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ABSTRACT

The high degree of commingling and accumulation
of stressors during and after transport makes preven-
tion of bovine respiratory disease (BRD) extremely
challenging in the veal and dairy beef industry. Upon
arrival, vaccination for agents involved in BRD is
practically most achievable, but its efficacy under
such conditions in dairy veal calves is unknown. Given
the high prevalence of subclinical pneumonia in these
settings, the primary objective of the present study
was to determine the effect of 2 vaccination protocols
administered upon arrival against bovine respiratory
syncytial virus (BRSV), bovine parainfluenza type 3
virus (BPI-3), and Mannheimia haemolytica on clini-
cal BRD and lung ultrasonographic findings in dairy
veal calves. In addition, the effects of vaccination on
average daily live weight gain and cold carcass weight
were determined. In this randomized clinical trial, 443
male dairy calves were assigned to one of 3 groups: a
negative, placebo-controlled group (n = 151), a vac-
cination group with 2 subcutaneous injections 4 wk
apart with an inactivated vaccine containing BRSV,
BPI-3, and M. haemolytica (parenteral [PE] group; n
= 149) and a second vaccination group receiving an
intranasal live-attenuated vaccine containing BRSV
and BPI-3 and 2 subcutaneous vaccinations with the
same inactivated vaccine as the PE vaccination group
(intranasal-parenteral [IN-PE] group; n = 143). Clini-
cal scoring and quick thoracic ultrasonography (qTUS)
were performed on all calves on arrival (wk 0), at the
peak of respiratory disease (outbreak; wk 1), at the end
of the first antimicrobial group treatment (wk 3), and
at a long-term evaluation point (wk 10). Culture and
nanopore sequencing on nonendoscopic bronchoalveolar
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lavage (nBAL) samples were used to identify patho-
gens involved in the outbreak. Upon arrival, 15.1% of
the calves had lung consolidation >1cm and incidence
quickly rose to 42.8% during the outbreak. In both the
PE and IN-PE group, the odds of pneumonia in wk
10 were reduced by 62% (odds ratio [OR] = 0.38; 95%
confidence interval [CI] = 0.23-0.64) and 41% (OR =
0.59; 95% CI = 0.37-0.96), respectively. Short-term
cure rate (50.3%), as determined immediately after the
first group antimicrobial treatment, was not influenced
by vaccination. In contrast, long-term cure rate, de-
termined at wk 10, was affected by vaccination with
higher cure in the PE group compared with the control
group (69.4% vs. 51.2%; OR = 2.2; 95% CI = 1.1-5.0).
Average daily gain in the first 10 wk of production was
not affected by vaccination. Vaccination resulted in an
increase in cold carcass weight of 3.5 and 4.3 kg in the
PE (95% CI = —0.9-7.9) and IN-PE group (95% CI =
—0.17-8.7), respectively. In conclusion, under the con-
ditions of the present study, vaccination upon arrival
resulted in a reduced prevalence of pneumonia at wk 10
of production, likely caused both by an improved cure
rate of secondary infections and a reduced incidence of
new cases between outbreak and long-term evaluation.
The present protocol, using qTUS for pneumonia detec-
tion and nBAL diagnostics for pathogen identification
adds a new dimension to randomized clinical trials on
respiratory disease in calves.

Key words: bovine respiratory disease, vaccination,
thoracic ultrasound, bovine respiratory syncytial virus,
Mannheimia haemolytica

INTRODUCTION

Despite years of research advancing laboratory and
in-field diagnostics, respiratory tract infections (bovine
respiratory disease [BRD)]), especially those result-
ing in pneumonia, continue to be a leading cause of
morbidity, mortality, economic losses, and antimicro-
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bial use in all cattle industries worldwide (Pardon et
al., 2012; Windeyer et al., 2014; Karle et al., 2019).
Prevention of infection is the most sustainable way to
reduce their effect, and vaccination against respiratory
viruses and bacteria is regarded as one of the most
important preventative measures for BRD (O’Connor
et al., 2019). Apart from a few trials evaluating vac-
cination for respiratory disease in young dairy calves,
randomized clinical trials evaluating vaccine efficacy
under field conditions are almost exclusively done in
the North American feedlot industry (Windeyer et al.,
2012; Ollivett et al., 2018a; O’Connor et al., 2019).
The prevalence of clinical and subclinical pneumonia is
substantial in female dairy calves in conventional dairy
farms (van Leenen et al., 2020). However, the high-
est burden of BRD is seen in production systems that
purchase, transport, and commingle young male dairy
calves, namely the veal calf and dairy beef industries
(Masmeijer et al., 2021; Renaud and Pardon, 2022).
Good standards of vaccination prescribe that animals
should be fully vaccinated before exposure to the patho-
gen occurs (Richeson and Falkner, 2020). In the feedlot
industry, preconditioning programs with vaccination of
calves on the farms of origin before transport to the
feedlots, have been shown to successfully reduce BRD
incidence (Stilwell et al., 2008). The same approach of
vaccination of calf or dams on the dairy farms of origin
could be followed for male dairy calves. However, for
logistic and especially economic reasons (i.e., low value
of the calves), this is not commonly applied (Renaud
and Pardon, 2022). Currently, the most accessible way
for vaccination in veal or dairy beef farms is vaccina-
tion upon arrival. Efficacy of this vaccination strategy
is however questionable because exposure to pathogens
and stressors are maximal on arrival. Consistent with
this, a meta-analysis in feedlot calves found little com-
pelling evidence that respiratory vaccines administered
upon arrival reduced BRD incidence in the first months
after arrival (O’Connor et al., 2019).

In recent years, several novel technologies, such as
thoracic ultrasound (TUS) and rapid laboratory diag-
nostic techniques, have become available for on farm
diagnosis of pneumonia and etiological agents, respec-
tively (Pardon and Buczinski, 2020). TUS detects lung
consolidation and makes it possible to differentiate
both clinical and subclinical pneumonia from upper
respiratory tract inflammation/infection (Ollivett
and Bueczinski, 2016; van Leenen et al., 2020). Recent
studies showed that any single clinical sign or scoring
system combining multiple clinical signs are inferior to
detect pneumonia as compared with TUS (Buczinski
et al., 2015; Lowie et al., 2022). These findings shed a
new light on the usefulness of clinical BRD outcome to
evaluate vaccine efficacy. Next to prevention of pneu-
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monia, vaccination may also improve cure rate, which
can be visualized by TUS by means of a reaeration
criterion (Jourquin et al., 2022). A second shortcom-
ing of almost all BRD field trials is that they do not
provide evidence that natural infection with the target
pathogen of the vaccine occurred during the trial. In
veal calf farms, especially in winter, all known BRD
pathogens are mostly present, with a leading role of
Mycoplasma bovis (Pardon et al., 2011). The nonendo-
scopic bronchoalveolar lavage (nBAL) offers a practical
method of lower airway sampling and the combination
of nanopore sequencing with bacterial culture ensures
the broadest detection of pathogens possible and an in-
terpretable result (Pardon and Buczinski, 2020; Bokma
et al., 2021).

To the authors knowledge, no peer-reviewed ran-
domized clinical trials on the efficacy of vaccination
upon arrival to reduce BRD incidence are available
for the veal calf and dairy beef sectors. Additionally,
the combination of TUS and laboratory diagnosis have
previously not been used for evaluation of vaccine ef-
ficacy for BRD. Therefore, the primary objective of
this study was to determine the effect of 2 vaccination
protocols administered upon arrival against viruses
and Mannheimia haemolytica on clinical signs of BRD,
pneumonia, and cure of pneumonia as determined by
lung ultrasonography. In addition, the effects of vac-
cination on ADG and cold carcass weight (CCW) were
determined.

MATERIALS AND METHODS

Study Design and Sample Size

A triple blinded, placebo-controlled randomized
clinical trial was conducted on a commercial veal calf
farm involving 444 male Holstein Friesian calves, aged
14 to 21 d, over the course of one production cycle.
The trial period ran between January and September
2022 on a farm located in the province of Antwerp,
Belgium. Clinical and ultrasonographic follow up by
means of quick thoracic ultrasonography (qTUS) was
performed on 4 strategic occasions during the first 10
wk of the production cycle: upon arrival at the facility,
at the start of the first metaphylactic treatment for
respiratory disease, at the end of the group treatment,
and during wk 10 of the production cycle. After 33 wk,
carcass weights were collected in the abattoir. Figure
1 gives an overview of the study setup. Sample size
calculations were made based on the primary outcome,
namely pneumonia incidence as determined by qTUS
(lung consolidation >1 cm). Based on a previous ob-
servational study in a similar setting, we assumed that
approximately 40% of the calves would develop pneu-
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Figure 1. Temporal overview of a randomized clinical trial setup on the effects of vaccination of male dairy calves in a high-risk environment
for development of pneumonia. W = week; qTUS = quick thoracic ultrasound; nBAL = nonendoscopic bronchoalveolar lavage; CCW = cold
carcass weight; NC = negative control group; PE = parenteral group; IN-PE = intranasal-parenteral group.

monia (Jourquin et al., 2023). With a sample size of 150
calves in each group the study had a power of 97% to
demonstrate a 50% reduction of pneumonia incidence
in vaccinated animals compared with nonvaccinated
animals. The trial protocol was approved by the Ethical
Committee of the Faculty of Veterinary Medicine and
Bioengineering from Ghent University under license EC
2021-070. Authors declare human ethics approval was
not needed for this study.

