
SUMMARY
Bovine respiratory disease (BRD) is the main health problem in fattening beef cattle. Due to its multifactorial etiology, alterna-
tive strategies to reduce its incidence and correlated antimicrobial use must consider all the main critical aspects, related to san-
itary, environment and nutritional management.
A multi-year project was set up to develop a specific integrated system to counteract the incidence of BRD, while reducing the
use of antibiotics, and develop a risk-assessment sheet to evaluate, at the arrival, the potential sanitary risk of each single batch.
During the first period (November 2019-September 2020), the effect of four vaccination protocols, differing for the route of ad-
ministration, intramuscular (IM) versus intranasal (IN), was tested, as well as the effectiveness of a proper adaptation diet. In
the second period (November 2020-May 2021), the best protocol merged was tested again, but shifting vaccination to day (d) 7
and improving environmental management and the biosecurity levels. During the entire project, blood samples and nasal swabs
were taken at the arrival on a sample of animals to evaluate the circulation of pathogens and the presence of antibodies. Mor-
tality, morbidity for BRD, relapses and antimicrobial consumption were evaluated, as well as the effect of the antimicrobial mass
treatment based on the risk-assessment sheet.
The results of the first period highlighted a reduction of 29.1% in morbidity, of 81.7% in the first relapse and of 71.5% in the
antimicrobial use (mg/PCU) where the IN vaccination was used in combination with a proper nutrition. In the second period,
the delayed vaccination, in combination with improvement in environment conditions and biosecurity, has led to reduction of
49.3% in mortality, 41.9% in morbidity, 51.9% in first relapses and of 25.5% in antimicrobial use, compared with the same vac-
cination protocols in the first period. Comparing the health status in batches with and without antimicrobial treatment based
on the risk assessment sheet, it appeared that mandatory avoiding it, even in case of evident risk, can be a damage for animal
health, with increased morbidity, mortality and antimicrobial use. 
In conclusion, an integrated and multidisciplinary approach, that consider both sanitary protocols, environmental and nutri-
tional management, and antimicrobial treatment, in relation to an evident and clear sanitary risk, is essential to limit the BRD
and the antibiotic consumption and to increase the welfare of newly arrived beef cattle. 
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INTRODUCTION

The problem of antimicrobial resistance (AMR) represents a
global treat for both health, welfare and economy, which needs
a global and multifactorial approach to be counteracted. In-
deed, on average 700,000 people die each year globally (33,000
in Europe), due to infection with antibiotic resistant organisms
(AROs). Moreover, infection with AROs increase the hospi-

talization rate, with a stronger pressure on healthcare systems’
stability, efficiency, and economy1. 
The AMR occurs when microorganisms, such as bacteria, virus-
es, fungi, and parasites, become resistant to the medications nor-
mally used to cure them, because of both natural selective mech-
anisms and processes induced by human-related factors, such
as misuse and abuse of antimicrobials in human but also in vet-
erinary medicine2-3. Indeed, even if the antimicrobial con-
sumption in food-producing animals has decreased strongly
over the years, it is always under scrutiny, especially when an-
timicrobials commonly used in human medicine are admin-
istered for prevention of disease, in the form of prophylaxis or
metaphylaxis1-4-5. Their use should be limited, and allowed only
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if strictly necessary, as will be underlined also in the new Eu-
ropean regulations6. 
Between all the food-producing animals, swine and poultry
farming accounted for the highest use of antibiotics, in terms
of milligrams (mg) per population correction units (PCU) (172
mg/PCU, 148 mg/PCU respectively), while cattle are in third
position (45 mg/PCU) at a global level7. However, within the
intensive beef cattle farming, there are still stages of the rear-
ing period that require antimicrobials use to reduce morbid-
ity and mortality. 
Indeed, in the beef cattle system, based mainly on the fatten-
ing of weaned cattle imported from pasture areas in foreign
countries, the arrival stage represents the most critical period
for animal health, welfare and antibiotics use8. 
Among all the typical health problems, bovine respiratory dis-
ease (BRD) is the most common and severe one5-9. Globally,
the prevalence of BRD varies from about 4% to more than
80%10. At the Italian level, the incidence of morbidity related
to BRD varies from 5% to 30% on average11-12. Besides, BRD
is also associated with an overall reduction in productivity dur-
ing the whole rearing cycle, with both welfare and economi-
cal concerns. Indeed, animals that suffer from BRD in the first
days after the arrival, show poor growth performance, with a
reduced average daily gain over the entire fattening period, as
well as increased sanitary costs, due to a higher need of an-
timicrobial treatments12-13. For this reason, antibiotics are of-
ten used in the arrival stage, both to treat sick subjects but also
to prevent the spread of BRD12. As a result, bacterial BRD
pathogens are exhibiting more often an increased level of AMR,
specifically toward macrolides, tetracyclines, β-lactams, flu-
oroquinolones14-15. Resistance to macrolides is of particular con-
cern, due to the importance of these drugs in controlling BRD16.
Moreover, in different studies, there was an increase in the AMR
levels detected in nasal swabs after the placement in feedlots,
suggesting an incorrect sanitary management in the fattening
farms17-18. 
Considering those findings, a reduction in the use of antimi-
crobials also in beef cattle farming is required, especially in terms
of mass treatments. Consequently, alternative strategies to re-
duce the risk, the incidence and the negative effects of BRD,
while using less antibiotics, must be developed to maintain a
high level of animal welfare and productivity. 
Knowing the causes and predisposing factors of BRD is the ba-
sis to understand how to contain its incidence, and which are
the main focal points to consider. The BRD has a multifacto-
rial etiology, including infectious agents, host and environmental
aspects5-9. Infectious agents of BRD are both viral and bacte-
rial, such as bovine herpesvirus type 1, bovine adenovirus, bovine
viral diarrhoea virus, bovine coronavirus, bovine respiratory syn-
cytial virus, bovine parainfluenza virus, Pasteurella multocida,
Mannheimia haemolytica, Histophilus somni and Mycoplasma
bovis19. Between the host related factors, sex and arrival weight
are the most influent variables, with males and lighter animals
being more susceptible to BRD20-21. 
In addition, aspects related to the transport from the origin farm
to the fattening units, such as length, climate, feed and water
restriction and commingling of animals, could enhance the
spread of BRD, due to both a stress-related reduction of the im-
mune functionality and an increased risk of contact with vi-
ral and bacterial etiological agents9-22. Indeed, the prevalence,
in nasopharyngeal swabs, of viral and bacterial agents, such as
Mycoplasma bovis, Histophilus somni, Bovine coronavirus and

