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Abstract
Bovine viral diarrhea virus (BVDV), bovine alphaherpesvirus 1 (BoAHV1), bovine respiratory syncytial virus (BRSV), and bovine 
parainfluenza virus 3 (BPIV-3) are involved in bovine respiratory disease. These viruses can infect the respiratory system and cause 
considerable economic losses to beef and dairy cattle herds. This study aimed to determine the serological profiles of steers for BVDV, 
BoAHV1, BRSV, and BPIV-3 upon their arrival at Brazilian feedlot facilities. A total of 1,282 serum samples from unvaccinated 
steers were obtained on the first day of feeding. Samples were collected from 31 beef cattle herds reared in an extensive rearing system 
in six Brazilian states. Antibodies against BVDV, BoAHV1, BRSV, and BPIV-3 were detected using a virus neutralization test. The 
steers were distributed in agreement with their age and the Brazilian state of origin. The highest seropositivity was for BoAHV1 and 
BPIV-3 at 92.1% (1,154/1,253) and 86.6% (1,100/1,270), respectively. The seropositivity of BRSV was 77.1% (959/1,244). BVDV 
presented a lower rate, at slightly more than 50% (51.8%; 656/1,266). Age was a risk factor for the presence of antibodies against BVDV, 
BoAHV1, and BPIV-3 but not BRSV. A positive correlation was identified between BoAHV1 and BPIV-3 (P = 0.85) and between 
BRSV and BPIV-3 (P = 0.47). The high rate of seropositive steers for these four respiratory viruses on the first day of confinement 
identified in this serological survey provides important epidemiological information on respiratory infections, as the seropositivity of 
the four main bovine respiratory viruses in Brazilian beef cattle herds in an extensive rearing system.

Keywords  Bovine viral diarrhea virus · Bovine alphaherpesvirus 1 · Bovine respiratory syncytial virus · Bovine 
parainfluenza virus 3 · Beef cattle · Virus neutralization test

Introduction

Bovine respiratory disease (BRD) is a major respiratory health 
problem in beef cattle feedlots worldwide [1], and the main 
concern in economic loss in the beef cattle industry [2] since it 

presents high morbidity and mortality in all ages of this cattle 
category and directly impact on animal health [3]. It has a mul-
tifactorial character, as steers are usually concomitantly infected 
by two or more infectious agents [3]. The occurrence of BRD 
in cattle herds is also associated with risk factors such as age, 
nutritional status, and stress factors, such as the commingling of 
animals from different origins, changes in diet, nutritional status, 
temperature variations, transportation distance, and health man-
agement such as vaccination programs [4, 5].

Responsible Editor: Luis Augusto Nero

 *	 Amauri Alcindo Alfieri 
	 alfieri@uel.br

1	 Laboratory of Animal Virology, Department of Veterinary 
Preventive Medicine, Universidade Estadual de Londrina, 
Celso Garcia Cid Road, PR455 Km 380, PO Box 10011, 
Londrina, Paraná 86057‑970, Brazil

2	 Post Graduate Program in Animal Health and Production, 
Universidade Pitágoras Unopar Anhanguera, Arapongas, 
Paraná, Brazil

3	 Laboratory of Animal Bacteriology, Department 
of Veterinary Preventive Medicine, Universidade Estadual de 
Londrina, Londrina, Paraná, Brazil

4	 Zoetis, São Paulo, São Paulo, Brazil
5	 Multi‑User Animal Health Laboratory, Molecular Biology 

Unit, Department of Veterinary Preventive Medicine, 
Universidade Estadual de Londrina, Londrina, Paraná, Brazil

6	 National Institute of Science and Technology for Dairy 
Production Chain (INCT–LEITE), Universidade Estadual de 
Londrina, Londrina, Brazil

http://crossmark.crossref.org/dialog/?doi=10.1007/s42770-023-01122-y&domain=pdf
http://orcid.org/0000-0002-9909-0100
http://orcid.org/0000-0003-4635-5512
http://orcid.org/0000-0002-5032-712X
http://orcid.org/0000-0002-8943-4715
http://orcid.org/0000-0002-8607-956X
http://orcid.org/0000-0002-7024-4487


