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  ABSTRACT 

  The study aimed to assess the in vivo and postmor-
tem prevalence of respiratory disorders in veal calves 
and investigate risk factors associated with them. A 
cross-sectional study was carried out in 174 farms in 
the 3 major veal meat–producing countries in Europe 
(50 in France, 100 in the Netherlands, and 24 in Italy). 
Trained veterinarians visually evaluated individual 
calves of 1 batch per farm at 3 and 13 wk after arrival 
and at 2 wk before slaughter to assess the prevalence 
of hampered respiration, nasal discharge, and coughing. 
A random sample of lungs belonging to calves of the 
same batch was monitored at the slaughterhouse for 
mild to moderate or severe signs of pneumonia, and 
presence of pleuritis. Data regarding veal calf housing, 
feeding, and management and specific characteristics 
of the batch were collected through an interview with 
the stockperson, and the potential of these as respira-
tory disease risk factors was assessed. Regardless of the 
stage of fattening, the prevalence of in vivo signs of 
respiratory disorders in calves was always <7%. This 
low prevalence was likely the outcome of the general 
implementation by veal producers of standardized 
practices such as prophylaxis, all-in/all-out, and indi-
vidual daily checks of the calves, which are recognized 
tools for effective disease prevention and management. 
However, at postmortem inspection, 13.9% and 7.7% 
of lungs showed mild to moderate and severe signs of 
pneumonia, respectively, and 21.4% of the inspected 
lungs had pleuritis. Thus, even mild clinical signs of 
respiratory disorder in calves at specific time points 
during the fattening period may be associated with 
high prevalence of lungs with lesions at slaughter. Al-
ternatively, clinical symptoms recorded during routine 
visual inspections of veal calves on-farm may be poor 
predictors of the true prevalence of respiratory disease 
in calves. Among all potential risk factors considered, 

those concerning the characteristics of the batch were 
predominant but factors related to housing, manage-
ment and feeding equipment were also relevant. Differ-
ent risk factors were involved at different stages of the 
fattening period. Therefore, to overcome respiratory 
disorders in veal calves, different solutions may apply 
to different stages of the fattening period. 
  Key words:    veal calf ,  respiratory sign ,  risk factor , 
 welfare 

INTRODUCTION

  Respiratory disorders are a relevant health problem 
in young cattle, especially those kept indoors (Virtala 
et al., 1999; Nikunen et al., 2007), and they affect both 
the health and welfare status of the animal per se and 
the economic results of the producers. Bovine respira-
tory disease is complex, characterized by many types of 
infection, each of them showing peculiar clinical signs 
and having different economic implications (Snowder et 
al., 2006). Main clinical signs include nasal discharge, 
coughing, fever, hampered respiration, inappetence, 
and depression. Signs may vary from subclinical to 
severe, which may lead to calf death. In addition to 
calf mortality and medical treatment costs, respiratory 
disorders imply economic losses due to slower growth 
of calves compared with healthy animals (Snowder et 
al., 2006). A compensatory gain over the entire 7-mo 
fattening period reduces the growth difference between 
healthy and infected calves in feedlots if the latter are 
effectively treated (Bateman et al., 1990). Moreover, 
costs are reported to be significantly greater when la-
bor, calf isolation, increased time on feed, prophylaxis, 
and metaphylaxis treatments are considered (Snowder 
et al., 2006). 

  The etiology of respiratory disorders in young cattle 
is multifactorial, with different microbiological agents 
(bacteria, virus, mycoplasma) acting as initiating 
pathogens or as exacerbating and complicating factors 
in synergy with other factors mainly related to the rear-
ing environment (Virtala et al., 1999; Arcangioli et al., 
2008; Radaelli et al., 2008). Predisposing and causative 
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factors are equally important because inhalation makes 
the respiratory system constantly exposed to the farm 
micro-climatic conditions. Most of the extrinsic risk 
factors impairing respiratory health are related to in-
door housing: insufficient space allowance, overcrowded 
pens, unsuitable air temperature, quick temperature 
changes, high humidity, air dust, and high ammonia 
concentration (Lundborg et al., 2005). Therefore, farm 
micro-climate and environment should be appropriate 
to give calves a suitable aerial and thermal comfort 
(Cozzi et al., 2009).

Intrinsic predisposing factors are linked to the ani-
mal’s innate and adaptive immunity. Veal calves are 
separated early from their dams, gathered from dif-
ferent farms, and transported to specialized fattening 
units when they are about 10 to 20 d old. Mixing calves 
from different farms during collection, transportation, 
and housing in a new environment exposes them to a 
heavy infection load including microorganisms against 
which they may not have colostral antibodies (Autio 
et al., 2007). Traditionally, veal calves were housed in 
individual crates for their entire life as a measure to 
minimize calf-to-calf contact for disease prevention. 
Today, the mandatory use of group housing imposed by 
the European regulation (European Council Directives 
91/629/EC and 97/2 EC; European Council, 1991, 
1997) has increased the risk of pathogen dissemination 
among calves. Veal farmers adopt several strategies to 
manage this problem. The all-in/all-out system is a bi-
osecurity tool for the control of infectious diseases that 
implies the cleaning and disinfection of the empty barn 
before restocking. As an additional preventive measure, 
several veal units use individual separators (baby-box) 
during the first 6 to 8 wk of fattening (European Council 
Directives 91/629/EC and 97/2 EC; European Council, 
1991, 1997) to prevent quick spreading of pathogens 
and cross-sucking (Virtala et al., 1999).

