
SUMMARY
The bovine respiratory disease (BRD) can significantly reduce the health and welfare of dairy calves. Vaccination is a common
practice to minimize the incidence of BRD both intranasal and parenteral. The aim of this study was to evaluate the clinical and
lung ultrasound response of calves undergoing intranasal, parenteral, or both vaccination for BRD. Two-hundred one Holstein
Friesian calves were enrolled and divided into four group: control group (Group A, n=41, without vaccination); intranasal-vac-
cination group (Group B, n=46, intranasal vaccination); parenteral-vaccination group (Group C, n=52, subcutaneous vaccina-
tion); double-vaccination group (Group D, n=62, intranasal and subcutaneous vaccinations). All animals received a clinical ex-
amination and lung ultrasonographic evaluation at 10-15 days of life (day of recruitment: T0), 17-22 (T1), 31-38 (T2), and 45-
52 (T3) days of life. The Kruskall-Wallis and the Dunn tests were performed to assess differences between groups and over time,
while the Chi-squared test was used to evaluate the differences between proportions. All vaccinated groups showed a lower ul-
trasonography score over time compared to Group A except for Group B at T3. Groups B and D presented a lower percentage
of diseased animals compared to Group A at T1 and T2, while groups C and D were lower at T3. The odds ratio showed a low-
er risk of BRD in all vaccinated groups at T1 and T2, but only Group D continued to T3. Group D also showed a lower risk com-
pared to Group C at T1, and groups B and C at T2. The respiratory score was greater in Group C except at T3. All vaccinated
groups showed similar and lower mortality compared to the control group. Our results suggest that the lung ultrasound was more
effective in identifying cases of BRD. Furthermore, the association of intranasal and parenteral vaccinations was more effective
in reducing the risk of BRD.
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INTRODUCTION

The bovine respiratory disease (BRD) is a syndrome involv-
ing infectious agents, the host immune system, and environ-
mental factors. The viral pathogens associated with BRD, such
as bovine herpesvirus type 1 (BHV-1), parainfluenza-3 virus
(PI3V), bovine viral diarrhea virus (BVDV), and bovine res-
piratory syncytial virus (BRSV) can cause BRD and increase
the susceptibility to secondary bacterial infections, mainly due
to Mannheimia haemolytica, Mycoplasma bovis, Pasteurella mul-
tocida, and Histophilus somni 1,2. 
Systemic signs and respiratory symptoms characterize the clin-
ical presentation of BRD. Usually, observation of these clini-
cal signs is used to diagnose BRD in-field 3. However, clinical
observation may fail to correctly identify cases of BRD. Several
imaging devices are developing in veterinary medicine as di-

agnostic and preventive tools for in vivo, non-invasive, and rap-
id assessment of different structures 4,5. Lung ultrasound is a
tool that can be performed quickly and provides greater sen-
sitivity and specificity in the ante-mortem assessment of
BRD. These two parameters are important for early detection
of diseased animals and for an accurate assessment of animal
health status in order to avoid unnecessary antimicrobial treat-
ment 2,6. 
This disease can cause significant economic losses, especially
for dairy calves under the age of 3 months 7. Vaccination is a
common practice to minimize the incidence of BRD by reducing
its morbidity and mortality in pre-weaned dairy calves 6,7. Routes
of administration of BRD vaccines can be intranasal or par-
enteral, inducing a mucosal or systemic immunity against BRD
pathogens, respectively. However, the colostrum-derived im-
munity may adversely affect parenteral vaccine-induced re-
sponses  7. For this reason, mucosal immunization is usually
used to provide immunity to young calves with ongoing pas-
sive immunity. Furthermore, mucosal immunity is more like-
ly to prevent infection rather than reduce disease 8. Neverthe-
less, a parenteral vaccination in the presence of maternal an-
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tibodies can provide an active immune response despite the lack
of seroconversion. In addition, the neonatal immune system
exhibits a weaker response to vaccination than older animals
due to a deficiency of cellular components such as phagocytes
and lymphocytes 9. Moreover, the mother’s metabolic condi-
tion during late gestation can limit the metabolites availabil-
ity for fetal growth and colostrum production, adversely af-
fecting calf health and increasing perinatal mortality 10,11.
The aim of this study was to evaluate the clinical and lung ul-
trasound response of calves undergoing intranasal, parenter-
al, or both vaccination for BRD.