Manheimia haemolitica increased after shipping from France
to Italy19. Longer travels are strongly related to an increase in
the likelihood of opportunistic infections in the lower respi-
ratory tract, due to an increased stress-related immune sup-
pression20-23. Also, weather conditions from departure to arrival,
in particular sudden climate changes, very low temperatures
and high humidity levels were found to be predisposing fac-
tors for the spread of BRD22-24. 
Furthermore, also the managerial procedures and facilities of
the fattening farm can strongly influence both the spread of BRD
agents and the immune functionality of newly arrived animals.
In fact, the first weeks after arrival at the fattening unit repre-
sent a crucial period for animal health and performance. New-
ly arrived cattle must be managed carefully, ideally in a specif-
ically dedicated facility25-26. In the arrival stage, higher stock-
ing densities and the possibility to have closer contacts between
cattle of different pens, through open fences or shared water
through, are correlated with an enhanced incidence of BRD,
due to an increased spread of infectious agents27-28. In addition,
the nutritional management can act as both a prevention as well
as a predisposing factor for BRD. Indeed, administering to new-
ly arrived beef cattle a diet characterized by a high level of grains,
with a lower level of rumen-active fibre, can be a predispos-
ing factor for the development of BRD due to its relationship
with lactic acidosis and subacute ruminal acidosis27-29. In ad-
dition, the protein content in the arrival diet must be controlled.
The appropriate arrival diet should have a crude protein of less
than 13%, to reduce the incidence and severity of morbidity30. 
Traditionally, beef cattle are vaccinated at the arrival with dif-
ferent protocols of vaccinations to counteract viral and bac-
terial agents involved in BRD. Indeed, prevention of disease by
vaccination is the foundation of animal health management31.
However, stress commonly associated with weaning, market-
ing, commingling and transport can temporarily compromise
the immune function, and thereby reducing the effective re-
sponse to vaccination intended to control BRD31. Thus, delaying
respiratory vaccination may allow newly arrived “high-risk” beef
cattle to overcome stress-induced immune dysfunction, pre-
venting a blunted vaccine response and improving the effica-
cy of vaccination31-32-33.
To reduce the risk of BRD and the use of antibiotics, all those
different aspects must be appropriately evaluated and con-
sidered, both to understand some possible points of im-
provement as well as to better categorize the “risk level” of each
batch of animals, to better plan the sanitary procedures. 
Specifically, the aim of the study was to develop an integrat-
ed managerial and sanitary protocol for the arrival phase in fat-
tening beef cattle, which considers all the main focal points, in
order to minimize the incidence of BRD, and consequently the
use of antibiotics. Moreover, another goal was to develop a risk-
assessment sheet to evaluate, at the arrival, the real risk level
of each single batch, to better plan a batch-specific sanitary in-
tervention. 

MATERIALS AND METHODS 

With these purposes, a multi-year project (2019-2021) has been
developed, in collaboration with the Local Health Authority
(ULSS n.9 Scaligera, via della Valverde, Verona), the Istituto
Zooprofilattico delle Venezie (Viale Università 10, 35020 - Leg-
naro), and the Cooperativa Zootecnica Scaligera Società
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Agricola Cooperativa (via Caterina Bon Brentoni 41/b, Mozze-
cane). The animals were Limousine males, raised in France in
typical pasture areas and farms, and then shipped to Italy in
the F.OLI.MA.N. fattening farm of the Cooperativa Agricola
Scaligera located in Mozzecane (Verona). 
The project was divided into two main periods. The first one
(November 2019-September 2020) aimed at evaluate four dif-
ferent restocking protocols, in terms of both vaccinations and
feeding strategies, to find the most suitable and effective one.
In addition, the “risk assessment sheet” was set up in this pe-
riod.
In the second period (November 2020-May 2021), the best pro-
tocol, which emerged from the previous study, was used, but
varying the timing of vaccination, that was delayed from day
(d) 2 to d7 and improving environment conditions.

Experimental design
First period 
Between November 2019 and September 2020, a total of 91
batches were enrolled in the project and were subjected to four
different restocking protocols (Table 1), in relation to the time
of arrival on the farm. The protocols differed in terms of type,
method and timing of the vaccine administration, use of an-
timicrobial, and nutrition management. 
Specifically, in first protocol (28/11-18/12) all the animals were
vaccinated, at d1 after restocking, against Manheimia haemo-
litica (MH), through an intramuscular vaccination (IM), and
against respiratory syncytial bovine virus (RSBV) and infectious
bovine rhinotracheitis (IBR), through an intranasal vaccination
(IN). Moreover, a 5-days oral treatment with Doxycycline was
used as prophylaxis. Animals were fed with a growing diet with,
on dry matter (d.m.) basis, 0.94 UFV/kg, 14.20% crude pro-
tein, 34.2% of starch, 32% of NDF, without a specific vitamins,
minerals and additives supplementation for the adaptation
phase. Regarding environment, bedding wheat straw was
added only “as needed”, or on average once a week. 
The second protocol (19/12-15/01) was the same in terms of
vaccines used, nutrition and environment management, but the
vaccination was delayed from d1 to d7 and the antimicrobial
prophylaxis was eliminated. 
In the third protocol (16/01-5/02), the animals were vaccinated
at d5, adding the intramuscular vaccination against Histophilus
somni (H. somni), fed with the previous diet and subjected to
the same environment management. 
In the fourth protocol (6/02-20/09), all the animals were vac-
cinated against respiratory syncytial bovine virus (RSBV) and

infectious bovine rhinotracheitis (IBR), through an intranasal
vaccination, at d2 after restocking. Also, the nutritional man-
agement was changed.
Indeed, in this protocol, the animals were fed with a specifi-
cally formulated diet, characterized by a lower level of crude
protein (≤ 12% d.m.), energy (≤ 0.88 UFC - 10.60 MJ d.m.),
and starch (< 26% d.m.), and a higher level of NDF (> 36%
d.m.), provided by short-cut wheat straw and row materials rich
in fibres (beet pulp and wheat bran). 
In all the protocols, the feed was administered ad libitum in the
form of total mixed ratio (TMR), with also availability of hay
ad libitum during the first 7 days after arrival.
Water was always available ad libitum.

