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ABSTRACT

Bovine respiratory disease (BRD) is one of the most 
common diseases observed in dairy calves in both the 
pre- and postweaning periods. Despite its common oc-
currence, no formal synthesis (e.g., scoping review) of 
the scientific literature has been conducted surrounding 
diagnosing BRD in dairy calves. As such, the objective 
of this scoping review was to describe what case defini-
tions for diagnosing BRD in dairy calves have been used 
in research. An initial search of peer-reviewed journals 
and the gray literature yielded 12,001 unique articles, of 
which 307 records containing 358 case definitions were 
included. Seven categories of diagnostic methods were 
used to categorize case definitions: clinical scoring sys-
tems alone were the most used diagnostic method (n = 148, 
41%); followed by physical exam parameters alone (i.e., 
the study did not provide a detailed description of how 
the calf was assessed for each component of the physical 
exam [i.e., no description or scoring options reported]), 
n = 91, 25%); physical exam parameters in combination 
with other diagnostic methods (n = 40, 11%); thoracic 
ultrasound alone (n = 31, 9%); clinical scoring system in 
combination with other diagnostic methods (n = 23, 7%); 
clinical scoring system in combination with thoracic ul-
trasound (n = 10, 3%); and other diagnostic methods (n = 
15, 4%). Only two-thirds of publications provided a cita-
tion for their case definition (n = 230, 64%), of which the 
Wisconsin clinical scoring system was most referenced (n 
= 100, 43%), followed by the California clinical scoring 
system (n = 19, 8%). An attempt was made to compare 
entire case definitions within each diagnostic method; 
however, they displayed substantial diversity, which 
limited the ability to compare them at this level. Instead, 
counts of individual factors within each case definition 

(e.g., individual clinical signs) were reported for each 
diagnostic method. From all case definitions across the 7 
diagnostic method categories (n = 358), common factors 
assessed included cough (n = 224, 63%), nasal discharge 
(n = 213, 60%), and body temperature (n = 142, 54%). 
Across all case definitions, additional parameters such 
as validity were frequently not reported; only 4 (1.1%) 
were referred to as validated, 9 (2.5%) were being vali-
dated in the study, and 28 (7.8%) modified existing case 
definitions. Additionally, assessment of severity of dis-
ease when present (e.g., mild, moderate or severe) was 
frequently not reported (n = 336, 93.9%). Further, 106 
(29.0%) reported assessments of accuracy, 66 (18.4%) of 
which were reports of qualitative oversight (e.g., training 
of assessors), and 40 (11.1%) of which were related to 
a quantitative assessment of accuracy (e.g., sensitivity 
and specificity). Parameters surrounding conducting the 
assessment were also extracted, for example how often 
it was conducted (most common: at least daily, n = 120, 
33.5%) and who conducted it (most common: informa-
tion not reported, n = 144, 40.2%). The findings of this 
scoping review highlighted the need for a validated, 
standardized set of criteria for BRD diagnosis in dairy 
calves, achievable through following the methodology of 
developing a core outcome set.
Key words: BRD, diagnosis, clinical scoring system, 
thoracic ultrasound, synthesis

INTRODUCTION

Bovine respiratory disease (BRD), also known as 
shipping fever or enzootic calf pneumonia, is an um-
brella or container term for any infection of the upper 
and lower respiratory tract in cattle of all production 
systems (Woolums, 2015; Buczinski and Pardon, 2020; 
Gaudino et al., 2022). In dairy calves, BRD is one of 
the most important and common diseases observed in 
both the pre- and postweaning periods (Windeyer et 
al., 2014), with a recent systematic review estimating 
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that up to 61% of dairy heifer calves experience at least 
one case of BRD in their first year of life (Buczinski 
et al., 2021). Respiratory disease is a major reason for 
antimicrobial use (AMU) in the calf industry, especially 
in nonreplacement dairy calves due to the required 
transport and high degree of comingling as they move 
to calf raising facilities (Bokma et al., 2019). Although 
AMU has historically been essential to control diseases 
in calves under such conditions (Pardon et al., 2012), 
their use should be prudent to mitigate the develop-
ment of resistant bacteria in both humans and animals 
(Uyama et al., 2022). Beyond AMU, BRD also has long-
term performance consequences including higher odds 
of mortality and removal before first calving, reduced 
average daily gain, and reduced milk production during 
the first lactation (Buczinski et al., 2021).

