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ABSTRACT.- Madeira RB, Fagnani R, Baptista AL, Ferreira FP, Reis MH, Alves DS, Silva FHP, 
Fenta MD, Saut JPE, Headley SA. Epidemiology, economic losses, and management 
implications associated with pneumonia-related mortality in feedlots from Brazil. 
Pesquisa Veterinária Brasileira 46:e07809, 2026. Laboratório de Patologia Animal, Departamento 
de Medicina Veterinária Preventiva, Universidade Estadual de Londrina, Rodovia 
Celso Garcia Cid, PR-445 Km 380, Campus Universitário, PR 86057-970, Brazil. E-mail: 
selwyn.headley@uel.br

Cattle death due to pneumonia-related mortalities (PRM) is a major problem in beef 
cattle feedlots worldwide. However, compared to other major beef-producing countries, 
Brazil lacks sufficient data on these losses, having no information to define the optimal 
feeding duration for cattle. This study investigated PRM at three beef cattle feedlots in the 
major cattle production states of Brazil over a 24-month period. PRM was the second cause 
of cattle mortality at these feedlots and accounted for 20.2% (142/703) of all mortalities. 
Nelore cattle had higher chances (OR = 1.79, p = 0.006) to develop PRM as compared with 
crossbreed animals, while cattle maintained in feedlots from Mato Grosso were at elevated 
risk (OR = 1.74, p = 0.031) to develop PRM relative to those maintained in the feedlots 
from Minas Gerais. Logistic regression revealed that PRM risk decreased with time on feed, 
confirming that PRM are more likely (p = 0.0005) to be elevated during the earlier days 
of cattle on-feed at these feedlots. The occurrence of PRM was not influenced by the sex 
(p = 0.653) of the animal affected nor seasonal variations (p = 0.653). The estimated annual 
cost of PRM at these feedlots was 105,027 USD, with a projected national cost of 4.040 
M USD. A statistical model projected that it may be profitable to maintain cattle in these 
feedlots for approximately 120–130 days, after which financial investment declines. These 
results demonstrate the importance of PRM to the local beef cattle industry and emphasize 
the need to investigate other factors that may influence reduced productivity in beef cattle 
feedlots in Brazil.  

INDEX TERMS: Bovine respiratory disease, economic impacts, feedlot economics, lung pathology, 
statistical modeling.
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RESUMO.- [Epidemiologia, perdas econômicas e implicações 
de manejo associadas a mortalidade relacionada à 
pneumonia em confinamentos no Brasil.] A morte de 
bovinos devido as mortalidades relacionadas à pneumonia 
(MRP) é um problema enorme nos confinamentos de bovinos 
em todo o mundo. No entanto, comparado a outros grandes 
países produtores de carne bovina, o Brasil carece de dados 
suficientes sobre essas perdas, sem dados nacionais para 
definir a duração ideal de alimentação para o bovino de 
corte. Este estudo investigou as MRP em três confinamentos 
de bovinos durante um período de 24 meses nos principais 
estados produtores de bovino do Brasil. As MRP foram a 
segunda causa de mortalidade bovina nesses confinamentos 
e representaram 20,2% (142/703) de todas as mortalidades. 
Os animas da raça Nelore apresentando maior possibilidade 
(OR = 1.79, p = 0.006) à MRP em comparação com animais 
cruzados, enquanto bovinos mantido sem confinamentos do 
Mato Grosso apresentou risco elevado (OR = 1,74, p = 0,031) 
de desenvolver MRP em comparação com os bovinos nos 
confinamentos de Minas Gerais. A regressão logística revelou 
que o risco de MRP diminuiu com o período no cocho, 
confirmando que a MRP tem maior probabilidade (p = 0,0005) 
de ser elevada durante os primeiros dias de alimentação do 
gado nesses confinamentos. A ocorrência da MRP não foi 
influenciada pelo sexo (p = 0,653) do animal afetado nem 
pelas variações sazonais (p = 0,653). O custo anual estimado 
do MRP nesses lotes de ração foi de 105.027 USD, com um 
custo nacional projetado de 4,040 milhões de USD. Um modelo 
estatístico projetou que pode ser lucrativo manter os bovinos 
nesses confinamentos por aproximadamente 120–130 dias, 
após os quais há uma queda no investimento financeiro. 
Esses resultados demonstraram a importância do MRP para a 
indústria nacional de bovinocultura e enfatizam a necessidade 
de investigar outros fatores que podem influenciar a redução 
da produtividade nos confinamentos de bovinos no Brasil.

TERMOS DE INDEXAÇÃO: Doença respiratória bovina, impactos 
econômicos, economia de confinamento, patologia pulmonar, 
modelagem estatística.