Second period
Between November 2020 and May 2021, 62 batches were en-
rolled in the project. Starting from the results obtained in the
first period, in terms of morbidity, relapses and antimicrobial
use for BRD, the fourth protocol was selected, changing thus
the vaccination timing and improving the environment con-
ditions. Specifically, after the month of November 2020 in which
the vaccination was maintained on d2 after arrival, starting from
December 2020 the IN vaccination was delayed from d2 to d7
after arrival. Regarding the environment changes, the gates be-
tween the pens have been closed with solid panels to make them
blind and to isolate each individual pens. Moreover, the litter
management was improved adding, daily, bedding wheat
straw, during the entire adaptation period, with the aim to main-
tain the litter completely dry and clean. 
The feed management was maintained equal as in the fourth
protocol of first period, with a specifically formulated TMR for
the adaptation phase.
Water was available ad libitum.

Parameters evaluated
Microbiological exams: nasal swabs
and blood samples
Between November 2019 and January 2021, a total of 108 an-
imals undergone to nasal swabs and blood samples at d2 af-
ter the arrival. Nasal swabs were collected to evaluate the preva-
lence and circulation of infectious agents, both viral and bac-
terial ones, such as bovine coronavirus (BCOV), infectious bovine
rhinotracheitis (IBR), respiratory syncytial bovine virus (RSBV),
bovine viral diarrhoea (BVD), Mannhemia haemolytica (MH)
and Pasteurella multocida (PM). The viral agents were analysed
through biomolecular techniques, while the presence of MH
and PM were identified after growth in blood agar.
Blood samples were taken to evaluate the presence of antibodies
against the viral agents previously cited. 
Furthermore, all the animals sampled undergone to a complete
blood count and to the evaluation of blood levels of iron (Fe),
copper (Cu), zinc (Zn) and glutathione peroxidase (GPX - in-
dicator of antioxidant status), to underline possible deficien-
cy of those essential elements. 
Blood parameters were analysed using commercial ELISA kit.

Health status and antimicrobial
consumption
In both periods, general health evaluations were conducted twice
a day, with a direct examination of all the animals by the farm
veterinary and qualified animal health care staff. Any case of
morbidity and mortality were recorded, together with the mo-

1 MH IM + RSBV + IBR IN Doxycycline 1

2 MH IM + RSBV + IBR IN - 7

3
MH + H. Somni IM + 

RSBV + IBR IN
- 5

RSBV + IBR IN + Feed 
improvement + Batch 

4 antibiotic treatment - 2
in relationship with 
the risk evaluation

Table 1 - Different vaccination protocols evaluated in the project.

N° of Vaccination Antimicrobial Day of 
protocol protocol prophylaxis vaccination
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tivation, with specific attention on the incidence of BRD. 
Sick animals were considered affected by BRD if the rectal tem-
perature was ≥ 40.0°C and if both depression and respiratory
scores differed from the normal health status (score 0 of Bag-
gott et al., 2011)35. The number of treatments for BRD were
recorded. The first treatment, as well as the mass antimicrobial
treatment based on the risk assessment sheet, where it was made,
were recorded as “First treatment”. The percentage of animals
treated for the first time was calculated in reference to the to-
tality of the animals. Furthermore, all the relapses were record-
ed as I°, II°, or III°, according to how many times one animal
needed to be treated again for BRD after the first treatment. The
percentage of animals that relapsed for the first, second and third
time was calculated in reference to the number of animals treat-
ed previously, as first treatment or I° or II° relapses.
Sick animals received concurrent medications according to the
facility procedures and sanitary protocols.
The antimicrobial consumption was evaluated considering the
antimicrobial use, its content of active principle, the dosage and
the length of the treatment. Then, the antimicrobial con-
sumption was expressed as mg of active principle per popu-
lation correction unit (mg/PCU), which in the case of beef cat-
tle was set at 425 kg of live weight36. 
Moreover, a comparison between batches threated with an-
timicrobial on the base of the risk assessment sheet and batch-
es without preventive treatments was done, in terms of health
status and antimicrobial consumption.

The “health risk assessment sheet” 
of a new arrival batch
During the first period of study a health risk assessment sheet
was developed, with the specific aim to evaluate the real risk
level of each single batch, basing on evident, practical and sim-

ple indicators. The final risk level was used to guide the vet-
erinarians in the development of the best sanitary protocol for
each batch, specifically in terms of antimicrobial mass treat-
ments. Indeed, starting from February 2020 with the fourth pro-
tocol of the first period, the sanitary protocols and the appli-
cation of mass treatments were decided according to the lev-
el of risk reached in the risk assessment sheet.
The health risk assessment (Table 2), was based on both in-
direct parameters, such as information regarding the trans-
port, its duration and the environmental conditions, and di-
rect parameters, recorded directly on the animals, such as gen-
eral health status, appearance and body condition score (BCS).
For each parameter, three possible risk levels were identified,
with different scores (3: highest risk; 2: medium risk; 1: low
risk). The final risk level was obtained by summing the scores
obtained in each individual parameter and considering
three risk classes (high risk: score ≥ 23; medium risk: score
18-22; low risk: score 11-17).
Information about environmental conditions during trans-
port, transport duration, number of suppliers and the per-
manence in collection centres were used as indirect indica-
tors of risk. 
Climate conditions were evaluated at the departure, during
transportation and at the arrival, from data collected from
the local meteorological stations and calculating the tem-
perature humidity index (THI), using the following formula
reported by Brügemann et al. (2012) and Bohmanova et al.
(2005)37-38:

(1.8*Ta+32) - (0.55-0.0055*Huma) * (1.8*Ta-26)
where: 

Ta= average daily temperature (°C)
Huma= average humidity levels (%).

