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Simple Summary: In bovines, infection of the respiratory tract is frequent. It may lead to severe
disease and death, and often requires antimicrobial treatment. Antimicrobial treatment is known
to be related to antimicrobial resistance, which poses a threat to public health; therefore, efforts to
better understand the causes of airway infection must be undertaken. Many different pathogens
may be responsible for disease onset, including viruses. The aim of this study was to describe the
prevalence of respiratory viruses in Swiss veal calves and to identify risk factors for infection. In a
convenience sample of 764 swabs, prevalence rates were determined for bovine respiratory syncytial
virus (BRSV, 2.1%), bovine parainfluenza-3 virus (BPI3V, 3.3%), bovine coronavirus (BCoV, 53.5%),
influenza D virus (IDV, 4.1%), and influenza C virus (ICV, 0%). Due to the high prevalence rate,
risk factors were investigated for BCoV. Younger calves tested positive more frequently than older
calves. Increasing group size was associated with increasing probability for occurrence of BCoV. To
summarize, different viral pathogens circulate in veal calves.

Abstract: The prevention of bovine respiratory disease is important, as it may lead to impaired
welfare, economic losses, and considerable antimicrobial use, which can be associated with antimi-
crobial resistance. The aim of this study was to describe the prevalence of respiratory viruses and to
identify risk factors for their occurrence. A convenience sample of 764 deep nasopharyngeal swab
samples from veal calves was screened by PCR for bovine respiratory syncytial virus (BRSV), bovine
parainfluenza-3 virus (BPI3V), bovine coronavirus (BCoV), influenza D virus (IDV), and influenza C
virus (ICV). The following prevalence rates were observed: BRSV, 2.1%; BPI3V, 3.3%; BCoV, 53.5%;
IDV, 4.1%; ICV, 0%. Logistic mixed regression models were built for BCoV to explore associations
with calf management and housing. Positive swab samples were more frequent in younger calves
than older calves (>100 days; p < 0.001). The probability of detecting BCoV increased with increasing
group size in young calves. Findings from this study suggested that young calves should be fattened
in small groups to limit the risk of occurrence of BCoV, although an extended spectrum of risk factors
for viral associated respiratory disorders such as nutritional aspects should be considered in future
studies.
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1. Introduction

Since the 1960s, bovine respiratory disease (BRD) has been a major challenge for the
beef and dairy industry, particularly in veal calf farming, as well as for veterinarians and
researchers. Clinical BRD may require the application of antimicrobial drugs, increased
labor, and decreased welfare [1–3]. Additionally, reduced profitability due to decreased
performance and death is frequent [4]. Veal calf mortality has been estimated at approxi-
mately 2.9–5.1% in Europe [5–8]. In veal and beef production, performance and profitability
can be quantified, e.g., through weight loss or reduced average daily gain in the living
animal, and through carcass traits after slaughter. In a previous study, BRD decreased
average daily gain and had significant effects on hot carcass weight and marbling scores
in feedlot cattle [9]. In veal production, calves that experienced a BRD episode showed
significant short-term weight loss, reductions in hot carcass weight, and lower fat cover
at slaughter [10]. Assuming that weight loss leads to anorexia, depression, a febrile re-
sponse, and inflammation, this results in concerns for animal welfare in addition to the
economic aspects. These circumstances emphasize the need for a better understanding of
the etiopathogenesis of BRD and improved disease control strategies.

Etiologically, BRD is known as a multifactorial process that includes the triad of envi-
ronmental components, host factors, and various microorganisms that can lead to a severe
respiratory syndrome [11,12]. The viral pathogens involved include bovine respiratory
syncytial virus (BRSV), bovine parainfluenza-3 (BPI3V), bovine coronavirus (BCoV), bovine
herpesvirus type 1 (BHV-1), and bovine viral diarrhea virus (BVDV) [13–17]. Influenza C
and D viruses (ICV and IDV) have emerged in the past decade as additional pathogens in
the disease complex [18–20]. Viral infections may pave the way for secondary bacterial in-
fection, mostly involving commensal bacteria such as pasteurella and mycoplasma species,
among others (e.g., by causing respiratory cilia lining dysfunction and modifying the host
immune response) [12,21–23].

Pro- or metaphylactic antimicrobial treatment is commonly applied in veal calf herds
to reduce morbidity and mortality [1,24]. In Switzerland, however, provision of antimi-
crobial substances for prophylactic purposes has been banned since 2016 [25]. In the EU,
prophylactic use of antimicrobials will be banned by January 2022, based on a new reg-
ulation on veterinary medicinal products and medicated feed [26]. Denmark, Finland,
Iceland, Norway, Sweden, and the Netherlands have already ended prophylactic group
treatments, whereas globally only first attempts have often been made to phase out the
use of antibiotics in livestock for prophylactic purposes, often based on action plans from
the World Health Organization and the Food and Agriculture Organization of the United
Nations [27,28].