MATERIALS AND METHODS

Ethical statement
Ethics committee approval was not required. No invasive med-
ical procedures were executed to perform the study. The study
was performed with the consent of the animals’ owner during
the routine clinical activity of the Veterinary Teaching Hospi-
tal, University of Padua. Animal care and procedures are in ac-
cordance with the Guide for the Care and Use of Laboratory
Animals and Directive 2010/63/EU for animal experiments (Na-
tional law: D.L. 26/2014).

Animals and Experimental design
Two-hundred and one Holstein Friesian calves were recruit-
ed between October 2021 and March 2022 from four dairy
farms located in Veneto (Italy). All animals came from euto-
cic calving, and immediately after calving they were dried and
moved to individual outdoor elevated calf hutches of 0.9 x 1.8
x 1.8 m. Each animal received 10% of the body weight (BW)
of colostrum within 4 h after the calving. 
An interventional study was used as the experimental design.

Animals were allocated to four groups: control group or Group
A (n=41) without vaccination; intranasal-vaccination group
or Group B (n=46) that received an intranasal vaccination (Bo-
valto® Respi Intranasal; Boehringer Ingelheim Animal Health
Italia S.p.A., Noventa Padovana, Italy) against modified-live PI3V
and BRSV; parenteral-vaccination group or Group C (n=52)
that received a subcutaneous vaccination (Bovalto® Respi 3;
Boehringer Ingelheim Animal Health Italia S.p.A., Noventa
Padovana, Italy) against inactivated PI3V, BRSV, and Mannhemia
haemolytica; and double-vaccination group or Group D
(n=62) that received the intranasal and subcutaneous vacci-
nations. No animals included in the study received antibiotic
treatment for respiratory diseases during the trial.
All animals received a clinical examination and lung ultrasound
evaluation at 10±2 days for groups A, B, and D, and Group C
was evaluated at day 15±2 (T0; day of recruitment). Immedi-
ately after the clinical and ultrasonographic evaluations,
groups B and D received the intranasal vaccination, while Group
C received the first parenteral vaccination. After 7 days (T1; 17±2
days for groups A, B, and D and 22±2 days for Group C), an-
imals received a clinical examination and lung ultrasonographic
evaluation after which the Group D received the first parenteral
vaccination. The third clinical examination and lung ultra-
sonographic evaluation was performed 2 weeks after T1 for
groups A, B, and C, and after 3 weeks for Group D (T2, 31±2
days for Group A and B, 36±2 days for Group C, and 38±2 days
for Group D). At this time point, animals in groups C and D
received parenteral vaccination booster. The fourth and last clin-
ical examination and lung ultrasound evaluation was performed
2 weeks after T2 (T3; 45±2 days for Group A and B, 50±2 days
for Group C, and 52±2 days for Group D; Figure 1).
At each time point, the animals identified as diseased accord-
ing to the lung ultrasound score received a deep nasal swab,
which was subsequently subjected to bacteriological exami-

Figure 1 - Flowchart of the experimental design. 
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nation and assessment of the minimum inhibitory concen-
tration (MIC) at the laboratory of Istituto Zooprofilattico Sper-
imentale delle Venezie (IZSVe; Legnaro, Padua, Italy).

Clinical examination
The clinical examination was performed by veterinarians
from the University of Padua Veterinary Teaching Hospital and
included the general physical and special examinations of the
respiratory system. Based on respiratory and systemic signs
(cough, nasal discharge, ocular discharge and ear drop, and rec-
tal temperature) the respiratory score was established as de-
scribed by McGuirk & Peek (2014)12. The respiratory score con-
siders animals as sick when the sum of the scores of the four
parameters is greater or equal to 5, or at least two parameters
showed a score of at least 2. Due to the different cut-offs for
identifying sick animals, the percentage of sick animals was cal-
culated based on respiratory score (SRS%).

