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Veterinarians' perspectives of pain,
treatment, and diagnostics for
bovine respiratory disease In
preweaned dairy calves

S. Mijares, L. Edwards-Callaway’, I. N. Roman-Muniz’, J. F. Coetzee’,
T. J. Applegate® and M. C. Cramer™

Department of Animal Sciences, Colorado State University, Fort Collins, CO, United States, ?Department of
Anatomy and Physiology, Kansas State University, Manhattan, KS, United States, *Department of Clinical
Sciences, Colorado State University, Fort Collins, CO, United States

Background: Bovine Respiratory Disease (BRD) is a leading cause of morbidity and
mortality in preweaned dairy calves. Early detection and therefore treatment are
essential to minimize animal welfare concerns, particularly given that recent
research also demonstrates that BRD is painful. Veterinarians are essential to
ensuring calves with BRD receive appropriate treatment, but little to no research
exists regarding veterinarians' perspectives about BRD detection and treatment in
dairy calves. This is a critical step to determine education and outreach needs that
can target BRD treatment to improve calf welfare. Thus, the objectives of the
current study were to describe US veterinarians’ current detection methods and
treatment practices for BRD in preweaned dairy calves, understand veterinarians’
rationale for treatment decisions, and identify gaps in knowledge regarding
treatment and management of calf BRD.

Methods: An online survey was sent to two veterinarian-focused list-serves and
newsletter. Final responses (n = 47) were analyzed using qualitative and quantitative
analyses.

Results: On-farm necropsy was the diagnostic tool most considered “extremely
important” (26, 55.3%). All veterinarians indicated that BRD was at least mildly
painful. However, only 53% of veterinarians (n = 25) assess pain in preweaned calves
with BRD in order to make treatment decisions. Furthermore, of the veterinarians
that assessed pain, 40% (n = 10) reported that their knowledge of pain assessment
and treatment was adequate, but most (n=24) considered a calf's pain-level at
least “moderately important” to make BRD treatment decisions. The most important
ancillary therapy for antimicrobials were NSAIDs (21, 44.7%). The ancillary therapy
most often considered “extremely important” for treating BRD was NSAIDs.
Qualitative analysis identified the following as factors that influenced veterinarians’
willingness to provide analgesia: the farm’s willingness to administer drugs, clinical
signs, perceived severity of pain, the need for anti-inflammatories, and the presence
of fever and comorbidities.

Discussion: This study included a small sample size and an extremely low response
rate; results should therefore be interpreted with caution. Despite this limitation,
important gaps in knowledge were identified, including pain assessment and
consideration when making treatment decisions, and diagnostic tools. Addressing
these needs in future research and outreach efforts could help ensure appropriate
and timely treatment of calf BRD, including pain mitigation.
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Introduction

Bovine Respiratory Disease (BRD) is a term that encompasses both
upper respiratory disease and lower respiratory disease (1). While
estimates vary, multiple studies have stated that BRD affects
approximately 12%-16% of preweaned dairy calves and is responsible
for nearly one-fourth of calf deaths (2-4). Negative sequelae of
calthood BRD include, but are not limited to, reduced growth during
the preweaned period, decreased milk production during their first
lactation, and increased risk for culling prior to completing their first
lactation (5-7). Notably, there is mounting evidence that suggests
BRD in calves is painful (8, 9). Additionally, calf BRD accounts for a
large proportion of total calf antibiotic usage (10). Early and
appropriate treatment can help mitigate negative consequences of
BRD, including pain, and can improve treatment outcomes (11).
little
regarding BRD detection and treatment, which is of interest to

However, is understood about veterinarians’ perspectives
determine gaps in knowledge that could be addressed via education
and outreach which would, in turn, improve calf welfare.

Two tenets of managing BRD include accurate and timely BRD
detection as well as appropriate treatment. However, little is known
about methods used by veterinarians to detect BRD and if these
methods are highly sensitive for BRD identification. For example,
auscultation is a skill taught in veterinary education, but has poor
sensitivity for BRD identification (12). If BRD goes undetected,
calves do not receive appropriate and timely treatment. In addition
to prompt detection, an important part of effective BRD treatment
includes administration of antimicrobials (11). Over 90% of calves
affected with BRD are treated with antimicrobials (4), which
therefore contributes to overall antimicrobial usage in cattle (10).
Given that the antimicrobials commonly used to treat BRD are
under scrutiny due to their role in antimicrobial resistance in
human medicine (13, 14), increasing our understanding of how
veterinarians use antimicrobials is essential to continually
improving judicious antimicrobial usage.

Mitigating pain, including pain due to BRD, is a key component of
good animal welfare (15). Pain is an aversive state and a stressor for
animals that can cause behavioral changes (16). Veterinarians are
ethically responsible for recognizing and responding to pain as part of
their veterinary oath to promote animal welfare and relieve animal
suffering and this includes mitigating pain during disease (17). Martin
et al. (8) demonstrated that calves who developed pneumonia after
being inoculated with Mannheimia haemolytica showed a
combination of decreased activity levels, increased visual analog scale
pain scores, and changes to kinematic gait, which indicates bacterial
pneumonia in cattle is painful. Blood concentrations of pain
biomarkers were greater in calves with induced pneumonia, compared
to control calves (9). In addition, there is ample evidence that calves
with BRD show behavioral changes such as more time lying down
and reduced milk intake, as well as reduced growth (7, 9). Thus,
understanding how veterinarians are addressing pain associated with
BRD is key to addressing potential animal welfare concerns.

One class of drugs that veterinarians have at their disposal to
mitigate pain are non-steroidal anti-inflammatory drugs. The drug
flunixin meglumine is the only NSAID approved for use to control
fever from respiratory disease in cattle in the United States (18).

NSAIDs have been successful at relieving pain associated with
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painful procedures such as castration and disbudding (19). Despite
evidence that BRD is painful, little to no data are available to
BRD. A
literature review from Francoz et al. in 2012 concerning the use of
NSAIDs as ancillary therapy for BRD found that NSAIDs resulted
in faster temperature drops, reduced lung consolidation, decreased

understand effective pain mitigation strategies for

respiratory rate, and increased weight gain compared to

antimicrobial treatment alone in some studies. Improved
performance (e.g., including increased weight gain) after NSAID
administration might indicate reduced pain and thus increased
animal welfare, though data is currently limited (20).