Metaphylactic antimicrobial treatment is applied in Swiss veal calf herds and world-
wide to reduce morbidity and mortality [5,22], and has been observed to be successful in
decreasing the incidence of BRD [29,30]. These treatments may contribute to an increased
selection pressure on pathogenic and commensal bacteria [24,31]. Increasing antimicrobial
resistance (AMR) is an issue of global importance, which emphasizes that antimicrobials
should be used according to prudent use guidelines [32] and that antimicrobial use (AMU)
should eventually be drastically reduced. As viral infections can promote bacterial infec-
tion, reducing the risks for viral infection may not only improve animal health but may
also indirectly contribute to decreasing AMU and AMR.

Through investigations we conducted on different aspects of veal calf health, we
gained further insight into the challenges, etiology, and multifactorial processes involved
in BRD, AMU, and AMR in Swiss veal calves [1,6,8,33]. Based on existent nasopharyngeal
swabs used in previous projects, the principal aims of the present study were to describe the
occurrence of viral pathogens with a potential involvement in BRD in the upper respiratory
tract of veal calves in Switzerland (i.e., BRSV, BPI3V, BCoV, ICV, and IDV), to perform a
risk factor analysis to explore associations between the presence of these pathogens and
factors related to calf management and housing, and to investigate co-infections of viruses
and bacteria. Exploration and diminution of risk factors may contribute to avoiding the
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onset of BRD. If disease is not preventable at the individual or population level, knowledge
about prevalent pathogens may help to avoid inappropriate therapy. This study focused
on the investigation of the prevalence of viral pathogens in Swiss veal farms and risk
factors involved in BRD, although the population under study was limited in size and
geographical extension.

2. Materials and Methods
2.1. Farm Data and Sample Selection

Farms were enrolled within the framework of a veal calf health research collaborative
study supervised by one of the authors (M.M.). Within the framework of this collaborative
study, extensive data on veal calf transport, barn climate, management and housing, AMU,
AMR in bacteria of the respiratory and digestive tract, bacterial resistance to disinfectants,
viral pathogens of the respiratory and digestive tract, animal welfare, and economics
were collected [8,33–39]. Farmers were not enrolled randomly but participated voluntarily,
leading to a convenience sample of nasopharyngeal swab samples of Swiss veal calves.
A total of 4492 calves were enrolled, from which a total of 6138 nasopharyngeal swabs
were taken. At the time of the beginning of the screening for viral pathogens in these
swabs, a total of 3820 were available, as a subset was no longer available. Samples were
stored in a database and sorted by farm ID, animal ID (ear tag number), and collection date.
Data collection procedures during field work were determined to collect suitable data for
specific research questions [8,33]. Correspondingly, calves were swab-sampled varying
numbers of times. To avoid double inclusion of calves as far as possible for the present
investigation and to avoid exceeding the necessary number of samples for this prevalence
and risk factor analysis, every fifth database entry was retrieved. When selecting samples,
we adhered to the recommended minimum of 15 observations per estimated parameter
(i.e., risk factor) [40].

All procedures were approved by the competent Committee for Animal Welfare
and Protection (authorization numbers BE 63/16 and BE 71/16). Farms were family-run,
with a median annual production amount of 64 calves, in addition to the production of
commercial milk. Farm characteristics are shown in Table 1. Farmers participated in one of
two field data collection programs, which were both run for one year in parallel. Programs
were conducted to collect data for various research areas as stated above and were of two
different types. The first program was designed as a prospective cohort study to monitor
veal calf farms regarding effects of transport, management factors, and barn climate on
calf health [8]. Furthermore, it was designed to estimate the prevalence of opportunistic
bacterial pathogens associated with BRD [41] and to elicit possible associations of AMU and
AMR [36]. The second program was designed as a prospective intervention study, whereby
farms implementing a novel concept for veal calf fattening were monitored. These farms
were compared to farms not implementing any measure, which served as the control [33].

2.2. Sample and Data Collection

A total of 764 samples from 33 farms were included in the virological analyses con-
ducted in this study. Individual identification numbers of the calves were registered during
sampling to retrieve animal-level information (e.g., date of birth) from the national animal
movement database (Tierverkehrsdatenbank, TVD). Swabs originated from 705 individu-
als. Swabbing of calves was done as described elsewhere [33]. Briefly, after disinfection
of the calves’ nostrils using gauze (Provet AG/Henry Schein Animal Health, Lyssach,
Switzerland) soaked in 70% propylalcohol (F25-A Feinsprit 2% MEK, Alcosuisse AG, Bern,
Switzerland), the nasopharyngeal epithelium was swabbed using sterile swabs (COPAN
Italia SpA, Brescia, Italy). Swabs were immediately transferred into liquid Amies trans-
portation medium (Axonlab SwabAX, liquid Amies, Axon Lab AG, Baden, Switzerland)
and transported to the laboratory within 48 h of collection without cooling, whereby bacte-
rial culture was started upon arrival. Detailed data on the prevalence of bacterial pathogens
in the nasopharynx of the calves included in this study are presented elsewhere [41]. After
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preparation of bacteriological cultures, the swabs were cryopreserved at −80 ◦C for later
virological analysis.