INTRODUCTION
Bovine respiratory disease (BRD) is a multifactorial and 
multietiological disease complex that is caused by a wide range 
of disease pathogens, with bacterial and viral agents being 
responsible for most of the pulmonary diseases identified in 
feedlot cattle (Fulton et al. 2009, Caswell et al. 2012, Castro 
et al. 2021, O’Donoghue et al. 2025). Pulmonary diseases, 
particularly those due to BRD, are among the most significant 
contributors to morbidity and mortality in feedlot cattle 
worldwide (Snowder et al. 2006, Castro et al. 2021). Cattle 
mortality in feedlots frequently results from the manifestations 
of BRD (Loneragan et al. 2001, O’Donoghue et al. 2025). 
Identifying the frequency and causes of cattle mortality in 
feedlots is fundamental for establishing preventative measures. 
However, most of the scientific information relative to the 
occurrence of mortality in beef cattle feedlots available in 
Brazil is based on data obtained from North America (Cusack 
et al. 2007, Babcock et al. 2013a, 2013b, Yamada et al. 2025) 
and Australia (Hay et al. 2014, 2016, Sackett et al. 2006, 
Blakebrough-Hall et al. 2020). Alternatively, similar information 
based on investigations conducted in Brazil is lacking, studies 

are incipient, and with relatively few published data (Malafaia 
et al. 2016, Baptista et al. 2017, 2025).

As global demand for beef production increases (Greenwood 
2021), Brazil has become the second-largest producer of 
beef, accounting for 19–20% of all beef consumed worldwide 
in 2024 (Greenwood 2021, ABIEC 2024, USDA-FAS 2024). 
Most of the beef produced in Brazil are from cattle reared 
within the states of Mato Grosso (MT), Minas Gerais (MG), 
Goiás (GO), Mato Grosso do Sul (MS), São Paulo (SP), and 
Paraná (PR) (ABIEC 2024, IBGE 2024), with MT being the 
main cattle producing state and responsible for 13.8–14% 
(32,853,368/238,180,757) of all cattle reared in Brazil between 
2023 and 2024 (IBGE 2024).

A longitudinal study done in MG revealed that BRD was 
associated with 86.9% of all morbidity and 0.21% of total 
mortality from 188,862 steers on-feed (Baptista et al. 2017); 
similar results were obtained in a study that evaluated the 
cattle mortality at 10 feedlots from MG, SP, and GO (Baptista et 
al. 2025). Additionally, a study based on post mortem reports 
from a diagnostic laboratory indicated that pulmonary-
related diseases were responsible for 0.09% (27/30.000) 
of feedlot mortality in Rio Grande do Sul (Estima-Silva et 
al. 2020). These findings align with worldwide data, where 
BRD remains the leading cause of feedlot mortality in North 
America (Edwards 2010) and Australia (Blakebrough-Hall 
et al. 2020, Cusack 2023).

Despite these results, epidemiological assessments of 
pneumonia-related mortality (PRM) in Brazilian feedlots 
remain scarce. Consequently, this study aims to a) present 
epidemiological aspects of PRM, b) evaluate the participation 
of pulmonary disease in the overall cattle mortality in three 
feedlots from the major cattle producing regions of Brazil by a 
retrospective observational analysis, and c) determine possible 
economic losses associated with PRM at these three feedlots.

MATERIALS AND METHODS
Ethical approval. Approval was granted by the Animal Ethics 

Committees for Animal Usage (CEUA) of the “Universidade Norte 
do Paraná” (UNOPAR; protocol #008/20; 02/22).

Study location and feedlots. Data on cattle mortality at three 
large-scale beef cattle feedlots (A, B, and C) within the states of MT, 
SP, and MG were collected from January 2023 to December 2024. 
Feedlot A was from MT, had a carrying capacity of 21,000 heads 
of cattle, and received cattle reared within municipalities in this 
state. Feedlot B was within the state of SP, had a carrying capacity of 
13.000 heads of cattle, and received animals predominantly reared 
within the state of SP as well as from the states of MG, GO, MT, and 
PR. Feedlot C had a carrying capacity of 10.000 heads of cattle, was 
located in the state of MG, and received cattle only from this state. 
The geographical locations of the three feedlots within the distinct 
biomes of Brazil are graphically represented in Figure 1. Feedlot A 
was located in the Cerrado biome, where the region maintained a 
humid tropical climate, with an average annual rainfall of 2,071 mm 
and an average temperature of 25.4 °C. Feedlot B was located within 
the Atlantic Forest biome, with an average annual precipitation of 
1,238 mm and an average temperature of 24.7 °C. Additionally, 
Feedlot C was located in the Cerrado biome, with an average annual 
precipitation of 1,681 mm and an average annual temperature of 
22.9 °C. All feedlots lacked sprinkler systems used during the winter 
to mitigate the possible effects of dust particles on the well-being 
of cattle on-feed (Urso et al. 2021, Cusack 2023).  
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Cattle at these feedlots were routinely monitored with the 
“Sistema Brasileiro de Identificação Individual de Bovinos e Búfalos” 
(Brazilian System of Individual Traceability of Cattle and Buffaloes 
– SISBOV) as instituted by the “Ministério de Agricultura, Pecuária 
e Abastecimento” (Ministry of Agriculture, Livestock and Supply – 
MAPA) in 2006 (MAPA 2006); therefore, all cattle at these feedlots 
were ear-tagged to establish transparent traceability of all animal 
products. Furthermore, cattle at these feedlots were maintained in 
pens as previously described (Baptista et al. 2017).