THI in the origin areas ≤ 32; ≥ 84 33-46; 75-83 ≥ 47, ≤ 74

THI during transportation ≤ 32; ≥ 84 33-46; 75-83 ≥ 47, ≤ 74

THI in the arrival farm, 
in the adaptation stables

≤ 32; ≥ 84 33-46; 75-83 ≥ 47, ≤ 74

> Number of suppliers ≥ 5 suppliers 3-5 suppliers < 3 suppliers

Duration of transport > 18 h 12-18 h < 12 h

Stay in collection centres > 2 days or no information 2 days ≤ 1 day or no transit

Average weight < 350 kg 350-400 kg > 400

Batch homogeneity
> 20% of animals are 10-20% of animals are < 10% of animals are 

inhomogeneous inhomogeneous inhomogeneous

Nutritional status and general 
> 15% animals: BCS < 3, wet, 5-15% animals: BCS < 3, wet, < 5% animals: BCS < 3, wet, 

appearance
dull and bristly coats, fatigued dull and bristly coats, fatigued dull and bristly coats, fatigued 

and poorly reactive animals and poorly reactive animals and poorly reactive animals

ARRIVAL: % of animals with general physical 
examination as an indicator of health risk

> 10% at risk1 5-10% at risk1 < 5% at risk1

FOLLOWING DAY: % of animals with general 
physical examination as an indicator > 10% at risk 1 5-10% at risk1 < 5% at risk 1

of health risk

Table 2 - Health risk assessment form.

Parameters
Risk levels

High (Score 3) Medium (Score 2) Low (Score 1)

1 Probable onset of BRD, with nasal and ocular discharge, cough and respiratory failure.
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The risk thresholds, reported in Figure 1, were set for both hot
and cold environmental conditions. In fact, excess, both in one
sense and another, can be a source of stress for the animals, re-
ducing their immune functionality. The thresholds for heat stress
were set basing on pre-existing data (Brown-Brandl et al.,
2018)39. Conversely, cold stress thresholds are not present in bib-
liography for beef cattle and were set up starting from the pre-
existing data related to dairy cows (Brügemann et al., 2012; Xu
et al., 2018)37-40. Taking into account the different sensitivity be-
tween beef and dairy cattle, with beef cattle being more sen-
sible to cold stress due to a lower endogenous production of
metabolic heat (St-Pierre et al., 2003; Nardone et al., 2010)41-

42. Consequently, cold stress THI thresholds for beef cattle has
been considered higher than those reported for dairy cows
(Brügemann et al., 2012; Xu et al., 2018)37-40. 
Three different risk levels were identified, considering the THI.
Data about the number of suppliers and the permanence in the
collection centres were obtained from the final retailers of the
animals, while the duration of the transport was obtained from
transport’s document. 
Considering the direct indicators of risk, the average arrival
weight was the first parameter considered, with lighter animals
being at higher risk. 
Also, the batch homogeneity was included, considering age,
weight, and conformation of the animals, with more homoge-
neous batches being less risky. General appearance and nutri-
tional status in terms of percentage of animals that showed a low
body condition score (BCS<3) and sign of fatigue and distress
were evaluated. Moreover, the percentage of animals that
showed clear signs of probable onset of BRD, with nasal and oc-
ular discharge, cough and respiratory failure, were evaluated both
at the arrival and the following day, after a 24h rest period. 
The percentage thresholds used for homogeneity of the batch-
es, general appearance, nutritional and health status were de-
rived from field studies8-11-43-44.

RESULTS AND DISCUSSION

Microbiological exam: nasal swabs
and blood samples
The results on circulation and the percentage of seropositiv-
ity to different infectious agents are summarized in Table 3 and
4. Between the bacterial agents, positivity to Mannhemia
haemolytica (MH) and Pasteurella multocida (PM) were
found, respectively with a prevalence of 8.33% and 4.63%. Con-
versely, Cirone et al., 2019 reported a higher prevalence of both
Mannhemia haemolytica (MH) and Pasteurella multocida
(PM), respectively of 21.4% and 57.1%. Moreover, Cirone et
al., 2019, found also a 100% percentage of positivity to
Histophilus somni, that in the present study wasn’t detected19.
Considering the viral components, 87% of the animals were
positive for bovine coronavirus (BCOV), while the positivity
for respiratory syncytial bovine virus (RSBV) was negligible.
The positivity for IBR was completely absent thanks to the
France eradication plan. The present results on bovine coro-
navirus positivity are in line with the finding of Cirone et al.,
2019, that report a positivity of 75% in limousine cattle
shipped from France to Italy19. 
Regarding the seropositivity, a high percentage (72.22%) of the
animals tested were positive for BCOV, resulting to be already
protected from this virus. Conversely, only 33.33% of the an-
imals were positive for RSBV. Moreover, the seropositivity was
absent for IBR and BVD. Consequently, the vaccination in the
fattening farm against RSBV, IBR, and BVD, is mandatory. In-
deed, only a small part of the animals from France were already
protected for these viruses.
The blood mineral levels are reported in Table 5. A high per-
centage of the animal tested resulted to be in a deficient or sub-
deficient status in terms of concentration of Fe, Cu, Zn, and
GPx, components fundamentals for the immune system.
Those result are in line with the findings of Mottaran et al.

Figure 1 - Temperature
Humidity Index (THI) and
correlated risk levels.
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(2015), that reported similar percentage of deficient animals
in terms of Fe, Cu, Zn and also GPx45.
A deficiency in those minerals can result in an impaired im-
mune functionality during the adaptation phase, and need to
be resolved as soon as possible, especially through a specifically
balanced nutritional integration. 