Data regarding veterinarians’ perspectives pertaining to BRD
detection and treatment are lacking. However, given the pervasiveness
of BRD in dairy calves and growing evidence that BRD is painful,
understanding veterinarian’s perspectives is key to identifying critical
gaps in knowledge. Therefore, the objectives of the current study were
to describe veterinarians’ current detection methods and treatment
BRD

veterinarians’ rationale for treatment decisions, and identify gaps in

practices  for in preweaned dairy calves, understand

knowledge regarding treatment and management of calf BRD.

Materials and methods

The study materials and research plan were approved through
the Colorado State University (CSU) Institutional Review Board
(#1826) prior to project initiation.

Survey development and content

A survey regarding veterinarian perspectives of the detection,
treatment, and pain associated with Bovine Respiratory Disease
(BRD) was developed by the authors, who have expertise in calf
health, animal welfare, clinical pharmacology, veterinary medicine,
and survey question development. The survey was developed in
Qualtrics survey software (Qualtrics, Provo, UT, United States) and
pretested by two veterinarians (expert reviewers who represented our
target population) and four graduate students (peer reviewers
familiar with the survey topic) who were not involved with the
initial drafting of questions. Pre-testers assessed questions for clarity,
relevance to study objectives, and content as described by Rattray
and Jones (21) and as done in previous studies (e.g., 22, 23).
Feedback from the pre-testers was used to refine the survey format
and questions. The survey sent to pre-testers was 37 questions; the
final survey consisted of 35 questions though a variable number of
questions were displayed for participants based on branch and
display logic. The anticipated completion time was 15-20 min. The
survey contained a variety of question types including multiple
choice, open-ended, ranking, and select all that apply. The survey
included blocks with questions regarding demographics, pain
perspectives related to BRD and fever, and BRD detection,
treatment, and control (see Supplementary Materials). To ensure
consistent definitions of BRD, the following statement was included
at the beginning of the survey: “In this survey, BRD is used to mean
upper and/or lower respiratory tract disease, including pneumonia,
in preweaned dairy calves”. For the question: “How important (from
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not at all important to extremely important) are each of the following
when assessing pain associated with BRD in preweaned dairy calves?”,
respondents received a list of previously described signs of pain (24,
25) that were adapted for this survey; respondents were asked to
indicate their perceived level of importance for each sign of pain.
“Fever” was not defined in the survey and was therefore open to
interpretation by respondents.

Study population and survey dissemination

The population of interest for this study was practicing veterinarians
in the United States who regularly worked with preweaned dairy calves.
In order to target this population, the first distribution of the survey was
sent to all AABP members of the American Association of Bovine
Practitioners (AABP) in their newsletter (n=4,000) and additionally
to those members who are also on the email listserv (n=1,757) in
April 2021. The second distribution was sent to 3,364 people via a
newsletter distribution list for Bovine Veterinarian magazine in June
2021; this distribution list contained veterinarians as well as non-
veterianrians. Both distributions remained open for 30 days each, and
one reminder email was sent at approximately 14 days after the initial
message. All invitations to participate were sent as emails with a
direct survey link. No incentive to participate was provided. No
identifying information was collected with any responses. All
questions were optional and could be skipped by the respondent,
except the first question to obtain consent to participate in research.
Contact information for the PI of this study was provided if
respondents had any questions. A question regarding the US region
in which the participant practiced was included.

Statistical analysis

Survey data was exported from Qualtrics to Microsoft Excel
Redmond, WA). <80%
complete were excluded from analysis. Due to the small sample size

(Microsoft  Corporation, Any surveys
of this survey, only descriptive summary statistics were performed.

Results are reported as (n, percentage) unless otherwise noted.

Thematic analysis

To fully explore open-ended responses in this survey, thematic
analysis methods described by Braun and Clarke (26) were used.
Three researchers reviewed all open response questions and
identified initial themes and theme definitions. The same team of
researchers then independently coded all responses for identified
themes. Coding validation was achieved by comparing results and
discussing any disagreement until a common set of themes was
agreed upon for each response.

Results

This survey was distributed to 9,121 names on listservs and
received 55 responses for an estimated response rate of 0.6%; it
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is likely there was overlap of people between distribution lists.
Any responses that were less than 80% complete were excluded
from analysis, thus a total of 47 responses were included in this
data set. All (47, 100%) respondents of this survey were
veterinarians practicing in the US. Twenty-eight percent of
respondents were 25 to 34 years old (n=13), 23% were 35 to 44
years old (n=11), 13% were 45-54 (n=6), 19% were 55-64 (n=
9), and 17% were 65 years or older (n=8). A small majority of
respondents were female (24, 51.0%). The largest group of survey
respondents had practiced veterinary medicine for more than 20
years (22, 46.8%) and were based in the Midwest region of the
United States (27, 57.4%).

Quantitative analysis

The diagnostic tool most commonly considered “extremely
important” in making a diagnosis of BRD was on-farm necropsy of
deceased animals (26, 55.3%) (Figure 1). The tool most considered
“not at all important” was the Whisper® Veterinary Stethoscope
(32, 68.1%). Increased respiratory effort was the clinical sign most
considered “extremely important” in making a diagnosis of BRD
(25, 53.2%; Figure 2). The clinical signs most considered “not at
all important” were clear or serous nasal discharge (3, 6.4%) and
poor body condition (3, 6.4%).

For the question, “How painful do you consider BRD
(pneumonia) to be for preweaned calves?”, all respondents
indicated that there was at least mild pain associated with BRD,
with 66% (n=31) responding that BRD was moderately painful
(Table 1). Most veterinarians also consider fever alone to be
moderately painful (26, 55.3%). Just over half of veterinarians (25,
53.2%) assess pain in preweaned calves with BRD in order to make
treatment decisions. Of the veterinarians who did assess pain, the
factor most commonly considered “extremely important” for
assessing pain was teeth grinding or bruxism (11, 44.0%)
(Figure 3). Although bruxism was considered extremely important
for assessing pain, a small proportion (2, 8.0%) identified this as a
least important factor. Of the veterinarians that assess pain to
make BRD treatment decisions, 40% (n=10) considered their
knowledge of recognizing and treating pain in preweaned dairy
calves to be adequate. The majority of respondents who assessed
pain also considered the animal’s current pain-level to be at least
“moderately important” when making treatment decisions
regarding BRD for preweaned calves (Table 2).