Data collection. Each feedlot maintained a group of trained 
workers and veterinarians who routinely examined all pens to 
assess the well-being of animals on-feed. All cattle that died were 
evaluated by the onsite veterinarian to determine the main cause of 
death. Post mortem evaluations of all animals at these feedlots were 
done by the onsite veterinarian using criteria established to define 
the specific system and/or organ affected (Griffin 1998, Caswell et 
al. 2012). PRM was considered the principal cause of death when 
lesions in a determined animal were restricted to the respiratory 
system and affected more than 75% of the lungs. 

The patterns of pneumonia were not evaluated during this study. 
All causes of cattle mortality were classified based on the main cause 
of death observed in each animal and then associated with the system 
involved (Glock 1998, Griffin 1998). Animals without a conclusive 
cause of death, that died of neoplastic diseases or transport-related 
activities, were grouped as unclassified, due to the difficulty of 
being associated with any specific system. Data on breed, sex, date 
of entry and death, and cause of cattle mortality at these feedlots 
were collected and tabulated in an Excel spreadsheet, then used as 
inputs for statistical analyses, as recommended (Smith 2015). The 
date of cattle mortality was used to determine the season in which 
a particular event occurred. 

Economic estimates. The related economic cost due to PRM was 
estimated by comparing known mortality rates identified in feedlots 
from Brazil (Baptista et al. 2017, 2025). These indices were derived 
from previously published estimates and based on the economic 
impacts associated with routine immunization, therapy, operational 
costs due to mortality, and the average cost of the affected animal 
(Baptista et al. 2025).

Furthermore, the relationship between the days on-feed (DOF) 
and the occurrence of PRM was evaluated using a binomial logistic 
regression model. Pneumonia-related death was considered the 
dichotomous dependent variable, with DOF as the independent 
variable. All analyses were done with the Statistica software (version 
12.0; StatSoft, USA).

We also wanted to evaluate the economic performance of beef 
cattle maintained at these feedlots. To do this, a probabilistic model 
was developed to estimate the expected profit per animal as a function 
of the number of DOF. The probability of death at these feedlots, P(t), 
was estimated using a logistic regression model, derived from the 
mortality data observed. The most adequate equation was:

P t
t

t
� � � � �� �

� � �� �
exp . .

exp . .

1 0163 0 00987

1 1 0163 0 00987

Where:
t represents the number of days at these feedlots. 
The probability of survival on day t was then calculated as 

S(t) = 1 – P(t).
This economic model considered an average selling price of 

1,139.19 USD per animal at slaughter (CEPEA 2025), a daily feeding 
and management cost of 1.72 USD (Scot-Consultoria 2024), and an 
average economic loss of 777.78 USD due to the death of each animal 
(Baptista et al. 2025). Additionally, the following considerations 

Fig. 1. Graphical localizations of the three feedlots within the biomes of Brazil. An overview of the continental nation is provided (1), with 
the geographical locations (2) of the feedlots within the states of Mato Grosso (MT), São Paulo (SP), and Minas Gerais (MG). The six 
distinct biomes of Brazil are shown (3), with Feedlots A (4) and C (5) located within the Cerrado biome, and Feedlot B in the Atlantic 
Forest biome (6). 
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were included in this model: (i) constant daily feeding cost, (ii) 
fixed market price at slaughter, and (iii) mortality risk based only 
on pneumonia-related deaths estimated via logistic regression. 

For each day maintained at these feedlots (from 0 to 150 days), 
the expected profit was computed as:

E t S t R d t Cd S d P t L�� �� � � � �� � � � � � �� �� � ���0 1

Where:
R = selling price of a live animal (1,139.19 USD) (CEPEA 2025)
Cd = daily cost (1.72 USD) (Scot-Consultoria 2024)
L = loss per death (777.78 USD) (Baptista et al. 2025)
The summation term represents the expected cumulative feeding 

cost up to day t, considering the probability that the animal is still 
alive. The expected profit function was therefore conditioned on 
the probability of death estimated by the logistic regression model. 
This approach integrated biological risk (mortality) into economic 
decision-making, allowing the expected profit curve to reflect 
both the likelihood of survival and cumulative production costs 
throughout the period maintained at these feedlots. The expected 
profit values were computed for each period maintained at these 
feedlots (0–150 days) based on the logistic probability of death. The 
optimal duration at these feedlots (t*) was defined as the day that 
maximized the expected profit function.