In addition to on-farm sample collection, questionnaires were completed with the
farmers to collect farm-level information on management practices. The barn capacity was
defined as the maximum number of calves that could be fattened at the same time on a
respective farm. The number of birth farms was evaluated in two different ways for those
farms purchasing calves for fattening: as the total number of suppliers per farm and as
the number of birth farms per ten purchased calves as a standardized and comparable
measure. Antimicrobial treatment incidence was calculated at the farm-level as TIDDD in
treatment days per calf and year based on defined daily doses according to the European
Medicines Agency [42,43]. Farmers were asked whether the milk from their dairy cows
was provided to the calves whenever somatic cells were elevated according to a positive
California mastitis test result (CMT; positivity was defined as a CMT score 2 or higher) [44].
Calves were mainly fed through automated feeding machines providing the same milk for
all calves. As the occurrence of elevated somatic cell counts in milk is fluctuant in farms,
farmers who provided CMT-positive milk to calves at least once during the study period
were classified as implementing this practice.

Table 1. Farm characteristics of 33 veal fattening farms in Switzerland. The categories with the corresponding numbers of
farms and percentages are indicated for categorical variables. The median, quantiles (25th, 75th), and interquartile range
(IQR) values at the farm-level are indicated for continuous variables.

Categorical Variables Category Number [%]

Stocking routine continuous 16 48.5
all-in-all-out 17 51.5

Physical contact among calves of neighboring pens Yes 18 54.5
No 15 45.5

Shared air space among pens Yes 10 30.3
No 23 69.7

Refusing sick calves upon arrival 1 Yes 20 64.5
No 11 35.5

Disinfection of pens after use 1 Yes 11 35.5
No 20 64.5

Early slaughter before reaching farm’s average slaughter
weight 1

Yes 7 21.8
No 25 78.1

Access to outdoor pen Yes 27 81.8
No 6 18.2

Feeding of CMT-positive milk 1,2 Yes 21 65.6
No 11 34.3

Vaccination against respiratory pathogens 1,3 Yes 24 77.4
No 7 22.5

Continuous Variables Median 25th Quantile 75th Quantile IQR

Number of calves fattened annually 63.8 43.2 119 75.8
Maximum number of calves per pen 20 10 25 15

Maximum number of calves per barn (barn capacity) 31.5 24.8 46.5 21.8
Total number of birth farms 15.5 10 23.3 13.3

Number of birth farms per ten purchased calves 3.3 2.1 5.5 3.4
Median duration of the fattening period (days) 114 108 123 15

Median average daily weight gain (kg live weight/day) 1.3 1.3 1.4 0.1
Median carcass weight (kg) 128.7 124.2 132.3 8.1

Mean farm mortality (%) 5.1 3.2 7.4 4.2
Median TIDDD (farm-level treatment days per calf and year) 17.1 5.2 36.5 31.3

Purchased calves (%) 94.1 64.3 100 35.7
Median age at purchase (days) 33 29 35 6
Median age at sampling (days) 107 87 130 43
Unwanted early slaughter 4 (%) 0 0 0 0

1 Information was not available for all farms. 2 CMT: California mastitis test, positive = score 2 or higher [44]. 3 Bovilis® Bovigrip, MSD
Animal Health, Lucerne, CH or Rispoval® RS/Rispoval® RS +PI3, Zoetis, Delémont, CH. 4 Defined as slaughter after a fattening period of
>70 days [5].
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2.3. Sample Analyses

Viral RNA was extracted and used as template for real-time reverse transcription
polymerase chain reaction (qRT-PCR), as described by elsewhere. Briefly, viral RNA spiked
with in-vitro-transcribed eGFP mRNA transcript as an internal control was extracted,
then subsequently purified and used as a template in the respective qRT-PCR assay. The
primers and probes used for the detection of BRSV, BPIV3, BCoV, ICV, and IDV have
been described elsewhere [45–49]. The detection format was set to dual-color hydrolysis
probe/UPL probe, FAM, and VIC/HEX. The results were analyzed with the LightCycler®

480 software (version 1.5.1, Roche Diagnostics) using the Abs Quant 2nd derivative max
calculation method. The qRT-PCR results for IDV were obtained from a previous study
(data not shown). Ct values <35 were considered positive, those between 35 and <45 were
classified as weakly positive, and ≥45 as negative. Weakly positive results were included
in the virus-positive category for each virus for statistical analyses. Twelve samples were
excluded due to defective PCR tests.