Animals and Housing

The trial barn was one of 2 veal calf barns present
on the farm. Calves arrived in 3 separate batches over
a 3-d period. In the first 6 wk after arrival, calves
were housed in individual calf pens on slatted floors,
separated by wire fencing. After 6 wk, the fences were
removed, leaving the calves in 64 group pens containing
2 to 8 animals each. During the individual phase in
the first 6 wk, calves were fed from individual drinking
buckets. During group housing, feeding took place from
a common feeding trough. All calves received 2.2 I. (500
g solids) of commercially available milk replacer (21%
CP and 19% crude fat [CF]) on a DM base, 2 times
a day. This amount increased during the next 7 mo
of feeding to 7 L twice per day (1,590 g of solids). In
this study, milk replacer was fed throughout the entire
production cycle. In addition, calf muesli was provided
(25 g/d at start gradually increasing to 3 kg/d after 7
mo; CP = 14%; CF = 4.5%).
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Randomization Process and Vaccination Protocol

Within 24 h after arrival of the last batch, calves were
randomly assigned to 1 of 3 vaccination groups using
block randomization. A predefined randomized spread-
sheet was prepared for each arrival batch. Next, group
pen, arrival weight (kg), and presence of consolidation
>1cm on qTUS on arrival were added to a spreadsheet
(Microsoft, Excel) and calves were randomized using
the excel Aselect function. The following vaccination
groups with evenly distributed weights and pneumonia
incidence were created: negative control (NC) group,
parenteral (PE) group, and intranasal-parenteral (IN-
PE) group. A detailed description of each vaccination
protocol is provided below. Randomization on pen-level
ensured equal distribution of the vaccines over each
pen. The vaccination protocol was initiated one day
after arrival of the last batch. The vaccine was stored
and used according to the manufacturer’s recommenda-
tions. Sequence generation and implementation of vac-
cines and placebos were done by external participants,
leaving the trial blinded to all observers performing
clinical examination, qTUS or weighing, caregivers, and
the herd veterinarian throughout the entire trial. After
the trial, statistical analyses were performed without
disclosure of the vaccine groups.

PE Group. One day after arrival, calves in the PE
group received a subcutaneous injection (5 mL) of
an inactivated vaccine containing bovine respiratory
syncytial virus (BRSV), bovine parainfluenza type
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3 virus (BPI-3), Mannheimia haemolytica type Al
and A6 (Bovilis Bovipast RSP, MSD Animal Health,
Boxmeer, The Netherlands) following datasheet recom-
mendations. At the same time, these calves (PE group)
also received an intranasal placebo (2 mL) of sterile
isotonic saline fluid (0.9% NaCl, B. Braun, Melsungen,
Germany) using the commercially available vaccine
dispenser of the tested intranasal vaccine. Four weeks
later, a second subcutaneous injection (5 mL) of the
same inactivated vaccine was administered.

IN-PE Group. For the IN-PE group, on-arrival,
these animals received both an intranasal dose (2 mL)
of a multivalent live vaccine protecting against BRSV
and BPI-3 (Bovilis INtranasal RSP Live, MSD Animal
Health, Boxmeer, The Netherlands) and a subcutane-
ous injection (5 mL) of an inactivated vaccine protect-
ing against BRSV, BPI-3, Mannheimia haemolytica
type Al and A6 (Bovilis Bovipast RSP, MSD Animal
Health, Boxmeer, The Netherlands). In this clinical
trial both vaccines were administered on the same
day for investigational purposes. Again, 4 wk later, all
calves from the IN-PE group received a subcutaneous
injection (5 mL) of the inactivated vaccine mentioned
above.

NC Group. Lastly, calves from the NC group were
administered both an intranasal placebo (2 mL) of ster-
ile isotonic saline fluid (0.9% NaCl, B. Braun, Melsun-
gen, Germany) and a subcutaneous placebo injection
(5 mL) of sterile isotonic saline fluid (0.9% NaCl, B.
Braun, Melsungen, Germany) upon arrival. Four weeks
later, a second subcutaneous placebo injection (5 mL)
of the same sterile isotonic saline fluid was adminis-
tered.

Clinical Scoring, qTUS, and Production

At each of the 4 measurement points, clinical scoring
was performed on all calves using the Wisconsin respi-
ratory scoring chart (McGuirk and Peek, 2014). For
each calf, a score was assigned based on the presence
of the following clinical parameters: rectal temperature,
cough, nasal discharge, ocular discharge, and ear flick
or head tilt. For each clinical parameter, a score rang-
ing from 0 to 3 was given based on its clinical presenta-
tion. Calves with a Wisconsin score >5 were labeled as
clinical BRD. Definition of pneumonia was based solely
on TUS findings.

For detection of pneumonia, TUS was performed us-
ing the UGent qTUS technique, by means of a standard
ultrasound device with a 7.5 MHz linear probe (Manual
ultrasound scanner V1, Kaixin, China) and 98% iso-
propyl as transducing agent, as previously described
(Pardon, 2019; Jourquin et al., 2022). While scanning,
the probe was stopped as soon as any abnormality was
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seen (e.g., comet tail artifacts, pleural irregularities,
consolidation, pleuritis, and so on) and gently tilted
cranio-caudally and back to maximize the area of vi-
sualization. Consolidation depth was measured in the
dorsoventral plane using the grid on the ultrasound
screen as a reference. Case definition of pneumonia
was defined by consolidation depth. In this study, con-
solidation with a depth of 1 to 3 c¢m were defined as
pneumonia and >3 cm was defined as severe (lobar)
pneumonia. For each scanned quadrant of the lungs
(right caudal, left caudal, right cranial, and left cra-
nial), the most severe qTUS finding (including comet
tail artifacts [B-lines|, maximum consolidation depth
[cm] and pleural effusion) was noted. A description of
the anatomical lung lobes that are visualized within
each of the 4 quadrants is described elsewhere (Pardon
et al., 2019) On all 4 occasions, both qTUS and clini-
cal scoring were performed following the procedures
described above. A combination of clinical scoring and
qTUS allowed classification of the calves into one of 4
groups: healthy (no lung lesions on ultrasound and no
clinical BRD), clinical pneumonia (consolidation >1cm
and clinical signs of BRD), subclinical pneumonia (con-
solidation >1cm, but no clinical signs of BRD) or upper
respiratory tract infection (clinical signs of respiratory
disease, but no lesions on qTUS; Ollivett and Buczin-
ski, 2016; van Leenen et al., 2020).

For production outcomes, calves were weighed on
arrival and after 10 wk in production on a calf weigh
scale with 0.1 kg accuracy (Bascules Robbe, Torhout,
Belgium). After 33 wk at the veal facility, calves were
brought to the slaughterhouse. After slaughter, CCW
was provided by the abattoir with a precision of 0.1 kg.

Treatment Protocols

In this study, an outbreak of respiratory disease was
defined by the point in time where the herd veterinar-
ian considered clinical signs of BRD to be present in
10 —15% of the herd and deemed antimicrobial group
treatment necessary. At this point, at the peak of re-
spiratory disease, a first metaphylactic treatment was
initiated consisting of oral treatment with doxycycline
twice daily (Doxyveto 50% Pulvis, VMD, Arendonk,
Belgium) for 12 consecutive days. Duration of treat-
ment was based on the protocols used at the local
practice and dosing was done following leaflet recom-
mendations. In wk 7, all animals were treated orally
with florfenicol (Flordofen OS 100mg/mL, Dopharma,
Raamsdonksveer, The Netherlands) for 10 consecu-
tive days. In total, antimicrobial group treatments for
BRD were given on 2 occasions during the observation
period, resulting in 22 d of metaphylactic treatment
during the 10-wk trial period.
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After each scanning occasion, the farm’s usual veteri-
narian was provided a list of animals with consolidation
>1cm. These animals received a 5-d parenteral treat-
ment with lincosamides and spectinomycin (Emdactilin
50/100 mg/mL, Emdoka, Hoogstraten, Belgium) in
combination with penicillin (PENI-kel, Kelan v, Hoog-
straten, Belgium), according to the standard protocol
used at the local practice. In addition, the producer
or the herd veterinarian monitored the calves daily
for signs of disease (e.g., clinical signs of respiratory
disease, apathy, reduced milk intake, and so on) and se-
lected animals for individual treatment at their discre-
tion, using the antimicrobial protocol mentioned above.

Laboratory Diagnosis

At the time of arrival, approximately 10 mL of whole
blood was collected from the jugular vein into a sterile
blood collection tube (Vacutest, Kima, Arzergrande,
Italy) and stored at 4°C until further processing. Blood
samples were centrifuged at 922 x ¢ for 10 min at
approximately 20°C. For each calf, the concentration
of serum IgG was determined by quantitative ELISA
(Bio K420, MonoScreen QuantELISA ITmmunoglobulin
Easy, Bio-X Diagnostics, Rochefort, Belgium). Above
mentioned analyses were all done at an accredited labo-
ratory (Centre for Diagnostic Solutions, MSD Animal
Health, Boxmeer, The Netherlands) using optimized
settings for bovine serum samples. Previously executed
quality control procedures were within quality assur-
ance specifications. The cutoff value for failure of trans-
fer of passive immunity was set at serum IgG <7.5 g/L
(Pardon et al., 2015). After serum IgG determination,
a post hoc analysis was performed to check whether
IgG concentrations were equally distributed among all
3 vaccination groups.