Statistical analysis. Data was systematically entered into a 
Microsoft Excel spread sheet and subsequently analyzed using the R 
statistical software (version 4.4.2). Possible statistical associations 
between the occurrence of pneumonia-related cattle mortality at 
these feedlots and several specific variables were evaluated. These 
included: a) the geographic location of the feedlot; b) season of 
the year; and c) the sex and breed of the animal on-feed at these 
three feedlots within municipalities of the states of MT, SP, and 
MG. The relationship between explanatory variables and causes of 
mortality was initially evaluated using the Chi-square test. When the 
assumptions requisite for the Chi-square test was not fulfilled due to 
reduced expected cell counts, Fisher’s exact test was implemented. 

Variables with a significant association with the outcome variable 
at a threshold of p < 0.25 in the preliminary association tests were 
earmarked for further investigation through univariable logistic 
regression. Following this, univariable logistic regression analysis 
was conducted to ascertain the individual impact of each explanatory 
variable on respiratory mortality. Variables demonstrating p-values 
lower than 0.25 in the univariable logistic regression analysis 
were chosen as candidate variables for the multivariable logistic 
regression model.

A multivariable logistic regression model was subsequently 
constructed to identify independent predictors of respiratory 
mortality. Adjusted odds ratios (OR) and 95% confidence intervals 
(CI) were used to quantify the strength of the association between 
explanatory variables and respiratory mortality. p  ≤ 0.05 was 
considered significant. 

RESULTS
Epidemiology of pneumonia-related mortalities at three 
feedlots within the states of Mato Grosso, Minas Gerais, 
and São Paulo

The geographical locations of the three feedlots during the 
24-month period are shown in Table 1 and Figure 1. During 
this period, 141,178 heads-of-cattle were on-feed at these 
feedlots with an average mortality rate of 0.5% (703/141,178). 
Additionally, cattle mortality due to pneumonia occurred 
in 0.1% (135/141,178) of all cattle on-feed. Respiratory-
related mortalities were the second most frequent causes 
of feedlot mortalities and contributed to 20.2% (142/703) 
of all categories of cattle mortality observed at these three 
feedlots during the period evaluated (Fig. 2). However, PRM 
were the most frequent causes of respiratory impairment 
occurring in 95.1% (135/142) of all cattle on-feed.

A significant statistical difference (p  =  0.027) was 
identified when the frequency of PRM was compared with 
all other causes of mortality at each geographical location 
(Table 2), with PRM being more frequent in the state of MT 
(76/323, 23.5%), relative to PRM in the states of SP (35/221, 
15.8%) and MG (24/159, 15.1%). When the breeds of cattle 
maintained on-feed at these three feedlots were compared 
(Table 2), PRM was significantly (p = 0.005) more frequent in 
Nelore cattle (102/455, 22.4%), relative to crossbreed animals 
(33/239, 13.8%). Alternatively, no statistical relationship 
was observed between the PRM frequency and the sex of the 
animals maintained on-feed (p = 0.653). 

Although there were no statistical differences between 
the seasons (p = 0.215) during which PRM occurred at these 
feedlots, the environmental conditions at these feedlots 
were drastically different during the winter and summer. 
Summer at these feedlots were characterized by elevated 
daily temperature (27–30 °C), short but constant average daily 
thermic amplitude (8 °C), and severe rains (228–300 mm/
day) resulting in muddy pens (Fig. 3). Alternatively, winters 
were dry and dusty (Fig. 4-6), since the average amount of 
rainfall was drastically reduced (2–50  mm/day), but with 
longer fluctuating daily thermic amplitudes (9–10 °C), and 
reduced temperatures (16–26 °C).  

The multivariable logistic regression analysis (Table 2) 
revealed that cattle breed and the geographical locations of 
the feedlots were independently related to PRM. Animals 
from the Nelore breed of cattle had 1.79x more chance (OR 
= 1.79, p  = 0.006) of acquiring PRM in comparison with 
crossbred animals. Similarly, cattle from the feedlots in MT 
demonstrated a significantly greater chance (OR = 1.74, 
p = 0.031) to develop PRM relative to those maintained in 
feedlots from MG. However, no significant statistical disparity 
(p > 0.05) was identified between cattle maintained in feedlots 
located in SP and those in MG.

Table 1. Comparative demonstration of pneumonia-related mortalities (PRM) relative to the total number of cattle on-feed from 
three beef cattle feedlots in Brazil during 2023–2024

Feedlots Geographical locations Cattle on-feed Total mortality % PRM %
A Mato Grosso, Cerrado biome 53,661 323 0.6 76 0.1
B São Paulo, Atlantic Forest biome 58,518 221 0.4 35 0.1
C Minas Gerais, Cerrado biome 28,999 159 0.5 24 0.1

TOTAL 141,178 703 0.5 135 0.1
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The binomial logistic regression revealed that the risk of 
PRM occurring in cattle at these feedlots decreased significantly 
during the later stages of the time on-feed. Additionally, the 
probability of PRM at these feedlots decreased by approximately 
0.99% for each additional day-on-feed (Table 3). Although the 
daily impact of PRM observed was small (0.99%), the overall 
statistical model was significant (p = 0.0005), demonstrating 

that PRM tended to occur predominantly during the initial 
DOF, particularly within the first 100 days (Fig. 7).