Several studies have investigated the prevalence of 
respiratory disease in preweaned calves focusing mainly 
on dairy calves (Sivula et al., 1996; Virtala et al., 1996, 
1999) and young beef cattle (Thomas et al., 2002; Häg-
glund et al., 2007). The main goal of these studies was 
to identify the pathogens through bacteriological and 
serological surveys. Incidence and etiology of respira-
tory diseases were also monitored in nonweaned calves 
by several authors (Assié et al., 2004; Autio et al., 2007; 
Arcangioli et al., 2008). No studies are available on the 
in vivo and postmortem prevalence of respiratory disor-
ders in veal calves and the associated risk factors. The 
current study aimed to investigate the risk factors for 
the occurrence of problems at the respiratory system in 
veal calves, through a cross-sectional study carried out 
in a large sample of farms in the 3 major veal-producing 
countries in Europe.

MATERIALS AND METHODS

Farm Sample

To reflect a cross-section of European veal produc-
tion, the prevalence of respiratory disorders in veal 
calves was assessed on 174 farms located in the 3 main 
veal-producing countries in Europe. One-hundred veal 
farms were monitored in the Netherlands, 50 in France, 
and 24 in Italy; the sample of farms was chosen to 
reflect the proportions of the prevailing rearing sys-
tems operating in Europe in terms of type of housing 
(small or large groups) and milk replacer delivery sys-
tems (bucket, trough, or automatic feeding device for 
individual teat feeding). Further details of the sample 
of farms and husbandry are described in Brscic et al. 
(2011).

On-Farm Clinical Examination of the Calves

The assessment protocol for examination of calf 
health status consisted of 3 visits carried out by trained 
veterinarians on 1 batch per farm. A batch was consid-
ered as a group of calves that arrived at the farm at 
the same time to be fattened and slaughtered together. 
Arrivals of the tested batches at the fattening units 
were distributed across all 4 seasons. Three visits were 
planned at different stages of the fattening period: the 
first at about 3 wk after arrival (early stage), the sec-
ond at almost 13 wk of the fattening period (middle 
stage), and the third at about 2 wk before slaughter 
(final stage). During each visit, the veterinarian visu-
ally assessed the respiratory status of 200 to 300 calves/
farm, avoiding any kind of animal manipulation. The 
veterinarian recorded the number of animals with 
evidence (presence/absence as binary measure) of re-
spiratory disorders, including (1) hampered respiration 
(difficult or labored breathing, calf performing belly 
movements, increased respiratory frequency) indicative 
of acute lower airway disorders; (2) coughing (visible, 
sudden, and noisy expulsion of air) indicative of acute 
or chronic lower and/or upper airway disorders; and (3) 
nasal discharge (clearly visible flow/discharge from the 
nostrils, transparent to yellow/green and often of thick 
consistency) indicative of upper airway disorders.

Farm Environment and Management Data

Specific information regarding veal calf housing, feed-
ing plan, and management, along with some distinc-
tive characteristics of the tested batch, were collected 
through an interview with the stockperson (Table 1). 
The interviewer used a specific questionnaire developed 
to obtain this information in a short time avoiding their 
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direct collection by the veterinarian. These data were 
considered variables potentially associated with an 
increased hazard of disease in the risk factor analysis 
(Table 1).

Postmortem Inspection

At the slaughterhouse, a random sample of about 
100 pairs of lungs belonging to 100 calves of each batch 
observed during the fattening period were inspected 
to assess signs of lung disorders. Prior to the regular 
veterinary inspection, a trained examiner visually and 
manually examined both lungs and recorded those 
showing mild or moderate signs (presence of one large 
or several small spots of grey-red discoloration involv-
ing less than 1 lobe) or severe signs of pneumonia 
(presence of a grey-red discoloration area involving at 
least 1 full lobe or presence of abscesses, or both) on at 
least one side of the lungs. Involvement of the pleura by 
signs of pleuritis (presence of fibrinous attachment) was 
recorded as binary measure after assessing the whole 
lungs.

Training

To ensure that accurate and comparable observa-
tions were obtained, all examiners involved in clinical 
or pathological examinations in the 3 countries were 
subjected to a rigorous joint training prior to the start 
of the actual assessments on-farm or at the slaughter-
house. The training comprised theoretical and practical 
parts. During the theoretical part, trainees assessed 
sets of photos and videos with a known score (gold 
standard). Each trainee had to pass a final exam and 
reach at least 80% agreement with the gold standard 
(binomial test, P < 0.001). The practical part consid-
ered the clinical assessment of live animals on-farm, and 
the in-line assessment of lungs at the slaughterhouse. 
Trainees teamed up with an experienced examiner, and 
a trainee was assumed to have successfully passed the 
practical test when the percentage of agreement with 
the experienced examiner was at least 80% out of 40 
successfully assessed calves or lungs.

Data Processing and Risk Factor Analysis

Raw data from clinical examination of calves and 
postmortem inspection of lungs were expressed as per-
centages of observations and analyzed using GenStat 
(GenStat Committee, 2000), with farm as experimental 
unit. Prevalences of respiratory disorders were consid-
ered as response variables (Y), and the explanatory 
variables (X) were the potential risk factors obtained 
from the questionnaire as listed in Table 1. The dis-

tribution of farms for each continuous risk factor (e.g., 
covariable, such as farm size or total amount of solid 
feed) included in the dataset was displayed with the 
use of histograms. Subsequently, all covariables were 
transformed into class variables (Table 1). In case of 
normally distributed covariables, thresholds for classes 
were chosen mainly according to location parameters 
such as lower, median, and upper quartile. For non-
normally distributed covariables, thresholds were arbi-
trarily chosen in such a way that sufficient numbers 
of farms were present in each class. In the case of the 
space allowance covariable, a cut-off point equal to the 
minimum legal requirement of 1.8 m2/calf for calves 
with a BW >220 kg (European Council Directive 97/2 
EC; European Council, 1997) could be conveniently ap-
plied. Risk factor analyses were carried out separately 
for each respiratory disorder recorded in vivo at each of 
the 3 stages of fattening and for all postmortem mea-
surements (% lungs with mild/moderate signs, % lungs 
with severe signs, and % lungs with pleuritis), regardless 
of the possible correlations that could be found between 
them. Correlations between in vivo and postmortem 
signs were statistically significant but moderate to low 
(H. Leruste, unpublished data).

