2025;
Rowe et al.,
2021,

Wicaksono et al.,
2025)

14




Box Plot

Cost (farmiyear)

s

Dairy Farms

-

Cost (€tamvyear)
b

Ak

Cost (€famiyear)

Scenarios

B8 miewo m28m3
[ _RUEESRTTI
HB M1 smo. 28N
B8 Mt 12mo M28M3
B RURTERRE )

Beef Farms

B wi2amo M28M3

[Figure 5, (Hanitravelo et al., 2025)]

(Chanchaidechac
hai et al., 2024;
Fountain et al.,
2021, 2022; Han
et al., 2020;
Hanitravelo et
al., 2025; Hasler
etal., 2021;
Mlala et al.,
2025)

Forest
Plot

Liver Abscess Prevalence by Region and Cattle Type (o
NE-Mexican (n=0){ : %
NE-Holstein (n= 164,790) =k
NE-BD (n=193,450)1 : -k
NE-Native (n=218,801){ | &%
MW-Mexican (n=168,748)1 : =%
MW-Holstein (n=1,011,442) — ek
MW-BD (n=1,187,343) ——*
MW-Native (n=13,815,883) -+
S-Mexican (n=1,012,504) ——i%
S-Holstein (n=272,405) e
S-BD (n=319,780) ——— &
S-Native (n=3,037,880) =ik
W-Mexican (n=168,748) =k
W-Holstein (n=897,365) ———%
W-BD (n=1,053,428) =%
W-Native (n=2,706,632) )
Overall (n= 26,229,200)1 : ——
0 20 40

Liver Abscess Prevalence (95% Crl)

[Figure 2, (Taylor et al., 2025)]

(Fountain et al.,
2021; Taylor et
al., 2025)

15




Line
Graph

= = = good health

average health

......... poor health

(=]
?

o o (=]
7] - -

Net return of investment [€ per cow per year]

70
90

[=]
0

30

[Figure 2, (Pfrombeck et al., 2025)]

(Griss,
Schiipbach-
Regula, Carmo,
Meylan, &
Thomann, 2025;
Hanitravelo et
al., 2025; Hasler
etal., 2021;
Kaniyamattam et
al., 2020;
Molento et al.,
2020; Pérez-
Baez et al., 2021;
Pfrombeck et al.,
2025;
Rasmussen et al.,
2021)

Pie Chart

1.6% ‘

= Milk sales by 305 DIM, $/cow
= Residual cow value, $/cow

» Cow sales, $/cow
Replacement costs, $/cow
= Reproductive management cost, $/cow = Feed costs by 305 DIM, $/cow

[Figure 3, (Ojeda-Rojas et al., 2025)]

(Ojeda-Rojas et
al., 2025;
Steeneveld et al.,
2020)

16




. NT - CEF .
Relative 3 INT- € (Rodriguez et al.
3334 -155.8 >
Frequency 25% 95.0% 25% ] 2025, Rowe et
. . 0.009 4 :
Distribu- al., 2021; Silva
tion 0:008 1 etal., 2021)
0.007 A
0.006 4
E’ 0.005 -
§' 0.004 -
=
—
0.003 4
0.002 4 ?
0.001 4 =
0.000
% g & 2 & Q ] = °
Gross Profit Difference, $
[Figure 3, (Silva et al., 2021)]
Scatter 2 @ HOU_1_TRIM_1_SCRAP_1 @ HOU_1_TRIM_1_SCRAP_2 (Le Page et al
*o
Plot @ HOU_1_TRIM_2_SCRAP_2 @ HOU_1_TRIM_ 2 SCRAP_1 2024 RObCiS et
b
HOU_2_TRIM_2_SCRAP_1 HOU_2_TRIM_1_SCRAP_2 al., 2023)
@ HOU_2_TRIM_2_SCRAP_1 HOU_2_TRIM_2_SCRAP_2
A
- v '
\
2. Vg
B
]
& !
o P
C
.
%

[Figure 4, (Robcis et al., 2023)]

17




Chapter 2 - Determining the economically optimum metaphylactic

strategy for cattle cohorts of varied demographic characteristics

D.J. Kopp', R.L. Larson!, P.A. Lancaster!, B.J. White!, K.J. Smith?, D.L. Pendell?
Beef Cattle Institute, Kansas State University, Manhattan, KS 66506, USA
2Private Consultant, Baldwin City, KS 66006, USA
3Department of Agriculture Economics, Kansas State University, Manhattan, KS 66502,

USA

This research is published in Animals in the special issue Disease Epidemiology in Farm Animal
Production and is reproduced with permission from publisher as formatted in referenced
publication. Dannell J. Kopp, Robert L. Larson, Phillip A. Lancaster, Bradley J. White, Kristen J.
Smith, Dustin L. Pendell. Determining the economically optimum metaphylactic strategy for
cattle cohorts of varied demographic characteristics, Animals, Volume 14, Issue 10, May 2024,

https://doi.org/10.3390/ani14101423.

Simple Summary

The administration of antibiotics to a whole cohort of high-risk feedlot cattle upon arrival to the
feedlot is a common practice used by producers to control respiratory disease. A model was
developed that utilizes an economic endpoint to determine the best application of antibiotics
based on demographics of the cattle typically included in feedlot records. Determining the best
situations to use and not use antibiotics helps to not only decrease cases of respiratory disease but
also to ensure continued usefulness of antimicrobials. The goal of this study is to identify key
characteristics of cohorts of cattle that did not receive metaphylaxis but that would benefit

economically from the use of arrival antibiotics.

Abstract

Metaphylactic antibiotic use in feeder cattle is a common practice to control respiratory disease.
Antimicrobial stewardship is important to ensure continued efficacy and to protect animal
welfare. The objective of this study is to identify characteristics of cohorts of cattle that had not

received metaphylaxis that would have benefited economically from the use of metaphylaxis.
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Cohorts (n = 12,785; 2,206,338 head) from 13 feedlots that did not receive metaphylaxis were
modeled using an economic model to estimate net returns for three metaphylactic options.
Logistic regression models with covariates for entry weight, sex, average daily weight gain,
number of animals per cohort, and days on feed, with feedlot as a random effect, were used to
determine the model-adjusted probability of cohorts benefiting economically from metaphylaxis.
Most (72%) cohorts in this data set that had not received metaphylaxis at arrival would not
economically benefit from metaphylaxis. Sex, entry weight category, number of cattle in the
cohort, and average daily weight gain were associated with the likelihood of benefitting
economically from metaphylaxis. The results illustrated that cattle cohort demographics
influenced the probability that cohorts would benefit economically from metaphylaxis and the
type of metaphylaxis utilized, and integrating this information has the potential to influence the
metaphylaxis decision.

Keywords: bovine respiratory disease; economics; metaphylactic antibiotics

Introduction

The bovine respiratory disease (BRD) complex is a multi-faceted disease involving
bacterial and viral agents, environmental factors, commingling, transport, and other
stressors(Griffin et al., 2010; Martin et al., 1989; Martin & Bohac, 1986; R. A. Smith et al.,
2020; Taylor et al., 2010). In 2010, cattle death losses in the United States due to respiratory
problems equated to $643,146,000 (USDA NASS, 2011). While mortality due to BRD may be a
major economic loss, BRD morbidity is also important when including costs of treatment, labor,
reduced average daily weight gain (ADG), and feed conversion (Blakebrough-Hall et al., 2020;
Brooks et al., 2011; R. A. Smith, 1998; Thompson et al., 2006; Wittum et al., 1996). Negative
effects on ADG result in smaller, lower-marbling carcasses, with losses ranging from $23.23 to
$54.01 per carcass for cattle treated for BRD (Schneider et al., 2009). Cattle treated for BRD
more than once also result in lower carcass grades compared to those that were only treated once
or not at all (Fulton et al., 2002). Combining all sources of potential loss, BRD leads to
substantial economic losses for cattle producers. Decreased prevalence of BRD within the
livestock industry can also lead to varied effects on many sectors of the industry, including
potentially lowering beef prices for the consumer and benefiting society (Johnson & Pendell,
2017). A true evaluation of BRD cost should include mortality and all the expenses associated

with morbidity (White & Larson, 2020).
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Antimicrobial metaphylaxis has been implemented in an effort to curb economic losses,
as well as improve the animal welfare of cattle entering feedlots (Corbin et al., 2020).
Metaphylaxis is the use of a U.S. Food and Drug Administration (FDA)-approved antimicrobial
agent to treat an entire cohort of cattle that are at high risk for a disease process that would be
modified by treatment at or near the time of arrival to a feedlot (Ives & Richeson, 2015).
Decreased risk of BRD-related morbidity and mortality are commonly seen results of
implementing metaphylaxis (Coppin et al., 2022; Daniels et al., 2000; Word et al., 2020, 2021).

The impact of BRD is highly variable among cohorts of cattle (Rojas et al., 2022; K. J.
Smith et al., 2022). In addition, as an indication of metaphylactic efficacy, odds ratios for BRD
morbidity cumulative incidence and BRD mortality cumulative incidence vary greatly between
different comparisons of common metaphylactic drugs (Abell et al., 2017). The combination of
inconsistent disease impact and variable metaphylactic efficacy makes it difficult to predict
which cohorts will benefit from metaphylactic treatment for the control of BRD.