First period
Data observed during the first period of the study are report-
ed in Table 6. The fourth protocol, in which the intranasal vac-
cination was matched with the specifically formulated arrival
diet, has led to a general improvement in the health status. In-
deed, all the health indicators (mortality, morbidity and relapses)
were lowered as well as the antimicrobial consumption. On av-
erage, between the fourth and the other three protocols,
there was a reduction of 29.1% in the percentage of animal treat-
ed for the first time, of 81.7% in the first relapse and of 71.5%
in the antimicrobial use (mg/PCU). 
Those results confirm the effectiveness of the intranasal vacci-
nation, as well as the importance of the match between sani-
tary protocols and a proper nutrition. In fact, the better health
status can be explained by both a better and quicker stimula-
tion of the immune functionality and lower vaccine-induced
stress, attributable to the intranasal vaccination, and to a
proper energy, protein, fibre, minerals, vitamins and additives
administration through the diet. Intranasal vaccines induce both
an adequate systemic response, with rapidly increased levels of
antigen specific IgA and greater activation of the type I inter-
ferons, and, at the same time, a better local antibody response.

Indeed, when a vaccine is delivered to the nasopharyngeal mu-
cosal surface, the animal rapidly produces a mucosal immune
response that provides a first line of defence against respirato-
ry pathogens46. The positive effect on health status of a prop-
er adaptation diet, formulated to preserve the ruminal health,
the functionality of the microbiota and its adaptation to a new
nutritional management, was highlighted also in previous stud-
ies. Indeed, digestive disorders, such as acidosis, can cause an
inflammatory status that can lead to an overall reduction in the
immune functionality, increasing the risk of BRD27-29-30.

Second period
In the second period a modified version of the fourth proto-
col was applied. Specifically, the vaccination was delayed
from d2 to d7, the gates between the pens have been closed with
solid panels, and the litter management was improved adding,
daily, wheat straw to keep the litter completely clean and dry,
during all the adaptation period. Data showed that those im-
provements has led to a clear reduction in the incidence and
severity of sanitary problems, and, as a consequence, in the use
of antibiotics. Indeed, the results highlighted in Table 7, that
shows the comparison between the periods February-May 2020

Positives 87.04 0.00 4.63 0.926 8.33 4.63

Negatives 12.96 100.00 95.37 99.074 91.67 95.37

Table 3 - Percentage of positivity in nasal swabs between different viral and bacterial agents at the arrival.

BCOV1, % IBR2, % RSBV3, % BVD4, % MH5, % PM6, %

1BCOV = bovine coronavirus; 2IBR = infectious bovine rhinotracheitis; 3RSBV = respiratory syncytial bovine virus; 4BVD = bovine viral diarrhoea; 5MH = Mannheimia
haemolitica; 6PM = Pasteurella multocida.

Positives 72.22 1.85 33.34 2.77

Negatives 27.77 98.1 66.66 97.22

Table 4 - Seropositivity to different viral agents at the arrival.

BCOV1, % IBR2, % RSBV3, % BVD4, %

1BCOV = bovine coronavirus; 2IBR = infectious bovine rhinotracheitis; 3RSBV
= respiratory syncytial bovine virus; 4BVD = bovine viral diarrhoea; 5MH =
Mannheimia haemolitica; 6PM = Pasteurella multocida.

Fe (µg/dL) Deficiency < 69 45.37
Adequate 69 - 196 54.63

Cu (µmol/L) Deficiency < 8 11.11
Sub-deficiency 8 -12.9 72.22

Adequate 13 -18 16.67

Zn (µmol/L) Deficiency < 8 39.81
Sub-deficiency 8 - 13.9 49.07

Adequate 14 - 21 11.12
Excess > 21 0.00

GPx (IU/gHb) Deficiency < 75 6.48
Sub-deficiency 75 - 220 34.26

Adequate 220 - 600 59.26

Table 5 - Concentration of minerals in the serum.

Reference Animals, 
interval % (n)

12 8 208 68.26 39.43 35.71 15.00 2.88 69.02

23 6 146 70.55 25.24 23.08 0.00 2.74 13.34

34 8 194 81.96 32.08 9.80 0.00 6.18 13.57

45 69 1624 51.8 5.71 4.17 0.00 1.47 5.23

Table 6 - Morbidity, relapses and mortality in relation to the restocking protocol (period November 2019 - September 2020).

Protocol N batches N heads Treated % Relapse I % Relapse II % Relapse III % Mortality % mg/PCU1

1PCU: population correction unit (425 kg for fattening beef cattle).
21= MH IM+ RSBV+IBR IN + doxycycline, d1; 32= MH IM+ RSBV+IBR IN, d7; 43= MH+ H. Somni IM + RSBV+IBR IN, d5; 54= RSBV+IBR IN, d2 + Feed improve-
ment+ Batch antibiotic treatment in relationship with the risk evaluation.
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and February-May 2021, underline the positive effect of delaying
the vaccination, reducing the contacts between animals in dif-
ferent pens, and improving the litter conditions, on animal
health and welfare. Mortality was reduced by 49.3% and mor-
bidity by 41.9%, considering animals that needs a first treat-
ment for BRD. Also, the percentage of animals that relapsed one
time after the first treatment was reduced by 51.9%. Moreover,
the antimicrobial consumption resulted to be lowered by 25.5%. 
In agreement with the findings of previous researches, delay-
ing the vaccination, in combination with the rapid antibody
response times of nasal vaccination, allows the animals to ful-
ly recover the stress of transportation and to exert a better an-
tibody response31-32-33. In addition, the results of the present
study agreed with the statements of Stoksad et al. (2020), and
of Diana et al. (2020), that largely discuss the importance of
implementing the internal biosecurity, both through a high-
er hygiene of the stables as well as trough practices to reduce
the spread of pathogens, to counteract the incidence of BRD
in newly arrived beef cattle47-48.
In Table 8, is reported a comparison between batches treated
or untreated with antimicrobials at the arrival on the base of
the risk assessment sheet, in terms of mortality, morbidity, re-
lapses and antimicrobial use. The results show that mandato-
ry avoiding it can lead to a severe worsening of animal welfare
and health, with an important increase in mortality (+ 37%),
morbidity (+ 90%), antibiotics consumption (+25%)
(mg/PCU). Therefore, the antimicrobial mass treatment must
not be demonized, but instead must be considered as a key tool
to limit the overall consumption of antibiotics and to improve
the animal welfare, in situations of evident and visible risk. To
this end, the application at the farm level of a system for as-
sessing the level of risk upon arrival, based on evident and sci-
entific parameters, can serve as a basis for the veterinarian to
decide whether to apply, or not, the antibiotic mass treatment
to safeguard animal welfare and health.