55.3%) administer 2

antimicrobial treatments to a typical case of BRD in preweaned dairy

The majority of veterinarians (25,

calves before clinical signs resolved. The largest percent of
veterinarians (17, 36.2%) typically wait 4 to 7 days before
determining that the previous antimicrobial treatment was
unsuccessful in the presence of continuing clinical signs. The most
common antimicrobial chosen for first-line treatment for BRD was
Tulathromycin (e.g, Draxxin®100mg; 19, 40.4%) while Florfenicol
(15, 31.9%) was the most common selection for a second-line
treatment. The most common reasons for using the first-line
treatment were antimicrobial sensitivity of farm-specific pathogens
(14, 29.8%) and personal experience demonstrating effectiveness at

resolving BRD (14, 29.8%). The majority of veterinarians (33, 70.2%)
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FIGURE 1

Percentage of veterinarians that consider each of the following diagnostic tools “extremely important” in reaching a diagnosis of BRD in preweaned calves.

60

indicated that they did not use antimicrobials in an extralabel manner
to treat BRD.

Given the choice between an antimicrobial alone, NSAID alone,
or combination antimicrobial with NSAID, most veterinarians
indicated they would choose a combination antimicrobial with
NSAID (28, 59.6%). When asked “How frequently do you use
drugs (other than antimicrobials) to reduce fever in a preweaned
calf with BRD?”, 15% (n=7) selected “always”, 43% (n=20)
selected “most of the time”, 28% (n=13) selected “about half the
time”, 13% (n=6) selected “sometimes”, and no respondents
selected “never”. Besides antimicrobials, the most important
ancillary therapy that veterinarians included in their treatment
regimen for BRD were NSAIDs (12, 26%; Figure 4). The ancillary
therapy most considered “not important at all” was organic
options such as garlic or essential oils (40, 85.1%). The most
important reason cited for choosing to administer ancillary therapy
to a preweaned calf with BRD was efficacy at resolving BRD (16,
34.0%), while the least important reason was cost (9, 19.1%),
though about one third of veterinarians identified that cost is
moderately important (16, 34.0%). For the question “please rank

your top 3 non-steroidal anti-inflammatory drugs that you, as a
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veterinarian, would select when treating BRD in preweaned dairy
calves that meet your case definition”, 68% of respondents (1 =32)
indicated that flunixin injectable was their 1st choice, 36%
indicated oral meloxicam was their 2nd choice (n=17), and 17%
(n=28) indicated that flunixin pour-on was their third choice.

Qualitative analysis

Themes and responses of questions selected for thematic analysis
are described below in Tables 3-5. When asked to explain how
painful they considered BRD to be for preweaned dairy calves,
46.5% of respondents used clinical signs as a descriptor (Table 3).
The theme of “Clinical signs” often appeared in tandem or linked
with the theme of “Ungraded pain and discomfort” (Table 3). For
the question “Please explain your answer regarding how painful
you consider fever to be for preweaned dairy calves”, many people
who considered fever to be painful anthropomorphized how the
calf was feeling based on their own experiences of having a fever
previously (Table 4). For the question “How do you decide if
analgesics are warranted for a preweaned calf with BRD?”, many
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Percent of veterinarians that find each of the following clinical signs "extremely important” in reaching a diagnosis of BRD in preweaned calves.
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TABLE 1 Percentage of respondents in each category for the question “How
painful do you consider BRD (pneumonia) to be for preweaned calves?”.

Perceived pain level % (n)
No pain 0
Mild 13 (6)
Moderate 66 (31)
Severe 19 (9)
Very Severe 2D
Worst pain imaginable 0

responses linked the categories of “sometimes” using analgesics with
what clinical signs the calves were demonstrating (Table 5). For the
question “What do you think future studies regarding calf health
need to address?”, respondents indicated studies regarding the
immune response of calves, effects of treatment decisions on calf
health, use of ultrasound, vaccines, NSAID, and studies on
management factors including stocking density and pen size as

important future directions.

Frontiers in Pain Research

Discussion

Literature describing veterinarians’ current detection and
treatment methods for BRD in preweaned dairy calves is limited,
and literature regarding veterinarians’ perspectives of pain
associated with BRD in preweaned calves is especially lacking.
Previous studies have focused on the development of novel risk
assessment tools for BRD (27), assessing quality of life for calves
with BRD (28), and validating diagnostic tools (29) but research
focused on veterinarians’ perspectives of the disease and pain
associated with the disease is limited. The intent of this study was
to describe veterinarians’ current detection methods for BRD in
preweaned dairy calves, describe veterinarians’ current treatment
BRD

veterinarians’ rationale for treatment decisions and identify gaps in

practices  for in preweaned dairy calves, understand
knowledge regarding treatment and management of calf BRD.

In this study, the largest proportion of respondents (27.7%) were
25-34 years old while the next largest proportion (23.4%) were 35-44
years old. This compares favorably to the American Veterinary
Medical Association (AVMA) census of veterinarians, which finds

that 39% of veterinarians are currently between the ages of 25 and
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FIGURE 3
Percentage of veterinarians that consider each of the following “extremely important” for assessing pain in preweaned calves with BRD. This question was
available to respondents who indicated they assessed pain to make treatment decisions (n = 25).

TABLE 2 Percentage of respondents in each category for the question “how
important is the animal’s current pain-level when making a treatment
decision regarding BRD for preweaned calves?”. This question was
available to the 25 respondents that indicated they assessed pain in
preweaned calves with BRD in order to make treatment decisions.

Perceived importance % (n)
Not at all important 4 (1)
Slightly important 0
Moderately important 28 (7)
Very important 44 (11)
Extremely important 20 (5)

40 (30). A small majority of survey respondents were female (51.0%).
Though the 2018 AVMA census of veterinarians found 61.7% of
veterinarians were female, the field of food animal medicine is
male predominant as 77.1% of veterinarians in food animal
exclusive veterinary practices and 74.3% of veterinarians in food
animal predominant veterinary practices are male (30).

This study aimed to identify information specific to preweaned
calves in a way that was reflective of day-to-day realities on farms.
Summary statistics from this survey are valuable as limited
literature exists describing veterinarians’ detection and treatment
for BRD in preweaned dairy calves, or veterinarians’ perspectives
of pain associated with BRD. Due to the small sample size of this

Frontiers in Pain Research

survey, limited conclusions can be drawn, and results should be
interpreted with appropriate caution. This survey was specific to
veterinarians who currently worked with and made treatment
decisions for preweaned dairy calves, thus the small sample size of
this survey was likely due, in part, to the relatively small target
population. For example, of the current members in the American
Veterinary Medical Association (AVMA), only 5.6% work in either
food animal exclusive or food animal predominant clinical
practices (30). Although we did not directly survey members of
AVMA via a member listserv, AVMA provides information
regarding US veterinarian demographics, which to our knowledge
is not available for other organizations (e.g, AABP). Survey
participation was also limited to veterinarians in the US, which
allowed for an improved understanding of perspectives of pain,
treatment, and diagnostics of BRD in calves on US dairies. Given
that outside the US have different
surrounding pain mitigation in livestock, limiting responses to

countries regulations
veterinarians that practice in the US provides information most
germane to the US dairy industry. In addition, the survey was only
to AABP members and the
Veterinarian Magazine members, which meant that veterinarians

disseminated online Bovine
who were not on these lists did not receive the survey, nor did
those in areas with poor internet access. Furthermore, incentives
for participation were not provided which could have increased the
response rate. Finally, this survey was disseminated during the
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FIGURE 4
Percentage of veterinarians that consider the following ancillary therapies, in addition to antibiotics, “extremely important” in the treatment of BRD for
preweaned calves.