Economic impacts of pneumonia-related mortalities in 
feedlots from Brazil

The estimated economic impacts associated with PRM 
at these three beef cattle feedlots are provided in Table 4, 

Fig. 2. Comparative frequency of the causes of cattle mortality based on the system affected in three feedlots from Brazil.

Table 2. Comparative frequencies of pneumonia-related mortalities in beef cattle feedlots within specific municipalities of 
three states of Brazil

Variables
Pneumonia-related mortality Other causes of mortality

Total pa

Animals % Animals %
Geographical 

locations
Mato Grosso 76 23.5 247 76.5 323 0.027

São Paulo 35 15.8 186 84.2 221
Minas Gerais 24 15.1 135 84.9 159

Breeds Nelore 102 22.4 353 77.6 455 0.005
Crossbreeds 33 13.8 206 86.2 239

Sex Female 7 23.3 23 76.7 30 0.653
Male 128 19 545 81 673

Seasons Summer 40 21.4 147 78.6 187 0.215
Autum 52 19.3 218 80.7 270
Winter 28 19 119 81 147
Spring 15 15.2 84 84.8 99

Multivariable logistic analysis
Variable Category Odds ratio Standard error p-value

Breed Nelore vs 
crossbreeds

1.79 0.214 0.006

Season Spring vs 
autumn

0.75 0.313 0.357

Summer vs 
autumn

1.22 0.232 0.390

Winter vs 
autumn

0.92 0.257 0.760

Geographical 
locations

Reference Minas Gerais
Mato Grosso 1.74 0.257 0.031

São Paulo 1.10 0.285 0.727
a Chi-square and Fisher tests.
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demonstrating an estimated loss of 105,027 USD in 2024. 
Additionally, the projected economic impacts associated 
with BRD in Brazil were estimated at 4.040 M USD for 2024. 
Furthermore, the estimated cost of PRM contributed to 
4.12% (4,040,738 USD/98,073,585 USD) of the economic loss 
associated with cattle production in Brazil in 2024 (Table 4).

The expected profit of beef cattle maintained at these feedlots 
as a function of days on-feed, incorporating the probability of 
PRM estimated by the logistic regression model, is illustrated 
in Figure 8. The profit curve (PC) showed that the expected 
profit increased proportionally with the period maintained 
at these feedlots for about 120 days, with maximum profit 
at 130 days, after which profitability begins to decline. This 
inflection point represented the optimal period on feed (t*), 
where the balance between feeding costs, mortality risk due 
to pneumonia, and potential revenue maximizes economic 
return. Beyond this period, the cumulative probability of PRM 
increases more rapidly than the expected gains from continued 
feeding, leading to a progressive reduction in profitability. In 

summary, this modelled PC can be divided into three distinct 
periods: a) early days, characterized by high risk of PRM, but 
rapid weight gain and lower cumulative costs; b) middle period, 
where there is lower mortality risk, efficient weight gain, 
and profit increases; and c) after optimal point (~130 days), 
where feeding costs and cumulative mortality risk increases 
faster than the value added by further weight gain, so profit 
declines. Therefore, the PC demonstrated that maintaining 
cattle on-feed for more than approximately 120–130 days 
at these feedlots would not be economically advantageous 
under these modeled health and management conditions. 

DISCUSSION
The results of the current study demonstrated that respiratory-
related mortalities were the second most frequently occurring 
causes of death at these feedlots. At the same time, PRM 
contributed significantly to respiratory affections, demonstrating 
that PRM is one of the most significant causes of mortality in 
intensive cattle production systems in Brazil, with substantial 

Fig. 3-6. Comparative environmental conditions (3) during summer (4-6) with varying degrees of dusty environments during winter at 
the feedlot located within a municipality of the state of Mato Grosso.

Table 3. Effects of the days-on-feed on the likelihood of pneumonia-related mortalities in beef cattle feedlots
Effect β Standard error Odds ratio (OR) OR confidence interval (95%) p-value

Intercept -1.02 0.145 - - 0.0000
Days-on-feed -0.01 0.003 0.9902 0.9847 – 0.9957 0.0005
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economic losses for the local beef industry. These findings suggest 
that BRD continues to be one of the most common problems 
affecting feedlot cattle in Brazil (Malafaia et al. 2016, Baptista 
et al. 2017, Castro et al. 2021, Baptista et al. 2025) as well as in 
other major cattle-producing countries (Loneragan et al. 2001, 
Snowder et al. 2006, Fulton et al. 2009, Babcock et al. 2013a, 
Hay et al. 2014, O’Donoghue et al. 2025). Since this study was 
focused primarily on the establishment of epidemiological data 
on the occurrence of PRM in feedlot cattle in Brazil, thereby 
providing information pertinent to feedlot operations due to 
the paucity of local data, the occurrence of infectious agents 
associated with BRD, and the pattern of pulmonary lesions will 
not be discussed. Accordingly, the findings herein presented 
will be of valuable use to the local industry, considering that 
most feedlot data available in Brazil and used by sectors of the 
local beef cattle industry, are based on studies done in North 
America (Loneragan et al. 2001, Snowder et al. 2006, Babcock 

et al. 2013b, Vogel et al. 2015) and/or Australia (Cusack et al. 
2007, Hay et al. 2014, Blakebrough-Hall et al. 2020, Cusack 
2023), and these results may not necessarily reflect the situation 
in this continental nation. 