Identification of pathogens present throughout this
production cycle was done by sampling a total of 19
calves, separated over 3 occasions: upon arrival of each
batch (d 0; 4, 2, and 3 samples from batch 1, 2, and
3, respectively), at the peak of the first outbreak of
respiratory disease (d 7 after arrival; 5 samples) and
again at the short-term therapy evaluation point, when
the first metaphylactic treatment was stopped (d 21;
5 samples). On these occasions, respiratory sampling
using nonendoscopic bronchoalveolar lavage (nBAL)
was performed on, unsedated calves, using a sterilized
catheter as previously described (Van Driessche et al.,
2017; Pardon and Buczinski, 2020). Each time, calves
were conveniently selected based on the presence of
clearly defined lung consolidation > lcm on qTUS.
Both animals with clinical and subclinical pneumonia
were included. An overview of the different sampling
occasions is depicted in Figure 1. From each sampling
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occasion, a pooled nBAL sample of 4 to 5 animals was
sequenced using nanopore sequencing to identify all in-
volved viral pathogens and Mycoplasma bovis (Theuns
et al., 2018; Bokma et al., 2021). To identify bacterial
infections, individual nBAL samples were inoculated
directly on Colombia agar supplemented with 5% sheep
blood (blood agar; Oxoid, Hampshire, UK) and on My-
coplasma bovis selective indicative agar (Bokma et al.,
2020). Bacteria detected on blood agar were identified
by MALDI-TOF MS (Briiker Daltonik GmbH, Bremen,
Germany) and Mycoplasma bovis was identified based
on lipase activity, as described previously (Bokma et
al., 2020).

Data and Statistical Analyses

Collected data were saved in a spreadsheet (Excel,
Microsoft Inc.) and transferred to SAS enterprise
guide 9 (SAS Institute Inc., Cary, NC) SPSS statistics
Version 27.0. (IBM Corp., Armonk, NY) for further
analysis. Calculation of ADG was done by dividing the
difference in BW between arrival and the individual
calf weight in wk 10 by the number of days in the
production facility. Next, a second analysis on ADG at
the end of the production cycle was performed using
the estimated live weight, calculated by dividing the
CCW by an industry-standard factor for carcass yield
(i.e., 0.63).

For analysis, pneumonia was defined as presence of
lung consolidation >1 cm on qTUS. Animals with con-
solidation <1 cm were considered healthy. Calves with
pneumonia were considered cured when reaeration of
previously consolidated lung tissue occurred (Jourquin
et al., 2022). At each time point, determination of
cure rate was done using the proportion of calves that
showed lung reaeration on qTUS, meaning that lung
consolidation either fully reaerated or regressed to <1
cm in depth, over the total number of calves with pneu-
monia (consolidation >1 c¢m) at the previous scanning
occasion. Short-term cure was defined as the number
of animals with pneumonia at the time of the outbreak
(W1), which no longer had consolidation >1 cm after
treatment (W3). At wk 10, to include new cases of
pneumonia that developed during metaphylaxis, long-
term cure was defined by the number of calves that
showed reaeration in calves that had pneumonia at ei-
ther the outbreak (W1) or short-term evaluation point
(W3). Calves that had pneumonia both at the time
of therapy evaluation and long-term evaluation were
considered chronic. Further, short-term new cases were
defined by animals that developed pneumonia during
metaphylaxis, in between outbreak and short-term
therapy evaluation. Long-term new cases were labeled
based on the new pneumonic cases that were detected
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Table 1. Overview of clinical characteristics, thoracic ultrasound findings, and production parameters of 443 male dairy calves, stratified by

vaccination group upon arrival at the veal facility’

Variable NC PE IN-PE Herd P-value
Number in group 151 149 143 443 —
Wisconsin score >5 (%) 4.6 3.4 2.8 3.6 0.11
Fever® (%) 5.3 4.9 7.4 5.9 0.62
Lung consolidation 1-3 cm (%) 9.9 10.5 12.8 11 0.70
Lung consolidation >3 cm (%) 3.9 4.9 3.3 4.1 0.80
Pneumonia (%) 13.8 15.4 16.1 15.1 0.85
serum IgG <7.5 g/L (%) 17.9 17.6 13.3 16.3 0.50
Arrival weight (kg [SD]) 52.0 (6.0) 51.6 (5.7) 53.3 (7.6) 52.3 (6.7) 0.59

INC = negative control group; PE = parenteral group; IN-PE = intranasal parenteral group.

Fever was defined as rectal temperature >39.3°C.

in wk 10 in calves that did not have pneumonia at both
outbreak and short-term-evaluation.

Next to the qTUS findings, clinical BRD was defined
solely by having a Wisconsin score >5. To determine the
effect of vaccination on development of clinical BRD,
qTUS confirmed pneumonia, cure rate, and the number
of new cases, 3 separate models were created: one at the
outbreak of respiratory disease, a second at the time
of therapy evaluation and a last one on the long-term
evaluation point (W10). The 3 models each consisted
of a general linear model with binomial distribution
and logit link function with Wald’s statistics for type 3
contrasts (PROC GLIMMIX). Model fit was evaluated
using the Hosmer-Lemeshow test. Significance was set
at P < 0.05.

To determine effects on ADG and CCW, mixed lin-
ear models were built (PROC MIXED). Both ADG and
CCW were checked for normal distribution by visual
assessment of the Histogram and Q-Q plots. Arrival
batch was included as random intercept in each model
to account for clustering. Bonferroni corrections were
used for multiple comparisons. Model fit was evaluated
using the —2log-likelihood. Normal distribution was
evaluated by inspection of the residuals. In addition,
the same modeling procedure was used to assess differ-
ences in IgG levels between the 3 groups. Significance
was set at P < 0.05. In some instances, to increase
power, analyses were performed using 2 groups, com-
bining the PE and IN-PE group into following groups:
nonvaccinated (n = 151) and vaccinated animals (n =
290).

RESULTS

Animals and Arrival Situation

Upon arrival, consolidation >1 c¢m were detected
in 12.2% (5/41) of the calves from batch 1, 14.4%
(29/201) in batch 2 and 16.3% (33/202) in batch 3. In
total, 15.1% (67/444) of the calves arrived with pneu-
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monia (consolidation >1 ¢cm) on TUS and pneumonia
was severe (consolidation >3 cm) in 4.1% (18/444) of
the cases. Overall, average BW on arrival was 52.3 kg
(SD = 6.5 kg; Range (R) = 37-77 kg). Average arrival
weight of calves from batch 1 was 3.2 kg (95% CI =
0.98-5.4 kg; P = 0.005) and 2.4 kg (95% CI = 0.23-4.6
kg; P = 0.03) higher than calves from batch 2 and 3,
respectively. Arrival weight from animals in batch 2
(51.7 kg; SD = 6.5 kg; R = 39-76 kg) did not differ
from batch 3 (52.4 kg; SD = 6.8 kg; R = 37-77 kg; P
= 0.76). Characteristics of each separate vaccination
group upon arrival, including IgG status, are shown
in Table 1. At the end of the trial, post hoc analyses
revealed IgG status to be similar in all 3 vaccination
groups (P = 0.5).

In total, 7 (1.6%) of the enrolled calves died over the
course of the production cycle (W0-W33), 5 of which
occurred within the first 10 wk of production. One ani-
mal (NC group) died within 24h after arrival, before
any vaccinations were given, and was excluded from
further analyses.

Pathogen Detection

As displayed in Figure 1, nBAL samples were taken
upon arrival of the first and last batch (W0), at the time
of the outbreak (W1) and at the short-term therapy
evaluation (W3). An overview of all pathogens identi-
fied in the respiratory samples taken over the course
of the trial period is given in Table 2, whereas patho-
gens that are most relevant to development of BRD
are further described below. On all sampling occasions,
calves were randomly selected based on the presence
of consolidation >1 c¢cm on qTUS (n = 67). Upon ar-
rival, bacterial cultures were positive for M. bovis in 2/9
nBAL samples and blood agar detected P. multocida,
Trueperella pyogenes, and Bibersteinia trehalosi in 4,
1, and 1 of the 9 nBAL samples, respectively. Further,
metagenomic nanopore sequencing identified genome
segments of bovine corona virus (BCoV), BPI-3, bovine
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adenovirus 3 and M. bovis in a pooled sample from
the nBALs taken upon arrival. In the nBAL samples
(n=5) collected at the start of the outbreak (W1), right
before metaphylactic treatment was initiated, BRSV,
bovine coronavirus (BCoV) and M. bovis were detected
by means of metagenomic nanopore sequencing. Bacte-
rial cultures on selective indicative agar were positive
for Mycoplasma bovis in all 5 samples taken at that time.
In addition, on blood agar, Pasteurella multocida was
found in 2 samples and Histophilus somni in 1 sample
taken at the BRD outbreak. At short-term evaluation
(W3), M. bovis was present on selective indicative agar
in 4/5 samples. Trueperella pyogenes and P. multocida
were found in 3 and 2 samples, respectively. One sam-
ple contained both T. pyogenes and FEscherichia coli.
One sample was negative on both blood culture and
selective indicative agar. Again, metagenomic nanopore
sequencing was performed on a pooled sample of the 5
nBAL samples taken at that time, but only M. bovis
was detected as a primary cause of respiratory disease.