2.4. Statistical Analyses

Statistical analyses were carried out in R (version 3.6.3, R Core Team 2020, R Foun-
dation for Statistical Computing, Vienna, Austria) using the dplyr, caret, glmnet, gpairs,
reshape2, and lme4 packages. Potential risk factors for the presence of BCoV included in
the analysis are shown in Table 2. Among the continuous independent variables, the distri-
butions were mostly not normal, with no straightforward approach for transformation. The
bimodally distributed continuous variable ‘age at sampling’ was dichotomized into two
levels (younger calves: ≤100 days; older calves: >100 days) representing similar numbers
of calves. We performed variable selection to find a small number of variables that best
reflected the variance of BCoV among the sampled animals. Only the best-fitting variables
were then analyzed in a multivariate logistic regression model to describe the relationship
of these variables with the occurrence of BCoV in more detail. At first, redundant features
were eliminated via Spearman’s rank correlations to reduce the impacts of collinearity. For
this, in an intermediate step, the correlation matrix for all continuous variables was calcu-
lated using pairwise complete cases. All correlations with an absolute Spearman’s rank
coefficient >0.7 were assessed and the variables with higher mean absolute correlations
were removed, i.e., the variables ‘calves fattened annually’, ‘barn capacity’, ‘mean group
size’, and ‘carcass weight’. The same process was performed with categorical variables,
resulting in the elimination of the variable ‘stocking routine’. As the number of remaining
variables still exceeded the supported number of parameters in a multivariate model, as
mentioned above, we performed a variable selection to reduce the number of variables to a
small number of those showing a promising relationship to the outcome variable BCoV.
Variable selection procedures based on univariable models and p-values have attracted
criticism in recent years [50]; therefore, we used the concept of the repeated elastic net
technique (RENT) [51]. This technique assumes that multiple models fitted to subsets of the
entire data can provide information about the consistency of effects found within the data.

The elastic net model was trained using the caret package, with a tune length of five
values for alpha and five values for lambda and with 10-fold cross validation to optimize
the hyperparameters (α and λ). We recorded the model specificity (and sensitivity), which
was the number of times the model correctly predicted a positive (and negative) BCoV case
in the validation set, as well as model accuracy (number of times the overall prediction was
correct). In addition, parameter estimates for each variable were extracted. This process
was repeated 100 times with a different random subset of data for training each time,
and the sensitivity, specificity, accuracy, and parameter estimates were recorded for each
repetition. Subsequently, we calculated the mean, median, and 95% confidence intervals
for the recorded values. As also suggested by Jenul et al. [51], we calculated the number
of times each variable had a non-zero parameter estimate among all 100 repetitions and
assessed the 95% confidence interval for the respective parameter estimates. This process
does not provide inform regarding statistical significance.
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Table 2. Potential risk factors for positive swab sample test for bovine coronavirus (BCoV) in Swiss veal calves from
33 farms.

Level Category Description

Potential farm-level risk
factors Management

Number of calves fattened annually; mean group size; stocking
routine (continuous/all-in-all-out); barn capacity 1; physical contact
among calves of neighboring pens (yes/no); shared air space among
pens (yes/no); total number of birth farms 2; number of birth farms
per ten purchased calves; refusing sick calves upon arrival (yes/no);

median duration of the fattening period; median average daily
weight gain; median carcass weight; slaughter weight; disinfection of

pens after use (yes/no); farm-level mortality rate; unwanted early
slaughter (yes/no); access to outdoor pen (yes/no); feeding of
CMT-positive milk (yes/no) 3; vaccination against respiratory

pathogens (yes/no); TIDDD
4

Potential individual calf
level risk factors

Sampled calves Purchased calf 5 (yes/no); age at purchase (days); age at sampling
(days) 6; death before slaughter 7 (yes/no);

Detection of respiratory
viruses 8 Positive test for BRSV, BPI3V, IDV, or ICV (yes/no)

Detection of respiratory
bacteria by culture

Positive culture for Histophilus somni, Bisgaard Taxon 39, Mannheimia
haemolytica, Pasteurella multocida, Mycoplasma bovis, or Mycoplasma

dispar (yes/no)
1 Barn capacity: number of calves that can be fattened at the same time on one farm. 2 Total number of farms selling calves to respective
veal calf farm. 3 CMT: California mastitis test, score 2 or higher [44]. 4 Antimicrobial treatment incidence rates in defined daily doses
per animal/year (ddd/ay; EMA, 2013, 2016). 5 In contrast to calves born at the fattening farm. 6 Dichotomized according to bimodal
distribution at ≤100 days and >100 days of age at sampling. 7 Calf succumbed to disease before slaughter (i.e., mortality on individual level;
yes/no). 8 BRSV: bovine respiratory syncytial virus; BPI3V: bovine parainfluenza 3 virus; IDV: influenza D virus; ICV: influenza C virus.

Because the RENT algorithm cannot incorporate random effects, it is possible that the
selected variables reflected farm effects. To account for this, we then used a mixed logistic
regression model with a binomial distribution for the selected variables ‘age at sampling’,
‘mean group size’ (mean number of calves per pen), and ‘TIDDD’ with the BCoV incidence.
For simplicity, we performed a separate model for ‘mean group size’ and ‘TIDDD’. Each
model included the ‘age at sampling’, as well as the interactions with ‘age at sampling’,
because three-way interactions including multiple continuous variables are not easy to
interpret. To account for farm and animal effects, individual calf identification nested
within farms was added as a random intercept term.