3238	 Brazilian Journal of Microbiology (2023) 54:3237–3244

1 3

Bovine viral diarrhea virus (BVDV), bovine alphaherpesvi-
rus 1 (BoAHV1), bovine respiratory syncytial virus (BRSV), 
and bovine parainfluenza virus 3 (BPIV-3) are the main viral 
agents involved in BRD worldwide [6]. Viruses are considered 
primary pathogens of the upper respiratory tract (URT) and 
may predispose cattle to secondary bacterial infections caused 
by microorganisms constituting the URT microbiota itself or by 
opportunistic agents. As a result of primary viral infections, the 
microbial population can reach the lower respiratory tract, caus-
ing pneumonia [7–9].

The absence of antibodies, caused by the loss of passively 
acquired maternal immunity or vaccination failure associated 
with exposure to the antigen, generates a window of suscep-
tibility to illness [10, 11]. However, antibodies can be found 
in unvaccinated animals without clinical signs of respiratory 
infection [12], suggesting that they are circulating in the cattle 
herd. In Brazil, the vaccination program for BVDV, BoAHV1, 
BRSV, and BPIV-3 infection control is managed by the vet-
erinarian of each farm and, therefore, is still not widespread 
in both beef cattle herds and feedlots.

Although the rate of BRD-vaccinated animals is substan-
tially higher in North American feedlots than in Brazil, the 
frequency of occurrence of BRD is higher [13, 14]. It has 
been asserted that the higher frequency of BRD in young 
non-seroconverted animals in North America may be related 
to feedlots [15].

The serological profile of the four main bovine respira-
tory viruses on arrival at feedlots in Brazil is unknown. Con-
sidering, the only Brazilian data available are the rate of 
occurrence of clinical BRD in animals already in feedlots 
and the etiology of the infection [13, 16].

Therefore, this study aimed to determine the antibody 
profiles of BVDV, BoAHV1, BRSV, and BPIV-3 in unvac-
cinated steers upon arrival at Brazilian feedlots, highlighting 
the immunological status of unvaccinated beef cattle herds 
to BRD before the animals enter feedlots facilities. To the 
best of our knowledge, there is no information on the health 
status regarding the involvement of these viruses and the 
ratio of the infection of the four viruses together.

Materials and methods

Serum samples and study area

A total of 1,282 bovine blood serum samples were col-
lected. The animals were all males, aged between eight and 
32 months, with no history of respiratory disease or vaccina-
tion for BRD. Serum was collected from the animals after 
they arrived at the feedlots. All steers came from beef cattle 
herds in an extensive breeding system and were transported 
100–1,000 km from their herd of origin to the feedlot.

The steers were housed in 31 feedlots located in the mid-
western (Mato Grosso n = 11, Mato Grosso do Sul n = 4, and 
Goiás n = 8), southeastern (São Paulo n = 3 and Minas Ger-
ais n = 3), and northern (Tocantins n = 2) regions of Brazil. 
All serum samples were stored at -80 °C until processing.

Virus neutralization test

The serum samples were evaluated for the presence of anti-
bodies to BVDV, BoAHV1, BRSV, and BPIV-3 using the 
virus neutralization (VN) test, as described in the Manual 
of Diagnostic Tests and Vaccines for Terrestrial Animals 
of the World Organization for Animal Health [17], Affonso 
et al. [18], and Okur-Gumusova et al. [19], respectively. A 
volume of 50 μL of Madin-Darby bovine kidney cell culture 
at a concentration of 3.105 cells/mL was used with 50 μL of 
infective viral dose for each virus evaluated at 100 TCID50%. 
The serum samples were considered positive with neutral-
izing activity at a final dilution ≥ 1:2 for BoAHV1, ≥ 1:4 for 
BRSV, and ≥ 1:10 for BVDV and BPIV-3 after the evalua-
tion of the cytopathic effect following 72 h of incubation at 
37 °C in an atmosphere with a concentration of 5% CO2. The 
serum samples were classified as low, intermediate, or high 
antibody titers, according to Table 1.