Currently, metaphylaxis decisions are made based on risk classification of the cohort
(Coppin et al., 2022; Ives & Richeson, 2015). Risk classification assigned at the feedlot is made
based on both subjective and objective measures. While much work has been done to show that
metaphylaxis can reduce morbidity and mortality, because of differences in efficacy and cost
between metaphylactic options, optimum metaphylaxis decisions must be based on more
information than risk classification alone (Dennis et al., 2020; Horton et al., 2023). Looking at
the decision strictly from an economic outcome helps remove some subjectivity, and
incorporating metaphylactic efficacy and cost brings additional important factors to the decision-
making process.

The objective of this study is to identify characteristics of cohorts of cattle that had not
received metaphylaxis that would have benefited economically from the use of metaphylaxis.
Specifically, three metaphylactic options are evaluated: no metaphylaxis (NOMET), low-
cost/low-efficacy metaphylaxis (LCLE), and high-cost/high-efficacy metaphylaxis (HCHE), to
discover information to update antimicrobial use decisions leading to improved antimicrobial
stewardship and economic success. The development of an economic model to determine the
differences in net returns between the three metaphylactic options will be used to identify cohort

demographics associated with each optimized metaphylactic option.
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Materials and Methods

Ethical Statement

Institutional Animal Care and Use Committee (IACUC) approval was not required as
historical operational data were used for the analysis and no procedures were performed on cattle
specifically for this research.

Study Design

Retrospective, observational, cohort-level data from 13 feedlots over a 5-year period
(2016-2020) were collected under confidentiality agreements with feedlot collaborators. Data
were combined with economic and statistical models to assess the potential economic impact of
metaphylaxis in cohorts that did not receive metaphylaxis. A cohort was defined as a purchased
group of cattle that entered and exited the feedlot together. Bovine respiratory disease morbidity
was defined as cattle identified with BRD and treated with antimicrobials. Bovine respiratory
disease mortality was defined as cattle that died following treatment for BRD or that were
classified as dying of BRD even if not previously treated (i.e., pen deads).

Exclusion Criteria

Exclusion criteria were applied to the feedlot data to remove potential data entry errors
and to guarantee that only cohorts with complete data were included. For this analysis, only
cohorts that did not receive metaphylaxis upon arrival were included. The average entry weight
of cohorts had to be greater than 181 kg and less than 499 kg. Cohorts of mixed sex were
excluded, in order to be able to analyze differences in economic benefits between cohorts of
steers and cohorts of heifers. Data were filtered to only include records where cohort size was
greater than 40 cattle at arrival. Total cohort days on feed was limited to less than 400 days and
greater than 70 days. Cohort BRD morbidity risk was required to be greater than or equal to
BRD mortality risk, meaning the case fatality risk of the cohorts could not be greater than 1,
which would have allowed for more BRD deaths than calves treated for BRD.

Study Variables from Cohort Records

The following data were acquired from cohort records: number of head purchased,
whole-cohort entry weight, number treated for BRD, number of deaths attributed to BRD, days

on feed, number of head sold, whole-cohort exit weight, and pounds of feed consumed. The
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subsequent adjusted and calculated variables were computed in order to have a consistent
comparison between metaphylactic options. All cohorts were adjusted to a constant entry date of
5 October 2018, with exit dates based on actual days on feed (constant entry date allowed for the
comparison of cohort demographic effects on the economic outcomes while holding cattle and
feed prices steady). The whole-cohort entry weight was divided by number of head purchased to
determine the average entry weight per head.

The average daily weight gain of cattle within a cohort was calculated as the average
entry weight per head subtracted from the average exit weight per head divided by days on feed
to compute deads-out ADG. Bovine respiratory disease morbidity and mortality risk was
provided in the original data from collaborating feedlots. Morbidity attributed to other causes
beyond BRD was not included in the model. The case fatality risk as a depiction of treatment
success was calculated as number of deaths from BRD divided by number of cattle treated for
BRD within each cohort. Deaths not attributed to BRD were designated as “other deaths” and
were assumed to be equal proportions regardless of metaphylactic options.

Head days for each cohort were calculated by assuming that BRD deaths occurred at day
50, per expert opinion. Other deaths were assumed to occur at the midpoint for days on feed for
that cohort, and cattle that finished the feeding phase had head days equivalent to days on feed.
Head days were used to calculate expenses accrued on a daily time-step by the number of cattle
in the cohort present at each day, such as yardage and feed cost.

Arrival processing and yardage costs were acquired for each cohort from the cooperating
feedlot. The whole-cohort arrival processing cost was divided by the number of cattle upon
feedlot arrival and then averaged across all cohorts to determine an average processing cost per
head across all yards. The processing cost was assigned as $23.60 per head upon feedlot entry
and was based on data provided by cooperating feedlots. The whole-cohort yardage cost was
divided by head days and then averaged across all cohorts to determine an average yardage cost
per head day across all yards. A yardage cost of $0.35 per head day was used in the model.

Study Variables—Cattle Prices

Feeder cattle purchase prices for 5 October 2018 (Table 2.1) (CattleFax - 450 LB Steers,
n.d.; CattleFax - 550 LB Steers, n.d.; CattleFax - 650 LB Steers, n.d.; CattleFax - 750 LB Steers,
n.d.; CattleFax - 850 LB Steers, n.d.) were acquired from an online database. A purchase cost

was then calculated based on the average entry weight for each cohort and the purchase price
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relative to entry weight category. Live cattle sale prices were the weekly prices reported from
November 2018 to October 2019 (Table 2.2) (CattleFax Fed Steer Price,n.d.). The sale price
was assigned based on the cohort exit date from the feedlot, with the exit date being equivalent to
5 October 2018, plus the actual days on feed of the cohort. The sale price and the cohort exit
weights were used to determine the income for each original cohort and its two metaphylaxis
treatment-generated cohorts.

Study Variables—Metaphylactic Treatment Prices

The pricing of metaphylactic options was based on various antibiotic agents at bulk price
from an online veterinary retailer as of June 2022, in combination with expert opinion (Valley
Vet Supply, n.d.). The costs for the LCLE and HCHE metaphylactic options were set at $0.02 per
kg and $0.08 per kg of entry weight, respectively. The cost of metaphylaxis was in addition to
the processing costs.

Study Variables—Feed Costs

The feed ration price per kg was determined using historical commodity and feedstuffs
prices. Kansas State University’s Focus on Feedlots Monthly Report was used for alfalfa hay and
corn prices (Waggoner, n.d.). Agriculture Marketing Resource Center’s Weekly Ethanol,
Distillers Grain, and Corn Prices was used to determine the price of wet distillers grains based on
an average of the monthly prices from Illinois, lowa, Nebraska, South Dakota, and Wisconsin
(Johanns, n.d.). A feed ration consisting of 10% alfalfa hay, 60% corn, and 30% wet distillers
grains was developed. Prices for alfalfa, corn, and wet distillers grains were determined to be
$170.24 per ton ($0.19 per kg), $137.50 per ton ($0.15 per kg), and $46.12 per ton ($0.05 per
kg), respectively. Using these values, feed was priced at $0.18 per kg of feed. For NOMET, the
total pounds of feed consumed was acquired from data records and used to determine feed costs.
When cohort data were modified for LCLE and HCHE metaphylaxis treatment-generated
cohorts, the total pounds of feed consumed was modified by a proportion of change in head days

to account for increased head days within the cohort due to fewer BRD deaths.
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Study Variables Based on Differences in Metaphylactic Efficacy on Odds Ratios for
Cumulative BRD Morbidity

A systematic review and mixed treatment meta-analysis of metaphylaxis was used to
identify that there are differences in efficacy among metaphylactic antimicrobials which allowed
us to create higher-efficacy and lower-efficacy categories (Abell et al., 2017). These higher- and
lower-efficacy categories were not intended to indicate specific antimicrobials but were used to
inform the metaphylactic efficacy odds ratios of 0.6 and 0.3 for LCLE and HCHE, respectively.

Each cohort was modeled three times: first, the actual performance of the cohort (i.e., no-
metaphylaxis NOMET); second, the modeled performance of the cohort if it had received LCLE;
and third, the modeled performance of the cohort if it had received HCHE. The metaphylactic
efficacy odds ratio was used to modify the morbidity risk of each NOMET cohort to determine a
new, reduced morbidity risk within the cohort when either LCLE or HCHE metaphylaxis was
modeled. The new morbidity risk was used to determine the number of animals within each
metaphylaxis treatment-generated cohort that was treated for BRD. The original case fatality risk
of each baseline cohort (NOMET) was then used to determine the number of animals that died
from BRD for each metaphylaxis treatment-generated comparison cohort. Other deaths were
assumed to not be differentially affected by the use of a metaphylactic antibiotic. A lower
morbidity risk and subsequently lower mortality risk increased both income and costs for LCLE-
and HCHE-modeled cohorts compared to the income and costs modeled for the associated
NOMET cohort.

Using each NOMET cohort’s ADG we calculated a healthy-adjusted ADG, as well as a
BRD-treated-adjusted ADG, in relation to the number of morbid calves in the NOMET cohort.
These were calculated on the basis of a 5% decrease in weight gain of the BRD-treated calves
(Schneider et al., 2009). These adjusted ADG values were used to determine the group-level
ADG for each metaphylaxis treatment-generated cohort based on the adjusted number of healthy
and BRD-morbid cattle for both LCLE and HCHE options. The group-level ADG was then used
to calculate the total exit weight for each metaphylaxis treatment-generated cohort.

The number of head days for the LCLE and HCHE cohort models were based on the
metaphylaxis treatment-adjusted number of cattle that died from BRD, relative to the designated

morbidity and mortality reduction assigned for the LCLE and HCHE, and the number of other
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deaths provided in the NOMET cohort. Bovine respiratory disease deaths were assumed to die
on day 50 while other deaths were assumed to die at the midpoint of days on feed.