3. Results

Farm characteristics are shown in Table 1. Overall, BCoV alone and in combination
with other viruses was most prevalent in the nasopharynx of the veal calves under study
(Table 3). In total, 47.5% of the swab samples were positive for BCoV (ct-range 11.25–34.97)
and an additional 6% were weakly positive (ct-range 35–37.53); 2.1% tested positive for
BRSV (ct-range 21.55–34.91) and 2.3% for BPI3V (ct-range 21.89–34.62), with an additional
1% of samples testing weakly positive for BPI3V (ct-range 35.01–37.3). Regarding IDV, 4.1%
of samples tested positive (ct-range 14.8–34.66). None of the samples tested positive for ICV,
while the positive control was valid. Calves positive for BCoV had a median age of 59 days
(IQR = 44–114), those positive for BRSV had a median age of 66 days (IQR = 48–125), those
positive for BPI3V had a median age of 69 days (IQR = 46–87), and those positive for IDV
had a median age of 60 days (IQR = 44–103). The viral pathogens most frequently observed
in coinfection with BCoV were IDV (2.9%), BPI3V (2.1%), and BRSV (1.3%; Table 3).
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Table 3. Overall prevalence and farm-level prevalence (including mean, standard deviation, minimum, and maximum
values) of respiratory pathogens BCoV, BRSV, BPI3V, ICV, and IDV in Swiss veal calves from 33 fattening farms, as well
as overall prevalence of swab samples positive for more than one respiratory virus (based on 764 nasopharygeal swab
samples).

Virus 1 Number of
Positive Samples 2

Overall
Prevalence

Mean Farm-level
Prevalence

Standard
Deviation Min. Max.

BCoV 402 53.5 23.2 28.5 0 100
BRSV 16 2.1 1.3 4.2 0 23.1
BPI3V 25 3.3 0.9 2.24 0 9.3

ICV 0 0 0 0 0 0
IDV 31 4.1 2.3 8.9 0 50

Coinfections

BCOV + IDV 22 2.9
BCOV + BRSV 10 1.3
BCOV + BPI3V 16 2.1

BCOV + IDV + BPI3V 4 0.5
BCOV + IDV + BRSV 1 0.0 3

IDV + BPI3V 5 0.0 3

IDV + BRSV 2 0.0 3

1 Prevalence rates are shown separately for each virus. Additionally, coinfections are also shown separately. 2 Number of swabs that tested
positive (ct <35) or weakly positive (ct between 35 and <45) for the respective virus or combination. 3 Mathematically rounded.

Based on the low prevalence of BRSV, BPI3V, ICV, and IDV in this study, risk factor
analysis was performed for BCoV only.

The prevalence of positive BCoV samples was more than 2-fold higher in younger
calves (76 ± 2.3% samples positive, ≤100 days of age) in comparison to older calves
(34 ± 2.4% samples positive, >100 days of age) at the farm-level. The elastic net feature
selection revealed that three variables (‘age at sampling’, ‘mean group size’, and ‘TIDDD’)
were selected in more than 50 of the 100 trained models (Table 4). In the logistic regression
model, the presence of BCoV in young calves was positively associated with the mean
group size (p < 0.001; Table 5, Figure 1).

Table 4. Selection criteria from the elastic net variable selection algorithm from 100 iterations for variables associated with
the detection of bovine coronavirus (BCoV) from nasopharygeal swab samples, as well as quality measurements of the
selection process. Variables that occurred in more than 50 models and had a 95% confidence interval not crossing zero were
selected for a final inferential model.

Variable Number of
Models Mean Median Lower 95%

CI
Upper 95%

CI

Age at sampling 100 −0.62 −0.57 −1.03 −0.42
Mean group size 81 0.08 0.08 0.00 0.24

TIDDD
1 64 0.07 0.02 0.00 0.50

Physical contact among calves of neighbouring pens 48 −0.07 0.00 −0.52 0.00
Death before slaughter 2 43 0.07 0.00 0.00 0.55

Feeding CMT-positive milk 40 −0.05 0.00 −0.36 0.00
Positive culture for Pasteurella multocida 36 −0.04 0.00 −0.25 0.00

Total number of birth farms per veal farm 3 32 −0.03 0.00 −0.36 0.00
Disinfection of pen after use 30 −0.04 0.00 −0.26 0.00

Positive culture for Histophilus somni 24 0.02 0.00 0.00 0.24
BRSV-positive swab sample 23 0.03 0.00 0.00 0.30
Average daily weight gain 22 0.04 0.00 0.00 0.44

Positive culture for Mycoplasma bovis 22 0.02 0.00 0.26 0.00
Positive culture for Bisgaard taxon 39 21 −0.02 0.00 0.00 −0.16

Shared airspace between pens 20 0.02 0.00 0.00 0.27
IDV-positive swab sample 18 0.02 0.00 0.00 0.25

Purchased calf 17 −0.01 0.00 0.00 −0.14
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Table 4. Cont.