TABLE 3 Summary of themes and percentage of responses for the question “please explain your answer regarding how painful you consider BRD to be for
preweaned dairy calves (n = 34 responses).

Definition Percentage of
Responses
Clinical signs Any observed symptom exhibited by calf that 46.8% “Difficulty breathing and increased respiratory rates”
demonstrates the calf may be in pain.
Environment Surroundings or conditions around the calf. 2.1% “The causative agent, comorbidities, and the
environment all play a role.”
Duration or severity The time period of the disease or extent to which the 23.4% “The level of pain is most likely correlated to how
animal is sick with BRD. severely affected they are with BRD.”
Fever Increased body temperature. 8.5% “High fever >104.5°F.”
Comparison to human Direct comparison to own experience or other 14.9% “I have had pneumonia and it is very painful.”
experience anthropomorphization.
Mild pain Specific mention of being mildly painful. 8.5% “A mild case caught early would not be that painful.”
Moderate pain Specific mention of being moderately painful. 6.4% “There is inflammation which I believe is moderately
painful.”
Severe pain Specific mention of being severely painful. 12.8% “A chronic case caught late could be very painful.”
Ungraded pain, Mention of pain that is not specifically mild, moderate, or 36.2% “Not so much painful as uncomfortable.”
uncomfortable, discomfort severe; mention of discomfort.

COVID-19 pandemic, which could have limited veterinarians’ the additional demands and stressors veterinarians and agriculture
willingness or ability to participate. The low response rate among  workers experienced during the COVID-10 pandemic (33-35).
veterinarians in the present study is similar to the response rate in ~ Future studies should explore a variety of methods (e.g., mail
other studies that disseminated surveys to people in the agriculture  surveys, incentives, and in-person recruitment) and consider
industry during the pandemic (e.g., 23, 31, 32). This may be due to  optimal timing of dissemination to increase the survey response rate.
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TABLE 4 Summary of themes and percentage of responses for the question “please explain your answer regarding how painful you consider fever to be for
preweaned dairy calves (n = 33 responses).

Definition Percentage of
Responses

Clinical signs Any observed symptom exhibited by calf that 21.3% “Fever certainly causes depression and depression of feed

demonstrates the calf may be in pain. intake...”
Duration or severity The time period of the disease or extent to which the 19.1% “It will depend on the severity of the fever.”

animal is sick with BRD.
Comparison to human Direct comparison to own experience or other 12.8% “I feel moderately painful when I have a fever, and thus I
experience anthropomorphizing. pass that feeling on to calves with fevers.”
Mild pain Specific mention of being mildly painful. 0% -
Moderate pain Specific mention of being moderately painful. 2.1% “I feel moderately painful when I have a fever.”
Severe pain Specific mention of being severely painful. 2.1% “High fever would be very painful, as it is in people.”
No pain Specific mention of BRD not being painful. 8.5% “I believe that fevers itself are not painful.”
Ungraded pain, Mention of pain that is not specifically mild, moderate, 31.9% “Its uncomfortable but not a true pain experience.”
uncomfortable, discomfort or severe; or mention of discomfort.

TABLE 5 Summary of themes and percentage of responses for the question “how do you decide if analgesics are warranted for a preweaned calf with BRD?
(n = 40 responses).

Definition Percentage of
Responses
Always with Respondent indicated that they always gave 14.9% “I personally advocate client’s to always use an anti-inflammatory.”
explanation analgesics and may have provided an explanation
why.
Sometimes, it depends Respondent indicated that they administered 63.8% “I decide based on the severity of the fever and clinical signs as well as
with explanation analgesics sometimes and then provided an comorbidities.”
explanation.
Farm’s willingness Explanation mentioned analgesic administration 6.4% “Unfortunately, it’s farm specific if they are willing to take the time to
was dependent upon the farm’s willingness to administer.”
administer or pay for analgesia.
Clinical signs Analgesic administration was dependent upon 31.9% “presence and level of fever, indications of pain from calf.. anorectic,
observed symptom exhibited by calf that lethargic, grunting...”
demonstrates the calf may be in pain.
Pain, discomfort, Analgesic administration was dependent upon pain 12.8% “Only if the fever cannot be controlled using antibiotics alone or if
uncomfortable of any type or severity, discomfort, or calf being there is discomfort for the calf.”
uncomfortable.
Anti-inflammatory Analgesic medication was also used for anti- 4.3% “I tend to use banamine as an antitoxin and anti-inflammatory -
inflammatory effects. which I guess would reduce pain.”
Fever Analgesic administration was dependent upon 38.3% “If a fever is present, if calf is coughing, depressed and demonstrating
increased body temperature. labored breathing I advocate for NSAID use based on fever reducing
properties and pain relief from respiratory disease.”
Severity, co- Analgesic administration was dependent upon 19.1% “Degree of fever and relative risk for GI ulceration (other
morbidities severity, other diseases, or co-morbidities. comorbidities).”
Never and explanation Respondent indicated that they never gave 2.1% “T usually don’t select an analgesic drug for BRD treatment.”
analgesics and may have provided an explanation
why.