Effects of Vaccination on Clinical BRD

In Figure 2 a temporal overview of the prevalence of
clinical BRD (Wisconsin score >5) and qTUS deter-
mined pneumonia at each time point is given, stratified
by vaccination group. On arrival, prevalence of clinical
BRD was 3.6% (16/443) and rose to 15.8% (70/443)
in the first week. At this point, the first metaphylactic
treatment was initiated consisting of oral treatment
with doxycycline for 12 consecutive days according to
the previously described protocol. After treatment,
clinical BRD was lowest in the control group (2.7%),
but no statistically significant differences were found
between the groups (P = 0.9). At the long-term evalu-
ation point (W10), although prevalence of BRD in the
vaccinated group (2.1%) was lower than in the unvacci-
nated animals (5.0%), differences were not statistically
significant (P = 0.16 ). Also, when comparing vaccinated
to nonvaccinated animals, binary logistic regression did
not indicate any differences in the odds of developing
clinical signs of BRD at the time of the outbreak (OR
= 1.1; 95% CI = 0.6-1.9; P = 0.7), short-term evalu-
ation (OR = 1.2; 95% CI = 0.4-3.9; P = 0.8) nor at
the long-term evaluation point (OR = 0.4; 95% CI =
0.1-1.6; P = 0.2).

Effects of Vaccination on qTUS
Confirmed Pneumonia

When utilizing qTUS, in the first week after arrival,
prevalence of pneumonia quickly rose from 15.1% to
42.8% (190/443; Figure 2). Consolidation >1 cm were
found in 32.4% (142/438) and 31.9% (139/436) of the
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calves at the short- and long-term evaluation points,
respectively. Over the trial period, pneumonia devel-
oped in 70.4% of calves in the NC group, 67.8% in the
PE group and 68.5% in the IN-PE group, resulting in
a total of 68.9% (306/443) of the animals having pneu-
monia on at least one of the evaluation points during
this trial.

For each scanning occasion, the risk of developing
pneumonia was assessed for the 3 vaccination groups.
At the time of the outbreak of respiratory disease (W1),
no significant differences in the risk of pneumonia were
found between vaccinated and nonvaccinated animals
(P = 0.65). At short-term therapy evaluation (W3),
after a 12-d oral treatment with doxycycline, the odds
of having pneumonia were lower in the IN-PE group
when compared with the PE group (OR = 0.58; 95%
CI = 0.36-0.96; P = 0.03), but no statistically signifi-
cant effects of vaccination were found when compar-
ing the IN-PE group (OR = 0.76; 95% CI = 0.46-1.3;
P = 0.29), nor when comparing the PE group
(OR = 1.3; 95%CI = 0.81-2.1; P = 0.28) to the NC
group at this time. In contrast, at wk 10, the odds
of having pneumonia were lower for animals that were
vaccinated when compared with nonvaccinated animals
(OR = 0.48; 95% CI = 0.32-0.73; P < 0.001) and ef-
fects were most pronounced when comparing the NC
group to the PE group, with a reduction of 62.0%
(OR = 0.38; 95% CI = 0.23-0.64; P < 0.001). Addi-
tionally, the odds of having long-term pneumonia were
also reduced by 41% (OR = 0.59; 95%CI = 0.37-0.96;
P = 0.03) for animals from the IN-PE group when com-
pared with animals from the NC group. In contrast, no
differences were found between the PE- and the IN-PE
group (P = 0.11).

Calves arriving with a consolidation >1 cm had
1.9 (95% CI = 1.1-3.3; P = 0.02) and 2.2 (95% CI =
1.3-3.8; P = 0.005) times higher odds of also having
pneumonia at the time of outbreak (W1) and therapy
evaluation (W3), respectively. The effects of arriving
with pneumonia were no longer present at the long-
term evaluation point (OR = 1.4; 95% CI = 0.8-2.4;
P = 0.2). As well as ultrasonographic parameters on
arrival, arrival weight, and serum IgG levels were as-
sessed for their influence on development of pneumonia,
but no statistically significant associations were found.

Effects of Vaccination on Cure

In this study, cure was defined by reaeration of pre-
viously consolidated lung tissue (>1 cm in depth) on
qTUS. Short-term cure was defined by the number of
animals with pneumonia at the time of the outbreak
(W1), which no longer had a consolidation >1 cm
after first metaphylactic treatment (W3). Short-term
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Figure 2. Overview of quick thoracic ultrasound (qTUS) confirmed pneumonia (Pn) and clinical bovine respiratory disease (BRD) in 443
male dairy calves over a 10-wk period, using consolidation >1 c¢m on lung ultrasonography as case definition of pneumonia. Clinical BRD was
defined using the Wisconsin respiratory scoring chart. At the long-term evaluation point, clinical scoring was only performed on 292 animals. *
Indicates a statistically significant difference with a P < 0.05 ** Indicates a statistically significant difference with a P < 0.001. ns = a nonsig-

nificant difference between groups.

cure rates were 47.8% (32/67), 42.4% (28/66) and
62.5% (35/56) in the NC group, the PE group and
the IN-PE group, respectively. When compared with
the NC group, no difference in short-term cure was
found for the PE group (OR = 0.82; 95%CI: 0.40-1.7;
P = 0.6), but for the IN-PE group, a trend was ob-
served (OR = 2.02; 95%CI: 0.96-4.35; P = 0.07).
Moreover, when comparing the PE to the IN-PE
group, odds of short-term cure were higher in the IN-
PE group (OR = 2.3; 95% CI = 1.1-4.7; P = 0.03).
In total, short-term cure rate for all enrolled calves
was 50.3% (95/189).

At wk 10, to include new cases of pneumonia that
developed during metaphylaxis, long-term cure was de-
fined by the number of calves that showed reaeration in
calves that had pneumonia at either the outbreak (W1)
or short-term evaluation point (W3). Overall, when
only considering these pneumonic animals at the time
of the outbreak or short-term evaluation, a final cure
rate of 61.5% (147/239) was reached in wk 10. For each
vaccination group a visual representation of the differ-
ences in development and cure on short- and long-term
evaluation is given in Figure 3. Compared with the
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NC group, odds for long-term cure were significantly
higher in the PE group (OR = 2.2; 95% CI = 1.1-4.1;
P = 0.02).

Next to cure, Figure 3 also displays the rates of new
pneumonic cases that developed at the short- and long-
term evaluation points for each vaccination group. At
short-term evaluation, the number of new cases were
similar between all 3 groups (P > 0.05). In contrast,
at wk 10, long-term new cases were detected in 36.2%
(25/69), 11.3% (7/62), and 24.6% (17/69) of the calves
in the NC, the PE, and the IN-PE group, respec-
tively. When compared with the NC group, the odds
of developing long-term new cases decreased by 77.6%
(OR = 0.22; 95% CI = 0.09-0.57; P = 0.002) in the
PE group. In the IN-PE group the odds of developing
long-term new cases also decreased compared with the
control calves but this difference was not significant
(OR = 0.58; 95% CI = 0.28-1.2; P = 0.14).

Effects on Growth and Carcass Weight

In Table 3, an overview of production outcomes is
given for each vaccination group. After 10 wk in pro-
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Figure 3. Differences in the development of new cases of pneumonia and cure rate in male dairy calves based on different vaccination pro-

tocols. NC = negative control; PE = parenteral; IN-PE =
the incidence of the event occurring between groups.

duction, BW of the enrolled animals averaged 114.1
kg (SD = 13.4 kg; R = 78.8-153.5 kg), resulting in an
ADG over the first 10 wk of production of 0.888 kg/d
(SD = 0.145 kg/d; R = 0.446-1.289 kg/d ). Average
CCW was 184.2 kg (SD = 20.3 kg; R = 87.6-250.9 kg),
giving an ADG over the complete production cycle of
1.146 kg/d (SD = 0.144 kg/d ; R = 0.44-1.634 kg/d ).
For production analyses, CCW observations that were
more than 3 times the interquartile range below the
lower first quartile or 3 times above the upper third
quartile were considered extreme outliers and were re-
moved. In total, 3 extreme outliers were removed, and
7 animals died before slaughter, leaving 434 animals for
production analysis.

After 10 wk, ADG of the NC group (0.877 kg/d ;
SD = 0.154 kg/d ; R = 0.446-1.297 kg/d ) was no
different from vaccinated animals (0.894 kg/d ;
SD = 0.139 kg/d ; R = 0.480-1.289 kg/d ; P = 0.3).
Evaluated over the whole production cycle, ADG was
0.030 kg/d higher in vaccinated animals compared with
the NC group (95%CI = 0.00-0.06 kg/d ; P = 0.03).

For CCW, both linear mixed model analysis and
One-way ANOVA analysis indicated a lower CCW of
5.1 kg in animals with >1 episode of pneumonia com-
pared with animals who remained healthy throughout
the trial (SD = 2.1 kg; 95%CI: 1.0-9.3 kg; P = 0.02).
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intranasal-parenteral. Different letters indicate a significant difference (P < 0.05) in

Regarding vaccination, CCW averaged 3.85 kg higher
in vaccinated animals compared with the NC group
(95% CI = 0.1-7.6 kg; P = 0.05). Compared with the
NC group, CCW was 3.5 kg and 4.3 kg higher in the
PE group (95% CI = —0.9-7.9; P = 0.1) and IN-PE
group (95% CI = —0.17-8.7; P = 0.06), respectively.