Statistical analysis

The frequency of antibodies against the four bovine respira-
tory viruses in each feedlot was expressed as the percentage 
of positive animals and the titration distribution for each 
virus in the samples evaluated. The animals’ ages were clas-
sified as ≤ 12 months, 13 to 24 months, and > 24 months. 
The place of origin was used to compare the incidence of the 
diseases using Fisher’s exact test with the OpenEpi applica-
tion (www.​OpenE​pi.​com). The correlation between the fre-
quency of antibodies against the four viruses in the feedlots 
was estimated using RStudio 1.4.1106 (www.​rstud​io.​com). 

Table 1   Classification of antibodies titers (low, intermediate, and 
high) to bovine respiratory viruses evaluated by virus neutralization 
test

(#)  BVDV (Bovine viral diarrhea virus), BoAHV1 (Bovine alphaher-
pesvirus 1), BRSV (Bovine respiratory syncytial virus), BPIV-3 
(Bovine parainfluenza virus 3)

Virus (#) Antibody titers

Low Intermediate High

BVDV 10—20 40—80 160 to ≥ 640
BoAHV1 2—8 16—32 64 to ≥ 128
BRSV 4—8 16—32 64 to ≥ 128
BPIV-3 10—20 40—80 160 to ≥ 640

http://www.OpenEpi.com
http://www.rstudio.com
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Pearson’s correlation test was performed using the ggpubr 
package [20]. For all analyses, the significance level was 
set at 5%.

Results

The serological profiles of the steers upon arrival at the Brazil-
ian feedlots for the four bovine respiratory viruses evaluated in 
this study are shown in Table 2. The antibody titers identified 
by VN test were distributed on three scales (low, intermediate, 
and high). Most of the animals seropositive for BoAHV1 and 
BPIV-3 had high titers, whereas only a small proportion of the 
steers seropositive for BVDV and BRSV had high titers.

There was a statistical difference (P ≤ 0.05) in the age 
of animals concerning the percentage of positive samples 
for the four viruses (Table 3), concluding that the oldest 
cattle presented the highest seropositivity rates for these 
viruses. The BoAHV1 and BPIV-3 viruses had the most 
significant statistical difference (P ≤ 0.001). Addition-
ally, it was possible to observe a relationship between 
breeds (Nelore × crossbreed) and age groups (≤ 24, and 
>24 months) of the evaluated animals with the seropositiv-
ity rates for BVDV, BoAHV1, BRSV, and BPIV-3. There 
was a statistical difference in the occurrence of all viruses 
in Nelore at >24 months old, suggesting that this breed is 
more susceptible than crossbreeds in this age range. How-
ever, in animals with ≤ 24 months, only BRSV didn’t present 

differences between cattle breeds (Table 4). The frequencies 
of seropositive steers for these four viruses varied among 
the animal lots regardless of the breed but not age (Table 3). 
These results suggest that the epidemiological aspects of 
these infections in the herds of origin have a greater influ-
ence on the seroconversion rates.

The minimum and maximum seroconversion rates identi-
fied in the cattle herds evaluated in this study ranged from 
2.1% to 98.0% for BVDV and for BoAHV1, BRSV, and 
BPIV-3 ranging between 19.6–100.0%, 16.7–100.0%, and 
11.8–100.0%, respectively (Table 3).

The percentage of seroconversion identified in the steers 
of the 31 groups evaluated distributed by the state of origin 
of the animals is shown in Table 5. The variations by state in 
the minimum and maximum seroconversion rates for BVDV, 
BoAHV1, BRSV, and BPIV-3 ranged from 40.6–72.0%, 
72.8–100.0%, 67.8–94.0%, and 76.5–99.1%, respectively.

Tocantins state had the highest percentage of seropositive 
steers for BVDV, BoAHV1, and BRSV, and São Paulo state 
had the highest percentage of seropositive steers for BPIV-3. 
BoAHV1 also was found to have a high rate of seropositive 
animals in Minas Gerais and Goiás. Mato Grosso do Sul and 
Mato Grosso had the lowest percentages of positive samples 
for this virus.