Morbid cattle that were pulled and treated for BRD were charged for the high-cost
antibiotic priced at $0.08 per kg as well as being charged a $1.50 chute fee per head. For dosing
purposes, the weight of morbid cattle was based on the average cohort entry weight into the
feedlot.

Model Comparison of Net Return between Metaphylactic Options

A net return economic model using enterprise budgets was developed to assess the
optimal metaphylactic option of cohorts of U.S. feedlot cattle that had not received metaphylaxis
at arrival based on the highest net return among the three metaphylactic options: NOMET,
LCLE, and HCHE. For analysis, a logistic regression model was used to initially compare
NOMET to a “yes” metaphylaxis variable (YESMET) which comprised both LCLE and HCHE,
followed by a second logistic regression model to analyze LCLE versus HCHE within the
YESMET-modeled cohorts.

Net returns were calculated as the difference between total revenue and total expenses.
Total expenses included the purchase cost of feeder cattle, processing cost, yardage cost, BRD
treatment cost, chute fee cost, and feed cost, as well as the cost of metaphylaxis. Net returns for
all cohorts were compared across NOMET, LCLE, and HCHE, and the optimal decision for each
cohort was selected based on the highest net return.

Economic calculations and metaphylaxis adjustments were completed using Excel
(Microsoft Excel, Microsoft Office Professional Plus 2019, Microsoft Corporation, Redmond,
WA, USA). Data analysis was completed using RStudio (R Core Team, 2022). The association
of sex, entry weight, cohort size, exit weight, ADG, and days on feed with the probability of
benefiting economically from metaphylaxis options was evaluated with a logistic regression
model with feedlot as a random effect using the glm() function. Data variables were evaluated
for interactions and none were found. Two logistic regression models were completed with the
first model comparing NOMET to a “yes” metaphylaxis variable that combined LCLE and
HCHE into one outcome, and the second model comparing LCLE to HCHE within the cohorts
that were YESMET in the first regression analysis. Among cohorts benefiting economically from

metaphylaxis, the association of the same variables with the probability of benefiting from
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HCHE metaphylaxis versus LCLE metaphylaxis was evaluated with a logistic regression model

with feedlot as a random effect.

Results

Records for 16,809 cohorts were originally acquired from collaborators. The application
of the exclusion criteria outlined above resulted in 12,785 cohorts of feedlot cattle in the dataset.
The final dataset of 12,785 cohorts encompassed 4038 cohorts of heifers and 8747 cohorts of
steers. These cohorts included 2,206,338 head of cattle that originated from 38 states across the
United States; 631,521 head were heifers and 1,574,817 head were steers. The analysis of the
included cohorts found the median percent morbidity risk was 5.1% with an interquartile range
of 2.5% to 10% (Figure 2.1).

Metaphylaxis adjustments (LCLE and HCHE) resulted in a greater sale weight and less
BRD treatment costs, as well as an increased arrival processing cost, increased feed cost due to
increased feed consumed, increased yardage, and other costs associated with less disease and
death compared to NOMET. The optimal metaphylactic choice based on the economic model
output varied among cohorts with a distribution of cohorts falling into NOMET (72.0%;
9204/12,785), LCLE (25.4%; 3242/12,785), and HCHE (2.7%; 339/12,785). Statistical analysis
included two logistic regressions that first compared NOMET (72%) to YESMET (28%) and
then compared LCLE to HCHE within the YESMET cohorts.

When comparing NOMET to YESMET, sex, the entry weight category, number of cattle
in the cohort, and the average daily weight gain category were found to be statistically
significant. Cohorts of steers had a higher probability (31.2 + 3.3%) of benefiting economically
from metaphylaxis in comparison to cohorts of heifers (19.9 £ 2.5%) (p < 0.05). Cohorts within
the three lowest average entry weight intervals (37 kg intervals) had a higher probability of
benefiting economically from metaphylaxis than the other four weight categories (Figure 2.2).
Cohorts of less than 100 head of cattle had a higher probability (30.0 + 3.3%) of benefiting
economically from metaphylaxis in comparison to cohorts with 100 to 200 head of cattle (25.1 +
2.9%) (p < 0.05) and those cohorts with over 200 head of cattle (20.8 £ 2.6%) (p < 0.05).
Cohorts with an ADG of 0.45—-1.36 kg/day had a higher probability (8.3 + 0.5%) of benefiting
economically from metaphylaxis compared to those with ADG greater than 1.36 kg/day (Figure
2.3).
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Within the YESMET cohorts, the entry weight category, number of cattle in the cohort,
and average daily weight gain were associated with the probability of HCHE versus LCLE
metaphylaxis having a higher net return. Of cohorts benefiting economically from metaphylaxis,
those within the three lowest entry weight categories had the highest probability of benefiting
economically from HCHE metaphylaxis (Figure 2.4). Of cohorts that benefited from
metaphylaxis, cohorts of less than 100 head had a higher probability (5.3 = 1.4%) (p <0.05) of
benefiting from HCHE metaphylaxis in comparison to cohorts of 100 to 200 head of cattle (3.3 +
0.9%) and cohorts of over 200 head of cattle (3.2 £ 0.9%). Of those that benefited from
metaphylaxis, cohorts with an ADG of 0.45—1.36 kg/day had the highest probability of
benefiting economically from HCHE metaphylaxis and cohorts with an ADG of 1.36-1.54
kg/day and 1.54—1.68 kg/day had a higher probability of benefiting economically from HCHE
metaphylaxis compared to cohorts with an ADG of 1.68-2.72 kg/day (Figure 2.5).

Discussion

Modeling the administration of metaphylaxis changed both income and costs resulting in
different net returns for the three modeled scenarios for each original cohort. When comparing
cohorts of feedlot cattle that had not received metaphylaxis across NOMET, LCLE, and HCHE,
most (72%) cohorts in this data set would not economically benefit from metaphylaxis. Our
results differ from Dennis et al. (Dennis et al., 2020) who modeled net return distributions for
metaphylactic decisions for cattle at high risk for BRD. Because the data set used in our study
only included cohorts that did not receive metaphylaxis, we assume that the perceived risk of
BRD in our cohorts was lower than for cohorts modeled by Dennis et al. (Dennis et al., 2020).

Based on the cohorts used in this analysis, we found a median cohort percent morbidity
of 5.1%. Prior research showed a 12.8% bovine respiratory disease morbidity risk in feeder cattle
via surveys of feedlots in Kansas, Nebraska, Texas, North Dakota, and other states, which differs
substantially from our results (Woolums, 2005). Because we excluded cohorts that received
metaphylaxis at arrival, it is not surprising that morbidity was lower in our study. Cattle chosen
to receive metaphylaxis at feedlots typically have an increased risk of developing disease, so
exclusion of these animals would lead to decreased morbidity within this data set (Ives &
Richeson, 2015).

Steers had a greater probability of benefiting economically from metaphylaxis compared

to heifers. Other studies have estimated that steers have a mean ADG of 1.62 kg per day while
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heifers have a mean ADG of 1.36 kg per day (Zinn et al., 2008). With this in mind, a 5%
decrease in ADG seen in cattle affected by BRD would have a greater impact on cohorts of
steers because of their greater ADG. Metaphylaxis thus provides more improvement in sale
weight within steer cohorts over heifer cohorts.

Upon arrival to the feedlot, lightweight cohorts of cattle are considered to be at greater
risk for BRD in comparison to heavier cattle (Ives & Richeson, 2015). The same BRD odds ratio
benefit from metaphylaxis applied to high-morbidity-risk cohorts provides a greater reduction in
number of cattle affected by BRD compared to low-morbidity-risk cohorts; therefore,
metaphylaxis, and specifically, HCHE metaphylaxis, is more likely to provide economic benefits
for high-risk cohorts.

Cohorts with less than 100 head of cattle were more likely to benefit economically from
metaphylaxis. We do not have a hypothesis for the biological association between smaller cohort
size and the economic benefit of metaphylaxis. A smaller cohort size would be associated with a
proportionally higher impact of morbidity and mortality. One morbid animal in a pen of 50 head
(1/50, 2.0%) would cause a significantly higher morbidity compared to a single morbid animal in
a pen of 500 head (1/500, 0.2%). Another possibility for this association is that smaller cohorts
of animals may be more likely to be commingled in order to fill a pen. Commingling means that
cattle from different sources are put together in order to fill a pen closer to capacity. The
commingling of cattle from different sources increases the likelihood of cattle developing BRD
(Sanderson et al., 2008). Each smaller cohort will have different levels of immunity to diseases
as well as bring in different strains of bacteria and viruses, which helps to contribute to an
increased likelihood of developing disease. We were surprised to see that cohorts with lower
ADG were more likely to benefit from metaphylaxis and HCHE metaphylaxis.

The limitations within this study include the following: the choice of constant entry dates
and pricing; set values for feed costs, chute fees, yardage costs, processing costs, and
metaphylactic prices and efficacies. Constant entry dates and pricing allow for a more straight-
forward comparison of net returns based solely on metaphylaxis effects. The date of 5 October
2018 was chosen to allow all cohorts to reach slaughter prior to the COVID-19 pandemic, as
there were drastic changes in market values during those times. We discern that these values
would be a better representation of actual figures if they were allowed to fluctuate, but the

additional variation would hinder the comparison of cohort demographics across equivalent
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economic factors of production. Future research utilizing stochastic prices for cattle purchasing,
sales, and various inputs would be useful for determining how prices affect metaphylactic

decision making.