Lung ultrasound evaluation
The lung ultrasound evaluation was performed with a portable
ultrasound scanner (Draminski Blue; Draminski® S.A., Olsz-
tyn, Polonia) equipped with a multi-frequency linear probe
(Lineare L40/10 MHz, 6.0-15.0 MHz; Draminski® S.A., Olsz-
tyn, Poland) after the use of ethyl alcohol (90%) as transduc-
ing agent. Six lung areas were investigated: between 10th and
7th intercostal space (ICS) for the caudal lung; between 6th and
5th ICS for the middle lung; and between 4th and 1st ICS for the
cranial lung of both sides (Figure 2).  All scans were performed
with constant ultrasound settings frequency of 6.0 MHz, 15 cm
depth acoustics window, 100% gray scale gain, and time-gain
compensation was in a neutral position. Images were saved in
a digital imaging and communications in medicine (DI-
COM) format.
The ultrasonography score on a 6-point scale 13 was established
during lungs’ ultrasonography. Based on this, a score of 0 cor-
responded to a normal aerated lung; 1 indicated diffuse
comet-tail artifacts without consolidation; 2 indicated lobu-
lar consolidation; 3 indicated lobar consolidation; 4 lobar con-
solidation of two lobes; and 5 signified lobar consolidation of

three or more lobes. The ultrasonography score greater or equal
to 3 was consistent with bacterial bronchopneumonia. As well
as for the respiratory score, the percentage of sick animals was
also calculated based on ultrasonography score (SUS%). 
In addition, lungs’ lesions were converted in a numeric scale
as follows: absence of lesions = 0; comet tail = 1; hepatization
= 2; comet tail and hepatization = 3; fluid alveolograms = 4;
comet tail and fluid alveolograms = 5; hepatization and fluid
alveolograms = 6; comet tail, hepatization and fluid alveolo-
grams = 7 (Figure 3). The score of the six investigated areas was
summed to obtain a global lesion score (GL) as described by
Fiore et al. (2022)2.

Statistical analysis
Statistical analysis was performed using the R software ver. 4.2.0
implemented with “Rcmdr” package (R Core Team, Vienna,
Austria). The data distribution was assessed by Shapiro-Wilk
normality test before all statistical analysis. Considering the non-
normal distribution, Kruskall-Wallis and the Dunn tests were
performed to evaluate the differences between groups and over
time, and to perform the multiple comparisons. A receiver op-
erating characteristic (ROC) curve was performed to establish
the GLS threshold value with the discriminant of ultrasonog-
raphy score ≥ 3. The area under the curve (AUC) shows the di-
agnostic power of the test: AUC of 0.9 to 1.0 = excellent, 0.8
to 0.9 = good, 0.7 to 0.8 = fair, 0.6 to 0.7 = poor, and 0.5 to 0.6
= fail 14. The Chi-square test in MedCalc software for Windows

Figure 3 - Lung ultrasound of dairy calves: (A) healthy lung with re-
verberation artifacts; (B) comet tail (arrow); (C) comet tails (arrows)
associated with pleural lesion (star); (D) lung hepatization (chevron
arrow); (E) fluid alveologram (pentagon arrow); and (F) comet tail (ar-
row) associated with lung hepatization (chevron arrow) and fluid
alveolograms (pentagon arrows). The lungs’ lesions were converted
in a numeric scale (lesion score). The score of the six investigated
areas was summed to obtain a global lesion score (GL).

Figure 2 - Correspondence between the six areas investigated
(4th-1st intercostal space (ICS): Cranial; 6th-5th ICS: Middle; 10th-7th

ICS: Caudal) and the lung lobes. The lesions found in each of the six
areas were summed to calculate the global lesion score (GL).
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ver. 19.4 (MedCalc Software, Ostend, Belgium) was used to com-
pare proportions. The same software was used to calculate the
odds ratio to measure the association between vaccination and
diseased animals according to ultrasonography score. In gen-
eral, the accepted p-value was ≤ 0.05.