Pearson’s correlation analysis showed a strong posi-
tive correlation between the presence of antibodies against 
BoAHV1 and BPIV-3 (P = 0.85) and BRSV and BPIV-3 
(P = 0.47), as shown in the supplementary Fig. 1.

Table 2   Distribution of the 
frequency of antibodies 
determined by virus 
neutralization test to bovine 
respiratory viruses in serum 
samples of unvaccinated 
steers of 31 Brazilian feedlots, 
according to antibodies titers

(#)  BVDV (Bovine viral diarrhea virus), BoAHV1 (Bovine alphaherpesvirus 1), BRSV (Bovine respiratory 
syncytial virus), BPIV-3 (Bovine parainfluenza virus 3)

Virus # Samples Antibody titer / Sample n (%) Total

(n) Low Intermediate High Positive (%) Negative (%)

BVDV 1,266 200 (15.8) 264 (20.8) 192 (15.2) 656 (51.8) 610 (48.2)
BoAHV1 1,253 66 (5.3) 143 (11.4) 945 (75.4) 1,154 (92.1) 99 (7.9)
BRSV 1,244 421 (33.8) 406 (32.6) 132 (10.6) 959 (77.1) 285 (22.9)
BPIV-3 1,270 118 (9.3) 275 (21.6) 707 (55.7) 1,100 (86.6) 170 (13.4)

Table 3   Distribution of the results of serological surveys by virus neutralization test to the four main respiratory viruses in cattle at the arrival in 
Brazilian feedlots facilities, according to the age of the animals

(#)  BVDV (Bovine viral diarrhea virus), BoAHV1 (Bovine alphaherpesvirus 1), BRSV (Bovine respiratory syncytial virus), BPIV-3 (Bovine 
parainfluenza virus 3)
a,b, and c in the same column indicate a statistical difference (P ≤ 0.05; Fisher’s exact)

Age group (mos) Samples (n) Average percentage (%) of positive samples (#) (minimum and maximum %)

BVDV BoAHV1 BRSV BPIV-3

 ≤ 12 101 31.7 (20.0—43.1) a 59.4 (19.6—100.0) a 58.4 (27.5—90.0) a 55.4 (11.8—100.0) a

13 – 24 723 50.7 (2.1—92.0) b 89.9 (72.0—100.0) b 77.0 (16.7—98.0) b 85.9 (25.0—100.0) b

>24 458 56.3 (18.0—98.0) b 96.9 (81.6—100.0) c 75.1 (33.3—100.0) b 92.8 (65.7—100.0) c
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Discussion

Most seroepidemiological surveys that have aimed to iden-
tify antibodies against BVDV, BoAHV1, BRSV, and BPIV-3 
in Brazil and other countries have been conducted in dairy 
cattle herds [21–28].

Only one Brazilian study has evaluated the antibody fre-
quency rate for the same four bovine respiratory viruses inves-
tigated herein using the VN test [29]. In a small sample (n = 44), 
the authors found that 32 (72.3%), 24 (54.4%), 29 (65.9%), 
and 28 (63.7%) of the animals were seropositive for BVDV, 
BoAHV1, BRSV, and BPIV-3, respectively. However, only 
serum samples from dairy calves aged zero to three (n = 10), 
three to six (n = 21), and six to 12 months (n = 13) were evalu-
ated. Positive results were most likely due to passive antibod-
ies in animals aged zero to six months. In animals aged six 
to 12 months, there was a considerable increase in the rate of 
seropositivity and antibody titer, suggesting natural infection. 
However, due to many differences (age, breed, beef and dairy 
cattle, and management, among others) between the present 
study and the one performed by Hoppe et al. [29], it is difficult 
to establish comparative analyses between both studies.