Conclusions

By modeling cohorts of feeder cattle for NOMET, LCLE, and HCHE metaphylaxis
options, we were able to identify which strategy resulted in the greatest net return, and we were
able to analyze key differences and similarities between the populations. We found that most
(72%) cohorts in this data set that had not received metaphylaxis at arrival would not
economically benefit from metaphylaxis, and we determined that cattle cohort demographics
influenced the probability that cohorts would benefit economically from metaphylaxis and the
type of metaphylaxis utilized. The results of this study as well as future published studies will
provide decision makers with important information to improve the integration of multiple
considerations when making metaphylaxis decisions in cohorts of cattle and management
systems similar to those modeled in this study. Based on the results of this study, decision
makers should recognize that NOMET was the correct decision in 72% of comparisons, and they
should consider using metaphylaxis in cohorts currently not receiving the intervention when the
arrival weight is low, the cohort consists of a small number of cattle, and the cohort sex is steers.
In order to optimize net returns while maintaining antimicrobial stewardship and animal welfare,
producers and veterinarians should continue to develop decision tools that incorporate cohort

demographic factors when making metaphylaxis choices.

29



References

Abell, K. M., Theurer, M. E., Larson, R. L., White, B. J., & Apley, M. (2017). A mixed
treatment comparison meta-analysis of metaphylaxis treatments for bovine respiratory
disease in beef cattle. Journal of Animal Science, 95(2), 626.
https://doi.org/10.2527/jas2016.1062

Blakebrough-Hall, C., McMeniman, J. P., & Gonzélez, L. A. (2020). An evaluation of the
economic effects of bovine respiratory disease on animal performance, carcass traits, and
economic outcomes in feedlot cattle defined using four BRD diagnosis methods. Journal
of Animal Science, 98(2), skaa005. https://doi.org/10.1093/jas/skaa005

Brooks, K. R., Raper, K. C., Ward, C. E., Holland, B. P., Krehbiel, C. R., & Step, D. L. (2011).
Economic effects of bovine respiratory disease on feedlot cattle during backgrounding
and finishing phases1. The Professional Animal Scientist, 27(3), 195-203.
https://doi.org/10.15232/S1080-7446(15)30474-5

CattleFax Fed Steer Price. (n.d.). Retrieved June 27, 2023, from
https://www.cattlefax.com/#!/data/cattle/cf-prices/fed-steer/

CattleFax—450 LB Steers. (n.d.). Retrieved June 27, 2023, from
https://www.cattlefax.com/#!/data/cattle/cf-prices/450-1b-feeder-steer/

CattleFax—550 LB Steers. (n.d.). Retrieved June 27, 2023, from
https://www.cattlefax.com/#!/data/cattle/cf-prices/550-1b-feeder-steer/

CattleFax—650 LB Steers. (n.d.). Retrieved June 27, 2023, from
https://www.cattlefax.com/#!/data/cattle/cf-prices/650-1b-feeder-steer/

CattleFax—750 LB Steers. (n.d.). Retrieved June 27, 2023, from
https://www.cattlefax.com/#!/data/cattle/cf-prices/750-1b-feeder-steer/

CattleFax—S850 LB Steers. (n.d.). Retrieved June 27, 2023, from
https://www.cattlefax.com/#!/data/cattle/cf-prices/850-1b-feeder-steer/

Coppin, C. M., Smock, T. M., Helmuth, C. L., Manahan, J. L., Long, N. S., Hoffman, A. A.,
Carroll, J. A., Broadway, P. R., Burdick Sanchez, N. C., Wells, J. E., Fernando, S. C., &
Hales, K. E. (2022). The effects of administering different metaphylactic antimicrobials
on growth performance and health outcomes of high-risk, newly received feedlot steers.

Translational Animal Science, 6(4), txac140. https://doi.org/10.1093/tas/txac140

30



Corbin, M. J., Gould, J. A., Carter, B. L., McClary, D. G., & Portillo, T. A. (2020). Effects and
economic implications of metaphylactic treatment of feeder cattle with two different
dosages of tilmicosin on the incidence of bovine respiratory disease (BRD): A Summary
of Two Studies | The Bovine Practitioner. https://bovine-ojs-
tamu.tdl.org/bovine/article/view/2749

Daniels, T. K., Bowman, J. G. P., Sowell, B. F., Branine, M. E., & Hubbert, M. E. (2000).
Effects of Metaphylactic Antibiotics on Behavior of Feedlot Calves1. The Professional
Animal Scientist, 16(4), 247-253. https://doi.org/10.15232/S1080-7446(15)31707-1

Dennis, E. J., Schroeder, T. C., & Renter, D. G. (2020). Net return distributions when
metaphylaxis is used to control bovine respiratory disease in high health-risk cattle.
Translational Animal Science, 4(2), txaa020. https://doi.org/10.1093/tas/txaa020

Fulton, R. W., Cook, B. J., Step, D. L., Confer, A. W., Saliki, J. T., Payton, M. E., Burge, L. J.,
Welsh, R. D., & Blood, K. S. (2002). Evaluation of health status of calves and the impact
on feedlot performance: Assessment of a retained ownership program for postweaning
calves. Canadian Journal of Veterinary Research, 66(3), 173—180.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC227001/

Griffin, D., Chengappa, M. M., Kuszak, J., & McVey, D. S. (2010). Bacterial Pathogens of the
Bovine Respiratory Disease Complex. Veterinary Clinics of North America: Food
Animal Practice, 26(2), Article 2. https://doi.org/10.1016/j.cvfa.2010.04.004

Horton, L. M., Depenbusch, B. E., Dewsbury, D. M., McAtee, T. B., Betts, N. B., & Renter, D.
G. (2023). Comprehensive Outcomes Affected by Antimicrobial Metaphylaxis of Feedlot
Calves at Medium-Risk for Bovine Respiratory Disease from a Randomized Controlled
Trial. Veterinary Sciences, 10(2), 67. https://doi.org/10.3390/vetsci10020067

Ives, S. E., & Richeson, J. T. (2015). Use of Antimicrobial Metaphylaxis for the Control of
Bovine Respiratory Disease in High-Risk Cattle. Veterinary Clinics of North America:
Food Animal Practice, 31(3), 341-350. https://doi.org/10.1016/j.cvfa.2015.05.008

Johanns, A. (n.d.). Prices and Profitability Models. Agricultural Marketing Resource Center.
Retrieved June 27, 2023, from https://www.agmrc.org/renewable-energy/prices-and-

profitability-models

31



Johnson, K. K., & Pendell, D. L. (2017). Market Impacts of Reducing the Prevalence of Bovine
Respiratory Disease in United States Beef Cattle Feedlots. Frontiers in Veterinary
Science, 4, 189. https://doi.org/10.3389/fvets.2017.00189

Martin, S. W., Bateman, K. G., Shewen, P. E., Rosendal, S., & Bohac, J. E. (1989). The
frequency, distribution and effects of antibodies, to seven putative respiratory pathogens,
on respiratory disease and weight gain in feedlot calves in Ontario. Canadian Journal of
Veterinary Research = Revue Canadienne de Recherche Vétérinaire, 53(3), 355-362.
Scopus.

Martin, S. W., & Bohac, J. G. (1986). The association between serological titers in infectious
bovine rhinotracheitis virus, bovine virus diarrhea virus, parainfluenza-3 virus,
respiratory syncytial virus and treatment for respiratory disease in Ontario feedlot calves.
Canadian Journal of Veterinary Research = Revue Canadienne de Recherche Veterinaire,
50(3), 351-358. Scopus.

Rojas, H. A., White, B. J., Amrine, D. E., Larson, R. L., & Capik, S. F. (2022). Associations
between pen management characteristics and bovine respiratory disease incidence in the
first 45 days post-arrival in feedlot cattle. The Bovine Practitioner, 1-13 Pages.
https://doi.org/10.21423/BOVINE-VOL56NO1P1-13

Sanderson, M. W., Dargatz, D. A., & Wagner, B. A. (2008). Risk factors for initial respiratory
disease in United States’ feedlots based on producer-collected daily morbidity counts.
The Canadian Veterinary Journal, 49(4), 373-378.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2275341/

Schneider, M. J., Tait, R. G., Busby, W. D., & Reecy, J. M. (2009). An evaluation of bovine
respiratory disease complex in feedlot cattle: Impact on performance and carcass traits
using treatment records and lung lesion scoresl1,2. Journal of Animal Science, 87(5),
1821-1827. https://doi.org/10.2527/jas.2008-1283

Smith, K. J., Amrine, D. E., Larson, R. L., Theurer, M. E., & White, B. J. (2022). Determining
relevant risk factors associated with mid- and late-feeding-stage bovine respiratory
disease morbidity in cohorts of beef feedlot cattle. Applied Animal Science, 38(4), 373—
379. https://doi.org/10.15232/aas.2022-02312

Smith, R. A. (1998). Impact of disease on feedlot performance: A review. Journal of Animal

Science, 76(1), 272. https://doi.org/10.2527/1998.761272x

32



Smith, R. A., Step, D. L., & Woolums, A. R. (2020). Bovine Respiratory Disease: Looking Back
and Looking Forward, What Do We See? Veterinary Clinics of North America: Food
Animal Practice, 36(2), 239-251. https://doi.org/10.1016/j.cvfa.2020.03.009

Taylor, J. D., Fulton, R. W., Lehenbauer, T. W., Step, D. L., & Confer, A. W. (2010). The
epidemiology of bovine respiratory disease: What is the evidence for predisposing
factors? The Canadian Veterinary Journal, 51(10), 1095—-1102.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942046/

Thompson, P. N., Stone, A., & Schultheiss, W. A. (2006). Use of treatment records and lung
lesion scoring to estimate the effect of respiratory disease on growth during early and late
finishing periods in South African feedlot cattlel. Journal of Animal Science, 84(2), 488—
498. https://doi.org/10.2527/2006.842488x

USDA NASS. (2011). Cattle Death Loss. USDA.