RESULTS 

The diseased animals in Group A were tested positive for
Mannhemia haemolytica throughout the study, while the sick
animals in Group B were tested positive for Mannhemia
haemolytica and Pasteurella multocida at the end of the study
period. In Group C, animals were affected by Pasteurella mul-
tocida starting from about mid-study period, whereas in
Group D two cases of Coronavirus were identified at the end
of the study. 
The ultrasonography and respiratory scores, and the GL
showed differences between groups and over time, whereas no
differences were found in rectal temperature (Table 1). Re-
garding the ultrasonography score, the groups did not present
differences at the day of recruitment (T0). Groups B, C, and
D showed lower values compared to Group A at T1 and T2,
while only the values of groups C and D were lower compared
to Group A at T3. The Group A worsened over time, while
Group B improved at T1, and groups C and D at T2. Group
C showed a higher level of respiratory score, except at T3 where
the Group B showed the greater level. Additionally, only the
Group D showed a difference over time with an increase of res-
piratory score at T3 compared to T0. Regarding the GL, the
Group C showed a higher score at T0, followed by Group A,
groups B and D respectively. Furthermore, groups B, C, and D
showed a lower GL score than Group A at T1, Group B and D
showed a low GL up to T2 and T3 respectively.  Similar to the
ultrasonography score, the GL worsened over time in Group
A, while Group B improved at T1, Group C at T1 and T2, and
Group D at T2. 
The result of ROC analysis (Figure 4) indicated a GL thresh-
old value of 10.50 to identify diseased animals with an AUC of
0.95 (95% Confidence Interval: 0.93-0.97; Sensitivity: 0.87;
Specificity: 0.88). 
The data about SRS%, SUS%, and the percentage of dead an-
imals during the study were shown in Table 2. The SRS%
showed a difference between the groups only at T0, with a high-
er number of diseased animals in groups A and C, followed by
Group B, and after Group D. Furthermore, only Group D dif-
fered over time with an increase of diseased animals at T3. In
contrast, the SUS% did not differ at T0. Groups B, and D showed
the lower values at T1 and T2, while groups C and D showed
a decrease at T3. The percentage of diseased animals in
Group A increased over time, whereas in groups B and D there
was only an increase at T3. Furthermore, more of the 50% of
animals were sick in Group A between T1 and T3, and in Group
B only at T3 whereas the percentage of diseased animals were
always below 50% in groups C and D. Concerning the per-
centage animals that died during the study, it was higher in
Group A compared to all other groups. 
The odds ratio showed no differences at T0 (Table 3).  On the
contrary, all groups in which the animals were vaccinated re-
ported a lower likelihood of sick animals according to the ul-
trasonography score at T1 and T2. Furthermore, Group D re-
duced this probability compared with Group C at T1 and with

B and C at T2. However, only Group D was able to reduce the
probability compared to groups A, B and C at T3.

DISCUSSION

BRD can significantly reduce the health and well-being of dairy
calves and increase their mortality.  Both intranasal and par-
enteral vaccinations are common practice to reduce the inci-
dence of BRD. Mucosal immunity is usually employed to pro-
vide immunity to young calves with ongoing passive immu-
nity. However, a parenteral vaccination can also provide an ac-
tive immune response with variable clinical protection in pres-
ence of maternal antibodies 7,8. The aim of this study was to eval-
uate the clinical and lung ultrasonography responses of calves
receiving intranasal, parenteral, or both vaccination for BRD.
As previously described, the respiratory score is based on the
assessment of the presence and severity of nasal discharge, oc-
ular discharge and ear position, cough, and rectal temperature
12. However, the first three parameters are often considered sub-
jective methods because they depend on the operator. Fur-
thermore, animals may not exhibit clinical signs indicative of
BRD due to discomfort caused by the presence of operators ex-
amining them or a subclinical BRD state. Rectal temperature,
differently, is considered objective. Despite, body temperature
rises due to other factors, such as stress, may occur in healthy
animals, whereas sick animals may present normal tempera-
ture values. This results indicates a low sensitivity and speci-
ficity of clinical signs as the single method for diagnosing BRD,
both being close to 60% 15,16. The respiratory score showed no
differences over time in the control, intranasal, and parenter-
al-vaccination groups in this study. A difference was shown at
T3 compared to T0 in the double-vaccination group (Group
D). This difference is also reflected in the SRS%, as no diseased
animals were identified in Group D during the study until T3.