Potential risk factors were at first inspected indi-
vidually adopting generalized linear model univariate 
analyses, and those significantly associated with the 
dependent animal measurement for P < 0.10 were fur-
ther included in the multivariate analysis. A two-way 
ANOVA was then carried out to test, for each pair of 
risk factors, the significance of main effects and their 
interaction and to evaluate potential multicollinearity 
between risk factors through the inspection of the dis-
tribution of farms across combinations of risk factors 
and calculation of the variance inflation factor. High 
variance inflation factors for the dummy variables for 
discrete risk factors may point to multicollinearity, and 
partial confounding between risk factors was automati-
cally signaled. Selection of risk factors was performed 
both by stepwise forward and stepwise backward selec-
tion. The criterion in backward and forward selection 
was the adjusted R2. On the union of final models of 
both selection procedures, best subset selection was 
performed and significance tests for the effects of the 
selected risk factors were evaluated. Only risk factors 
that added significance (P < 0.05) to the model were 
retained. Consistent with the methodological approach 
used by Somers et al. (2005) and Cramer et al. (2009) 
in previous risk analysis on dairy cattle, risk factors 
that were (partially) confounded were not simultane-
ously maintained in the same model and only main 
effects were considered without interactions.

Because the response variables were always preva-
lences; that is, percentages per farm (batch), logistic 
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regression models were used, specifying a binomial vari-
ance function with a multiplicative dispersion parame-
ter. Estimation was by quasi likelihood. The dispersion 
parameter in the variance was estimated from the data 

(McCullagh and Nelder, 1984). Soundness of the model 
was assessed according to the normal distribution of 
the residuals. Predicted prevalence, odds ratio, and the 
95% CI were obtained, and the lowest predicted preva-

Table 1. Potential risk factors recorded and tested for their association with respiratory disorders in veal calves 

Potential risk factor Level

Related to rearing facilities
 Housing system, calves/pen Small group (≤15) Large group (>15)
 Farm size, total number of calves ≤300 301–600 601–1,200 >1,200 
 Space allowance, m2/calf ≤1.8 >1.8 
 Type of floor Slatted wooden Concrete (slatted 

or full)
Rubber on top 
of slats or straw 
on full floor

 Presence of a specific sickbay No Yes
 Environmental enrichment No Yes
 Separated lying area No Yes Partly (during 

a period or for 
some calves)

 Renovation of the barn, yr ≤4 5–8 >8
 Floor age, yr ≤4 5–8 >8
 Ventilation Natural Mechanical Both
 Presence of a ridge (opening on the roof that  
 may be opened or closed)

No Yes Both (present 
in part of 
the barn)

 Manure Under the calves Scraped outside
Related to batch characteristics
 Quality of the batch at arrival Good Medium Poor
 Season at arrival Spring Summer Autumn Winter
 Calf origin National Foreign More countries 

(national and 
foreign)

 Prevalent breed Dairy type Dual purpose Meat × 
dairy cross

 Percentage of females 0 1–5 >5
 Estimated calf BW at arrival, kg, average of the batch ≤43 44–47 48–51 >51
 Hemoglobin level at 3 and 13 wk of  
 fattening, mmol/L, average

≤5.7 5.8–6.2 >6.2 

 Average number of calves/pen at each visit ≤6 7–9 10–15 >15
 Duration of fattening period, wk <24 ≥24
Related to management and farmer experience
 Prophylaxis treatment of the batch (vaccination  
 and/or antibiotics and/or antiparasites)

No Yes

 Use of individual baby-box No Yes
 Duration of baby-box use, wk 0 1–4 5–6 >6
 Use of heating No Yes
 Sorting/regrouping practice No Yes
 Cleaning for all-in/all-out Everything Partial Brush only No cleaning
 Frequency of visits by technician (veal calf feeding expert) Weekly Every 2 wk
 Frequency of visits by veterinarian/fattening cycle <3 ≥3
 Frequency of visits by farmer/day ≤2 >2
 Farmer’s experience, yr ≤5 6–15 16–25 >25
 Use of the operating rearing system, yr ≤2 3–10 >10
Related to feeding system
 Type of milk delivery system Bucket Trough Automatic milk 

delivery device
 Total amount of milk-replacer powder,  
 kg/calf per fattening period

280–330 331–380 >380 

 Calves always receive ≥14 liquid meals/wk No Yes
 Prevalent type of solid feed Corn silage Pellets or mixture Cereal grain1 Treated corn2

 Total amount of solid feed, kg of DM/calf  
 per fattening period

≤50 51–100 101–150 151–300 

 Water provision Ad libitum Limited No water
 Type of drinker Bucket Trough Pipe Bowl
1Barley or corn.
2Rolled or flaked corn, or both.
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lence of a given problem was used as the reference value 
for the pairwise comparison between levels.

RESULTS AND DISCUSSION

Observed Batch Size and Farm Characteristics

The average size of the evaluated batch was 252 ± 77 
(SD) calves, and about 32% of calves were followed at 
the slaughterhouse, with an average of 138 ± 59 (SD) 
pairs of lungs inspected per batch.