CONCLUSIONS

The spread of antimicrobial resistance, and its implication in
human health, has led the zootechnical producers to rethink
about their standard management and sanitary practices, to find

out how to reduce this phenomenon. In beef cattle farming,
the main sanitary problem that require a high use of antibi-
otics is the bovine respiratory disease, the incidence of which
is mainly concentrated in the adaptation period. Due to its mul-
tifactorial etiology, a combination of infectious agents, host and
environment related factors, alternative strategies must follow
an integrated managerial, nutritional and sanitary protocol that
includes all the main critical points.
Indeed, the evidence emerging from this study, underline how
an integrated and multidisciplinary approach is essential to lim-
it health problems and antibiotic consumption in newly arrived
beef cattle, in particular, in the most critical period, from au-
tumn to spring. In addition to a correct vaccination protocol,
in terms of type, administration and timing, it is crucial to en-
sure the absence of contact between the animals of different
pens, even if they are of the same batch, to ensure a clean and
dry litter added daily, and to use a non-selectable specific and
properly integrated diet, characterized by low protein and en-
ergy contents and rich in nutrients able to improve digestive
process and immunoreaction, and reduce inflammation and
pro-oxidative status. 
The use, by the veterinarian, of the health risk assessment form
developed in this study, is useful to decide whether or not an
antibiotic mass treatment is needed, in order to optimize an-
imal welfare and, at the same time, reduce the consumption of
antibiotics.

References 

1. Dadgostar, P. Antimicrobial Resistance: Implications and Costs. Infect.
Drug. Resist. 2019, 20, pp. 3903-3910, doi:10.2147/IDR.S234610,
PMID:31908502; PMCID: PMC6929930.

2. Shankar, P. Book review: Tackling drug-resistant infections globally.
Arch. Pharm. Pract., 2016, 7, pp. 110.

3. Woolhouse, M.; Ward, M.; van Bunnik, B.; Farrar, J. Antimicrobial re-
sistance in humans, livestock and the wider environment. Phil. Trans.
R. Soc. B, 2015, 370, 20140083, doi:10.1098/rstb.2014.0083. 

4. More, S.J. European perspectives on efforts to reduce antimicrobial
usage in food animal production. Ir. Vet. J., 2020, 73, pp. 1-12.

5. Grossi, S.; Dell’Anno, M.; Rossi, L.; Compiani, R.; Sgoifo Rossi, C.A.
Supplementation of Live Yeast, Mannan Oligosaccharide, and Organic
Selenium during the Adaptation Phase of Newly Arrived Beef Cattle:
Effects on Health Status, Immune Functionality, and Growth Perfor-
mance. Antibiotics 2021, 10, pp. 1114. https://doi.org/10.3390/antibio-
tics10091114.

YES 100.00 11.37 1.29 0.00 0.62 5.97

NO 30.63 9.72 14.28 0.00 0.85 7.46

Table 8 - Morbidity, relapses, mortality and antibiotic consumption: comparison between batches with and without antibiotic mass treat-
ment in relationship with the risk evaluation form.

Antimicrobial 
mass treatment

Treated % Relapse I % Relapse II % Relapse III % Mortality % mg/PCU1

1PCU= population correction unit (425 kg for fattening beef cattle).

February - May 2020 894 81.99 11.05 2.46 0.00 1.56 8.08

February - May 2021 790 47.6 5.32 5.00 0.00 0.76 6.02

Table 7 - Morbidity, relapses, mortality and antibiotic use in the periods February 2020 - May 2020 and February 2021 - May 2021.

Period n heads Treated % Relapse I % Relapse II % Relapse III % Mortality % mg/PCU1

1PCU: population correction unit (425 kg for fattening beef cattle).

451_SGOIFO ROSSI_ok  11/04/22  13:39  Pagina 71



72 Sanitary, environmental and nutritional management to reduce the incidence of bovine respiratory disease 

6. WHO. Critically Important Antimicrobials for Human Medicine, 6th
ed.; World Health Organization: Geneva, Switzerland, 2019.

7. Van Boeckel, T.P.; Brower, C.; Gilbert, M.; Grenfell, B.T.; Levin, S.A.; Ro-
binson, T.P.; Teillant, A.; Laxminarayan, R. Global trends in antimicrobial
use in food animals. Proc. Natl. Acad. Sci. USA 2015, 112, 5649-5654.

8. Sgoifo Rossi, C.A.; Compiani, R.; Baldi, G.; Muraro, M.; Marden, J.P.; Ros-
si, R.; Pastorelli, G.; Corino, C.; Dell Orto, V. Organic selenium supple-
mentation improves growth parameters, immune and antioxidant status
of newly received beef cattle. J. Anim. Feed Sci. 2017, 26, pp. 100-108.

9. Compiani, R.; Grossi, S.; Morandi, N.; Sgoifo Rossi, C.A. Evaluation of
meloxicam included in a modern health management of beef cattle
adaptation phase. Large Animal Review, 2020, 26, pp. 155-158.

10. Timsit, E.; Assié, S.; Quiniou, R.; Seegers, H.; Fourichon, C.; Bareille N.
Improved detection of bovine respiratory disease in the young bull
with a rumen temperature bolus. In Book of Abstracts of 61st Annu.
Meeting Eur. Assoc. Anim. Prod., Heraklion, Greece, 2010, pp. 69.