Diagnostic tools

Accurate diagnostic tools are key to identifying calves with BRD
so that they can receive prompt treatment. The diagnostic tool most
considered “extremely important” by veterinarians in this study for
making a BRD diagnosis was on-farm necropsy of deceased
(55.3%) By
veterinarians may miss opportunities for early identification and

animals relying on post-mortem diagnostics,
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intervention of BRD. We recognize that the phrasing of the
question did not allow for us to identify the most common pre-
mortem BRD identification methods. However, the 2nd and 3rd
diagnostic tools most often ranked as "extremely important” in
reaching a diagnosis of BRD in preweaned calves were rectal
thermometer and feed intake, respectively. Although fever is
common in calves with clinical BRD, a previous study reported
that about two-thirds of calves with subclinical BRD (no clinical
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signs, but >1cm® of lung consolidation identified on lung
ultrasound) did not have a fever (7). Additionally, feed intake as
an indicator of illness may only be reliable when calves are on a
high plane of nutrition, as calves on a low plane of nutrition do
not typically decrease milk intake when ill (36). Methods that
could improve sensitivity of BRD detection pre-mortem, such as
laboratory  diagnostic  testing, bronchoalveolar lavage, and
nasopharyngeal or deep nasopharyngeal swabs were not considered
extremely important diagnostics by the majority of respondents,
perhaps because these methods are more complicated and
expensive to perform on-farm. Lung ultrasound, which has been
previously validated, is practical for calf-side use, and has a high
sensitivity and specificity for detecting pneumonia in preweaned
dairy calves (37), was considered “extremely important” by only
10% of veterinarians in the study. Thus, an additional gap in
identified: knowledge

regarding accurate pre-mortem diagnostic tools could improve the

knowledge is increasing  veterinarians’
industry’s ability to identify BRD early and therefore provide
appropriate and timely treatment.

Pain assessment

Assessing pain is an important step to ensure livestock receive
appropriate treatment, as it is the initial assessment that can influence
treatment decisions. Most veterinarians in the present study reported
that BRD was at least mildly painful, with 66% responding that BRD
was moderately painful. However, only 53% of veterinarians surveyed
assessed pain in preweaned calves with BRD and only 40% of that
subset (1 =10) considered their ability to assess pain “adequate”. The
disconnect between perceived level of pain and pain assessment
(including the ability to assess pain)
opportunity to increase veterinarians’ skills for pain assessment
through further training and education. Robles et al. (38) conducted a
survey of veterinarians that treat dairy and/or beef cattle in the US

signifies an important

and 69% of veterinarians in that survey considered themselves
“knowledgeable about recognizing and treating pain in cattle”. The
difference between the present study and Robles et al. (38) could be
due to the difference in how the survey questions were written, i.e,
Robles et al. (38) asked if respondents were knowledgeable, whereas
the present study asked if they considered their ability to assess pain
as “adequate”. However, it could also be due to the population of
animals- Robles et al. (38) was for dairy and/or beef cattle of all ages
and the present study was specific to preweaned calves. Regardless,
both studies demonstrate that there is a proportion of veterinarians
who do not consider themselves knowledgeable, or that their ability is
adequate, when assessing pain in cattle.

Assessing pain in livestock species is notoriously challenging due
to their stoicism as prey species and their proclivity to mask signs of
pain (39). Furthermore, pain assessment methods such as blood
biomarkers, gait velocity measured using pressure mats, activity
and rumination levels, infrared thermography (8, 40), although
useful to assess pain in research setting, may not be practical to
assess pain calf-side when diagnosing BRD on-farm. Millman (41)
suggests that when behaviors are clearly explained and validated,
they can be a robust method to assess pain. However, validated
and clearly explained behavioral measures of pain, that are also
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practical for on-farm use, are lacking (41). For example, in the
present study, the two factors that the largest percentage of
respondents considered “extremely important” for assessing pain
associated with BRD are subjective and could vary depending on
observer (teeth grinding or bruxism: 44%; change in calf posture:
40%). The objectivity and validity of behavioral observations to
assess pain can be improved when training materials (e.g.,
definitions, pictures, and videos) are provided to observers (41). As
such, future research should identify pain assessment methods that
are practical for use on-farm and in which behaviors are well-
defined. Pain assessment methods should also include training
materials to ensure that observers are able to correctly assess pain.
Importantly, pain assessment methods for BRD should be
integrated into veterinary education to ensure practitioners have
the necessary skills to assess pain and provide appropriate treatment.

Pain relief

Mitigating pain is a key component of veterinary medicine and is
included in the veterinary oath (15, 17). Although all veterinarians
from the current survey indicated that BRD was at least mildly
painful and that 64% considered the animal’s current pain level as
either “very important” or “extremely important”, only about 30%
of respondents indicated that providing NSAIDs was “extremely
important” in the treatment of BRD and analgesia was not always
administered. In a previous survey of beef and dairy producers,
producer-veterinarians, and veterinarians, most respondents
reported that BRD in cattle less than 2 months of age was at least
moderately painful and the likelihood of providing pain mitigation
increased with perceived pain severity (Edwards-Callaway et al.,
in press). Furthermore, respondents’ perceptions of pain level were
influenced by gender and role in the industry whereby men and
producers were less likely to perceive BRD as painful compared to
(Edwards-

Callaway et al.; under review). Results from the qualitative analysis

women and producer-veterinarian or veterinarian

in the present study provide further insight about why pain relief
is not more commonly used; most respondents indicated that their
willingness to provide analgesia was dependent upon numerous
factors, including the farm’s willingness to administer analgesics,
clinical signs, perceived severity of pain or discomfort, the need for
anti-inflammatory medications for a particular case, if fever is
present, and comorbidities. Data demonstrating the benefits of
providing analgesia during BRD, particularly situations in which
analgesia would be most beneficial (e.g., fever, comorbidities) could
potentially make veterinarians and their clients more willing to
provide pain mitigation. For example, a previous literature review
identified some studies that showed NSAID administration in
conjunction with antimicrobials as ancillary treatment for BRD
results in faster temperature drops, reduced lung consolidation,
decreased respiratory rate, or increased weight gain; however,
(20). Additionally,
understanding of the barriers to providing pain relief (e.g., cost,

findings are inconsistent increasing our
extra-label drug usage, and administration logistics; 38) is essential
to widespread adoption in the industry. An additional avenue to
increase the provision of pain relief would be to target

veterinarians’ skills and perceptions; for example, previous work
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found that the likelihood of providing pain relief to cattle for a variety of
conditions increased with increased perception of pain (Edwards-
Callaway et al, unpublished data). Few veterinarians in the present
study felt their ability to accurately assess pain was adequate. Thus, if
veterinarians are more skilled at assessing pain in calves with BRD,
they might be more likely to perceive the animal is in pain, and
therefore could be more likely to provide analgesia. Efforts to improve
veterinarians’ skill sets in assessing pain could be targeted at both
veterinary schools and continuing education courses. Doing so would
also mean that veterinarians would be more apt to communicate with
or train other animal caretakers on pain assessment protocols, as
these caretakers could assess calves on a daily basis.