The majority of farms included in the sample 
(149/174, 86%) had a group size of fewer than 16 
calves/pen, most (73%) had fewer than 7 calves/pen, 
whereas the remaining farms had a group size of more 
than 15 calves/pen. The study was dominated by male 
dairy-bred calves, reared throughout the year: 70% of 
batches had less than 5% heifers, and farms raising dual-
purpose and crossbred calves comprised 16.5% and 17% 
of the total, respectively. Farm size varied across the 
sample and 4 categories were identified: 22% of farms 
reared ≤300 calves, 29% reared 301 to 600 calves, 35% 
reared 601 to 1,200 calves, and 13% of farms reared 
>1,200 calves per year. The fattening period lasted an 
average of 25.8 ± 3.7 (SD) wk.

Seventy-nine percent of farms complied with the legal 
requirement for space allowance of 1.8 m2/calf for a 
calf weighing >220 kg, and 21% of farms exceeded the 
space allowance for the entire fattening period. Regard-
ing the type of pen floor, 79% of the farms had fully 
slatted wooden floors, 15% had concrete floors (slatted 
or solid), and only 6% of the farms used rubber-covered 
slatted or straw-bedded floors. None of the farms offered 
calves access to an outdoor area. Individual baby-boxes 
to separate pen-mates in the early stage of fattening 
were used on 83% of the farms. Calves were regrouped 
during fattening on 94% of farms to harmonize growth 
within pen.

Prevalence of Respiratory Disorders Recorded  
In Vivo and at Postmortem Inspection

Prevalence of respiratory disorders recorded during 
the 3 clinical visits are shown in Figure 1; among the 
3 criteria considered, nasal discharge always showed an 
incidence of 5% or higher. Hampered respiration and 
coughing were less frequently observed and their preva-
lence tended to decrease as calves aged. The prevalence 
of these 2 disorders at 3 wk of fattening could arise from 
the common practice of commingling calves originating 
from different dairy herds in a single batch. These very 
young animals may not have antibodies to counteract 
the spread of diseases. The prevalence of hampered 
respiration showed a large reduction in the later stages 

of the fattening, likely because of the metaphylaxis 
provided by the farmers. Farmers consider this clinical 
sign to be related to a severe respiratory disorder and 
are likely to promptly treat calves exhibiting this sign 
(Callan and Garry, 2002; Assié et al., 2004). Recorded 
prevalences of hampered respiration at 13 wk of fatten-
ing and at 2 wk before slaughter were too low to allow 
us to conduct a risk factor analysis. On the contrary, 
nasal discharge and coughing are not considered signs 
of severe disease; therefore, farmers likely do not seek 
specific pharmacological treatments until a large part 
of the batch is involved or when single calves show signs 
of severely impaired health. Respiratory disorders are 
reported within the main causes of mortality in dairy 
calves (Virtala et al., 1996; Svensson et al., 2006), and 
the progressive decline of hampered respiration and 
coughing could be related to calf mortality. The cu-
mulative average values for mortality recorded in this 
study were 1.0, 2.1, and 3.1% of calves by wk 3 and 13 
of fattening and 2 wk before slaughter, respectively.

In this study, the signs of respiratory disorders record-
ed in vivo showed a generally low incidence compared 
with the outcomes of studies carried out on replace-
ment dairy calves (Virtala et al., 1996; Nikunen et al., 
2007). This might be due to a combination of 2 factors. 
The first is the use of pharmaceutical treatments at the 
group level implemented in veal production to control 
disease outbreak that could cause apparent recovery 
with decline of symptoms. The second is the different 
assessment methodology used for group-housed veal 
calves compared with that of replacement dairy calves, 
whose housing conditions differ (Virtala et al., 1996; 
Lago et al., 2006; Nikunen et al., 2007).

Prevalence of signs of respiratory diseases recorded 
postmortem was moderately high: on average 13.9 
and 7.7% of lungs had mild to moderate and severe 

Figure 1. Prevalence of respiratory disorders as a percentage of 
observed calves (mean ± SD) in 174 veal calf farms in 3 stages of the 
fattening period.
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signs of pneumonia, respectively, and 21.4% of lungs 
exhibited signs of pleuritis. The apparent difference be-
tween prevalences obtained at the in vivo examination 
and the postmortem inspection in the present study 
suggests that even mild clinical signs of respiratory 
disorders in veal calves at specific time points during 
the fattening period may be associated with a high 
prevalence of lungs with lesions at slaughter, perhaps 
because silent pathogens persisted in clinically healthy 
animals, as observed by Jaeger et al. (2007). Therefore, 
clinical symptoms scored during routine visual inspec-
tions of veal calves on-farm may be poor predictors 
of the true prevalence of respiratory disease in calves. 
In our study, on-farm clinical examinations took place 
only at specific time points; therefore, we were unable 
to determine the actual severity of episodes of respira-
tory disease (e.g., for how many days animals exhibited 
clinical signs). Moreover, episodes of respiratory disease 
outside the specific time points when clinical examina-
tions took place were missed entirely. In contrast, lung 
lesions likely reflected the cumulative effect of all respi-
ratory diseases experienced across the entire fattening 
period. It seems unlikely that clinical symptoms revert 
by time of slaughter or during transportation to the 
slaughterhouse because detected signs on lungs were 
chronic and transport of finished veal calves was shown 
not to compromise their health status (Grigor et al., 
2004).