11. Sgoifo Rossi, C.A.; Compiani, R.; Baldi, G.; Bonfanti, M. Individuazio-
ne e valutazione dei fattori di rischio per la BRD nel bovino da carne
da ristallo. Large Anim. Rev. 2013, 19, pp. 65-72.

12. Sgoifo Rossi, C. A., Compiani, R., Baldi, G., Bernardi, C. E. M., Mura-
ro, M., Marden, J., and Dell’Orto, V. The effect of different selenium
sources during the finishing phase on beef quality. Journal of Animal
and Feed Sciences, 2015, 24, pp. 93-99.

13. Ferroni, L.; Lovito, C.; Scoccia, E.; Dalmonte, G.; Sargenti, M.; Pezzot-
ti, G.; Maresca, C.; Forte, C.; Magistrali, C.F. Antibiotic Consumption
on Dairy and Beef Cattle Farms of Central Italy Based on Paper Regi-
sters. Antibiotics 2020, 9, pp. 273, doi:10.3390/antibiotics9050273.

14. Andrés-Lasheras, S.; Ha, R.; Zaheer, R.; Lee, C.; Booker, C.W.; Dorin,
C.; Van Donkersgoed, J.; Deardon, R.; Gow, S.; Hannon, S.J.; Hendrick,
S.; Anholt, M.; McAllister, T.A. Prevalence and Risk Factors Associated
With Antimicrobial Resistance in Bacteria Related to Bovine Respira-
tory Disease-A Broad Cross-Sectional Study of Beef Cattle at Entry In-
to Canadian Feedlots. Frontiers in veterinary science, 2021, 8.

15. Stanford, K.; Zaheer, R.; Klima, C.; McAllister, T.; Peters, D.; Niu, Y.D.;
Ralston, B. Antimicrobial Resistance in Members of the Bacterial Bovi-
ne Respiratory Disease Complex Isolated from Lung Tissue of Cattle
Mortalities Managed with or without the Use of Antimicrobials. Mi-
croorganisms, 2020, 8, pp. 288.

16. Cameron, A.; McAllister, T.A. Antimicrobial usage and resistance in
beef production. J Anim Sci Biotechnol., 2016, 7, pp. 68. doi: 10.1186/
s40104-016-0127-3.

17. Klima, C.L.; Alexander, T.W.; Read, R.R.; Gow, S.P.; Booker, C.W.; Han-
non, S. Genetic characterization and antimicrobial susceptibility of
Mannheimia haemolytica isolated from the nasopharynx of feedlot
cattle. Vet Microbiol., 2011, 149 pp. 390-8.

18. Noyes, N.R.; Benedict, K.M.; Gow, S.P.; Booker, C.W.; Hannon, S.J.; McAl-
lister, T.A. Mannheimia haemolytica in feedlot cattle: prevalence of reco-
very and associations with antimicrobial use, resistance, and health outco-
mes. J Vet Intern Med., 2015, 29, pp. 705-13. doi: 10.1111/jvim.12547.

19. Cirone, F.; Padalino, B.; Tullio, D.; Capozza, P.; Losurdo, M.; Lanave, G.;
Pratelli, A. Prevalence of Pathogens Related to Bovine Respiratory Di-
sease Before and After Transportation in Beef Steers: Preliminary Re-
sults. Animals, 2019, 9, pp. 1093. https://doi.org/10.3390/ani9121093.

20. Sanderson, M.; Dargatz, D.; Wagner, B. Risk factors for initial respira-
tory disease in United States' feedlots based on producer-collected daily
morbidity counts. The Canadian veterinary journal, La revue vétéri-
naire canadienne.2008, 49, pp. 373-8.

21. Snowder, G.D.; Van Vleck, L.D.; Cundiff, L.V.; Bennett, G.L. Bovine re-
spiratory disease in feedlot cattle: environmental, genetic, and econo-
mic factors. Journal of animal science, 2006, 84, pp. 1999-2008. htt-
ps://doi.org/10.2527/jas.2006-046.

22. Padalino, B.; Cirone, F.; Zappaterra, M.; Tullio, D.; Ficco G.; Giustino
A.; Ndiana, L.A.; Pratelli A. Factors affecting the development of bovi-
ne respiratory disease: a cross sectional study in beef steers shipped
from France to Italy. Front Vet Sci. 2021, 8, pp. 627-894.

23. Earley, B.; Buckham Sporer, K.; Gupta, S. Invited review: Relationship
between cattle transport, immunity and respiratory disease. Animal: an
international journal of animal bioscience, 2017, 11, pp. 486-492. htt-
ps://doi.org/10.1017/S1751731116001622.

24. Schiavon, E.; Florian, E.; Alberton, A.; Rampin, F.; Mutinelli, F. Infezio-
ne da Histophilus somni nel bovino: casi clinici. Large Anim Rev., 2008,
14, pp. 155-60.

25. Assié, S.; Seegers, H.; Makoschey, B.; Desire-Bousquie, L.; Bareille, N.
Exposure to pathogens and incidence of respiratory disease in young
bulls on their arrival at fattening operations in France. Veterinary Re-
cord, 2009, 165, pp. 195-199.

26. Tennant, T.C.; Ives, S.E.; Harper, L.B.; Renter, D.G.; Lawrence, T.E.
Comparison of tulathromycin and tilmicosin on the prevalence and se-
verity of bovine respiratory disease in feedlot cattle in association with
feedlot performance, carcass characteristics, and economic factors.
Journal of Animal Science, 2014, 92, pp. 5203-5213.

27. Cusack, P.M.; Mcmeniman, N.; Lean, I.J. The medicine and epidemio-
logy of bovine respiratory disease in feedlots. Australian Veterinary
Journal, 2003, 81, pp. 480-487.