The statistical model demonstrated that PRM decreased 
drastically during the late period of cattle on-feed at these 
feedlots, with elevated mortality occurring during the first 
30 DOF. Similar findings were described in a study by our 
group that evaluated the occurrence of BRD-related mortality 
in 10 feedlots from similar geographical locations of Brazil 
(Baptista et al. 2025). Additionally, the data obtained in studies 
from Brazil are in accord with the results from investigations 
done in North America (Loneragan et al. 2001, Snowder et al. 
2006) and Australia (Cusack 2023). Therefore, the pattern 
of PRM observed at these feedlots is consistent with those 
described in major cattle-producing nations, demonstrating 
that PRM is more frequent and more likely to occur during 
the early DOF, with a reduction as animals are maintained 
on-feed for longer periods. 

Table 4. Estimated costs of pneumonia-related mortalities (PRM) (in USD) at three beef cattle feedlots in Brazil with 
projected impacts on the local beef cattle industry

Characteristics Number of cattle Estimates USD/animal Economic costs
Mortality per feedlots 777.98a

Mato Grosso 76 59,126
Minas Gerais 34 26,451
São Paulo 25 19,450
TOTAL 135 105,027

BRD mortality in Brazil %
Cattle slaughtered 2024b 39,110,576
Cattle on feed Brazil 2024c 16.6 6,492,356
% mortality by BRDa 0.08 5,194

Estimated annual cost 4,040,738
Gross domestic product (GDP) Brazil 2024d 2,179,413,000
Cattle production 2024 (4.5%)e 98,073,585
Contribution of PRM to the loss of cattle production 4.12%
Contribution of PRM to GDP 0.19%

BRD = bovine respiratory disease; a Baptista et al. (2025), b IBGE (2024), c ABIEC (2024), d WBG (2025), e USDA-FAS (2023, 2024).

Fig. 7. Logistic regression of the probability of pneumonia-related 
mortalities relative to the number of days on-feed at three beef 
cattle feedlots in Brazil.

Fig. 8. Logistic model of the probabilistic mortality to demonstrate 
the expected profit of having beef cattle on-feed relative to the 
period maintained at three feedlots in Brazil.
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Geographical location of the feedlots and the breed of 
cattle on feed may have an influence on pneumonia-
related mortality

A statistically significant geographical variation in PRM 
was identified in feedlots from three major cattle-producing 
states of Brazil, with cattle from MT having an elevated risk 
(OR = 1.74, p = 0.031) for PRM relative to cattle from MG. This 
geographical disparity may suggest potential environmental, 
climatic, or management factors specific to MT that predispose 
cattle to respiratory disease with relation to cattle on-feed 
from MG. Environmental conditions have been related to the 
occurrence of BRD (Snowder et al. 2006), while metagenomics 
investigations that evaluated the microbial communities of 
the respiratory system of cattle from different geographical 
locations have demonstrated that the differences due to 
environmental conditions, feeding strategy, diet, altitude, and 
climatic conditions may affect the occurrence of BRD (Chai 
et al. 2022, Zhang et al. 2023). Although these variations 
were not evaluated during this investigation, their possible 
effects cannot be ignored, given that the cattle in this study 
originated from two distinct biomes in Brazil (Dick et al. 
2021). Nevertheless, the differences in the levels of PRM 
observed in feedlots from MT (23.5%) as compared to those 
in SP (15.8%) and MG (15.1%) warrant further investigation 
into regional differences in feedlot management practices, 
vaccination protocols, and climatic conditions that may 
contribute to increased respiratory pathogen transmission, 
disease severity, and resulting PRM. 

Statistical analysis revealed a significant breed-related 
difference in PRM frequency (OR = 1.79, p = 0.006) with Nelore 
cattle (Bos indicus) exhibiting markedly higher mortality rates 
as compared to crossbred cattle; these results are in accord 
with a study that demonstrated that crossbred cattle seemed 
to be less susceptible to developing BRD as compared with 
purebred animals (Cusack et al. 2007). Accordingly, these 
findings may suggest that zebu breeds, represented primarily 
by Nelore cattle, may possess anatomical or immunological 
characteristics that increase vulnerability to respiratory pathogens 
under intensive management conditions. Alternatively, this 
difference may be a direct representation of the population 
of cattle most frequently reared in feedlots throughout Brazil 
(Scot-Consultoria 2024). Nevertheless, breed susceptibility 
seems to influence the occurrence of BRD as was described 
in studies from Australia (Cusack et al. 2007, Cusack 2023) 
and North America (Muggli-Cockett et al. 1992, Snowder et 
al. 2005). However, no detailed studies have been done in 
Brazil to effectively evaluate the possible association between 
the breed differences of cattle and the occurrence of BRD. 