Antimicrobial use

Bovine respiratory disease is a leading cause of death in preweaned
dairy calves and producer-reported data estimates that 24% of dairy
calf mortality is due to BRD and approximately 95% of calves
identified with BRD are treated with antimicrobials (4). The
majority of veterinarians (55.3%) in the present study administered
2 antimicrobial treatments to a typical case of BRD before clinical
signs resolved. Multiple treatments for a case of BRD in calves is
not unusual (10, 42-44); for example, approximately 24% of
preweaned heifers in one study required re-treatment (44). However,
re-treatments are not ideal because they contribute to the overall
amount of antimicrobials used in dairy calves (10). Judicious
antimicrobial usage is increasingly important, particularly because
the antimicrobial classes used to treat about half of preweaned calves
with BRD are the same classes that are known to increase
antimicrobial resistance in humans (4, 10, 45). Ollivett (10) suggests
that current antimicrobials administered on-label do not fully resolve
bacterial infections in the lung. Incomplete resolution at the lung
level is partly due to drug manufacturers using treatment success
definitions that are based solely on clinical signs and rectal
temperature, which have been shown to misclassify calves with
pneumonia (10, 46, 47). In order to provide effective treatment and
improve judicious antimicrobial usage, future research efforts should
focus on expanding efficacy definitions in drug trials to include
direct measures of lung health. Additionally, veterinarians are at the
forefront of responsible antimicrobial usage; exploring the challenges
veterinarians face regarding treatment failure would also be useful to
improve treatment efficacy and reduce antimicrobial usage.

Conclusion

This is the first study to report veterinarians’ perspectives of
diagnostics and treatment for bovine respiratory disease in dairy
calves. Although there were a small number of respondents and
results should be interpreted cautiously, we identified critical
efforts should
address. First, although most respondents reported that BRD was

disconnects that future research and outreach

at least mildly painful, only a small proportion of veterinarians in
the survey assessed pain in calves with BRD. Second, only a
portion of veterinarians considered the animal’s pain level when
treating, despite most reporting there was some level of pain that
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accompanies BRD. These disconnects should be addressed in
future research efforts that: (1) describe how veterinarians assess
pain associated with BRD, (2) identify practical, accurate, and well-
defined pain assessment tools for BRD, and (3) identify barriers to
providing pain mitigation in calves with BRD. Additionally, there
is an opportunity to increase veterinarians’ knowledge about
accurate and sensitive pre-mortem BRD diagnostic tools and
improve their skillset for assessing antimicrobial treatment efficacy.
Improving veterinarians’ abilities to assess pain and accurately
detect BRD could help increase their awareness of pain associated
with BRD, and thus increase the likelihood of providing pain relief
to calves with BRD.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Colorado State University Institutional Review Board.
The patients/participants provided their written informed consent
to participate in this study.

Author contributions

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication. All authors
contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpain.2023.1076100/
full#supplementary-material.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpain.2023.1076100/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpain.2023.1076100/full#supplementary-material
https://doi.org/10.3389/fpain.2023.1076100
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Mijares et al.

References

1. Buczinski S, Pardon B. Bovine respiratory disease diagnosis: what progress has been
made in clinical diagnosis? Vet Clin Food Anim Pract. (2020) 36(2):399-423. doi: 10.
1016/j.cvfa.2020.03.004

2. Guterbock WM. The impact of BRD: the current dairy experience. Anim Health Res
Rev. (2014) 15(2):130-4. doi: 10.1017/S1466252314000140

3. Peek SF, Ollivett TL, Divers TJ. Respiratory diseases. In: SF Peek, T] Divers, editors.
Rebhun’s diseases of dairy cattle. Amsterdam, Netherlands: Elsevier (2018). p. 94-167.
doi: 10.1016/B978-0-323-39055-2.00004-8

4. USDA. Health and management practices on U.S. Dairy operations, 2014. Fort
Collins, CO: USDA-APHIS-VS-CEAH-NAHMS (2018).

5. Adams EA, Buczinski S. Short communication: ultrasonographic assessment of lung
consolidation postweaning and survival to the first lactation in dairy heifers. J Dairy Sci.
(2016) 99:1465-70. doi: 10.3168/jds.2015-10260

6. Dunn TR, Ollivett TL, Renaud DL, Leslie KE, LeBlanc SJ, Duffield TF, et al. The
effect of lung consolidation, as determined by ultrasonography, on first lactation milk
production in Holstein dairy calves. ] Dairy Sci. (2018) 10:5404-10. doi: 10.3168/jds.
2017-13870

7. Cramer MG, Ollivett TL. Growth of preweaned, group-housed dairy calves diagnosed
with respiratory disease using clinical respiratory scoring and thoracic ultrasound—a
cohort study. J Dairy Sci. (2019) 102(5):4322-31. doi: 10.3168/jds.2018-15420

8. Martin MS, Kleinhenz MD, White BJ, Johnson BT, Montgomery SR, Curtis AK,
et al. Assessment of pain associated with bovine respiratory disease and its mitigation
with flunixin meglumine in cattle with induced bacterial pneumonia. J Anim Sci.
(2022) 100(2):1-13. doi: 10.1093/jas/skab373

9. Theurer ME, Anderson DE, White BJ, Miesner MD, Mosier DA, Coetzee JF, et al.
Effect of Mannheimia haemolytica pneumonia on behavior and physiologic responses of
calves during high ambient environmental temperatures. ] Anim Sci. (2013) 91
(8):3917-29. doi: 10.2527/jas.2012-5823

10. Ollivett TL. BRD Treatment failure: clinical and pathologic considerations. Anim
Health Res Rev. (2020) 21(2):175-6. doi: 10.1017/S1466252320000328

11. Cummings DB, Meyer NF, Step DL. Bovine respiratory disease considerations in
young dairy calves. Vet Clin Food Animal Practice. (2022) 38(1):93-105. doi: 10.1016/
j.cvfa.2021.11.007

12. Buczinski S, Forté G, Francoz D, Bélanger AM. Comparison of thoracic auscultation,
clinical score, and ultrasonography as indicators of bovine respiratory disease in preweaned
dairy calves. ] Vet, Int Med. (2014) 28(1):234-42. doi: 10.1111/jvim.12251

13. Magstadt DR, Schuler AM, Coetzee JF, Krull AC, O’Connor AM, Cooper VL, et al.
The association of treatment history and antimicrobial sensitivity results from isolates of
Mannheimia haemolytica, Pasteurella multocida, and Histophilus somni obtained from
bovine respiratory disease cases submitted to the Iowa State University veterinary
diagnostic laboratory from 2013 to 2015. J Vet Diagn Invest. (2017) 30(1):99-104.
doi: 10.1371/journal.pone.0219104