Variable Number of
Models Mean Median Lower 95%

CI
Upper 95%

CI

Positive culture for Mycoplasma dispar 17 0.01 0.00 0.13 0.00
Access to outdoor pen 16 −0.04 0.00 0.00 −0.42

Age at purchase 16 0.00 0.00 −0.10 0.04
Positive culture for Mannheimia haemolytica 15 0.00 0.00 −0.05 0.09

BPI3V-positive swab sample 14 −0.01 0.00 −0.13 0.05
Refusing sick calves upon arrival 11 −0.03 0.00 0.00 −0.39

Vaccination against respiratory pathogens 10 −0.01 0.00 0.00 −0.22
Early slaughter before reaching farm’s average

slaughter weight 9 −0.01 0.00 0.00 −0.16

Duration of the fattening period 8 0.00 0.00 0.00 0.04
Mortality 7 0.00 0.00 −0.06 0.02

Number of birth farms per ten purchased calves 5 0.00 0.00 0.00 0.02

Quality measurements

Accuracy 0.69 0.69 0.64 0.73
Sensitivity 0.69 0.70 0.57 0.76
Specificity 0.69 0.69 0.63 0.74

1 Farm-level antimicrobial treatment incidence of defined daily doses per animal/year (ddd/ay; EMA, 2013, 2016). 2 Calf succumbed to
disease before slaughter (i.e., mortality on individual calf level; yes/no). 3 Total number of farms selling calves to respective veal calf farm.

Table 5. Results from logistic mixed regression analysis for the detection of BCoV 1 in nasopharyngeal
swab samples in 33 Swiss veal calf farms regarding group size 2 and age 3, as well as the interaction
between group size and age. Additionally, the regression slope 4 for group size is provided for each
age class separately.

Parameter Category Estimate Standard Error z-Value p-Value

Intercept −1.14 0.55 −2.07 0.039
Group size 2

Age 3
0.07 0.02 4.01 <0.001

>100 days −0.16 0.57 −0.27 0.786
Group size: Age >100 days −0.05 0.02 −3.20 0.001

Regression slope for
each age class 4

Younger ≤100 days 0.07 0.02 4.01 <0.001
Older >100 days 0.02 0.01 1.20 0.230

1 Bovine coronavirus. 2 Mean farm-level group size. 3 Dichotomized at >100 days according to bimodal
distribution. 4 Increase in BCoV-positive swab samples (%) with increasing mean group size.

In older calves (>100 days), the presence of BCoV was not associated with the mean
group size (p = 0.230; Table 5, Figure 1). The presence of BCoV was not associated with
TIDDD in younger or older calves (p = 0.149 and p = 0.253, respectively; Table 6, Figure 2).
Antimicrobial treatment incidence (TIDDD) was selected in the variable selection process
but was not associated with the presence of BCoV in the final logistic regression model for
younger or older calves. The number of swabs positive for BCoV that did not test positive
for any other virus under study or any of the common bacteria associated with BRD was
distinctly higher than the number of BCoV-positive swabs also positive for other organisms
(Table 7). Viruses with low prevalence rates (BRSV, BPI3V, IDV) were equally distributed
over both age groups (>100 days vs. ≤100 days of age).
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Figure 1. Probability of positive nasopharyngeal swab sample of bovine coronavirus, dependent of mean group size
and age.

Table 6. Results from logistic mixed regression for the detection of BCoV 1 in nasopharyngeal swab
samples from 33 Swiss veal calf farms regarding TIDDD

2 and age 3, as well as the interaction between
antimicrobial treatment incidence and age. Additionally, the regression slope 4 for antimicrobial
treatment incidence (i.e., the increase in BCoV prevalence with increasing daily dosage) is provided
for each age 3 class separately.

Parameter Category Estimate Standard Error z-Value p-Value

Intercept 0.62 0.33 1.89 0.059
TIDDD

2

Age 3
0.01 0.01 1.44 0.149

>100 days −1.88 0.35 −5.41 <0.001
TIDDD: Age >100 days −0.003 0.01 −0.27 0.788

Regression slope for
each age class 4

Younger ≤100 days 0.01 0.01 1.44 0.149
Older >100 days 0.01 0.01 1.44 0.253

1 Bovine coronavirus. 2 Antimicrobial treatment incidence of defined daily doses per animal-year (ddd/ay; EMA,
2013, 2016). 3 Dichotomized at 100 days according to bimodal distribution. 4 Increase in BCoV-positive swab
samples (%) with increasing TIDDD.
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Figure 2. Probability of positive nasopharyngeal swab sample of bovine coronavirus, dependent on antimicrobial treatment
incidence and age.

Table 7. Prevalence of respiratory viruses 1 and bacteria 2 in 384 3 deep nasopharyngeal swab samples from calves from 12
Swiss veal calf farms. Only bacteria found in combination in more than five 5 observations are presented.

Organism BCoV BRSV BPI3V ICV IDV 4 BCoV +
BRSV

BCoV +
BPI3V

BCoV
+ IDV

BCoV +
BRSV +IDV

BCoV +
BPI3V + IDV

IDV +
BPI3V

IDV +
BRSV

Virus isolation only 117 2 2 3 7 3 3 1 1
P. multocida 49 1 1 7 1

M. dispar 34 2 1
M. pernigra 14 1 1 2 1

M. bovis 12 1
M. haemolytica 9 1

1 Virus detection by polymerase chain reaction. 2 Isolation of bacteria (Pasteurella (P.) multocida, Mannheimia (M.) haemolytica, Histophilus
(H.) somni, Mannheimia (M.) pernigra, Mycoplasma (M.) bovis, Mycoplasma (M.) dispar) by culture as described in [41]. 3 Full dataset
including both viral and bacterial analyses was available for 657 out of a total of 764 samples included in this study. Out of these 657 samples,
384 tested positive for at least one of the viral pathogens analyzed in this study, 273 tested negative for all viruses. BCoV: bovine coronavirus;
BRSV: bovine respiratory syncytial virus; BPI3V: bovine parainfluenza-3 virus; ICV: influenza C virus; 4 IDV: influenza D virus.