Valley Vet Supply. (n.d.). Retrieved June 27, 2023, from
https://www.valleyvet.com/?ccd=ISM001

Waggoner, J. (n.d.). Focus on Feedlots Monthly Reports. Retrieved June 27, 2023, from
https://www.asi.k-state.edu/about/newsletters/focus-on-feedlots/monthly-reports.html

White, B. J., & Larson, B. L. (2020). Impact of bovine respiratory disease in U.S. beef cattle.
Animal Health Research Reviews, 21(2), 132—134.
https://doi.org/10.1017/S1466252320000079

Wittum, T. E., Woollen, N. E., Perino, L. J., & Littledike, E. T. (1996). Relationships among
treatment for respiratory tract disease, pulmonary lesions evident at slaughter, and rate of
weight gain in feedlot cattle. Journal of the American Veterinary Medical Association,
209(4), 814-818.

Woolums, A. R. (2005). Baseline Management Practices and Animal Health Data Reported by
US Feedlots Responding to a Survey Regarding Acute Interstitial Pneumonia (No. 2).
39(2), Article 2.

Word, A. B., Ellis, G. B., Holland, B. P., Streecter, M. N., & Hutcheson, J. P. (2021). Effects of
antimicrobial metaphylaxis using no antimicrobial, tilmicosin, or tildipirosin and 2
different days on feed on the health and growth performance of lightweight beef steer
calves originating from Mexico. Applied Animal Science, 37(2), 207-216.
https://doi.org/10.15232/aas.2020-02117

33



Word, A. B., Wickersham, T. A., Trubenbach, L. A., Mays, G. B., & Sawyer, J. E. (2020).
Effects of metaphylaxis on production responses and total antimicrobial use in high-risk
beef calves. Applied Animal Science, 36(2), 265-270. https://doi.org/10.15232/aas.2019-
01914

Zinn, R. A., Barreras, A., Owens, F. N., & Plascencia, A. (2008). Performance by feedlot steers
and heifers: Daily gain, mature body weight, dry matter intake, and dietary energetics.
Journal of Animal Science, 86(10), 2680-2689. https://doi.org/10.2527/jas.2007-0561

34



Figures
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Figure 2.1. Distribution of cohort morbidity risk displayed in a raincloud plot.

The upper section shows density of morbidity percentage due to bovine respiratory disease
for each cohort. The lower portion shows a scatter plot of each cohort by morbidity
percentage with a box-and-whisker plot overlay.
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Figure 2.2. Probability of benefiting economically from metaphylaxis (YESMET) by
entry weight.

abede Bars without a common superscript letter differ at p < 0.05.
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Figure 2.3. Probability of benefiting economically from metaphylaxis (YESMET)
by average daily weight gain categories.

abe Bars without a common superscript letter differ at p < 0.05.

37



25%
20%
15%

10% a a abc
o 3.2% 3.1% A a
5% 1.2% 0.7%
0%
Re) )7 9 9 N o O)
A M PG ¥ F
N W o % o0 S

Entry Weight (kilograms)

Figure 2.4. Among cohorts benefiting economically from metaphylaxis (YESMET), the
probability of benefiting economically from HCHE by entry weight.

abe Bars without a common superscript letter differ at p < 0.05.
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Figure 2.5. Among cohorts benefiting economically from metaphylaxis
(YESMET), the probability of benefiting economically from HCHE by average
daily weight gain categories.

abe Bars without a common superscript letter differ at p < 0.05.
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Tables

Table 2.1. Feeder cattle purchase prices as of 5 October 2018

(CattleFax - 450 LB Steers, n.d.; CattleFax - 550 LB Steers, n.d.; CattleFax - 650 LB Steers,
n.d.; CattleFax - 750 LB Steers, n.d.; CattleFax - 850 LB Steers, n.d.)

Entry Weight Category Price (USD/kg) Price (USD/cwt)
181.4-226.8 kg: 4.11 186.36
226.8-272.2 kg: 3.83 173.65
272.2-317.5 kg: 3.60 163.28
317.5-362.9 kg: 3.50 158.73
362.9-499.0 kg: 3.39 153.67
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Table 2.2. Fed cattle prices, monthly range of weekly sale prices
(CattleFax Fed Steer Price, n.d.)

Sale Month Price (USD/kg) Price (USD/cwt)
November 2018: 2.5-2.59 113.53-117.54
December 2018: 2.61-2.7 118.40-122.65
January 2019: 2.7-2.74 122.63-124.06
February 2019: 2.73-2.78 123.73-126.15
March 2019: 2.77-2.83 125.83-128.50
April 2019: 2.76-2.82 125.19-127.75
May 2019: 2.54-2.92 115.28-132.27
June 2019: 243-2.5 110.29-113.48
July 2019: 2.43-2.5 110.41-113.37
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Chapter 3 - Use of Monte Carlo Simulation to determine cohort-
level economic and health outcomes of metaphylaxis decisions in

feedyard cattle with varied demographics and market conditions

D.J. Kopp!, R.L. Larson!, P.A. Lancaster!, B.J. White', D.L. Pendell®
"Beef Cattle Institute, Kansas State University, Manhattan, KS 66506
’Department of Agriculture Economics, Kansas State University, Manhattan, KS 66502

Abstract

Metaphylactic antimicrobial administration at feedyard arrival is commonly used to control
bovine respiratory disease (BRD), but its justification varies across cattle cohorts and market
conditions. The objective of this study was to quantify relationships and directionality between
predictor variables and differences in net returns of cattle cohorts when metaphylactic
antimicrobials, cyclical pricing, and stochastic variation are considered. Cohort-level data
(n=16,368 lots; 2,823,584 head) from 20 U.S. feedyards were analyzed using a Monte Carlo-
based stochastic economic model to estimate net returns under two scenarios: receiving or not
receiving metaphylaxis. Each cohort was simulated across 120 month-year pricing combinations
from a 10-year dataset to produce 1200 cohort-month scenarios. Metaphylactic efficacy odds
ratios and average daily weight gain (ADG) adjustment factors were randomly sampled from
defined distributions over 10 iterations per scenario, resulting in 19,641,600 paired comparisons.
The economically optimum metaphylactic strategy based on variability in cohort-level health
metrics was identified for each paired comparison. A linear regression model incorporating

independent variables of cohort size, entry weight, ADG, purchase price, feed prices, sale price,
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ADG adjustment factor, metaphylactic efficacy odds ratio, exit weight, and BRD morbidity and
mortality percentages was used to calculate standardized beta coefficient of differences in net
returns. Standardized beta coefficients were visualized in a tornado diagram to assess relative
influence of independent variables. A majority of modeled cohort-months (80.0%) demonstrated
higher net return without metaphylaxis. Mortality attributed to BRD exhibited the greatest
influence on metaphylactic decisions (standardized B = 0.7627), followed by entry weight
(standardized P = -0.1838) and metaphylactic efficacy odds ratio (standardized B =-0.1710).
These findings demonstrate cohort-level mortality risk is a critical determinant of metaphylaxis
economic value and results provide quantitative support for risk-based antimicrobial use in
feedyard cattle.

Keywords: Bovine respiratory disease; economics; metaphylactic antimicrobials; net returns;

stochastic simulation
Introduction

Bovine respiratory disease (BRD) remains one of the most economically significant
health challenges within the cattle industry, particularly in feedyard systems (Edwards, 1996). As
of 2010, death due to respiratory disease in cattle equates to over $640 million economic loss to
the United States (U.S.) cattle industry (USDA NASS, 2011). Cost to the industry is not solely
captured by cattle mortality, as producers experience decreased productivity of morbid animals,
increased expense of antimicrobial treatment and increased labor. Decreased productivity of
morbid feedyard cattle encompasses reduced average daily weight gain (ADG), reduced feed
efficiency, and smaller, leaner carcasses (Blakebrough-Hall et al., 2020; Gardner et al., 1999;
Irsik et al., 2006; Schneider et al., 2009; Smith, 1998; Thompson et al., 2006; Wittum et al.,

1996). Bovine respiratory disease is characterized by a complex interplay of viral and bacterial
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pathogens, environmental stressors, and management practices (Nickell & White, 2010). Due to
the complexity of the disease occurrence, effective prevention and control strategies require an
integrated approach that encompasses multiple variables in the beef production system.

One of the most widely adopted control strategies in feedyard systems in the U.S. is the
use of metaphylactic antimicrobials to mitigate the impacts of BRD. Metaphylaxis is the
administration of antimicrobials to a population of animals to reduce the severity and incidence
of disease in a group that has evidence of disease or infection (American Veterinary Medical
Association, 2025; Nickell & White, 2010). Metaphylactic antimicrobials are used in 22.4% of
cattle placed in all feedyards across the U.S. and 39.9% of cattle placed in feedyards with greater
5,000 head (USDA-APHIS-VS-CEAH-NAHMS, 2024). Currently, the decision to use
metaphylactic antimicrobials is based on risk classification of a cohort of feedyard cattle. High
risk cattle are generally defined as meeting any of the following criteria: lightweight, extended
duration of transport, recently weaned, commingled, originated at an auction market, unknown
vaccination history, or bull calves that are castrated on arrival to the feedyard (Ives & Richeson,
2015). However, risk classification alone is an imperfect predictor of the impact that BRD and
metaphylaxis can have on a cohort of feedyard cattle. Beyond the impact of metaphylaxis to
control BRD, this intervention has been increasingly scrutinized in the context of antimicrobial
stewardship, prompting the need to better quantify the economic impact of metaphylaxis on net
returns of a cohort of feedyard cattle under a variety of production scenarios.