Risk Factors for Respiratory Disorders

Considering all potential risk factors for the occur-
rence of respiratory disorders in veal calves, the avail-
able literature is mainly addressed toward poor indoor 
housing conditions (Lundborg et al., 2005; EFSA, 2006; 
Cozzi et al., 2009). Some of the risk factors identified 
in the present study were linked to characteristics of 
the rearing facilities and to the equipment necessary 
to ensure a good farm environment but they were not 
predominant. Respiratory disorders were mainly associ-
ated with specific traits of the batch but also to farm 
management, the farmer’s experience, and the feeding 
system. Practices that could be related to the control 
of respiratory disease outbreaks such as prophylaxis, 
cleaning for all-in/all-out, presence of a specific sick-
bay, and frequency of calf health checks did not show 
significant relevance. This might be due to the lack of 
variability between farms because these practices are 
commonly used in the majority of the veal-producing 
units and therefore they could have already efficiently 
reduced the prevalence of respiratory disorders, justify-
ing their general low prevalence observed in vivo.

Specific batch characteristics, particularly the es-
timated BW of the calves at arrival at the fattening 

unit, were risk factors for hampered respiration at the 
early stage of fattening (Table 2). Calves arriving at the 
farm with lower BW showed a higher risk of hampered 
respiration compared with heavier calves at the 3-wk 
assessment. This was likely due to a poorer energy or 
immunological status impairing their ability to cope 
with the receiving environment of new housing facili-
ties, pen-mates, stockmen, and management (Miller et 
al., 1980; Autio et al., 2007). However, a lower BW was 
not a significant risk factor for hampered respiration 
at subsequent inspections. It is possible that farmers 
promptly treated the lightest and weakest calves, de-
termining their quick recovery and this would justify 
the reduction of hampered respiration prevalence at the 
middle and end of the fattening period.

Batches judged by the farmer to be good quality at 
arrival showed an increased risk of nasal discharge at 
the end of the fattening (Table 3). A skilled stockperson 
should guarantee constant attention toward all animals 
throughout the fattening period, regardless of their 
general appearance and BW at arrival. Gulliksen et al. 
(2009) reported that risk of respiratory disorders might 
increase with reduced individual inspection of calves. 
In our study, a higher prevalence of hampered respira-
tion in young calves was observed when the number of 
calves/pen increased (Table 2), likely due to less ac-
curate control of individual calves’ health. The quick 
detection of sick calves by the stockperson during milk 
feeding is probably delayed in larger groups, allowing 
the spread of pathogen among pen-mates (Lundborg et 
al., 2005; Svensson and Liberg, 2006).

In dairy cattle, increased risk for respiratory disor-
ders is reported for larger compared with smaller dairy 
herds (Norström et al., 2000). In the current study, in 
the early stage of fattening, the risk of nasal discharge 
increased as farm size decreased. On the contrary, at 
the end of the fattening period, the risk was lowest in 
small- to mid-size farms (301 to 600 calves), and this 
farm size seemed a better option for controlling the 
prevalence of respiratory disorders (Table 3). However, 
according to results reported in the literature, factors 
such as prophylaxis, disease management, and particu-
larly the animal:stockperson ratio, rather than farm 
size, play a relevant role in the prevalence of respira-
tory disorders in calves (Waltner-Toews et al., 1986; 
Assié et al., 2004; Lundborg et al., 2005). In this study, 
the frequency of calf health checks carried out by the 
farmer was not relevant in the control of the disease, 
but frequency of veterinarian visits did influence the 
prevalence of respiratory disorders. Fewer visits by the 
veterinarian throughout the fattening period increased 
the risk of coughing at the end of the period (Table 
4). The farmer’s skills were shown to be important, 
because calves reared by farmers who had been using 
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the housing and feeding system for a shorter period had 
a higher risk of occurrence of nasal discharge at 13 wk 
(Table 3) and of mild pneumonia postmortem (Table 5) 
compared with those reared by farmers with more than 
10 yr of experience. Timely supervision by the farmer 
and the veterinarian is likely to allow quicker detection 
of respiratory problems and earlier treatment of sick 
calves. Gathering information from farm health records 
could have allowed us to validate this hypothesis, but 
consultation of farm records is not always easy and this 
was the reason not to implement it in the current study.

The use of individual baby-boxes and the duration 
of their use (legal up to 8 wk of age) have shown to be 
relevant management factors for the prevention of calf 
respiratory disorders. As expected, the use of individual 
baby-boxes in the early stage of the fattening period 
reduced the prevalence of nasal discharge (Table 3) and 
coughing (Table 4), likely by reducing contact among 
neighboring calves. This is in agreement with results 
reported for dairy calves within 90 d of age by Virtala 
et al. (1999) and Svensson et al. (2003). It is interesting 
to notice that prolonged use of these individual separa-
tors over 4 wk was a risk for nasal discharge at 13 wk 
(Table 3) and their use for 5 to 6 wk was a risk factor 
for coughing at the end of the fattening period (Table 
4). Perhaps prolonged forced isolation from pen-mates 
acted as a chronic stressor due to the lack of opportuni-
ty to perform social behaviors, resulting in immunosup-
pression (Glaser and Kiecolt-Glaser, 2005). However, 
this hypothesis needs to be confirmed in other studies.