Pneumonia-related mortalities at feedlots may result 
in economic impacts on beef cattle production in Brazil

In 2024, the Brazilian economy was considered the 10th-
largest worldwide, with an estimated gross domestic product 
(GDP) of $2,179,413 M USD (WBG 2025). Additionally, Brazil 
was one of the leading beef cattle producers worldwide 
(Greenwood 2021, USDA-FAS 2023, ABIEC 2024, USDA-FAS 
2024). The booming economy was reflected in this study, as it 
was estimated that cattle production contributed 98.1 M USD 
of the GDP of Brazil in 2024, with losses due to PRM being 
responsible for 4.12% of the loss to the cattle production 
industry and less than 1% of the GDP. When placed in 

perspective, the GDP generated from cattle production in 
Brazil was more than that of the combined GDP of Estonia 
(42.7 M USD), Georgia (23.7 M USD), and Benin (21.4 M USD) 
in 2024 (WBG 2025).

Additionally, the results have estimated that the cost 
associated with PRM was 4.040 M USD in 2024; similar 
results were previously described in studies that assessed the 
economic impacts at single (Baptista et al. 2017) and multiple 
feedlots (Baptista et al. 2025) from the largest beef-producing 
regions of Brazil. However, it must be highlighted that previous 
studies were conducted in the states of MG (Baptista et al. 
2017, 2025), SP, and Goiás (Baptista et al. 2025), whereas the 
current study included feedlots from the states of MT, SP, and 
MG. The inclusion of feedlots from the MT, the largest beef-
producing state of Brazil (ABIEC 2024, IBGE 2024), consolidates 
the results herein presented. Therefore, the estimated costs 
presented in these studies used data from cattle maintained 
in feedlots within most of the major cattle-producing states 
of Brazil (ABIEC 2024, IBGE 2024, Scot-Consultoria 2024). 
Therefore, these estimates may reflect the economic impact 
of BRD/PRM across this continental nation. Although these 
results cannot be easily compared with the economic impacts 
described in beef cattle feedlots from Australia (Sackett et 
al. 2006, Blakebrough-Hall et al. 2020) and North America 
(USDA 2011, Babcock et al. 2013b), due to the differences in 
the methodology of determining losses at beef cattle feedlots, 
they effectively demonstrate the economic effects of PRM 
in beef cattle feedlots from the major beef cattle producing 
regions of this country. 

The statistical model demonstrated that profitability 
at these feedlots should increase proportionally with DOF 
until approximately 120–130 days, suggesting that feedlot 
producers in Brazil should not maintain cattle on-feed beyond 
this period. These results are in accord with the conclusions 
of a recent survey involving 36 nutritionists associated 
with beef cattle production in the major cattle-producing 
regions of Brazil, which reported that steers and bulls were 
maintained on-feed for approximately 91.5 and 106.5 days, 
respectively (Monsalve & Millen 2025). However, there is no 
mention of the variations in DOF practiced by the responding 
nutritionists, which would have provided a better idea of the 
amplitude detected at these feedlots in Brazil. Nevertheless, 
most feedlots in Brazil tend to maintain cattle on feed for 
an average of 105.4 days (Manzano 2024, Scot-Consultoria 
2024), with a median period of 100 days (Scot-Consultoria 
2024). Since there is no official benchmark to define feedlot 
profitability in Brazil, the findings herein described will be 
essential to develop national trends and standards for the 
local beef cattle industry, and can assist feedlot managers in 
making decisions based on profitability. 

However, there seems to be distinct variations in the 
DOF practiced in the feedlots evaluated within these states. 
The shortest period of DOF was identified in feedlots from 
MG (70–120 days), followed by MT (90–140 days), with 
the longest period detected in feedlots from SP (90–150 
days) (Scot-Consultoria 2024). Although differences in DOF 
practiced at feedlots within these states may represent the 
individual financial decision of feedlot managers, the modeled 
PC suggested that it was not economically advantageous to 
maintain cattle for more than about 120–130 days. Beyond this 
period, the risk of losses due to PRM and costs may increase 
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faster than the potential revenue. Accordingly, this analysis 
will be of valuable use to help feedlot managers decide the 
best time to sell cattle with the objectives of maximizing profit 
and minimizing losses. Additionally, it must be highlighted 
that the average daily gain (ADG) at most beef cattle feedlots 
in Brazil is 1.59 kg/animal/day (Scot-Consultoria 2024), 
and a significant difference was identified between the ADG 
of cattle with and without BRD at feedlots (Baptista et al. 
2025). Accordingly, the model suggests that these feedlots 
in Brazil that maintain cattle on-feed beyond the estimated 
120–130 days will probably have additional productivity 
losses. Curiously, only 54% of 213 feedlot owners in Brazil 
have knowledge of the total cost of feedlot operations and 
carry out periodic analyses to identify opportunities and 
improvements (Scot-Consultoria 2024), thereby maximizing 
profitability. Therefore, it seems that massive investments 
must be made to provide adequate financial education to beef 
cattle feedlot owners in Brazil to ensure increasing revenue 
efficiency and optimize profits. This scenario is even more 
worrisome, as only 48.6% of feedlot producers in MT, the 
largest beef-producing state in Brazil, have effective financial 
control over their feedlot operations (Scot-Consultoria 2024). 
Accordingly, the economic impacts due to PRM in Brazil may 
be more elevated than herein projected. 