Economic outcomes in livestock production systems are sensitive to fluctuations in input
and output prices. Cattle purchase and sale price are subject to significant cyclical volatility
associated with supply and demand within the market. The cattle cycle typically lasts 8 to 14

years, with the average considered to be 10 years in length (Bennett, 1955; Franzmann, 1971).
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Prices of feedstuffs, including corn, alfalfa hay, and wet distillers grain, vary across time.
Variability in feed prices can alter cost of gain of cattle in feedyards and feeding strategy
decisions. Volatility in input and output prices contribute to the uncertainty of predicting cattle
cohort profitability. These dynamic prices can amplify or offset the benefits of disease
management interventions, whether that be vaccination protocols, cattle acclimation protocols, or
metaphylactic strategies.

Traditional deterministic models fail to capture the uncertainty and volatility in cattle
health and marketing conditions. Monte Carlo simulation is useful in this context, as it allows for
random sampling of a variable within a defined probability distribution. This results in the
generation of a range of potential variable outcomes rather than a single point-estimate as used in
previous economic metaphylaxis modeling. Monte Carlo simulation has been widely applied in
the human health field (Velikova et al., 2024). By simulating thousands of potential scenarios,
Monte Carlo models provide a more realistic assessment of the distribution of economic returns
under market circumstances. In the case of metaphylactic antimicrobials, this methodology
enables a rigorous evaluation of whether administration improves net returns across diverse
feedyard cattle cohorts and cyclical pricing environments.

The objective of this study is to quantify relationships and directionality between
predictor variables and differences in net returns of cattle cohorts when metaphylactic
antimicrobials, cyclical pricing, and stochastic variation are considered. By understanding these

relationships, decision-makers have valuable insight when making metaphylaxis decisions.
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Materials and Methods

Ethical Statement
Institutional Animal Care and Use Committee approval was not required because all data
used for analysis were obtained from historical operational databases and no procedures were
performed on cattle.
Study Design
Retrospective, observational, cohort-level data were collected from 20 feedyards over an
eight-year period (2015-2023) under confidentiality agreements with feedyard collaborators.
Data were integrated into stochastic models to assess the potential economic impact of
differences in health metrics due to metaphylactic antimicrobials on net returns. Cohorts were
defined as purchased groups of cattle that entered and exited the feedyard together, though they
were not necessarily housed together for the entire feeding period.
Exclusion Criteria
Records of feedyard cattle cohorts were obtained from collaborators for analysis.
Exclusion and inclusion criteria were applied to ensure the use of cohorts with complete and
accurate data. Cohorts with incomplete data were removed. Mixed sex cohorts were excluded in
order to provide comparison between steers and heifers. Cohorts had to include greater than 50
head of feedyard cattle at arrival. Days on feed between arrival at the feedyard and departure to
harvest had to be greater than 50 days and less than 250 days. Average cohort entry weight had
to be between 181.4 and 453.6 kilograms. Sale weight had to be greater than or equal to 453.6
kilograms and less than or equal to 816.5 kilograms. The number of cattle treated for BRD could
not exceed the number of cattle purchased at arrival. The number of cattle died due to BRD

could not exceed the number of cattle that were treated for BRD. The BRD percent morbidity
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had to be less than 100%. These criteria align closely to those used in comparable studies
(Heinen et al., 2023, 2024, 2025; Kopp et al., 2024).
Overall Project Methodology

All included cohorts were modeled over 120 different price scenarios based on monthly
prices from the ten-year period of January 2012 to December 2021 to determine net returns for
cohort-month scenarios. Each cohort-month scenario was modeled under both observed (actual)
metaphylactic status and a counterfactual opposite metaphylactic status with the use of Monte
Carlo simulation. The observed metaphylactic status of ‘yes administered metaphylaxis’ or ‘no
metaphylaxis administered’ was determined for each cohort from feedyard operational data. For
each cohort-month scenario, 10 stochastic iterations were generated from sampling from two
distributions: (1) an ADG adjustment factor distribution for cattle classified as having BRD, and
(2) a metaphylaxis efficacy odds ratio distribution for antimicrobial metaphylaxis in reducing
BRD morbidity risk within a cohort. This resulted in paired net returns allowing testing for
potential effects of cohort demographics and prices on difference in net returns for the same
cohort that received or did not receive metaphylaxis.

Study Variables from Cohort Records

The following information was acquired from cohort records: number of head purchased
at arrival, arrival and exit dates, days on feed, cohort average entry and exit weights, sex, BRD
morbidity and BRD mortality counts, count of all other causes of death, cull count, number of
head sold, and cohort metaphylaxis information. Bovine respiratory disease morbidity count
included only those animals that were diagnosed with BRD at the time of treatment, with
diagnosis made by trained personnel at each feedyard and based on industry accepted clinical

signs. Bovine respiratory disease mortality counts included only those that were assigned a cause
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of death of BRD; necropsy to confirm cause of death was not routinely performed at all
feedyards. Culled cattle are defined as those that are sold prior to their pen mates, typically at
lower than market price. Metaphylaxis information described whether a cohort received or did
not receive metaphylaxis. A cohort was considered to have received metaphylaxis if more than
50% of the cohort was administered an antimicrobial at arrival.

The following adjusted and calculated variables were derived to allow consistent
comparison between metaphylaxis and no-metaphylaxis scenarios. These variables and economic
analysis are computed similarly to a study by Kopp et al. (Kopp et al., 2024).

Bovine respiratory disease morbidity and mortality risks were calculated as morbidity or
mortality count divided by number of head purchased at arrival for each cohort. The case fatality
risk as a depiction of treatment success was calculated as BRD mortality count divided by BRD
morbidity count within each cohort. Deaths not attributed to BRD were calculated as the sum of
other death count and culled count. Deaths not attributed to BRD were assumed to be an equal
proportion for each metaphylaxis classification per cohort.

Average daily weight gain of cattle within a cohort was calculated as average entry
weight per head subtracted from average exit weight per head divided by days on feed to
compute ADG. Head days for each cohort were calculated by assuming that BRD mortality
occurred on day 50, per expert opinion, other deaths were assumed to occur at the midpoint of
days on feed of that cohort, and cattle that finished the feeding period had head days equivalent
to days on feed.

Cohort feed consumption data was not provided by collaborators. Dry matter intake

(DMI) per head was estimated using an equation detailed in Heinen et al. (Heinen et al., 2025).
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The DMI equation utilizes the cohort’s calculated ADG and the average entry weight per head to
estimate the DMI for each cohort (Equation 1).

Each cohort was then replicated 120 times, with the entry date of the cohort being
modified to represent each month from January 2012 through December 2021. Exit date of the
cohort was assigned based on the cohort’s days on feed. All other cohort variables detailed above
remained constant.

Study Variables—Pricing Variables

Feeder cattle purchase prices for steers and heifers for January 2012 through December
2021 were acquired from United States Department of Agriculture’s Agriculture Marketing
Service (USDA-AMS) (USDA AMS Livestock, Poultry & Grain Market News, n.d.-a) (Table
3.3). Purchase prices were arranged by sex, hundredweight category, month, and year. Data were
provided in USD per hundredweight and then converted to USD per kilogram. Purchase price
was assigned to each cohort based on assigned entry date, sex, and entry weight category
(Figures 3.1 and 3.2). Purchase cost was calculated based on cohort average entry weight and
purchase price. Live cattle sale prices from January 2012 through April 2023 were acquired from
the same database (USDA AMS Livestock, Poultry & Grain Market News, n.d.-a) (Table 3.3).
Sale price was assigned to each cohort based on assigned exit date (Figure 3.3). Exit date was
determined as assigned entry date plus the observed DOF. The sale price and cohort average exit
weight were used to determine the revenue for each original cohort.

Processing cost (i.e., vaccines, growth implants, anthelminthics, labor, animal processing
fee at time of arrival) was assessed to be $28.60 per head and was based on the median value of
processing costs provided by cooperating feedyards. The pricing of metaphylaxis was based on

the price of generic tulathromycin from an online veterinary retailer at the time of economic
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analysis and was set at $0.067 per kilogram of entry weight. Metaphylaxis cost was calculated as
price of metaphylaxis multiplied by the average entry weight per head multiplied by the number
of head at arrival. Treatment price for animals diagnosed with BRD was set to the same cost as
metaphylaxis. For dosing purposes, the weight of morbid cattle was based on the average entry
weight for the cohort. Total treatment cost for a cohort was equivalent to price of treatment
multiplied by the weight per head and the morbidity count. An animal processing at time of
treatment fee was also assessed at $1.50 per head of cattle treated.

Head days were used to calculate expenses accrued on a daily time-step by the number of
cattle in the cohort present each day, such as yardage and feed costs. Yardage was set as $0.35
per head day (Buckner et al., 2008).