The season of arrival at the fattening units influenced 
most respiratory disorders (Tables 2 to 5), confirming 
that the outcome of these diseases is closely related to 
the farm micro-climatic conditions (Virtala et al., 1999; 
Arcangioli et al., 2008; Radaelli et al., 2008). A higher 
risk of hampered respiration was observed for calves 
that arrived at the fattening unit during autumn com-
pared with those housed in winter (Table 2), despite 
a greater expectation of respiratory disorders in the 
latter season (Diesel et al., 1991; Lundborg et al., 2005; 
Lago et al., 2006). Calves housed in autumn could have 
received weakened passive immunity from their dams 
due to the dams’ exposure to summer heat stress dur-
ing late pregnancy (Callan and Garry, 2002). Although 
it was clear that the season at arrival affected nasal dis-
charge at 13 wk of fattening (Table 3), coughing 2 wk 
before slaughter (Table 4), and the prevalence of severe 
pneumonia recorded postmortem (Table 5), the time 
between the outset of the fattening and the observa-
tion session should be considered. Indeed, calves housed 
in spring, spending the warm season in the barn, had 
lower risk of developing respiratory problems compared 
with calves housed later in the year. We observed a 
clear association of an increased risk of nasal discharge 
and postmortem signs of pneumonia with cold season 
arrival, which confirms the results obtained by Lago 
et al. (2006) and underlines that environmental tem-
perature is highly relevant when discussing respiratory 
problems prevalence, even in standardized indoor hous-
ing systems such as those used for veal calves. Although 

Table 2. Multivariate regression model for occurrence of hampered respiration in veal calves at 3 wk of 
fattening (adjusted R2 = 25%) 

Risk factor  
and level

Predicted  
prevalence  

(%)
Odds  
ratio

95%  
CI

t-value of  
pairwise  

comparison P-value

Estimated calf BW at arrival, kg
 ≤43 7.6a 3.13 1.63–5.99 0.001 0.004
 44–47 6.1a 2.43 1.31–4.51 0.006  
 48–51 6.6a 2.68 1.44–5.00 0.002  
 >51 2.6b — — —  
Average number of calves/pen
 ≤6 2.8b — — — 0.018
 7–9 3.8ab 1.36 0.75–2.47 0.317  
 10–15 6.8ab 2.58 0.92–7.28 0.075  
 >15 9.5a 3.75 1.48–9.52 0.006  
Type of floor
 Slatted wooden 6.8ab 2.20 0.83–5.85 0.115 0.058
 Concrete 3.3b — — —  
 Rubber or straw 7.1a 2.31 1.10–4.87 0.029  
Season at arrival
 Spring 5.0b 1.34 0.71–2.51 0.364 0.010
 Summer 5.5b 1.50 0.86–2.61 0.158  
 Autumn 8.6a 2.46 1.44–4.23 0.001  
 Winter 3.8b — — —  
a,bValues in columns with different superscript letters indicate differences between predicted prevalence of the 
levels of a factor for P < 0.05.
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Table 3. Multivariate regression model for occurrence of nasal discharge in veal calves at 3 wk of fattening (adjusted R2 = 31%), 13 wk of 
fattening (adjusted R2 = 39%), and 2 wk before slaughter (adjusted R2 = 46%) 

Observation
Risk factor  
and level

Predicted  
prevalence

Odds  
ratio 95% CI

t-value of  
pairwise  

comparison P-value

3 wk of fattening
Use of individual baby-box
 No 10.3 1.94 1.43–2.64 <0.001 <0.001
 Yes 5.6 — — —  
Farm size, total number of calves
 ≤300 10.9a 2.28 1.30–4.02 0.005 0.017
 301–600 8.7ab 1.76 1.01–3.08 0.047  
 601–1,200 7.2b 1.43 0.82–2.49 0.209  
 >1,200 5.2b — — —  
Space allowance, m2/calf
 ≤1.8 5.8 — — — <0.001
 >1.8 10.2 1.87 1.36–2.56 <0.001  

13 wk of fattening
Duration of baby-box use, wk
 0 1.8b — — — 0.003
 1–4 4.2b 2.39 0.83–6.89 0.110  
 5–6 6.8a 4.00 1.50–10.68 0.006  
 >6 7.7a 4.62 1.75–12.23 0.002  
Prevalent type of solid feed
 Corn silage 4.8ab 1.46 0.85–2.51 0.174 0.007
 Pellets or mixture 3.4b — — —  
 Cereal grain1 6.7a 2.12 1.28–3.50 0.004  
 Treated corn2 5.7a 1.78 1.13–2.79 0.013  
Years of use of the operating rearing system
 ≤2 7.7a 3.18 1.65–6.16 0.001 0.003
 3–10 5.0b 1.98 1.15–3.40 0.014  
 >10 2.7c — — —  
Type of milk delivery system
 Bucket 6.6a 2.33 1.31–4.16 0.005 0.022
 Trough 3.0b — — —  
 AMD3 5.9ab 2.06 0.55–7.70 0.286  
Season at arrival
 Spring 3.2b — — — <0.001
 Summer 6.2ab 2.04 1.29–3.23 0.003  
 Autumn 7.6a 2.53 1.54–4.17 <0.001  
 Winter 3.6b 1.11 0.55–2.25 0.765  

2 wk before slaughter
Quality of the batch at arrival
 Good 7.7a 1.73 1.16–2.57 0.008 0.022
 Medium 4.8b — — —  
 Poor 8.2a 1.88 0.90–3.90 0.094  
Farm size, total number of calves
 ≤300 7.4a 1.97 1.18–3.27 0.010 0.007
 301–600 4.1b — — —  
 601–1,200 7.4a 1.97 1.21–3.20 0.007  
 >1,200 8.6a 2.36 1.29–4.32 0.006  
Duration of the fattening period, wk
 <24 14.5 4.17 2.61–6.66 <0.001 <0.001
 ≥24 4.1 — — —  
Ventilation
 Natural 3.1b — — — <0.001
 Mechanical 10.1a 3.85 1.98–7.49 <0.001  
 Both 7.5a 2.68 1.22–5.89 0.015  
Ridge
 No 4.5b — — — 0.014
 Yes 8.5a 2.10 1.30–3.40 0.003  
 Both 7.7ab 1.85 0.88–3.87 0.106  