Next to vaccination, a positive ¢TUS score (consoli-
dation >1 cm) or clinical BRD (Wisconsin score >5)
in wk 10 and low arrival weight also influenced produc-
tion parameters. Animals with pneumonia at the long-
term evaluation point (W10), had a 4.37 kg (95% CI:
0.68-8.1 kg; P = 0.02) lower CCW than animals that
did not show lung consolidation at that point. Calves
with consolidation >3 cm in wk 10 had a 12.5 kg lower
CCW than animals with smaller or no consolidation
at that point (SD = 2.5 kg; 95% CI: = 7.8-17.5 kg;
P < 0.001). Also, calves with pneumonia in wk 10 had
an ADG that averaged 0.076 kg/d (95% CI = 0.05-0.11
kg/d ; P < 0.001) lower after 10 wk compared with
healthy animals without lung consolidation. In Figure
4, differences in ADG and CCW are presented based
on qTUS findings in wk 10. Next to qTUS confirmed
pneumonia, calves with clinical signs of BRD in wk 10
had a 14.2kg (95% CI = 1.6-26.8kg; P = 0.03) lower
CCW than animals without clinical signs of BRD at
that time.



Maximum

Minimum

IN-PE group (n = 141)

Mean + SD

Maximum

Minimum

PE group (n = 147)

Mean 4+ SD

Maximum

Minimum

NC group (n = 146)

Mean + SD

Table 3. Overview of health and production characteristics of 434 dairy veal calves randomly assigned to 1 of 3 vaccination groups

Parameter
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slaughter (kg/d)

*PDifferent letters indicate a significant difference (P < 0.05) between groups.

'Final live weight was calculated by dividing the final cold carcass weight by factor 0.63.

DISCUSSION

This study is pioneering work for 2 reasons. First,
to the authors knowledge it is the first peer-reviewed
report on a trial that investigated the efficacy of on-
arrival vaccination to reduce pneumonia in veal calves,
one of the industries facing the biggest challenge to
rationally reduce antimicrobial use. Second, and even
more importantly, it is the first study to use thoracic
ultrasonography as a reliable method to detect pneu-
monia while also using nanosequencing and culture on
nBAL samples to identify the presence of respiratory
pathogens. Another study implemented TUS to diag-
nose pneumonia in a vaccination trial in dairy calves,
but no pathogen identification was performed (Ollivett
et al., 2018b).

The goal of vaccination upon arrival is to protect
calves against viral infections (BRSV and BPI-3)
which are notoriously present in all production types
where commingling occurs (Pardon et al., 2011). Even
in these high-risk environments, vaccination might
reduce the consequences of viral infections, result-
ing in reduced damage to the respiratory tract and
subsequently a lower probability of superinfections
with Pasteurellaceae and Mycoplasma bovis (Zhang et
al., 2019; Masset et al., 2020; Pardon and Buczinski,
2020). The importance of these viral infections has
been illustrated in this study as BPI-3 and BCoV were
detected upon arrival and both BRSV and BCoV were
circulating one week after arrival, meaning that all 3
primary viral agents were present immediately before
and during the outbreak of respiratory disease (Pardon
et al., 2011; Studer et al., 2021). Unfortunately, the
genome segments of the BRSV detected by metage-
nomic nanopore sequencing were insufficient to deter-
mine whether it was a wild-type strain, the vaccine
strain or a combination of both. Therefore, it is pos-
sible that the positive BRSV signal might have been
a false-positive result brought about by the intranasal
vaccination with a live vaccine, as has been described
for PCR results earlier and can last up to 21 d postvac-
cination (Belloc et al., 2009; Walz et al., 2017). Belloc
et al. (2009) demonstrated the presence of the vaccine
strain in nasopharyngeal swabs shortly after intranasal
vaccination. In our study however, nBAL samples were
collected. Whether or not vaccine virus can be detected
in nBAL samples collected shortly after application of
a live viral vaccine remains unknown, but seems less
likely (Makoschey B., personal communication). The
fact that BPI-3 virus, also present in the live vaccine,
was detected shortly before the first metaphylactic
treatment, but no longer at the time of the outbreak
is not in favor of a false-positive nanopore sequencing
result. Moreover, the trial was done at the time of year



Jourquin et al.: ON-ARRIVAL BOVINE RESPIRATORY DISEASE VACCINATION

*k

1.0+

ADG (kg/day)
-
1l
5
<
I

0.5+

0.0

] T
Healthy week 10 Pneumonia week 10

9271

250- .

200+

CCW (kg)

1504

100

T T
Healthy week 10 Pneumonia week 10

Figure 4. Average daily gain and cold carcass weight of 434 male dairy calves, stratified by ¢TUS findings in wk 10 of the production cycle.
Average daily growth was calculated based on the difference in arrival weight and weight in wk 10 of production. The middle box represents
the interquartile range (middle 50%), the horizontal line marks the media, the plus sign marks the average, whiskers represent the 5th to 95th
percentiles, and dots are values outside of the 5th to 95th percentile. * Indicates a statistically significant difference with P < 0.05 ** Indicates
a statistically significant difference with P < 0.001. CCW = cold carcass weight; qTUS = quick thoracic ultrasound.

that BRSV infections peak, hence the high probability
that the virus was involved in the outbreak (Pardon
et al., 2020). Although in the past, the use of a single
dose of the inactivated vaccine has demonstrated par-
tial protection against a challenge with BRSV, in gen-
eral, a second dose of inactivated vaccine is required
for a solid protection to be induced (van der Sluijs et
al.; 2010). In an attempt to induce an earlier onset
of immunity, the second vaccination protocol (IN-PE
group) included an intranasal vaccination with a live
vaccine, but this could not prevent the outbreak from
occurring. Ideally, this intranasal vaccination should
be administered earlier to the calves before transporta-
tion to induce (partial) protection before commingling
occurs. Short-term effects of viral vaccination may
also have been masked by the fact that M. bovis and
coronavirus infections were spreading rapidly at that
time. Nevertheless, intranasal vaccination did result
in a slightly better short-term cure rate compared
with parenteral vaccination and could therefore have
resulted in less severe consequences, such as M. bovis
infections, secondary to the viral challenge at the time
of the outbreak (Mosier, 2014).

Journal of Dairy Science Vol. 106 No. 12, 2023

The main finding in this study is that vaccination,
both with the PE and IN-PE protocol, reduced the
incidence of lung ultrasonographically confirmed pneu-
monia at wk 10 of production. Subsequent findings
indicate that this reduction of pneumonia at wk 10
is likely to be caused by a combination of improved
long-term cure rate and reduced incidence of new cases
between outbreak (W1) and the long-term evaluation
point (W10). These findings could be of economically of
importance given that calves which still demonstrated
pneumonia at wk 10 of production had a significantly
lower carcass weight. Apparently, both vaccination
protocols reduced the odds of developing chronic, unre-
sponsive pneumonia, and the subsequent lower carcass
weights, which could be economically relevant improve-
ments. While viral pneumonia is known to be a major
cause of disease in the first weeks after arrival, once
these viruses recede and the animals enter the fatten-
ing stage, acute respiratory disease is mostly associated
with an interaction between M. bovis and Pasteurel-
laceae, and more specifically, M. haemolytica (Pardon
et al., 2020; Valeris-Chacin et al., 2022). Hence, a likely
explanation is that the M. haemolytica component of
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the inactivated vaccine offers protection against bacte-
rial superinfection with Pasteurellaceae.

A third observation is that vaccination upon arrival
did not result in reduced risk for BRD related clini-
cal signs at any time. When comparing with the few
studies evaluating vaccine efficacy on the expression
of clinical signs (clinical BRD) in the same age cat-
egory, the present study’s findings are in line with ear-
lier work (O’Connor et al., 2019). In a beef herd, Van
Donkersgoed et al. (1994) only found a trend toward
less clinical BRD when using a live-attenuated vaccine.
In dairy calves, 2 available multiple herd studies, with
a total of over 2000 calves enrolled, did not find an ef-
fect of vaccination with parenteral live-attenuated vac-
cines against BRSV, BPI-3, and M. haemolytica among
other pathogens on clinical BRD (Aubry et al., 2001;
Windeyer et al., 2012). Considering the current litera-
ture and the results of our study, it raises the question
whether evaluation of vaccination, and even treatment
in general, based on clinical BRD is sufficiently reli-
able. TUS has proven the importance of subclinical
pneumonia and its effects on both animal welfare and
production (Ollivett et al., 2015; Jourquin et al., 2023).
More importantly, using qTUS, this study found as-
sociations between vaccination and development of
pneumonia and even cure, whereas definitions based
on clinical BRD again did not show any effects. To the
authors knowledge, only one other study used TUS to
evaluate vaccine efficacy, in dairy heifers up to 12 wk of
age. The findings in this study are in line with the re-
sults of the present study, indicating vaccination to be
positively associated with TUS findings and ADG, but
not with clinical BRD (Ollivett et al., 2018a). In ad-
dition to respiratory sampling, another novelty in this
study compared with the previous study, is that lung
reaeration was used to evaluate cure. Lung reaeration
on TUS has been described as an objective and reliable
cure criterion (Jourquin et al. 2022). Our finding that
vaccination influenced cure rates, while clinical BRD
remained unchanged, emphasizes the usefulness of TUS
to evaluate treatment effects and opens the way for
future trials to use this criterion to evaluate effects of
different BRD management strategies.