A hypothetical diet was created based on a survey of consulting feedyard nutritionists
which included 67% corn, 20% wet distillers’ grain, 10% alfalfa hay, and 3% supplement
(Heinen et al., 2025; Samuelson et al., 2016). Feed price per kilogram was calculated using
historic prices corresponding to the 2012-2021 cattle prices obtained above and assigned by
month of feedyard entry for each cohort. Average monthly alfalfa hay prices were obtained from
Kansas State University’s Focus on Feedlots Monthly Report (Waggoner, n.d.) (Table 3.3).
Average monthly corn and wet distillers’ grain prices were acquired from USDA-AMS (USDA
AMS Livestock, Poultry & Grain Market News, n.d.-b) (Table 3.3). All feedstuff prices are
based on Kansas pricing as a majority of feedyards in the study are in the High Plains region.
Cyclical commodity prices over time are included in Figure 3.3. Price for each commodity was
assigned to the cohort based on month and year of entry into the feedyard. The price of
supplement was set at 0.77 USD per kilogram. Dry matter percentage for feedstuffs were set at

0.88, 0.35, 0.85, and 0.93 for corn, wet distillers’ grain, alfalfa hay, and supplement,
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respectively. The ration percentage, individual commodity prices, and dry matter were used to
calculate feed price. Total feed expense for each cohort was calculated from the feed price and
DML
Study Variables—Calculation of Original Net Returns

Total expenses and revenues were calculated for each cohort-month scenario to
approximate net returns based on the existing metaphylactic status assigned at the feedyard.
Revenue encompassed each cohort’s sale price and exit weights, as detailed in the Pricing data
section. Total expense included purchase cost of feeder cattle, processing cost, yardage cost,
BRD treatment cost including an animal processing fee at the time of treatment, feed cost, and
cost of metaphylaxis treatment for each cohort when modeled under that metaphylactic scenario.
Net returns for the original feedyard decision were then calculated as revenue minus total
expense.

Study Variables—Calculation of Opposite Scenario Net Returns

For each cohort-month scenario, the opposite metaphylactic scenario was calculated. For
reference, the opposite scenario for a cohort-month that did not receive metaphylaxis at arrival
according to feedyard operational data would be modeled to receive metaphylaxis at arrival and
vice versa. The model randomly drew from a distribution of metaphylaxis efficacy odds ratios to
change morbidity risk and a distribution of the ADG adjustment of BRD-affected cattle for 10
iterations for each cohort-month scenario to generate paired-comparisons. Metaphylactic efficacy
odds ratio (MEOR) distribution for tulathromycin was derived from a systematic review and
mixed treatment meta-analysis (Abell et al., 2017). The efficacy odds ratio was modeled using a
PERT distribution (minimum= 0.1, mode= 0.35, maximum= 0.9, shape= 5) generated with the

rpert function in R (version 4.5.0; R Core Team, 2025). ADG adjustment was drawn from a
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truncated normal distribution (minimum= 0.0, mean= 0.05, standard deviation= 0.02,
maximum=0.1) using the rtruncnorm function in R.

Cohort-month scenarios that did not receive metaphylaxis at feedyard arrival according to
feedyard operational data would have a reduced morbidity risk for the simulated opposite
scenario using the metaphylactic efficacy odds ratio. And, cohort-month scenarios that did
receive metaphylaxis according to feedyard operational data would have an increased morbidity
risk when simulated for the opposite scenario using the metaphylactic efficacy odds ratio. The
original case fatality risk for each cohort was held constant across simulations and was used to
determine the number of animals that died from BRD in each opposite metaphylactic scenario.
Deaths not attributed to BRD, including culled animals, were held constant between
metaphylactic scenarios.

The following adjustments were made to the opposite metaphylactic scenario cohort.
Head days were adjusted based on newly generated morbidity and mortality counts and were
used to change feed consumption of the cohort on the basis of percentage change in head days.
Income was adjusted to include the difference in mortality count, resulting in either increased or
decreased head sold at slaughter. Expenses for each were adjusted to include the cost of
metaphylaxis, changes to BRD treatment cost, yardage cost, and feed expense.

After modeling the opposite scenario, net returns were calculated. Difference between the
two net returns for each cohort-month was calculated on a per head basis, with the equation
being metaphylaxis scenario net returns minus no-metaphylaxis scenario net returns. A positive
difference in net returns was indicative of higher net returns when metaphylaxis was used while

a negative difference showed higher net returns without metaphylaxis. Cohorts were assigned a
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label of Meta or NoMeta based on which scenario was the most profitable. Output was exported
into an RDS file for subsequent analysis, interpretation, and visualization.
Analysis of Difference in Net Returns

Candidate predictor variables for difference in net returns were evaluated for
multicollinearity using pairwise Pearson correlation coefficients among all variables. When two
variables exhibited a high correlation, one variable was removed to avoid redundancy and
inflation of variance estimates, while the retained variable was chosen based on biological
relevance and economic importance.

A sensitivity analysis was completed using the /m function in R to generate a
multivariable linear regression to evaluate the relationship between difference in net returns and
key biological and economic variables. The following predictors were included: number of cattle
received at arrival, average entry weight per head, average exit weight per head, ADG, feedyard
cattle purchase price, finished cattle sale price, corn price, hay price, BRD morbidity risk, BRD
mortality risk, ADG adjustment factor, and the metaphylactic efficacy odds ratio. To assess the
relative influence of each predictor on the model outcome, standardized beta coefficients were
calculated using the /m.beta package in R in order to quantify the strength and direction of the
relationship between the predictor variables and the difference between metaphylactic scenarios

in net returns per head.
Results

Records of 22,789 cohorts of feedyard cattle were obtained from collaborators for
analysis. Inclusion and exclusion criteria defined above were applied, resulting in 16,368 cohorts
used in the model (Table 3.1). Descriptive statistics of the included cohorts are displayed in

Table 3.2. These cohorts were comprised of 7,264 (44.4%) heifer cohorts and 9,104 (55.6%)
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steer cohorts. In total, the final dataset included 2,823,584 head of feedyard cattle, including
1,219,979 (43.2%) heifers and 1,603,605 (56.8%) steers. The cattle originated from thirty-seven
states in the United States, as well as Canada and Mexico. There were 2,594 (15.8%) cohorts that
received metaphylaxis at arrival. Initial analysis of included cohorts showed median percent
mortality risk was 0.44% with an interquartile range of 0.00% to 1.47% (Figure 3.4).

Following stochastic modeling and simulation, 19,641,600 paired cohort comparisons
were generated from 1,200 cohort-month replicates of each of the original cohorts. Paired cohort
comparisons that received metaphylaxis at arrival were the same proportion as the original
dataset (15.8%, 3,112,800 cohort comparisons). There were 3,928,589 (20.0%) cohort
comparisons that benefited economically from metaphylaxis when modeled for a variety of
prices and metaphylactic efficacy scenarios. A two-by-two table of original feedyard decision
and economically optimum decision was generated (Table 3.4). Only 34.8% (1,369,010 /
3,928,589, left column of two-by-two table) of the model-predicted cohort-months that would
have benefited from metaphylaxis were actually administered metaphylaxis at feed yard arrival.
In contrast, 88.9% (13,969,221 / 15,713,011, right column of two-by-two table) of cohort-
months that the model-predicted would not benefit from metaphylaxis did not receive
metaphylaxis. Of cohorts that received metaphylaxis at the feedyard, 44.0% (1,369,010 /
3,112,800, top row of two-by-two table) needed metaphylaxis to be economically optimal
according to the model. In respect to those cohorts that did not receive metaphylaxis at the
feedyard, 84.5% (13,969,221 / 16,528,800, bottom row of two-by-two table) did not need
metaphylaxis to be economically optimal according to the model.

A sensitivity analysis using standardized beta coefficients of difference between

metaphylactic scenarios in net returns per head was used to generate a tornado graph that ranked
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predictor variables by order of magnitude (Figure 3.5). The sensitivity analysis regression model
explained a substantial portion of the variation in net returns (R?=0.6876). Bovine respiratory
disease mortality risk was identified as the most influential predictor of economic difference
when using metaphylactic antimicrobials with a standardized beta coefficient of 0.7448. Average
entry weight per head and the metaphylactic efficacy odds ratio were of the next highest
influence but both had a negative effect, with standardized beta coefficients of -0.1838 and -
0.1710, respectively. As per traditional odds ratio interpretation, a smaller metaphylactic efficacy
odds ratio is indicative of greater effect, thus, the negative standardized beta coefficient. The
only pricing variable of influence was sale price (=0.0694), while the prices of corn, alfalfa hay,

and feeder cattle were less influential.
Discussion

Modeling the overall financial impacts of the observed metaphylactic scenario compared
to the opposite metaphylactic scenario in cohorts of feedyard cattle changed both the associated
income and costs and resulted in a difference in net returns per head for each paired cohort-
month scenario. When looking at the difference in net returns for each paired cohort-month
scenario, 80.0% of all cohort-month scenarios did not benefit economically from metaphylaxis.
While this percentage may seem to align with the fact that only 15% of actual cohorts received
metaphylaxis at arrival, those cohorts selected by the model to receive metaphylaxis are not the
same as cohorts actually receiving metaphylaxis.

Baseline cohorts utilized in this study had a median percent mortality of 0.44%. Prior
research showed 0.41-0.83% BRD mortality risk for feedyards from 1991-2008 (Miles, 2009).
Data from a single Oklahoma feedyard in 2002-2003 has a BRD mortality risk of 0.7% (Fulton

et al., 2009). While our median mortality risk falls within the previously reported range, it is
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towards the lower end of the range. This could be explained by the fact that 84.2% of the
baseline cohorts utilized in this study were not given metaphylaxis on arrival at the feedyard,
indicating that they were not classified as having an increased risk of developing BRD.