Several surveys on the serological profile of adult ani-
mals, mostly beef and dairy cows, from cattle herds in Brazil 

have indicated that BVDV and BoAHV1 infections are com-
mon [30–34]. However, no seroepidemiological study of the 
frequency of antibodies to the four main respiratory viruses 
in steers entering feedlots was performed in Brazil. Young 
animals, such as pre-weaning calves, are very likely to be 
seropositive due to the interference of colostral antibodies. 
Adult animals (cows) are also seropositive due to previous 
infections or vaccination. This category of animals, young, 
male, and beef evaluated no longer has interference from 
colostral antibodies and is also not vaccinated. If they are 
positive is due to a natural infection. Additionally, these ani-
mals were submitted to transport stress and will be commin-
gled in a new place with different animals from different ori-
gins causing a new stress situation. Furthermore, few similar 
surveys have been performed on steers in other countries.

In this study, the seropositivity rates of BVDV, BoAHV1, 
BRSV, and BPIV-3 were 51.8% (656/1,266), 92.1% 
(1,154/1,253), 77.1% (959/1,244), and 86.6% (1,100/1,270), 
respectively (Table 2). A study conducted in Australia evaluated 
7302 to 7314 serum samples of beef cattle by enzyme-linked 
immunosorbent assay (ELISA), and described seroprevalence 
rates for BVDV, BRSV and BPIV-3 higher, between 14.4%, 
12.1% and 4.9% of variability, respectively to those in the pre-
sent study (Table 6); however, the rates of seropositive animals 

Table 4   Seropositive steers 
for the four main respiratory 
viruses at the arrival in 
Brazilian feedlots facilities, 
distributed according to age 
groups (≤ 24 mos and > 24 
mos) and races (Crossbreed and 
Nelore)

Different superscript lowercase letter (a−b) indicates statistical difference (P < 0.01) between breeds (Cross-
breed vs. Nelore) within each age group and for each viral agent

Virus Age (months)

 ≤ 24 mos / breed (%) > 24 mos / breed (%)

Crossbreed Nelore Total Crossbreed Nelore Total

BVDV (n = 1,266) 123 (9.7) b 199 (15.7) a 322 (25.4) 95 (7.5) b 239 (18.9) a 334 (26.4)
BoAHV1 (n = 1,253) 254 (20.3) b 359 (28.6) a 613 (48.9) 186 (14.8) b 355 (28.3) a 541 (43.2)
BRSV (n = 1,244) 245 (19.7) a 267 (21.5) a 512 (41.2) 156 (12.5) b 291 (23.4) a 447 (35.9)
BPIV (n = 1,270) 242 (19.0) b 347 (27.3) a 589 (46.4) 166 (13.1) b 345 (27.2) a 511 (40.2)

Table 5   Distribution of 
seropositive steers to the main 
bovine respiratory viruses, 
according to the Brazilian 
geographical region and state of 
origin of the animals

(*)  Brazilian states: SP (São Paulo); MG (Minas Gerais); MS (Mato Grosso do Sul); MT (Mato Grosso); 
GO (Goiás); TO (Tocantins)
(#)  Virus: BVDV (Bovine viral diarrhea virus), BoAHV1 (Bovine alphaherpesvirus 1), BRSV (Bovine res-
piratory syncytial virus), BPIV-3 (Bovine parainfluenza virus 3)
a,b, c, and d in the same column indicate a statistical difference (P ≤ 0.05; Fisher’s exact)

Brazilian Bovine respiratory virus (#) / Positive samples (%)

Region State (*) BVDV BoAHV1 BRSV BPIV-3

Southeast SP 43 (40.6) a 101 (95.3) c 90 (84.9) b 105 (99.1) d

MG 41 (46.1) a 90 (100.0) cd 61 (67.8) a 77 (85.5) b

Midwest MS 69 (52.7) a 91 (72.8) a 114 (83.8) b 104 (76.5) ab

MT 222 (43.5) a 451 (88.4) b 350 (69.0) a 407 (79.8) ab

GO 228 (64.2) b 354 (99.7) d 298 (83.9) b 343 (96.8) cd

North TO 54 (72.0) c 67 (100.00) cd 47 (94.0) b 66 (90.4) bc
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for BoAHV1 varied considerably [36]. Studies conducted in 
Saudi Arabia [38] and Türkiye [39] by ELISA and VN, respec-
tively, found similar results to those of the present study. High 
BoAHV1 seroprevalence rates were also reported by Leon et al. 
[35] in beef and dairy cattle in Colombia.