4. Discussion

The prevalence of respiratory viruses in Swiss veal calves was low in the present
study, except for BCoV, which was detected in 53.5% of the samples; thus, only BCoV was
included in the risk factor analysis.

Bovine respiratory syncytial virus is recognized as an important pathogen in the
BRD complex [52–55]. Infection with BRSV may be either asymptomatic, limited to the
upper airways, or involve both the upper and lower respiratory tract, occasionally causing
major clinical signs, suggesting that the host immune response plays a major role in
the pathogenesis of BRSV infection [56]. It causes loss of ciliated epithelial cells and
predisposes affected airways to secondary bacterial infection [53,57]. We consider the
observed prevalence of BRSV in nasopharyngeal swabs of veal calves in our study to be
low (2.1%), although comparable studies based on nasopharyngeal swabs are scarce. One
study in 231 Limousine beef steers of 6–10 months of age in good nutritional condition
detected a BRSV prevalence rate of 14.2% [58].
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Similarly, the prevalence of BPI3V was low (3.3%). The exact role of BPI3V in the
pathogenesis of BRD is still unclear [59,60]. Sampling acutely diseased calves revealed the
presence of BPI3V in 7% (nasal swabs) and 8.1% (broncho-alveolar lavage) of the samples,
respectively [16,61].

The low prevalence rates of BRSV and BPI3V may in part be attributable to the immune
status of the calves, as, although vaccination against BRSV and BPI3V is generally poorly
implemented in Swiss veal fattening farms, it was observed to be performed on 49–84%
of the farms and 55% of the calves in other studies respectively [1,8]. The low observed
prevalence rates of BRSV and BPI3V, the two respiratory viruses against which vaccines are
available for calves in Switzerland, raises the question of whether vaccination can provide
targeted protection with the pathogens included in the vaccines, a question that cannot be
answered based on the present results, but should be addressed in future studies.

Alternatively, these results may indicate that BRSV and BPI3V are not widespread
in veal calf populations outside of BRD outbreaks. They may infect an individual calf
transiently and possibly initiate pathologic processes, which are subsequently perpetuated
by bacterial pathogens [60].

Influenza D virus was first described in swine [62], but soon after cattle were suggested
to be the reservoir species for this virus [63]. Both influenza C and influenza D viruses
have now been shown to be associated with BRD in North America [20,49,64]. In the Swiss
veal calf population under study, IDV was present at a prevalence rate of 4.1%. This was
in accordance with other European studies describing IDV in cattle [18,65]. In contrast,
none of our samples tested positive for ICV. Influenza C virus had been identified in US
cattle with BRD before (4.2% of 1525 nasal swab and lung tissue specimens [49]), but to our
knowledge not yet on the European continent.

Since Switzerland is officially free from BHV-1 and more than 99% of cattle husbandries
are recognized as officially free from BVDV [66], we did not test for these viruses in
this study.

Bovine coronavirus is the possible causative agent of three distinct clinical syndromes
in cattle: calf diarrhea, winter dysentery in adults, and respiratory infections in cattle of var-
ious ages, including the BRD complex [55,67–69]; however, the role of BCoV as a primary
BRD pathogen remains controversial. It was detected by PCR assays or virus isolation
in several studies in which cattle displaying signs of respiratory disease were sampled
by nasal swabbing [68,70–72]. In two studies where nasal swabs from calves and feedlot
cattle in acute outbreaks of respiratory disease were analyzed, it was the most prevalent
pathogen (22.9% and 24.7%, respectively) [61,64]; however, it has also been detected in
nasal swabs from clinically healthy calves and fattening steers [58,72]. In another study
where nasal swabs of Canadian dairy calves were investigated for respiratory pathogens
and their relationships with clinical status, lung consolidation, and average daily gain,
BCoV was not associated with clinical score or lung consolidation using transthoracic
ultrasonography [73]. Ellis (2019) suggested that BCoV gains significance in respiratory dis-
ease only in interplay with other microorganisms [74]. In addition, concurrent pathogens,
viral load, and immunosuppression are potential cofactors that can exacerbate the severity
of BCoV infection [68,70]. In our study, calves were not sampled during outbreaks of
respiratory disease and detailed information on the health status of the individuals at the
time of sampling was not recorded. Taken together with the high prevalence observed in
this study, our results suggest that BCoV is common in the veal calf population.

In our study, BCoV prevalence was higher in younger calves than older calves. Poten-
tially, this was due to virus transmission during crowding and commingling after purchase.
Additionally, at a young age, the calves’ immune response may be insufficient to eliminate
viruses efficiently. This suggests that most calves may eventually eliminate BCoV with
advancing age.