Fourth, this study demonstrates that the absence of
pneumonia on qTUS in wk 10 was related to both a
higher ADG in the first 10 wk and a higher CCW,
meaning that prevention of long-term pneumonia is key
in improving both welfare and production. In turn, vac-
cination was able to reduce the occurrence of pneumo-
nia at wk 10 and therefore, vaccination should have a
positive effect on production, as was seen in a previous
study in Danish calf rearing operations (Martin et al.,
2022) and confirmed in our study. To convince produc-
ers to vaccinate, positive effects on economic outcomes
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are important, but in this study only a borderline
significant increase in CCW of 3.85kg in vaccinated
animals was found. The applied sample size was not
defined in function of production results resulting in
insufficient power to detect a significant effect of sepa-
rate vaccination groups. Although not significant, the
mean increases in CCW of 3.48kg and 4.28kg for the
PE and IN-PE group, respectively, would economically
represent a return of investment in vaccine use.

In the current study, Mycoplasma bovis was a leading
pathogen, rapidly spreading within 1 to 2 wk after ar-
rival and persisting after group treatment, as is often
observed in previous similar studies (Pardon et al.,
2011; Jourquin et al., 2023). The short- and long-term
cure rate (50.3 and 61.5%, respectively) appeared to be
low, compared with a recent study showing >95% cure
in an acute M. bovis outbreak in beef calves (Jourquin
et al., 2022). There are different reasons why treatment
effects are so different. In the beef calves study, not
only was M. bovis the only primary pathogen found (no
viral coinfection), but treatment duration was adapted
to qTUS findings. Also, treatment itself was performed
per injection instead of orally, decreasing the odds of
underdosing due to differences in BW and feed intake
(Borderas et al., 2009; Cramer et al., 2020). Further,
in the beef calves study antimicrobial susceptibillity
testing was done ensuring the M.bovis strain isolated
was susceptible to the antimicrobials used. In contrast,
in veal herds, it is known that multiple M.bovis strains
with different susceptibillity patterns can coexist within
one herd (Jourquin et al., 2023). Combining this with
the significant viral challenge that was present at the
time of treatment, one could argue that, within the
current veal production methods, where viral coinfec-
tions are a major challenge and oral treatments are
still common, a cure rate >60% might be unrealistic.
Despite antimicrobial mass medication in this industry,
cure rates are still low resulting in suboptimal produc-
tion and animal welfare issues. Hence, efforts should be
made to either prevent the damage inflicted by viral
infections using vaccination and to individualize anti-
microbial treatment and management based on qTUS
findings rather than clinical signs.

Performing a well conducted clinical trial to evaluate
the effects of vaccination on calf respiratory disease is
a huge challenge for different reasons. The practical
challenge was scanning a large number of calves in a
reliable way. Perfoming qTUS on a large number of
calves is labor-intensive, but the protocol turned out to
be adapted for this need, both because of the methodol-
ogy of the qTUS technique itself and because of the 4
strategical observation points in time that were chosen,
all of which proved to be very informative. Application
of this protocol, or a variation, has the potential to
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be applied for different needs in different production
types. For example, the qTUS protocol allows evalua-
tion of the health status of recently purchased calves,
early detection of pneumonia before or immediately af-
ter grouping animals on dairy or beef farms, to evaluate
treatment length and efficacy and even to help predict
production results (e.g., TUS on wk 10 in veal calves).
Therefore, this protocol has the potential to greatly
contribute to rationalizing antimicrobial use, individu-
alizing treatment based on the combination of qTUS
and nBAL findings, and aid the industry in moving
away from metaphylaxis.

The study itself, because it was performed on a com-
mercial veal facility, had several limitations. The inter-
pretive issues of the nanopore sequencing results are
discussed above. Also, for safety and economic reasons
we were not able to determine live weight just before
slaughter. Hence, we needed to estimate live weight us-
ing a fixed factor, commonly used in the Belgian veal
industry, for carcass yield percentage. Again, for practi-
cal reasons (slurry removal during observation), clinical
scoring could not be done on all calves at the long-term
evaluation point, leading to the loss of clinical data
of 139 animals enrolled. Therefore, we cannot exclude
whether both vaccination protocols would have affected
clinical signs at wk 10. Further, we used the >1 cm
lung consolidation depth cutoff point in the analysis.
As other studies have suggested using a threshold of
>3cm, and only evaluating caudal lobes to define ac-
tive pneumonia, it could be argued that using the lcm
threshold might lead to overdiagnosis of pneumonia
(Berman et al., 2019). However, multiple studies using
Bayesian class modeling have shown that both sensitiv-
ity and specificity of using the 1 cm threshold are very
comparable to the 3 cm threshold (Buczinski et al.,
2014, 2015). Further, this study, as well as previous
studies, have linked consolidation >1 c¢m to a decrease
in production, indicating consolidation of this size to
have a significant effect on the growth and wellbeing
of these animals (Teixeira et al., 2017; Jourquin et al.,
2023). Therefore, we believe both using the >1 cm cut-
off value as well as including the cranial lobes to be the
most accurate way for early detection of pneumonia
and evaluating factors influencing development and
progression of pneumonia in calves.

Finally, although the studied situation, being male
dairy calves for veal production, is very different from
conventional, closed herd dairy heifer calf raising, we
argue that these study results are meaningful for the
latter system as well. Afterall, in the present study we
showed vaccine efficacy in very extreme conditions,
with immunosuppressed calves, vaccination at the time
of pathogen exposure and the dominant presence of M.
bovis for which no vaccination was possible.
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CONCLUSIONS

Under the conditions of this study, in a challenging
veal calf setting, BRSV, PI-3, and Mannheimia hae-
molytica vaccination, both intranasal and parenteral,
resulted in a reduced risk of long-term pneumonia,
improved long-term cure, and reduced the incidence of
new pneumonia cases between wk 3 and 10. In addi-
tion, vaccinated calves had a numerically higher carcass
weight. These vaccination effects likely result from a
reduced probability of a severe opportunistic bacterial
superinfection, leading to lower odds for chronic pneu-
monia which is associated with carcass weight loss. The
use of qTUS and nBAL diagnostics on strategic time
points offers great potential to improve the ability of
randomized clinical trials to evaluate preventative and
curative measures for BRD.

ACKNOWLEDGMENTS

The first author (SJ) was financially supported by
a grant of Flanders Innovation and Entrepreneur-
ship (VLAIO; Grant number HBC.2019.2876 KRIS:
04570416; PneumoNEE). We gratefully thank the
farmer and local staff members of Dierenkliniek Venhei
for their efforts and collaboration in the trial. Special
thanks to Katharine Baxter-Smith for providing use-
ful insights and comments on the manuscript before
submission. The funders had no role in data collection
and interpretation, or decision to submit the work for
publication. The authors have not stated any conflicts
of interest.

REFERENCES

Aubry, P., L. D. Warnick, C. L. Guard, B. W. Hill; and M. F. Witt.
2001. Health and performance of young dairy calves vaccinated
with a modified-live Mannheimia haemolytica and Pasteurella mul-
tocida vaccine. J. Am. Vet. Med. Assoc. 219:1739-1742. https://
doi.org/10.2460/javma.2001.219.1739.

Belloc, C., R. Guattéo, N. Bareille, H. Seegers, S. Assié, A. Douart, E.
Le Dréan, C. Maingourd, and E. Sellal. 2009. Detection by real-
time RT-PCR of a bovine respiratory syncytial virus vaccine in
calves vaccinated intranasally. Vet. Rec. 165:230-233. https://doi
.org/10.1136/vr.165.8.230.

Berman, J., D. Francoz, S. Dufour, and S. Buczinski. 2019. Bayes-
ian estimation of sensitivity and specificity of systematic thoracic
ultrasound exam for diagnosis of bovine respiratory disease in
pre-weaned calves. Prev. Vet. Med. 162:38-45. https://doi.org/10
.1016/j.prevetmed.2018.10.025.

Bokma, J., L. Van Driessche, P. Deprez, F. Haesebrouck, M. Vahl, E.
Weesendorp, R. H. Deurenberg, B. Pardon, and F. Boyen. 2020.
Rapid Identification of Mycoplasma bovis Strains from Bovine
Bronchoalveolar Lavage Fluid with Matrix-Assisted Laser Desorp-
tion Ionization-Time of Flight Mass Spectrometry after Enrich-
ment Procedure. Accessed Mar. 12, 2023. jem.asm.org.

Bokma, J., N. Vereecke, M. L. Pas, L. Chantillon, M. Vahl, E. Weesen-
dorp, R. H. Deurenberg, H. Nauwynck, F. Haesebrouck, S. Theuns,
F. Boyen, and B. Pardon. 2021. Evaluation of nanopore sequenc-
ing as a diagnostic tool for the rapid identification of Mycoplasma


https://doi.org/10.2460/javma.2001.219.1739
https://doi.org/10.2460/javma.2001.219.1739
https://doi.org/10.1136/vr.165.8.230
https://doi.org/10.1136/vr.165.8.230
https://doi.org/10.1016/j.prevetmed.2018.10.025
https://doi.org/10.1016/j.prevetmed.2018.10.025
jcm.asm.org

Jourquin et al.: ON-ARRIVAL BOVINE RESPIRATORY DISEASE VACCINATION

bovis from individual and pooled respiratory tract samples. J. Clin.
Microbiol. 59:¢0111021. https://doi.org/10.1128 /JCM.01110-21.