Sexual and seasonal influences had no effect on the 
occurrence of pulmonary-related mortality

This seems to be the first study from Brazil that evaluated 
the possible relationship between the sex of the affected 
animals and seasonal predominance relative to the occurrence 
of BRD in beef cattle feedlots, since these relationships 
were not evaluated in the two major studies that previously 
investigated BRD-related mortalities at beef cattle feedlots in 
this continental nation (Baptista et al. 2017, 2025). Although 
no statistical difference (p = 0.653) was observed when the 
sex of the affected cattle was compared, male animals were 
overrepresented and contributed towards 95.6% (673/704) 
of all cattle that died during the 2-year period at these 
feedlots, as well as to the number of cattle on-feed. This 
disproportionally large number of male cattle at feedlots 
in Brazil represents the national trend, where male cattle, 
particularly intact steers (Manzano 2024, Pereira et al. 2024, 
Scot-Consultoria 2024), are routinely reared at beef cattle 
feedlots for meat production due to their faster growth rate 
and elevated carcass yield as compared to females (Pereira 
et al. 2024, Scot-Consultoria 2024). Therefore, male cattle 
will always be in considerably larger proportions than their 
female counterparts and, consequently, will be the predominant 
sex affected with most feedlot-related mortalities in Brazil. 
This feedlot management practice in Brazil differs from 
what is routinely done in the USA and Australia, where beef 
cattle feedlots consist of a mixture of male and female cattle 
(Sackett et al. 2006, Manzano 2024). Accordingly, it is not 
recommended to compare feedlot mortality based on the sex 
of the animal in Brazil, as occurred in studies from Australia 
(Cusack et al. 2007, Sackett et al. 2006, Cusack 2023) and 
the USA (Loneragan et al. 2001, Babcock et al. 2013a, Vogel 
et al. 2015).

Although PRM was more frequent during the summer 
months (21.4%) relative to winter (19%), no significant 
differences (p = 0.215) were identified when the seasonal 

occurrence of PRM was compared with the occurrence of other 
types of mortality at these three feedlots. These findings are 
contrary to studies conducted in North America (Yamada et 
al. 2025), Australia (Cusack et al. 2007), and Europe (Padalino 
et al. 2021), where seasonal variations were associated 
with the development of BRD. However, the results of this 
study must be interpreted with caution, as environmental 
conditions at these feedlots during the severely dusty, dry 
winter, compared with the muddy, wet summer, must be 
thoroughly evaluated to determine possible risk factors for 
the occurrence of BRD in Brazil. The elevated dust particle 
concentration, prevalent during winter at these feedlots, 
was responsible for the development of respiratory disease 
and severely affected animal health (Urso et al. 2021, Cusack 
2023). Accordingly, a detailed investigation is being done to 
effectively determine the possible effects of seasonal and/or 
geographical differences on the occurrence of cattle mortality 
at feedlots in Brazil.

Study limitations
Using data from more feedlots in other beef-cattle-producing 

states of Brazil would have provided a better understanding of 
the contribution of PRM to cattle mortality in this continental 
nation. Nevertheless, most of the information in this study 
is consistent with that reported in previous investigations 
done in Brazil and other countries, suggesting that these data 
can serve as a basis for establishing local reference values 
for feedlots. Additionally, the incorrect interpretation of the 
extent of pulmonary lesions could have been difficult in a few 
cases and could have affected the categorization of the cause 
of death. Finally, the characterization of the type of pneumonia 
observed at these feedlots and the participation of infectious 
disease pathogens would have been important factors to 
understand their contribution towards the development of 
PRM. Notwithstanding these limitations, the results presented 
herein are important for understanding the role of PRM in 
beef cattle feedlots in Brazil. 

CONCLUSION
This comprehensive epidemiological analysis of pneumonia-
related mortality in feedlots across three distinct biomes of 
Brazil revealed that cattle from the Nelore breed and those 
maintained on-feed in feedlots in the state of Mato Grosso 
had a higher risk of pneumonia-related mortality. A statistical 
model based on historical feedlot performance data projected 
that it may be profitable to maintain cattle at these feedlots for 
approximately 120–130 days. Thereafter, there is a projected 
decline in financial investment due to increased feed costs 
and reduced weight gains at the feedlots evaluated.
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