A larger mean group size was associated with an increased probability for the presence
of BCoV in younger calves. This is in line with other findings, as increasing herd size
has been described as a risk factor for the detection of BCoV [75,76]. In contrast, a larger
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mean group size was not associated with an increased probability of the presence of
BCoV in older calves. Compared to BRSV and BPI3V, BCoV may persist longer in the
nasopharynx due to its possibly lower pathogenicity or reduced stimulation of the immune
system, leading to a higher prevalence. Impaired animal health may be a confounding
factor influencing both the TIDDD and the presence of BCoV. No significant association
was observed between these two parameters. In this study, TIDDD was investigated as
an indirect indicator of animal health because our dataset did not allow for stratification
by direct indicators of animal health (such as cough or nasal discharge). Antimicrobial
treatment incidences of the selected farms were in line with previous findings [33,41],
and treatments were administered due to the suboptimal health status of the calves or
as metaphylaxis to prevent the spread of disease. However, the validity of TIDDD as a
health indicator has been questioned, as it may partly be influence by the farmers’ previous
experiences and routines, especially regarding metaphylactic treatment [8].

For the assessment of potential risk factors for BCoV infection, we measured a total of
33 variables. As a single statistical model would overfit using all variables simultaneously,
we first performed variable selection to find a small number of candidate variables which
showed a consistent association with BCoV infection within our data. With the RENT
algorithm, we chose a novel approach for variable selection, which improves upon some of
the criticism addressed towards the standard method of performing multiple univariable
models and choosing the variables based on p-values. Firstly, RENT uses penalized regres-
sion, which allows modelling of a large number of variables at once without overfitting,
thereby taking confounding effects among the variables into account. As a result, the se-
lected variables not only reflect direct univariable relationships, but also include important
confounders. Secondly, by modeling multiple iterations with only a random subset of the
data each, RENT selects variables with a consistent effect in all or most portions of the
data, rather than variables with a strong effect. This reduces the likelihood of selecting
variables that show an association by chance. Thirdly, the selection of the variables is based
on model fit and not on p-values; therefore, false discoveries due to multiple testing against
a fixed significance level are minimal. Only the 95% confidence intervals are subject to an
increased false discovery rate; however, since the major selection criterion is the amount of
subsets in which a variable shows an association with the outcome, the impact of biased
confidence intervals is negligible.

The detection of BCoV was not associated with the detection of other viral respiratory
pathogens in the present study. This finding is in line with the study by Pardon et al.
(2020) [16]. In that study, detection of M. haemolytica was associated with the detection
of BCoV in bronchoalveolar lavage samples from calves [16]. We did not find such an
association between virus and bacteria in nasopharyngeal samples; however, the prevalence
data on bacterial pathogens were generated using cultures (in contrast, Pardon et al. (2020)
used PCR testing [16]), whereas our outcome regarding viruses was generated using PCR
for our risk factor analysis [41]. This mix of methods may have influenced our results.
Finally, the population included in the study was not a representative random sample
of the Swiss veal calf population, but it allowed for a first exploration of the prevalence
of respiratory viruses, as no data at all have been available in Switzerland to date. To
conclude, the prevalence of respiratory viruses in Swiss veal calves was low in the present
study, except for BCoV. Despite the fact that the role of BCoV as a primary pathogen in
BRD is controversial, we evaluated the relevant risk factors for BCoV in the present study,
revealing ‘age at sampling’ and ‘mean group size’ in younger calves (≤100 days of age)
as being significantly associated with the presence of BCoV. Apparently, young calves
in larger groups are particularly likely to harbor BCoV. Increasing group size has been
shown to be a risk factor for increased mortality, morbidity (BRD), and reduced growth
rate in veal and dairy calves [1,77,78]. We selected a variety of relevant possible risk factors
for our study; however, many more possible risk factors exist, such as climate-related
parameters, hygiene, and nutrition. Regarding nutrition, interest is often focused on
the colostral phase; however, regarding the plane of nutrition after the colostral phase,
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controversial results exist. Overly nutritious diets may be able to exacerbate bacterial
disease [79] and calves fed greater crude protein diets might have an increased likelihood
of being diagnosed with fever associated with BRD [80,81]. Both scenarios might be found
in intense animal production systems. Controversially, others have found that low planes
of nutrition negatively influence the responses to pathogen challenges [82]. Calf nutrition
and its effects on BRD were not within the focus of the present study.

5. Conclusions

In conclusion, the results of the present study show that increased group size may
be associated with occurrence of BRD-related viral pathogens, in our case BCoV. This is
supported by the findings of other studies, where increasing group size was also associated
with increased risk for the occurrence of bacterial pathogens related to BRD [41]. The
practical advice for farmers and veterinarians is to fatten calves in small groups until
100 days of age, although the pathogenicity of viruses involved in the BRD complex, in our
study particularly of the frequently isolated BCoV, has not been clarified. Further research
on BRD is needed and should include an extended spectrum of possible risk factors.
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