Borderas, T. F., J. Rushen, M. A. G. von Keyserlingk, and A. M. B.
de Passillé. 2009. Automated measurement of changes in feeding
behavior of milk-fed calves associated with illness. J. Dairy Sci.
92:4549-4554. https://doi.org/10.3168/jds.2009-2109.

Buczinski, S., G. Forté, D. Francoz, and A. M. Bélanger. 2014. Com-
parison of thoracic auscultation, clinical score, and ultrasonogra-
phy as indicators of bovine respiratory disease in preweaned dairy
calves. J. Vet. Intern. Med. 28:234-242. https://doi.org/10.1111/
jvim.12251.

Buczinski, S., T. L Ollivett, and N. Dendukuri. 2015. Bayesian esti-
mation of the accuracy of the calf respiratory scoring chart and
ultrasonography for the diagnosis of bovine respiratory disease in
pre-weaned dairy calves. Prev. Vet. Med. 119:227-231. https://doi
.org/10.1016/j.prevetmed.2015.02.018.

Cramer, C., K. Proudfoot, and T. Ollivett. 2020. Automated feeding
behaviors associated with subclinical respiratory disease in pre-
weaned dairy calves. Animals (Basel) 10:988. https://doi.org/10
.3390/anil0060988.

Jourquin, S., J. Bokma, L. De Cremer, K. Leenen, N. Vereecke, and
B. Pardon. 2022. Randomized field trial comparing the efficacy of
florfenicol and oxytetracycline in a natural outbreak of calf pneu-
monia using lung reaeration as a cure criterion. J. Vet. Intern.
Med. 36:820-828. https://doi.org/10.1111/jvim.16348.

Jourquin, S., T. Lowie, F. Debruyne, L. Chantillon, N. Vereecke, F.
Boyen, R. Boone, J. Bokma, and B. Pardon. 2023. Dynamics of
subclinical pneumonia in male dairy calves in relation to antimi-
crobial therapy and production outcomes. J. Dairy Sci. 106:676—
689. https://doi.org/10.3168 /jds.2022-22212.

Karle, B. M., G. U. Maier, W. J. Love, S. A. Dubrovsky, D. R. Williams,
R. J. Anderson, A. L. Van Eenennaam, T. W. Lehenbauer, and S. S.
Aly. 2019. Regional management practices and prevalence of bovine
respiratory disease in California’s preweaned dairy calves. J. Dairy
Sci. 102:7583-7596. https://doi.org/10.3168/jds.2018-14775.

Lowie, T., K. Van Leenen, S. Jourquin, M. L. Pas, J. Bokma, and B.
Pardon. 2022. Differences in the association of cough and other
clinical signs with ultrasonographic lung consolidation in dairy,
veal, and beef calves. J. Dairy Sci. 105:6111-6124. https://doi.org/
10.3168/jds.2021-21570.

Martin, H. L., K. Hornbaek, and G. Vertenten. 2022. Proceedings of
the 31st World Buiatrics Congress, Madrid, Spain. 2022, 84-85.
Respiratory vaccine shows positive effect on growth in Danish calf
rearing operations.

Masmeijer, C., P. Deprez, K. van Leenen, L. De Cremer, E. Cox,
B. Devriendt, and B. Pardon. 2021. Arrival cortisol measurement
in veal calves and its association with body weight, protein frac-
tions, animal health and performance. Prev. Vet. Med. 187:105251.
https://doi.org/10.1016/j.prevetmed.2020.105251.

Masset, N., F. Meurens, M. Marie, P. Lesage, A. Lehébel, N. Brisseau,
and S. Assié. 2020. Effectiveness of two intranasal vaccines for the
control of bovine respiratory disease in newborn beef calves: A ran-
domized non-inferiority multicentre field trial. Vet. J. 263:105532.
https://doi.org/10.1016/j.tvjl.2020.105532.

McGuirk, S. M., and S. F. Peek. 2014. Timely diagnosis of dairy
calf respiratory disease using a standardized scoring system.
Anim. Health Res. Rev. 15:145-147. https://doi.org/10.1017/
S1466252314000267.

Mosier, D. 2014. Review of BRD pathogenesis: The old and the new.
Anim. Health Res. Rev. 15:166-168. https://doi.org/10.1017/
S51466252314000176.

O’Connor, A. M., D. Hu, S. C. Totton, N. Scott, C. B. Winder, B.
Wang, C. Wang, J. Glanville, H. Wood, B. White, R. Larson, C.
Waldner, and J. M. Sargeant. 2019. A systematic review and net-
work meta-analysis of bacterial and viral vaccines, administered
at or near arrival at the feedlot, for control of bovine respiratory
disease in beef cattle. Anim. Health Res. Rev. 20:143-162. https:/
/doi.org/10.1017/S1466252319000288.

Ollivett, T. L., and S. Buczinski. 2016. On-farm use of ultrasonography
for bovine respiratory disease. Vet. Clin. North Am. Food Anim.
Pract. 32:19-35. https://doi.org/10.1016/j.cvfa.2015.09.001.

Journal of Dairy Science Vol. 106 No. 12, 2023

9274

Ollivett, T. L., J. L. Caswell, D. V. Nydam, T. Duffield, K. E. Leslie,
J. Hewson, and D. Kelton. 2015. Thoracic ultrasonography and
bronchoalveolar lavage fluid analysis in Holstein calves with sub-
clinical lung lesions. J. Vet. Intern. Med. 29:1728-1734. https://doi
.org/10.1111/jvim.13605.

Ollivett, T. L., K. E. Leslie, T. F. Duffield, D. V. Nydam, J. Hewson,
J. Caswell, P. Dunn, and D. F. Kelton. 2018a. Field trial to evalu-
ate the effect of an intranasal respiratory vaccine protocol on calf
health, ultrasonographic lung consolidation, and growth in Hol-
stein dairy calves. J. Dairy Sci. 101:8159-8168. https://doi.org/10
.3168/jds.2017-14271.

Ollivett, T. L., K. E. Leslie, T. F. Duffield, D. V. Nydam, J. Hewson,
J. Caswell, P. Dunn, and D. F. Kelton. 2018b. Field trial to evalu-
ate the effect of an intranasal respiratory vaccine protocol on calf
health, ultrasonographic lung consolidation, and growth in Hol-
stein dairy calves. J. Dairy Sci. 101:8159-8168. https://doi.org/10
.3168/jds.2017-14271.

Pardon, B. 2019. A quick scan lung ultrasound method and flow chart
as a decision aid for bronchopneumonia diagnosis. Pages 258-260
in Proc. XXIV Congreso Internacional ANEMBE de Medicina Bo-
vina. Asociacién Nacional de Especialistas en Medicina Bovina de
Espana (ANEMBE).

Pardon, B., J. Alliét, R. Boone, S. Roelandt, B. Valgaeren, and P.
Deprez. 2015. Prediction of respiratory disease and diarrhea in
veal calves based on immunoglobulin levels and the serostatus
for respiratory pathogens measured at arrival. Prev. Vet. Med.
120:169-176. https://doi.org/10.1016/j.prevetmed.2015.04.009.

Pardon, B., and S. Buczinski. 2020. Bovine respiratory disease diag-
nosis: What progress has been made in infectious diagnosis? Vet.
Clin. North Am. Food Anim. Pract. 36:425-444. https://doi.org/
10.1016/j.cvfa.2020.03.005.

Pardon, B., S. Buczinski, and P. R. Deprez. 2019. Accuracy and inter-
rater reliability of lung auscultation by bovine practitioners when
compared with ultrasonographic findings. Vet. Rec. 185:109. https:
//doi.org/10.1136/vr.105238.

Pardon, B., J. Callens, J. Maris, L. Allais, W. Van Praet, P. Deprez,
and S. Ribbens. 2020. Pathogen-specific risk factors in acute out-
breaks of respiratory disease in calves. J. Dairy Sci. 103:2556-2566.
https://doi.org/10.3168/jds.2019-17486.

Pardon, B., K. De Bleecker, J. Dewulf, J. Callens, F. Boyen, B. Catry,
and P. Deprez. 2011. Prevalence of respiratory pathogens in dis-
eased, non-vaccinated, routinely medicated veal calves. Vet. Rec.
169:278. https://doi.org/10.1136/vr.d4406.

Pardon, B., K. De Bleecker, M. Hostens, J. Callens, J. Dewulf, and P.
Deprez. 2012. Longitudinal study on morbidity and mortality in
white veal calves in Belgium. BMC Vet. Res. 8:26. https://doi.org/
10.1186/1746-6148-8-26.

Renaud, D., and B. Pardon. 2022. Preparing male dairy calves for the
veal and dairy beef industry. Vet. Clin. North Am. Food Anim.
Pract. 38:77-92. https://doi.org/10.1016/j.cvfa.2021.11.006.

Richeson, J. T., and T. R. Falkner. 2020. Bovine respiratory disease
vaccination: What is the effect of timing? Vet. Clin. North Am.
Food Anim. Pract. 36:473-485. https://doi.org/10.1016/j.cvfa
.2020.03.013.

Stilwell, G., M. Matos, N. Carolino, and M. S. Lima. 2008. Effect of a
quadrivalent vaccine against respiratory virus on the incidence of
respiratory disease in weaned beef calves. Prev. Vet. Med. 85:151—
157. https://doi.org/10.1016/j.prevetmed.2008.02.002.