Figure 4 - Receiver operating characteristic (ROC) curve of the
global lesion score (GL) using as discriminant an ultrasonography
score ≥ 3. The area under the curve (AUC) with its 95% of confi-
dence interval showed the diagnostic power of the test. The thresh-
old value was associated with the specificity and sensitivity. 
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The increase in the respiratory score and percentage of sick an-
imals based on clinical signs may be related to the introduc-
tion of Coronavirus within the group and that those animals
were not immunized. The differences among the groups at each

time point showed higher values in the group that received par-
enteral vaccination, except at T3. However, Group C completed
the parenteral vaccination with the booster at T2. Therefore,
mucosal immunity against BRD pathogens, which is useful in

Ultrasonography Group A Group B Group C Group D SEM p-values
score (n=41) (n=46) (n=52) (n=62)

T0 (10-15 days) 2.22 y 1.97 y 2.42 x 1.97 x 0.22 NS2

T1 (17-22 days) 3.97 a,x 1.17 c,z 2.40 b,xy 1.82 b,xy 0.23 < 0.01
T2 (31-38 days) 3.60 a,xy 1.41 b,yz 1.91 b,y 1.52 b,y 0.26 < 0.01
T3 (45-52 days) 3.64 a,xy 2.27 ab,x 2.11 b,xy 1.81 b,xy 0.27 < 0.05
SEM 0.26 0.22 0.26 0.24 / /
p-values < 0.05 < 0.01 < 0.05 < 0.05 / /

Respiratory Group A Group B Group C Group D SEM p-values
score (n=41) (n=46) (n=52) (n=62)

T0 (10-15 days) 0.96 b 1.77 ab 2.26 a 1.41 b,y 0.23 0.01
T1 (17-22 days) 1.16 b 1.29 ab 1.89 a 1.81a,xy 0.25 < 0.01
T2 (31-38 days) 0.97 b 1.63 ab 1.92 a 1.79 ab,xy 0.27 < 0.01
T3 (45-52 days) 1.20 b 2.14 a 1.62 b 2.22 a,x 0.28 < 0.05
SEM 0.27 0.23 0.27 0.26 / /
p-values NS2 NS2 NS2 < 0.05 / /

Rectal Group A Group B Group C Group D SEM p-values
temperature (n=41) (n=46) (n=52) (n=62)

T0 (10-15 days) 38.54 38.72 38.84 38.65 0.09 NS2

T1 (17-22 days) 38.63 38.67 38.83 38.94 0.10 NS2

T2 (31-38 days) 38.50 38.79 38.79 38.74 0.11 NS2

T3 (45-52 days) 38.38 38.67 38.72 38.89 0.12 NS2

SEM 0.11 0.09 0.11 0.10 / /
p-values NS2 NS2 NS2 NS2 / /

GL1 Group A Group B Group C Group D SEM p-values
(n=41) (n=46) (n=52) (n=62)

T0 (10-15 days) 8.60 b,y 6.13 c,y 12.30 a,x 6.50 c,y 1.22 < 0.01
T1 (17-22 days) 13.99 a,x 5.04 c,z 10.96 b,y 5.94 c,yz 1.39 < 0.05
T2 (31-38 days) 11.71 a,x 6.27 b,y 10.11 a,y 5.33 b,z 1.53 < 0.01
T3 (45-52 days) 11.96 a,x 10.10 ab,x 12.06 a,x 8.06 c,x 1.61 < 0.05
SEM 1.54 1.31 1.52 1.38 / /
p-values < 0.05 < 0.01 < 0.05 < 0.05 / /

1 Global lesion score; 2 Not significant; a-c Mean values in the same row which differ significantly; x-z Mean values in the same column which differ significantly. 