Our study does not support that, from an economic perspective, decision makers at
feedyards are over-utilizing metaphylaxis. In fact, from economic and potentially animal welfare
perspectives, more cohorts may benefit from metaphylaxis as only 34.8% of the model-predicted
cohort-months that would have benefited from metaphylaxis were administered metaphylaxis at
feed yard arrival. This means that 65.2% of cohorts that would benefit economically from
metaphylaxis did not receive metaphylaxis at the feedyard, leaving unrealized financial
opportunity for the feedyard. Feedyards are therefore not effectively identifying cattle cohorts
that are most likely to benefit economically from metaphylaxis. Of cohorts that were model-
predicted to not benefit economically from metaphylaxis, nearly 90% were correctly not
administered metaphylaxis at the feedyard. Our study identified that 56% of cohorts that were
given metaphylaxis by the feedyard did not benefit economically from that administration,
creating opportunities for more judicious metaphylactic antibiotic decisions. Feedyards are
relatively good at selecting those cohorts that do not need metaphylaxis, but 15.5% of cohorts
that were not given metaphylaxis on arrival would have benefited economically from
administration of antibiotics at arrival.

Bovine respiratory disease mortality was the most influential variable when looking at the
difference in net returns of a cohort comparing metaphylaxis to no-metaphylaxis scenarios. In
this study, mortality was by far more important from an economic standpoint than morbidity
when evaluating the decision of whether or not to intervene with metaphylactic antimicrobial at

feedyard arrival. While case-definitions for high-risk cattle that may benefit from metaphylaxis
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often are based on high morbidity risk, this outcome raises the distinction that metaphylaxis may
be more economically beneficial when administered based on anticipated mortality risk. The
positive relationship shown describes the fact that cohorts with high levels of mortality have
significantly higher net returns when metaphylaxis is given. From an economic standpoint,
mortality rises to the top as cattle death loss significantly impacts the net returns of a cohort.
While morbidity is still important from an animal health and welfare standpoint, it has less
financial impact on a feedyard’s profitability than mortality.

Entry weight was the second most influential variable. It has a negative association with
difference in net returns, indicating that lightweight cattle entering the feedyard have more
economic benefit from metaphylaxis compared to heavier cattle. This agrees with previous
research demonstrating that metaphylaxis is most profitable in high-risk, lightweight cattle
(Dennis et al., 2018). Our finding is not surprising as lightweight cattle cohorts are considered to
be at higher risk of developing BRD in a feedyard environment (Ives & Richeson, 2015). In
addition, recent literature on high-risk and lightweight calves show that case fatality risk is
higher in lightweight calves (Blakebrough-Hall et al., 2022; Neal et al., 2024). A higher case
fatality risk would mean that producers are more likely to experience negative returns due to
death in lightweight calves. This supports the ability for metaphylaxis to provide an increased
benefit with lower entry weight animals.

Metaphylactic efficacy, represented by an odds ratio of antimicrobial effectiveness,
emerged as third most influential predictor of the difference in net returns between metaphylaxis
and no-metaphylaxis scenarios with a value of -0.171. The odds ratio was one of the stochastic
variables included in the model and was allowed to range from 0.1-0.9 with a mode of 0.35

(Abell et al., 2017). A lower odds ratio is indicative of higher metaphylactic efficacy. The

57



negative relationship between the odds ratio and the difference in net returns shows that a lower
odds ratio results in greater difference in net returns.

Sale price for feedyard cattle was the fourth most influential predictor variable. As the
primary variable influencing cohort revenue, changes in sale price have significant impact on a
cohort’s ability to generate profit. While input prices were expected to be influential in the
economic metaphylactic decision, corn price, cattle purchase price, and hay price fell to 9™, 10%,
and 12" most influential, with beta coefficients of -0.011, 0.01, and -0.005, respectively. Cattle
purchase prices and those variables that contribute to cost of gain have tremendous impact on
profitability on cohorts but explained only a small proportion of the difference in net returns
between metaphylaxis and no-metaphylaxis scenarios.

Several limitations should be acknowledged in this economic modeling framework. First,
the full economic value of metaphylaxis may have been underestimated or overestimated due to
assumptions regarding constant prices for the treatment fee for animal processing, yardage,
processing, and metaphylactic treatment. Second, case fatality risk was held constant at the value
observed in each cohort, across simulations. Although metaphylaxis could reasonably be
expected to influence case fatality, keeping the variable fixed avoided introducing subjective bias
from expert opinion and preserved comparability across simulated scenarios. Third, data
included from cooperating feedyards lacked cattle sourcing information, limiting the ability to
include analysis of sale barn purchase, commingling, long haul transport, etc. Lastly, economic
input and output variables were modeled as point estimates or distributions based on historical
market data (2012-2021). While these values capture the typical conditions during the study
period, they may not fully represent contemporary or future volatility in cattle, feedstuft, or

antimicrobial markets.
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In conclusion, metaphylaxis is intended for use in cohorts of cattle considered to be at
high risk for bovine respiratory disease. Our analysis implies that high-risk cohorts should be
identified on predicted mortality risk rather than predicted morbidity risk. In order to improve
metaphylactic antimicrobial stewardship, improving our ability to predict mortality is key.

Research into the distinction between high mortality risk and high morbidity risk is warranted.
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Equations

DMI, kg per head per day

k
= 4.0993 + (2. 5944 *« ADG, 79) + (0.0101 * avg.entry weight, kg)

Equation 3.1. The formula used to compute dry matter intake (DMI) per head derived by
Heinen et al.

(Heinen et al., 2025).
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Figures

Steer Prices Over Time by Weight Class
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Figure 3.1. Steer purchase prices for weight classes 181 kilograms to 454 kilograms for January 2012 through
December 2022.
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Heifer Prices Over Time by Weight Class
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Figure 3.2. Heifer purchase prices for weight classes 181 kilograms to 408 kilograms for January 2012 through
December 2022.
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Figure 3.3. Purchase price for corn, alfalfa hay, and wet distillers (left axis) from January 2012 through
December 2022 and finished cattle sale price (right axis) from January 2012 through April 2023.
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Figure 3.4. Distribution of original cohort mortality risk displayed in a raincloud plot.

The upper portion shows the density of mortality percentage due to bovine respiratory disease while the lower portion shows a
scatter plot of mortality percentage for each cohort with a box-and-whisker overlay
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Percent BRD Mortality

Entry Weight per Head

Odds Ratio (Efficacy of Metaphylaxis)
Sale Price

Exit Weight per Head

Percent BRD Morbidity

ADG Adjustment Factor

Variables

Head Received at Arrival

-0.1710

0.0694
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0.0340

-0.0284 I

Corn Price -0.0113
Purchase Price I 0.0102
Average Daily Gain -0.0055|
Hay Price -0.0047|
-0.3 0.0 0.3 0.6 0.9

Standardized Beta

Figure 3.5. Standardized beta values, ranked by magnitude, show strength and directional
relationships of predictor variables to difference in net returns between metaphylactic scenarios.

Overall model R? of 0.6876
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Tables

Table 3.1. Criteria for cohort data cleaning and number of cohorts removed for each

criterion.

Criteria to remove data

Cohorts removed

Incomplete records

1,210

Mixed sex cohorts 437
Days on feed >250 or <50 1,074
<50 head received on arrival 275
Average cohort entry weight >453.6 kilograms or <181.4 kilograms | 485
Average cohort sale weight >816.5 kilograms or <453.6 kilograms | 862
Number of BRD deaths > Number of BRD treatments 1,974
Number of BRD treatments > Head received on arrival 101
Cohorts with 100% morbidity rate 3
Total cohorts removed 6,421
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Table 3.2. Descriptive statistics of baseline 16,368 cohorts of feedyard cattle used in the analysis

Minimum | 1% Quartile | Median | Mean | 39 Quartile | Maximum

Average Daily Gain (kg/day) | 0.62 1.41 1.54 1.54 1.67 2.70
Entry Weight (kg) 188.24 311.98 346.00 | 345.60 | 378.75 453.14
Exit Weight (kg) 456.31 563.36 603.20 | 599.70 | 633.21 814.20
BRD Morbidity (%) 0.00 3.11 7.78 12.62 16.25 98.78
BRD Mortality (%) 0.00 0.00 0.44 1.45 1.47 81.25
Head Received 50.00 95.00 154.50 172.50 | 224.00 700.00
Days on Feed 62.00 143.00 163.00 165.60 | 186.00 249.00
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Table 3.3. Summary statistics for price variables used for economic modeling.

Minimum | 1st Quartile | Median | Mean | 3rd Quartile | Maximum
Steer Purchase Price (USD/kg) 2.34 3.17 3.52 3.75 4.05 7.18
Heifer Purchase Price (USD/kg) 2.04 291 3.21 3.40 3.56 6.56
Sale Price (USD/kg) 2.10 2.52 2.72 2.77 2.89 3.76
Corn Price (USD/kg) 0.12 0.14 0.15 0.18 0.21 0.32
Hay Price (USD/kg) 0.12 0.17 0.19 0.20 0.22 0.29
Wet Distillers Grain Price (USD/kg) | 0.04 0.06 0.06 0.07 0.08 0.13
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Table 3.4. Two-by-two table of model decision for each paired cohort comparison based on
optimal economic returns compared to feedyard metaphylactic decision.

Model Decision
(cohort)
Meta No Meta
Feedyard Meta 1,369,010 1,743,790 3,112,800
Decision
(cohort) No Meta | 2,559,579 13,969,221 | 16,528,800
3,928,589 15,713,011
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