28. Barnes, T.; Hay, K.; Morton, J.; Schibrowski, M.; Ambrose, R.; Fowler,
E.; Mahony, T. Epidemiology and management of bovine respiratory
disease in feedlot cattle - final report (in press). Meat and Livestock Au-
stralia Limited, 2014.

29. Buczinski, S.; Rademacher, R.D.; Tripp, H.M.; Edmonds, M.; Johnson,
E.G.; Dufour, S. Assessment of L-lactatemia as a predictor of respira-
tory disease recognition and severity in feedlot steers. Prev. Vet. Med.,
2015, 118, pp. 306-318.

30. Duff, G.C., Galyean, M.L. Recent advances in management of highly stres-
sed, newly received feedlot cattle. J. Anim. Sci., 2007, 85, pp. 823-840.

31. Richeson, J.T.; Beck, P.A.; Gadberry, M.S.; Gunter, S.A.; Hess, T.W.;
Hubbell, D.S., Jones, C. Effects of on-arrival versus delayed modified li-
ve virus vaccination on health, performance, and serum infectious bo-
vine rhinotracheitis titers of newly received beef calves. Journal of ani-
mal science, 2008, 86, pp. 999-1005. https://doi.org/10.2527/jas.2007-
0593.

32. Perino, L.J.; Hunsaker, B.D. A review of bovine respiratory disease vac-
cine field efficacy. Bovine Pract., 1997, 31, pp. 59-66.

33. Rogers, K.C.; Miles, D.G.; Renter, D.G.; Sears, J.E.; Woodruff, J.L. Effects
of delayed respiratory viral vaccine and/or inclusion of an immunosti-
mulant on feedlot health, performance, and carcass merits of auction-
market derived feeder heifers. The Bovine Practitioner, 2016, 50, pp.
154-164.

34. National Research Council (NRC). Nutrient Requirements of Beef Cat-
tle, 8th ed.; National Academy Press: Washington, DC, USA, 2016.

35. Baggott, D.; Casartelli, A.; Fraisse, F.; Manavella, C.; Marteau, R.; Reh-
bein, S.; Wiedemann, M.; Yoon, S. Demonstration of the metaphylactic
use of gamithromycin against bacterial pathogens associated with bo-
vine respiratory disease in a multicentre farm trial. Vet. Rec. 2011, 168,
241-245, doi:10.1136/vr.c6776.

36. ESVAC. Trends in the Sales of Veterinary Antimicrobial Agents in Nine
European Countries (2005-2009). (EMA/238630/2011). European Me-
dicines Agency, 2011.

37. Brügemann, K.; Gernand, E.; Borstel, U.K.; König, S. Defining and eva-
luating heat stress thresholds in different dairy cow production sy-
stems. Archives Animal Breeding, 2012, 55, pp. 13-24.

38. Bohmanova, J.; Misztal, I.; Tsuruta, S.; Norman, H.D.; Lawlor, T.J. Na-
tional Genetic Evaluation of Milk Yield for Heat Tolerance of United
States Holsteins. Interbull Bull, 2005, 33, pp. 160-162.

39. Brown-Brandl, T.M. Understanding heat stress in beef cattle. Revista
Brasileira de Zootecnia, 2018, 47.

40. Xu, Q.; Yachun, W.; Hu, L.; Kang, L.F. The effect of temperature stress
on milk production traits and blood biochemical parameters of Chine-
se Holstein cows. Proceedings of the World Congress on Genetics Ap-
plied to Livestock Production, Volume Electronic Poster Session - Ge-
netic Gain - In Challenging Environments, 2018, 95.

41. St-Pierre, N.R.; Cobanov, B.; Schnitkey, G. Economic losses from heat
stress by US livestock industries. Journal of dairy science, 2003, 86, pp.
52-77.

42. Nardone, A.; Ronchi, B.; Lacetera, N.; Ranieri, M.S.; Bernabucci, U. Ef-
fects of climate changes on animal production and sustainability of li-
vestock systems. Livestock Science, 2010, 130, 1-3, pp. 57-69.

43. Magalhães, L.Q.; Baptista, A.L.; Fonseca, P.D.A.; Menezes, G.L.; No-
gueira, G.M.; Headley, S. A.; Saut, J.P.E. Use of metaphylactic protocols
based on the risk to develop bovine respiratory diseases in feedlot cat-
tle. Ciência Rural, 2017, 47.

44. Smith, D. (2020). Risk factors for bovine respiratory disease in beef cat-
tle. Animal Health Research Reviews, 21(2), 149-152. doi:10.1017/
S1466252320000110

45. Mottaran, D.; Stefani, A.; Toson, M.; Zecchin, G.; Schiavon, E. Evalua-
tion of plasma level of some mineral elements in French beef cattle at
arrival in Italian fattening farm. Large Animal Review, 2015, 21, pp. 3-
11.

46. Palomares, R.A.; Bittar, J.; Woolums, A.R.; Hoyos-Jaramillo, A.; Hurley,
D.J.; Saliki, J.T.; Ferrer, M.S.; Bullington, A.C.; Rodriguez, A.; Murray,
T.; Thoresen, M.; Jones, K.; Stoskute, A. Comparison of the immune re-
sponse following subcutaneous versus intranasal modified-live virus
booster vaccination against bovine respiratory disease in pre-weaning
beef calves that had received primary vaccination by the intranasal rou-
te. Veterinary immunology and immunopathology, 2021, 237, 110254.
https://doi.org/10.1016/j.vetimm.2021.110254.

47. Stokstad, M. et al. Using biosecurity measures to combat respiratory di-
sease in cattle: The Norwegian control program for bovine respiratory
syncytial virus and bovine coronavirus. Front. Vet. Sci. 7, 167 (2020).

48. Diana, A.; Lorenzi, V.; Penasa, M.; Magni, E.; Alborali, G.L.; Bertocchi,
L.; De Marchi, M. Effect of welfare standards and biosecurity practices
on antimicrobial use in beef cattle. Scientific reports, 2020,10(1),
20939.

451_SGOIFO ROSSI_ok  11/04/22  13:39  Pagina 72