Table 1 - Ultrasonography and respiratory scores, rectal temperature, and global lesion score of groups A (without vaccination), B (intranasal
vaccination), C (parenteral vaccination), and D (intranasal and parenteral vaccination) over time expressed as means ± SEM. 

SRS% 1 Group A (n=41) Group B (n=46) Group C (n=52) Group D (n=62) p-values

T0 (10-15 days) 10.00 a 6.52 b 11.54 a 0.00 c,y < 0.05
T1 (17-22 days) 5.03 2.33 4.17 0.00 y NS3

T2 (31-38 days) 4.50 0.00 4.16 0.00 y NS3

T3 (45-52 days) 5.21 4.00 4.56 8.52 x NS3

p-values NS3 NS3 NS3 < 0.05 /

SUS% 2 Group A (n=41) Group B (n=46) Group C (n=52) Group D (n=62) p-values

T0 (10-15 days) 47.06 y 34.78 y 46.15 30.14 x NS3

T1 (17-22 days) 56.00 a,xy 30.23 b,y 45.83 a 15.86 c,y < 0.01
T2 (31-38 days) 55.56 a,xy 35.48 b,y 41.67 a 18.52 c,y < 0.01
T3 (45-52 days) 68.75 a,x 68.00 a,x 45.46 b 28.15 c,x < 0.01
p-values < 0.05 < 0.01 NS3 < 0.05 /

Dead animals % Group A (n=41) Group B (n=46) Group C (n=52) Group D (n=62) p-values

T0 - T3 32.35 a 6.52 b 5.55 b 6.89 b < 0.01

1 Percentage of diseased animals based on respiratory score; 2 Percentage of diseased animals based on ultrasonography score; 3 Not significant; a-c Mean values in the same row which dif-
fer significantly; x-z Mean values in the same column which differ significantly.

Table 2 - The SRS%, SUS%, and the percentage of diseased animals of groups A (without vaccination), B (intranasal vaccination), C
(parenteral vaccination), and D (intranasal and parenteral vaccination) over time and during the study. 
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preventing infection, was not stimulated by vaccination and par-
enteral administration cannot prevent BRD after a single dose
8,9. However, these results could also simply be due to a lack of
effectiveness of the respiratory score to identify diseased ani-
mals 6. 
Lung ultrasound shows a greater sensitivity and specificity, both
close to 90%, for the diagnosis of BRD compared to clinical ob-
servations, providing a more accurate ante-mortem assessment
of lung health. Furthermore, lung consolidation correlates with
long-term effects on survival and reproduction of dairy calves
2,3,6. The ultrasonography score did not differ among groups at
the beginning of the study (T0: 10-15 days of life). However,
animals in all groups already showed lung lesions as consoli-
dation spots. These lesions are generally associated with infection
by bacteria or viruses, or with chronic lesions 2 although chron-
ic lesions in 10-15 day-old animals are uncommon. In fact, be-
tween 30 and 47% of the animals were sick according to the
ultrasonography score (SUS%) in this time point. After one
week (T1: 17-22 days of life), the ultrasonography score of all
vaccinated groups was lower than the control group, which in-
stead showed an increase indicating a worsening lung condi-
tion 17. However, the percentage of sick animals was only low-
er in the intranasal and double-vaccination groups compared
to control group. Furthermore, the odds ratio showed a low-
er risk of BRD in all vaccinated groups compared to control
group, and a further lower risk in the double-vaccination group
compared with the parenteral-vaccination group. These results
suggest that both intranasal and parenteral vaccination began
to provide immunity against BRD at T1. However, the great-
est protection seemed to be related to mucosal immunity de-
veloped in the intranasal and double-vaccination groups7,18. 
The results of ultrasonography score, SUS%, and odds ratio two
or three weeks after T1 (T2: 31-38 days of life) were similar to
the previous time point. The only difference was that the odds
ratio indicated a lower risk of BRD in the double-vaccination
group than in all other groups. This result could be due to the
development of both mucosal and parenteral-vaccination
immunity, which allows a broader protection of the animals.
This finding agrees with the hypothesis of Windeyer et al.
(2012)9 that multiple vaccinations before 30 days may reduce
the incidence of BRD. The ultrasonography score at T3 (45-
52 days of life) was lower only in the parenteral and double-