14. Coetzee JF, Magstadt DR, Sidhu PK, Follett L, Schuler AM, Krull AC, et al.
Association between antimicrobial drug class for treatment and retreatment of bovine
respiratory disease (BRD) and frequency of resistant BRD pathogen isolation from
veterinary diagnostic laboratory samples. PLoS One. (2019) 14(12):1-24. doi: 10.1371/
journal.pone.0219104

15. Steagall PV, Bustamante H, Johnson CB, Turner PV. Pain management in farm
animals: focus on cattle, sheep and pigs. Animals (Basel). (2021) 11(6):1483. doi: 10.
3390/anil1061483

16. Prunier A, Mounier L, Le Neindre P, Leterrier C, Morméde P, Paulmier V, et al.
Identifying and monitoring pain in farm animals: a review. Animal. (2013) 7
(6):998-1010. doi: 10.1017/S1751731112002406

17. Hewson CJ. Veterinarians who swear: animal welfare and the veterinary oath. Can
Vet . (2006) 47(8):807-11.

18. American Veterinary Medical Association. Welfare implications of castration of
cattle (2012). Available at: https://www.avma.org/resources-tools/literature-reviews/
welfare-implications-castration-cattle#:~:text=Potential %20complications%20associated
9%20with%20castration,poor%20wound%20healing%2C%20and%20failure ~ (Accessed
October 20, 2022).

19. Kleinhenz MD, Viscardi AV, Coetzee JF. Invited review: on-farm pain management
of food animals. Appl Anim Sci. (2021) 37(1):77-87. doi: 10.15232/aas.2020-02106

20. Francoz D, Buczinski S, Apley M. Evidence related to the use of ancillary drugs in
bovine respiratory disease (anti-inflammatory and others): are they justified or not? Vet
Clin North Am Food Anim Pract. (2012) 28(1):23-38. doi: 10.1016/j.cvfa.2011.12.003

21. Rattray J, Jones MC. Essential elements of questionnaire design and development. J
of Clin Nursing. (2007) 16:234-43. doi: 10.1111/j.1365-2702.2006.01573.x

22. Klein-Jobstl D, Arnholdt T, Sturmlechner F, Iwersen M, Drillich M. Results of an
online questionnaire to survey calf management practices on dairy cattle breeding farms
in Austria and to estimate differences in disease incidences depending on farm structure
and management practices. Acta Vet Scand. (2015) 57:44. doi: 10.1186/s13028-015-0134-y

23. Edwards-Callaway LN, Cramer MC, Roman-Muniz IN, Stallones L, Thompson S,
Ennis S, et al. Preliminary exploration of swine veterinarian perspectives of on-farm
euthanasia. Animals (Basel). (2020) 10(10):1919. doi: 10.3390/ani10101919

Frontiers in Pain Research

1

10.3389/fpain.2023.1076100

24. Huxley JN, Whay HR. Current attitudes of cattle practitioners to pain and the use
of analgesics in cattle. Vet Rec. (2006) 159(20):662-8. doi: 10.1136/vr.159.20.662

25. de Oliveira FA, Luna SPL, do Amaral JB, Rodrigues KA, Sant’Anna AC, Daolio M,
et al. Validation of the UNESP-botucatu unidimensional composite pain scale for
assessing postoperative pain in cattle. BMC Vet Res. (2014) 10(1):1-14. doi: 10.1186/
$12917-014-0200-0

26. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. (2006)
3:77-101. doi: 10.1191/1478088706qp0630a

27. Maier GU, Love W], Karle BM, Dubrovsky SA, Williams DR, Champagne JD, et al.
A novel risk assessment tool for bovine respiratory disease in preweaned dairy calves.
J Dairy Sci. (2020) 103(10):9301-17. doi: 10.3168/jds.2019-17650

28. Bull EM, Bartram DJ, Cock B, Odeyemi I, Main DCJ. Construction of a conceptual
framework for assessment of health-related quality of life in calves with respiratory
disease. Animal. (2021) 15(4):100191. doi: 10.1016/j.animal.2021.100191

29. Baruch J, Cernicchiaro N, Cull CA, Lechtenberg KF, Nickell JS, Renter DG.
Performance of multiple diagnostic methods in assessing the progression of bovine
respiratory disease in calves challenged with infectious bovine rhinotracheitis virus
and Mannheimia haemolytica. ] Anim Sci. (2019) 97(6):2357-67. doi: 10.1093/jas/skz107

30. Ouedraogo FB, Bain B, Hansen C, Salois M. A census of veterinarians in the United
States. ] American Vet Med Assn. (2019) 255(2):183-91. doi: 10.2460/javma.255.2.183

31. Simpson H, Edwards-Callaway LN, Cramer MC, Roman-Muniz IN, Stallones L,
Thompson S, et al. Preliminary study exploring caretaker perspectives of euthanasia
on swine operations. Animals (Basel). (2020) 10(12):2296. doi: 10.3390/ani10122296

32. Edwards-Callaway LN, Mijares SH, Simpson HM, Cramer MC, Romédn-Muiiz IN,
Stallones L. Preliminary exploration of training, perspectives, and mental health program
awareness in slaughter plant workers who perform stunning as part of their job. J Appl
Animal Ethics Res. (2022) 4(2):119-39. doi: 10.1163/25889567-bja10030

33. Ramos AK, Lowe AE, Herstein JJ, Schwedhelm S, Dineen KK, Lowe JJ. Invisible No
more: the impact of COVID-19 on essential food production workers. ] Agromedicine.
(2020) 25(4):378-82. doi: 10.1080/1059924X.2020.1814925

34. Mair TS, Mountford DR, Radley R, Lockett E, Parkin TD. Mental wellbeing of
equine veterinary surgeons, veterinary nurses and veterinary students during the
COVID-19 pandemic. Equine Vet Educ. (2021) 33:15-23. doi: 10.1111/eve.13399

35. Quain A, Mullan S, McGreevy PD, Ward MP. Frequency, stressfulness and type of
ethically challenging situations encountered by veterinary team members during the
COVID-19 pandemic. Front Vet Sci. (2021) 8:647108. doi: 10.3389/fvets.2021.647108

36. Borderas TF, Rushen J, von Keyserlingk MAG, de Passillé AMB. Automated
measurement of changes in feeding behavior of milk-fed calves associated with illness.
J Dairy Sci. (2009) 92(9):4549-54. doi: 10.3168/jds.2009-2109

37. Ollivett TL, Buczinski S. On-Farm use of ultrasonography for bovine respiratory
disease. Vet Clin N Am Food Anim Pract. (2016) 32:19-35. doi: 10.1016/j.cvfa.2015.09.001