a–cValues in columns with different superscript letters indicate differences between predicted prevalence of the levels of a factor for P < 0.05.
1Barley or corn.
2Rolled or flaked corn, or both.
3Automatic milk delivery device.
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the duration of the fattening cycle was also standard-
ized, averaging about 25.8 ± 3.7 (SD) wk, contradicting 
results were observed, with the risk of nasal discharge 
increasing for calves finished in a shorter period (Table 
3), whereas signs of pleuritis were associated with an 
extended finishing period (Table 5). The latter effect 
could be associated with slower growth in calves suf-
fering from respiratory disease but no evident conclu-
sions in this regard may be drawn. No firm conclusions 
can be made for the effects of breed and percentage 
of female calves, which were significant risks for the 
occurrence of coughing at 13 wk of fattening (Table 
4). Snowder et al. (2006) reported that relatively small 
differences in resistance to bovine respiratory disease 

exist between breed types and that no strong evidence 
exists that composite breeds are less susceptible than 
purebreds to disease.

In the literature, factors related to the character-
istics of the rearing facilities have been associated 
with respiratory disorders, indicating that the farm 
environment should be appropriate to provide calves 
a suitable aerial and thermal comfort (Cozzi et al., 
2009). However, in the present study, some strategies 
usually applied to increase calf comfort did not yield 
the expected results, particularly in the early stage of 
fattening. A higher risk of hampered respiration was 
found in calves housed on rubber or straw compared 
with those housed on concrete floors (Table 2), and 

Table 4. Multivariate regression model for occurrence of coughing in veal calves at 3 wk of fattening (adjusted R2 = 16%), 13 wk of fattening 
(adjusted R2 = 36%), and 2 wk before slaughter (adjusted R2 = 43%) 

Observation
Risk factor  
and level 

Predicted  
prevalence

Odds  
ratio 95% CI

t-value of  
pairwise  

comparison P-value

3 wk of fattening
Type of milk delivery system
 Bucket 3.1b — — — 0.019
 Trough 9.1a 3.21 1.09–9.49 0.037  
 AMD1 4.8ab 1.58 0.82–3.05 0.173  
Use of individual baby-box
 No 8.9 3.95 1.18–13.20 0.028 0.015
 Yes 2.5 — — —  

13 wk of fattening
Type of milk delivery system
 Bucket 5.0a 1.67 1.13–2.46 0.011 0.003
 Trough 3.1b — — —  
 AMD 5.6a 1.88 1.30–2.72 0.001  
Prevalent breed
 Dairy-type 5.0a 1.66 1.08–2.55 0.023 0.025
 Dual purpose 3.1b — — —  
 Crossbred 5.6a 1.86 1.16–2.98 0.011  
Percentage of females, %
 0 5.1a 1.45 1.02–2.05 0.038 0.036
 1–5 3.6b — — —  
 >5 5.1a 1.46 1.06–2.02 0.024  

2 wk before slaughter
Season at arrival
 Spring 3.6ab 1.54 0.96–2.47 0.076 0.021
 Summer 4.2a 1.82 1.16–2.86 0.010  
 Autumn 2.7b 1.15 0.72–1.84 0.553  
 Winter 2.4b — — —  
Duration of baby-box use, wk
 0 5.1a 2.63 1.53–4.51 0.001 0.001
 1–4 2.0c — — —  
 5–6 3.3b 1.67 1.08–2.60 0.024  
 >6 2.4bc 1.21 0.70–2.06 0.497  
Frequency of visits by 
veterinarian/fattening period
 <3 3.9 1.60 1.14–2.23 0.007 0.008
 ≥3 2.5 — — —  
Type of drinker
 Bucket 4.6a 2.75 1.64–4.60 0.001 0.001
 Trough 1.8b — — —  
 Pipe 3.4a 1.96 1.33–2.89 0.001  
 Bowl 3.9a 2.31 1.32–4.05 0.004  

a–cValues in columns with different superscript letters indicate differences between predicted prevalence of the levels of a factor for P < 0.05.
1Automatic milk delivery device.
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housing animals with a space allowance >1.8 m2/calf 
increased the risk of occurrence of nasal discharge 
compared with a lower space allowance (Table 3). The 
increased prevalence of respiratory signs when calves 
were housed on straw-bedded floors was likely due to 
dust inhalation (Takai et al., 1998). However, straw 
and rubber flooring solutions are not frequently ap-
plied in veal fattening units even though they offer 
better thermal comfort and avoid potential health risks 
for calves exposed to a cold environment (Hänninen et 
al., 2003). A lesser space allowance at the onset of the 
fattening acting as a preventive measure suggests that 
calves of very young age cope well in a constrained 
environment. A limited space allowance may reduce 
animal activity, thus decreasing exposure to dust and 
airborne pathogens that have adverse effects on both 
mucociliary clearance and respiratory defense mecha-
nisms (Callan and Garry, 2002). We speculate that a 
higher concentration of noxious chemical constituents 
in new wooden floors treated with protective urethane 
or varnish might explain newer floors (less than 4 yr) 
being risk factors for mild pneumonia signs (Table 

5). However, other factors may have been confounded 
with age of the floor that caused this effect.