vaccination groups as was the SUS%. The mucosal immuni-
ty developed in intranasal and double-vaccination groups
should be protective up to 4 months after vaccination 18. How-
ever, the worsening of the pulmonary condition in the in-
tranasal-vaccination group could be due to the entry of
Mannhemia haemolytica and Pasteurella multocida, major
pathogens of BRD at 6-8 weeks of age 19, into the group and
for which the animals were not immunized. According to the
odds ratio, the double-vaccination group appeared to be the
only group with a lower risk of BRD than the other groups in
this time point. The better status of the double-vaccination
group compared to the parenteral-vaccination group could be
related to the wider immunity (both mucosal and parenteral-
vaccination) or to entry of Pasteurella multocida into the Group
C. Despite the entry of new pathogens into the vaccinated
groups, all vaccinated animals showed similar and lower
mortality than the control group in this study suggesting the
importance of vaccination in limiting mortality due to BRD. 
The GL is a recently proposed score to discriminate between
different types of lung consolidation and to better understand
lung health status 2. Based on this score, the groups showed dif-
ferences starting from T0, with a worse lung health status in
the parenteral-vaccination group, followed by the control group,
and finally the intranasal and double-vaccination groups. Ac-
cording to the ROC analysis performed using the ultrasonog-
raphy score accepted as a reference for animal classification, the
GL threshold value for discriminating sick animals from
healthy ones is 10.50. This result indicated that the parenter-
al-vaccination group was already sick at the beginning of the
study. Regarding the differences in GL over time, the control
group showed a significant worsening at T1 that continued un-
til T3, identifying it as diseased. Both intranasal and double-
vaccination groups presented a similar trend at the ultra-
sonography score. However, these groups remained healthy ac-
cording to GL even at T3. The parenteral-vaccination group
showed an improvement in GL from T1, in contrast to the ul-
trasonography score. In contrast, evaluating the differences
among groups at each time point, the double-vaccination group
showed one of lowest values at T1 and T3, differing from Group
C in contrast to the ultrasonography score. These results in-
dicating that the GL should be further investigated in order to
improve the identification of lung health status. 

T0 B A 0.60 NS1 T1 B A 0.34 < 0.01
C A 0.96 NS1 C A 0.67 < 0.05
D A 0.36 NS1 D A 0.17 < 0.01
C B 1.61 NS1 C B 1.95 NS1

D B 0.60 NS1 D B 0.50 NS1

D C 0.37 NS1 D C 0.26 < 0.01

T2 B A 0.44 < 0.05 T3 B A 0.97 NS1

C A 0.57 < 0.05 C A 0.38 NS1

D A 0.18 < 0.01 D A 0.42 < 0.05
C B 1.30 NS1 C B 0.39 NS1

D B 0.41 < 0.05 D B 0.44 < 0.05
D C 0.32 < 0.01 D C 0.41 < 0.05

1 Not significant.

Table 3 - Odds ratio between an exposed group versus an intercept group at each time point. An odds ratio =1 means exposure does not
affect odds of outcome (diseased animals according to ultrasonography score); odds ratio >1 means exposure associated with higher odds
of outcome; odds ratio <1 means exposure associated with lower odds of outcome.

Time Exposed Intercept Odds p-values Time Exposed Intercept Odds p-values
Group Group Ratio Group Group Ratio
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CONCLUSION

In conclusion, the results of the present study showed that the
use of vaccination protocol improved the pulmonary condi-
tion and thus the health status of the animals reducing the mor-
tality due to BRD. In addition, the combination of intranasal
vaccination followed by parenteral vaccination resulted in
greater protective immunity with a reduction in the incidence
of BRD. However, the epidemiological surveillance and the lev-
el of biosecurity were other key factors in choosing the most
optimal vaccination protocol and preventing new pathogens
from entering the herd.
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