38. Robles I, Arruda AG, Nixon E, Johnstone E, Wagner B, Edwards-Callaway L, et al.
Producer and veterinarian perspectives towards pain management practices in the US
cattle industry. Animals (Basel). (2021) 11(1):209. doi: 10.3390/ani11010209

39. Underwood WJ. Pain and distress in agricultural animals. ] Am Vet Med Assoc.
(2002) 221(2):208-11. doi: 10.2460/javma.2002.221.208

40. Baysinger A, Webb SR, Brown J, Coetzee JF, Crawford S, DeDecker A, et al.
Proposed multidimensional pain outcome methodology to demonstrate analgesic drug
efficacy and facilitate future drug approval for piglet castration. Anim Health Res Rev.
(2021) 22(2):163-76. doi: 10.1017/S1466252321000141

41. Millman ST. Behavioral responses of cattle to pain and implications for diagnosis,
management, and animal welfare. Vet Clin Food Animal Practice. (2013) 29(1):47-58.
doi: 10.1016/j.cvfa.2012.11.007

42. Van Donkersgoed J, Ribble CS, Boyer LG, Townsend HG. Epidemiological study
of enzootic pneumonia in dairy calves in Saskatchewan. Can J Vet Res. (1993) 57
(4):247-54.

43. Windeyer MC, Leslie KE, Godden SM, Hodgins DC, Lissemore KD, LeBlanc SJ.
The effects of viral vaccination of dairy heifer calves on the incidence of respiratory
disease, mortality, and growth. J Dairy Sci. (2012) 95(11):6731-9. doi: 10.3168/jds.
2012-5828

44. Heins BD, Nydam DV, Woolums AR, Berghaus RD, Overton MW. Comparative
efficacy of enrofloxacin and tulathromycin for treatment of preweaning respiratory
disease in dairy heifers. J Dairy Sci. (2014) 97(1):372-82. doi: 10.3168/jds.2013-6696

45. Guardabassi L, Apley M, Olsen JE, Toutain P-L, Weese S. Optimization of
antimicrobial treatment to minimize resistance selection. Microbiol Spectr. (2018) 6(3):
1-36. doi: 10.1128/microbiolspec. ARBA-0018-2017

46. Buczinski S, Ollivett TL, Dendukuri N. Bayesian Estimation 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. (2015) 119(3-4):227-31. doi: 10.1016/
j.prevetmed.2015.02.018

47. Holschbach CL, Raabis SM, Ollivett TL. Effect of antibiotic treatment in preweaned
Holstein calves after experimental bacterial challenge with Pasteurella multocida. ] Dairy
Sci. (2019) 102(12):11359-69. doi: 10.3168/jds.2019-16992

frontiersin.org


https://doi.org/10.1016/j.cvfa.2020.03.004
https://doi.org/10.1016/j.cvfa.2020.03.004
https://doi.org/10.1017/S1466252314000140
https://doi.org/10.1016/B978-0-323-39055-2.00004-8
https://doi.org/10.3168/jds.2015-10260
https://doi.org/10.3168/jds.2017-13870
https://doi.org/10.3168/jds.2017-13870
https://doi.org/10.3168/jds.2018-15420
https://doi.org/10.1093/jas/skab373
https://doi.org/10.2527/jas.2012-5823
https://doi.org/10.1017/S1466252320000328
https://doi.org/10.1016/j.cvfa.2021.11.007
https://doi.org/10.1016/j.cvfa.2021.11.007
https://doi.org/10.1111/jvim.12251
https://doi.org/10.1371/journal.pone.0219104
https://doi.org/10.1371/journal.pone.0219104
https://doi.org/10.1371/journal.pone.0219104
https://doi.org/10.3390/ani11061483
https://doi.org/10.3390/ani11061483
https://doi.org/10.1017/S1751731112002406
https://www.avma.org/resources-tools/literature-reviews/welfare-implications-castration-cattle#:&sim;:text=Potential%20complications%20associated%20with%20castration,poor%20wound%20healing%2C%20and%20failure
https://www.avma.org/resources-tools/literature-reviews/welfare-implications-castration-cattle#:&sim;:text=Potential%20complications%20associated%20with%20castration,poor%20wound%20healing%2C%20and%20failure
https://www.avma.org/resources-tools/literature-reviews/welfare-implications-castration-cattle#:&sim;:text=Potential%20complications%20associated%20with%20castration,poor%20wound%20healing%2C%20and%20failure
https://doi.org/10.15232/aas.2020-02106
https://doi.org/10.1016/j.cvfa.2011.12.003
https://doi.org/10.1111/j.1365-2702.2006.01573.x
https://doi.org/10.1186/s13028-015-0134-y
https://doi.org/10.3390/ani10101919
https://doi.org/10.1136/vr.159.20.662
https://doi.org/10.1186/s12917-014-0200-0
https://doi.org/10.1186/s12917-014-0200-0
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.3168/jds.2019-17650
https://doi.org/10.1016/j.animal.2021.100191
https://doi.org/10.1093/jas/skz107
https://doi.org/10.2460/javma.255.2.183
https://doi.org/10.3390/ani10122296
https://doi.org/10.1163/25889567-bja10030
https://doi.org/10.1080/1059924X.2020.1814925
https://doi.org/10.1111/eve.13399
https://doi.org/10.3389/fvets.2021.647108
https://doi.org/10.3168/jds.2009-2109
https://doi.org/10.1016/j.cvfa.2015.09.001
https://doi.org/10.3390/ani11010209
https://doi.org/10.2460/javma.2002.221.208
https://doi.org/10.1017/S1466252321000141
https://doi.org/10.1016/j.cvfa.2012.11.007
https://doi.org/10.3168/jds.2012-5828
https://doi.org/10.3168/jds.2012-5828
https://doi.org/10.3168/jds.2013-6696
https://doi.org/10.1128/microbiolspec.ARBA-0018-2017
https://doi.org/10.1016/j.prevetmed.2015.02.018
https://doi.org/10.1016/j.prevetmed.2015.02.018
https://doi.org/10.3168/jds.2019-16992
https://doi.org/10.3389/fpain.2023.1076100
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Veterinarians' perspectives of pain, treatment, and diagnostics for bovine respiratory disease in preweaned dairy calves
	Introduction
	Materials and methods
	Survey development and content
	Study population and survey dissemination
	Statistical analysis
	Thematic analysis

	Results
	Quantitative analysis
	Qualitative analysis

	Discussion
	Diagnostic tools
	Pain assessment
	Pain relief
	Antimicrobial use

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