Table 6 presents the seroconversion rates for the four 
main respiratory viruses identified in this study and other 
studies conducted in South America and other parts of the 
world. There are great variations in the frequencies of sero-
positive animals for each virus, which makes a comparative 
analysis between the studies impractical. Aspects related 
to the epidemiology of infections, the purpose of creation 
(beef and dairy), type of management, sanitary programs, 
biosecurity, and age of the animals, influence the frequency 
of seropositive animals identified in each study.

The serological profile of the four main BRD viruses indi-
cates that infections caused by BVDV, BoAHV1, BRSV, 
and BPIV-3 are common in animals both younger and, 
especially, older than 12 months from Brazilian beef cattle 
herds in an extensive rearing system. In the group of animals 
aged ≤ 12 months, the youngest was eight months old. In this 
age group, there is likely no risk of passive antibody identi-
fication. Therefore, the frequency of neutralizing antibodies 
identified in this survey was due to natural infection post-
weaning, indicating that the circulation of the four viruses is 
high in Brazilian beef cattle herds. These infections appear 
to mostly present asymptomatically, causing the develop-
ment of active immunity [35].

For the four bovine respiratory viruses, the seroconversion 
rates showed great variation when evaluated individually by 
herd, even considering the distribution by age group. This 

result indicates that the epidemiology of intra-herd infections 
has individual characteristics. The averages of the serocon-
version rates demonstrate that, except for BVDV, most steers 
enter feedlots already seropositive for BoAHV1, BRSV, and 
BPIV-3. However, this should not be interpreted as a rule 
since natural infection rates vary widely between cattle herds.

Regardless of age, origin, and breed, most steers seroposi-
tive for BoAHV1 and BPIV-3 had high antibody titers (> 64 
and > 160, respectively), with about three-quarters (75.4% 
BoAHV1) and more than half (55.7% BPIV-3) of the sam-
ples showing elevate titers. However, in BVDV and BRSV 
seropositive animals, a small proportion had high antibody 
titers (15.2 and 10.6%, respectively). This suggests that the 
circulation of BoAHV1 and BPIV-3 in beef cattle herds in 
Brazil is much higher than that of BVDV and BRSV. The 
mechanism of viral latency of BoAHV1, with recurrent epi-
sodes of re-excretion, may contribute to its high prevalence 
[43, 44]. Regarding BPIV-3, serological studies carried out 
in adult beef and dairy cattle in Brazil showed a wide spread 
of the agent, with a prevalence of antibodies greater than 
80% [37]. This prevalence may explain the high frequency 
of young animals positive for BPIV-3 in our study.

In the Northern Hemisphere, the main health problem in 
cattle feedlots in the first 15–20 days in the feedlot is BRD. 
In Brazil, BRD is also a health problem that affects the early 
stages of feedlots. In contrast to Brazil, the vaccination of 
steers entering confinement in North American feedlots is 
routine sanitary management. Nevertheless, the frequency 
of occurrence and severity of BRD in confined steers in the 
United States is much higher than that observed in Brazil 
[13, 14]. Most likely, the two main factors that explain this 

Table 6   Results of serological surveys for the identification of seropositive cattle to the four main viruses involved in the etiology of Bovine Res-
piratory Disease identified in this and other studies carried out worldwide

(†)  Test: VN (virus neutralization), ELISA (Enzyme-linked immunosorbent assay)
(#)  Virus: BVDV (Bovine viral diarrhea virus), BoAHV1 (Bovine alphaherpesvirus 1), BRSV (Bovine respiratory syncytial virus), BPIV-3 
(Bovine parainfluenza virus 3)
(*)  NI (not informed)

Country Functional
traits

Age (mos) Test (†) Samples
(n)