Studer, E., L. Schonecker, M. Meylan, D. Stucki, R. Dijkman, M. Hol-
werda, A. Glaus, and J. Becker. 2021. Prevalence of BRD-related
viral pathogens in the upper respiratory tract of Swiss veal calves.
Animals (Basel) 11:1940. https://doi.org/10.3390/anil1071940.

Teixeira, A. G. V., J. A. A. McArt, and R. C. Bicalho. 2017. Thoracic
ultrasound assessment of lung consolidation at weaning in Holstein
dairy heifers: Reproductive performance and survival. J. Dairy Sci.
100:2985-2991. https://doi.org/10.3168/jds.2016-12016.

Theuns, S., B. Vanmechelen, Q. Bernaert, W. Deboutte, M. Vanden-
hole, L. Beller, J. Matthijnssens, P. Maes, and H. J. Nauwynck.
2018. Nanopore sequencing as a revolutionary diagnostic tool for
porcine viral enteric disease complexes identifies porcine kobuvirus


https://doi.org/10.1128/JCM.01110-21
https://doi.org/10.3168/jds.2009-2109
https://doi.org/10.1111/jvim.12251
https://doi.org/10.1111/jvim.12251
https://doi.org/10.1016/j.prevetmed.2015.02.018
https://doi.org/10.1016/j.prevetmed.2015.02.018
https://doi.org/10.3390/ani10060988
https://doi.org/10.3390/ani10060988
https://doi.org/10.1111/jvim.16348
https://doi.org/10.3168/jds.2022-22212
https://doi.org/10.3168/jds.2018-14775
https://doi.org/10.3168/jds.2021-21570
https://doi.org/10.3168/jds.2021-21570
https://doi.org/10.1016/j.prevetmed.2020.105251
https://doi.org/10.1016/j.tvjl.2020.105532
https://doi.org/10.1017/S1466252314000267
https://doi.org/10.1017/S1466252314000267
https://doi.org/10.1017/S1466252314000176
https://doi.org/10.1017/S1466252314000176
https://doi.org/10.1017/S1466252319000288
https://doi.org/10.1017/S1466252319000288
https://doi.org/10.1016/j.cvfa.2015.09.001
https://doi.org/10.1111/jvim.13605
https://doi.org/10.1111/jvim.13605
https://doi.org/10.3168/jds.2017-14271
https://doi.org/10.3168/jds.2017-14271
https://doi.org/10.3168/jds.2017-14271
https://doi.org/10.3168/jds.2017-14271
https://doi.org/10.1016/j.prevetmed.2015.04.009
https://doi.org/10.1016/j.cvfa.2020.03.005
https://doi.org/10.1016/j.cvfa.2020.03.005
https://doi.org/10.1136/vr.105238
https://doi.org/10.1136/vr.105238
https://doi.org/10.3168/jds.2019-17486
https://doi.org/10.1136/vr.d4406
https://doi.org/10.1186/1746-6148-8-26
https://doi.org/10.1186/1746-6148-8-26
https://doi.org/10.1016/j.cvfa.2021.11.006
https://doi.org/10.1016/j.cvfa.2020.03.013
https://doi.org/10.1016/j.cvfa.2020.03.013
https://doi.org/10.1016/j.prevetmed.2008.02.002
https://doi.org/10.3390/ani11071940
https://doi.org/10.3168/jds.2016-12016

Jourquin et al.: ON-ARRIVAL BOVINE RESPIRATORY DISEASE VACCINATION

as an important enteric virus. Sci. Rep. 8:9830. https://doi.org/10
.1038/541598-018-28180-9.

Valeris-Chacin, R., S. Powledge, T. McAtee, P. S. Morley, and J.
Richeson. 2022. Mycoplasma bovis is associated with Mannheim-
ia haemolytica during acute bovine respiratory disease in feedlot
cattle. Front. Microbiol. 13:946792. https://doi.org/10.3389 /fmich
.2022.946792.

van der Sluijs, M. T. W., E. M. Kuhn, and B. Makoschey. 2010. A
single vaccination with an inactivated bovine respiratory syncytial
virus vaccine primes the cellular immune response in calves with
maternal antibody. BMC Vet. Res. 6:2. https://doi.org/10.1186/
1746-6148-6-2.

Van Donkersgoed, J., A. A. Potter, B. Mollison, and R. J. Harland.
1994. The effect of a combined Pasteurella haemolytica and Hae-
mophilus somnus vaccine and a modified-live bovine respiratory
syncytial virus vaccine against enzootic pneumonia in young beef
calves. Can. Vet. J. 35:239-241.

Van Driessche, L., B. R. Valgaeren, L. Gille, F. Boyen, R. Ducatelle,
F. Haesebrouck, P. Deprez, and B. Pardon. 2017. A deep naso-
pharyngeal swab versus nonendoscopic bronchoalveolar lavage for
isolation of bacterial pathogens from preweaned calves with respi-
ratory disease. J. Vet. Intern. Med. 31:946-953. https://doi.org/
10.1111/jvim.14668.

van Leenen, K., J. Jouret, P. Demeyer, L. Van Driessche, L. De Cre-
mer, C. Masmeijer, F. Boyen, P. Deprez, and B. Pardon. 2020.
Associations of barn air quality parameters with ultrasonographic
lung lesions, airway inflammation, and infection in group-housed
calves. Prev. Vet. Med. 181:105056. https://doi.org/10.1016/j
.prevetmed.2020.105056.

Walz, P. H., B. W. Newcomer, K. P. Riddell, D. W. Scruggs, and V.
S. Cortese. 2017. Virus detection by PCR following vaccination of

Journal of Dairy Science Vol. 106 No. 12, 2023

9275

naive calves with intranasal or injectable multivalent modified-live
viral vaccines. doi:https://doi.org/10.1177/1040638717709039.

Windeyer, M. C., K. E. Leslie, S. M. Godden, D. C. Hodgins, K. D.
Lissemore, and S. J. LeBlanc. 2012. The effects of viral vaccination
of dairy heifer calves on the incidence of respiratory disease, mor-
tality, and growth. J. Dairy Sci. 95:6731-6739. https://doi.org/10
.3168/jds.2012-5828.

Windeyer, M. C., K. E. Leslie, S. M. Godden, D. C. Hodgins, K. D.
Lissemore, and S. J. LeBlanc. 2014. Factors associated with mor-
bidity, mortality, and growth of dairy heifer calves up to 3 months
of age. Prev. Vet. Med. 113:231-240. https://doi.org/10.1016/]
.prevetmed.2013.10.019.

Zhang, X., C. Outlaw, A. K. Olivier, A. Woolums, W. Epperson, and
X. F. Wan. 2019. Pathogenesis of co-infections of influenza D virus
and Mannheimia haemolytica in cattle. Vet. Microbiol. 231:246—
253. https://doi.org/10.1016/j.vetmic.2019.03.027.

ORCIDS

Stan Jourquin ® https://orcid.org/0000-0002-8488-8494
Thomas Lowie ® https://orcid.org/0000-0002-9877-3786
Florian Debruyne ® https://orcid.org/0000-0002-2036-2565
Laurens Chantillon ® https://orcid.org/0000-0002-9795-0699
Justine Clinquart ® https://orcid.org/0000-0001-5870-5394
Geert Vertenten ® https://orcid.org/0000-0002-3993-8616
Bart Sustronck ® https://orcid.org/0000-0003-4978-6721
Bart Pardon ® https://orcid.org/0000-0003-1026-8433


https://doi.org/10.1038/s41598-018-28180-9
https://doi.org/10.1038/s41598-018-28180-9
https://doi.org/10.3389/fmicb.2022.946792
https://doi.org/10.3389/fmicb.2022.946792
https://doi.org/10.1186/1746-6148-6-2
https://doi.org/10.1186/1746-6148-6-2
https://doi.org/10.1111/jvim.14668
https://doi.org/10.1111/jvim.14668
https://doi.org/10.1016/j.prevetmed.2020.105056
https://doi.org/10.1016/j.prevetmed.2020.105056
https://doi.org/10.1177/1040638717709039
https://doi.org/10.3168/jds.2012-5828
https://doi.org/10.3168/jds.2012-5828
https://doi.org/10.1016/j.prevetmed.2013.10.019
https://doi.org/10.1016/j.prevetmed.2013.10.019
https://doi.org/10.1016/j.vetmic.2019.03.027
https://orcid.org/0000-0002-8488-8494
https://orcid.org/0000-0002-9877-3786
https://orcid.org/0000-0002-2036-2565
https://orcid.org/0000-0002-9795-0699
https://orcid.org/0000-0001-5870-5394
https://orcid.org/0000-0002-3993-8616
https://orcid.org/0000-0003-4978-6721
https://orcid.org/0000-0003-1026-8433

	Effect of on-arrival bovine respiratory disease vaccination on ultrasoundconfirmed
pneumonia and production parameters in male dairy calves:
A randomized clinical trial
	INTRODUCTION
	MATERIALS AND METHODS
	Study Design and Sample Size
	Animals and Housing
	Randomization Process and Vaccination Protocol
	Clinical Scoring, qTUS, and Production
	Treatment Protocols
	Laboratory Diagnosis
	Data and Statistical Analyses

	RESULTS
	Animals and Arrival Situation
	Pathogen Detection
	Effects of Vaccination on Clinical BRD
	Effects of Vaccination on qTUS
Confirmed Pneumonia
	Effects of Vaccination on Cure
	Effects on Growth and Carcass Weight

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