Prevalence of respiratory disorders was decreased 
for calves housed in barns with natural compared with 
mechanical ventilation or a combination of the two, 
making the presence of mechanical ventilation a risk 
factor for nasal discharge at the end of the fattening 
(Table 3) and mild pneumonia signs (Table 5). The 
presence of a ridge on the roof of the barn to allow air 
circulation was a risk factor for nasal discharge in the 
late stage of the fattening (Table 3). This underlines 
that ventilation is very important for the prevention of 
respiratory disease in cattle, but it also suggests that 
calves are very susceptible to drafts. Lundborg et al. 
(2005) reported an increased risk for respiratory sounds 
at lung auscultation in calves exposed to draft, whereas 
they were less likely on farms where ventilation was 
natural and where the lack of the ridge did not allow 
air exit from the roof.

Factors related to the feeding system were signifi-
cantly associated with occurrence of respiratory disor-
ders. In the early stage of fattening, a common trough 

Table 5. Multivariate regression model for occurrence of mild or moderate signs of pneumonia (adjusted R2 = 18%), severe signs of pneumonia 
(adjusted R2 = 18%), and pleuritis in veal calves (adjusted R2 = 42%) 

Item
Risk factor  
and level

Predicted  
prevalence1

Odds  
ratio 95% CI

t-value of  
pairwise  

comparison P-value

Mild pneumonia
Years of use of the operating rearing system

  ≤2 13.2ab 1.35 0.93–1.92 0.118 0.040
  3–10 13.2a 1.35 1.07–1.71 0.014  
  >10 10.1b — — —  

Floor age, yr
  ≤4 14.5a 1.43 1.16–1.76 0.001 0.003
  5–8 10.6b — — —  
  >8 11.3b 1.07 0.85–1.35 0.557  

Ventilation
  Natural 9.7b — — — 0.001
  Mechanical 11.5b 1.21 0.96–1.53 0.112  
  Both 15.2a 1.68 1.24–2.20 <0.001  
Severe pneumonia

Season at arrival
  Spring 7.7ab 2.31 1.20–4.44 0.013 0.001
  Summer 10.5a 3.27 1.80–5.95 <0.001  
  Autumn 6.9b 2.05 1.09–3.87 0.027  
  Winter 3.5c — — —  

Water provision
  Ad libitum 9.7a 1.76 1.24–2.49 0.002 0.012
  Limited 5.8b — — —  
  No water 6.0b 1.04 0.67–1.61 0.853  
Pleuritis

Duration of fattening, wk
  <24 9.3 — — — <0.001
  ≥24 27.6 3.75 2.70–5.21 <0.001  

Water provision
  Ad libitum 24.7a 1.75 1.22–2.52 0.003 <0.001
  Limited 16.4b 1.03 0.73–1.45 0.880  
  No water 16.1b — — —  
a–cDifferent superscript letters in columns indicate difference between predicted prevalence of the levels of a factor for P < 0.05.
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increased the risk of coughing (Table 4), whereas at the 
later assessments, it reduced the prevalence of both na-
sal discharge and coughing (Tables 3 and 4). Perhaps, 
at an early stage of fattening, when calves are not fully 
adapted to the new rearing environment, the higher 
drinking speed allowed by trough feeding along with the 
absence of teats might increase the risk of accidental in-
halation of milk-replacer into the airways, stimulating 
coughing. In the later stage of fattening, the positive 
effect of trough feeding on reducing the prevalence of 
respiratory disorders signs could be related to improved 
hygienic conditions. The proper cleaning of individual 
buckets is more time- and labor-consuming than that 
of either troughs or automatic milk delivery devices. 
A similar hypothesis might be drawn also for drinking 
water delivery systems. Compared to the trough, buck-
ets, pipes, and bowls acted as risk factors for coughing, 
likely because of their lower level of cleanliness and 
hygiene (Table 4).

Unexpectedly, ad libitum availability of drinking 
water significantly increased severe signs of pneumonia 
and pleuritis (Table 5). Drinking water is an impor-
tant issue for calf welfare because, rather than covering 
a shortage in calf water requirement, it prevents the 
arousal of nonnutritive oral behaviors (Gottardo et al., 
2002). In our study, this risk factor might be related to 
drinking behavior because it is likely that, when water 
is constantly available, calves play with the drinker, 
wasting the water and wetting the pen floor, and pen-
mates lay underneath the drinkers. Calves exposed to 
a moist and cold environment are more sensitive to 
respiratory problems (Diesel et al., 1991).

The amounts of milk replacer powder and solid feed 
provided throughout the fattening period, which were 
highly relevant risk factors for gastrointestinal prob-
lems (Brscic et al., 2011), did not affect respiratory dis-
orders. Type of solid feed, however, was associated with 
nasal discharge; in particular, calves fed cereal grain or 
treated corn showed a higher prevalence compared with 
those receiving pellets or mixtures. This might be due 
to the provision of high-starch solid feeds negatively in-
terfering with calf health. Donovan et al. (2003) showed 
that the immune response of calves fed an acidogenic 
diet is weakened, increasing their susceptibility to other 
pathogens.

CONCLUSIONS

The present paper investigated the prevalence of 
respiratory disorders and associated risk factors in 
veal calves in a large sample of farms in the main 
veal-producing countries of Europe. The prevalences 
detected in vivo were low but the results from postmor-

tem lung inspection suggested that even mild clinical 
signs of respiratory disorders during fattening should 
not be neglected. Different risk factors related to batch 
characteristics, housing, management, and feeding were 
relevant at different observation time points and, in 
some cases, controversial findings were observed. This 
excludes the possibility of carrying out a single visit to 
a farm or slaughterhouse to identify both problems and 
risks. Moreover, it is unrealistic to suggest a unique 
solution to overcome all respiratory disorders. Continu-
ous monitoring of calf health by an experienced farmer, 
along with repeated herd screenings at strategic time-
points by a veterinarian, seems to be the best strategy 
to plan time-effective interventions to manage disease 
outbreaks.
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