Percentage of positive samples (#) Reference

BVDV BoAHV1 BRSV BPIV-3

Brazil beef 7–36 VN 1,282 51.8 92.1 77.1 86.6 This study
Brazil dairy  < 12 VN 44 72.3 54.5 65.9 67.3 [29]
Colombia dairy/beef >24 ELISA 977 35.0 95.0 98.6 47.3 [35]
Australia beef NI (*) ELISA 243 58.0 43.0 50.0 88.0 [36]
Australia beef NI (*) ELISA 7314 66.2 22.2 87.4 90.2 [37]
Saudi Arabia dairy 12–48 ELISA 460 26.0 17.4 75.6 69.1 [38]
Türkiye dairy  > 12 VN 584 41.4 17.1 73.0 43.0 [39]
Türkiye dairy  < 12 VN 94 71.1 24.1 98.6 78.7 [26]
Türkiye dairy  > 48 ELISA 56 50.0 7.1 94.6 94.6 [40]
India dairy Adult ELISA 132 1.5 24.2 50.0 57.6 [41]
Iran dairy Adult ELISA 642 49.2 72.0 51.1 84.4 [42]
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difference in susceptibility to BRD are the age of the steers 
entering the feedlots and genetics.

In Brazil, the age of most steers that enter confinement 
is around 33 months [45], higher than that of animals in the 
United States that slaughter between 15 to 28 months [46]. 
Therefore, young, non-seroconverted animals may be respon-
sible for the higher BRD frequency observed in United States 
feedlots [15]. Studies reported that seroprevalences generally 
increase with the age of unvaccinated cattle [47]. Hay et al. 
(2016) described that animals were progressively at increased 
risk of BRD when testing seronegative to an increasing num-
ber of viruses. These results suggest that animals seronegative 
for all four viruses were at higher risk than those infected by 
one of the four main respiratory viruses.

In this study, which involved considerable sampling 
(n = 1,282) and included 31 feedlots located in important Bra-
zilian beef producing regions, most animals were already sero-
positive for the four viruses evaluated on arrival (Table 6). The 
presence of antibodies against the four viral agents in unvac-
cinated beef cattle herds shows that the wild-type virus was cir-
culating in the beef herds of origin, resulting in seroconversion.

The second factor that may explain the lower frequency of 
BRD in Brazilian feedlots is genetics. Breeds of European ori-
gin are more susceptible to infections that cause BRD or stress-
ors that trigger disease than Zebu breeds, including crossbreed-
ing that predominates in Brazilian beef cattle herds [48–50].

A high seroprevalence of diseases of viral etiology is 
associated with adult animals due to repeated exposure to 
the virus throughout their life and the possibility of rein-
fection [51]. However, there is no consensus that increas-
ing age is a risk factor for infection by viruses involved 
in the etiology of BRD. The results reported have been 
contradictory depending on the animals’ age, breed, and 
aptitude (beef × dairy), breeding region, and even the res-
piratory virus evaluated. Consequently, it is not possible 
to perform a critical and definitive comparative analysis of 
the results of previous studies [22, 35, 47, 52].

The fattening of confined beef cattle is increasing in Brazil. 
BRD is responsible for considerable economic losses in Brazilian 
feedlots. Assessing the financial losses of viral illnesses can con-
tribute to the adoption of measures to minimize losses and maxi-
mize productivity. The control of BRD is essential to improve 
herd health, animal welfare, and business profitability. Epide-
miological information is a relevant tool for designing sanitary 
management to reduce the frequency of BRD in cattle feedlots.

Conclusion

The immune status of the four main bovine respiratory 
viruses in beef cattle on the first day at feedlots has never 
been described together or separately in Brazil; however, 

it has already been described in dairy calves and beef and 
dairy cows. It was possible to observe that BoAHV1 and 
BPIV-3 have a high rate of animal seropositive. Steers 
infected with BoAHV1 showed the highest antibody titers. 
On the other hand, approximately half of the steers were 
seronegative to BVDV, with the seropositive animals 
with around 35% with low titers. Age is a risk factor for 
BoAHV1, BVDV, and BPIV-3 infection but not for BRSV. 
The incidence of the four viruses differs statistically by 
each region addressed in this study. A positive correlation 
between BoAHV1/BPIV-3 and BPIV-3/BRSV increases 
the possibility of BRD in the feedlots.
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