A major challenge of managing BRD in calves is de-
tection. Respiratory disease does not currently have an 
accepted gold standard (i.e., best accuracy) antemortem 
diagnostic method and case definition (Buczinski and 
Pardon, 2020; Kamel et al., 2024). A case definition 
is defined as set of criteria used to make a decision as 
to whether an individual has a specific disease (Bas-
sil, 2016). Furthermore, considerable variation exists 
between and within methods of diagnosis (e.g., clinical 
scoring systems and thoracic ultrasound [TUS]; Fer-
raro et al., 2021; Boccardo et al., 2023), with each 
diagnostic method having its own array of benefits 
and challenges. For example, clinical scoring systems 
are disease-specific assessment tools that are intended 
to be a systematic, quick, and inexpensive approach 
for disease diagnosis (Berman et al., 2022, Probo and 
Veronesi, 2022). Thoracic ultrasound is a noninvasive 
imaging technique that can be used to diagnose BRD 
through identification of lung consolidation (Ollivett 
and Buczinski, 2016). Further, it allows for the differ-
entiation between lower (e.g., active bronchopneumo-
nia) and upper respiratory tract infections (Ollivett and 
Buczinski, 2016), contributing to more prudent use of 
antimicrobials and ultimately reducing economic losses 
(Berman et al., 2021). It is considered the most accurate 
tool available to diagnose BRD in calves (Berman et 
al., 2022; Probo and Veronesi, 2022); however, TUS is 
inherently more labor-intensive as opposed to diagnosis 
with clinical scoring systems. Further, it requires equip-

ment and training to conduct and interpret, which may 
not be feasible or preferable for widespread on-farm use 
by producers (Love et al., 2014; Maier et al., 2019). 
Regardless of these potential hurdles, TUS has become 
a popular tool in research due to its ability to diagnose 
subclinical BRD, an important component of the dis-
ease that makes up a significant proportion of overall 
BRD cases (Jourquin et al., 2023).

As described above, a gold standard case definition 
is neededfor antemortem BRD diagnosis in preweaning 
dairy calves. This can be established by following the 
rigorous, validated process of developing a core out-
come set (COS; Williamson et al., 2017). The protocol 
for developing a COS on diagnosing BRD in prewean-
ing dairy calves led by the first author on this scoping 
review is available on the University of Guelph Atrium 
(see Notes). A priori decisions were made that this COS 
would be specific to diagnosis with a clinical scoring 
system, TUS, and a combination of the 2 methods, due 
to the benefits and challenges outlined earlier. A com-
bination category was included to balance the benefits 
and challenges of each individual diagnostic method 
and to facilitate early detection and accurate differen-
tiation of clinical and subclinical BRD (Cuevas-Gómez 
et al., 2021).

As outlined in the protocol, an evidence synthesis 
project is generally the first step in developing a COS 
(Williamson et al., 2017). A scoping review was chosen 
to address this topic of BRD case definitions, as scop-
ing reviews aim to identify knowledge gaps, scope a 
body of literature, and clarify concepts (Munn et al., 
2018). Scoping reviews are appropriate for use when 
it is unclear what other, more specific questions can 
be posed and addressed by a systematic review (Arm-
strong et al., 2011). Scoping reviews can be conducted 
to examine and clarify definitions used in the litera-
ture, describing similarities and differences between 
case definitions (Munn et al., 2018). It is appropriate 
to scope the components of case definitions and iden-
tify if they’re similar enough to endeavor comparing 
outcomes of those case definitions (i.e., in a systematic 
review and meta-analysis). The aim of a scoping review 
aligns with the aim of establishing a COS, as it pro-
vides a wholistic overview of all BRD case definitions 
used in the literature and provides a comprehensive 

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Table 1. Search terms used in identifying literature on the definition of BRD in calves using CABI (August 25, 2022) from the scoping review of case 
definitions for respiratory disease in preweaning dairy calves (search term wildcards indicated by asterisks)

Search line   Search terms Number of citations

1   Respirator* OR BRD OR BRDC OR “bovine respiratory disease” OR pneumoni* OR “shipping fever” 
OR “bronchopneumonia” OR “undifferentiated fever”

243,450

2   Calf OR calves OR heifer OR bull OR steer 204,738
3   1 and 2 8,033
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starting point. As such, the objective of this scoping 
review was to describe the literature examining BRD in 
young calves. Specifically, how it has been assessed in 
the literature (i.e., research), including describing case 
definitions used and diagnostic methods evaluated. 
This review aims to provide a first step in developing a 
consensus definition of BRD (i.e., COS).

METHODS

This manuscript was reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses extension for Scoping Reviews (PRISMA-ScR) 
guidance document (Tricco et al., 2018). A completed 
PRISMA-ScR checklist is available in Supplemental File 
S1 (see Notes).

Protocol and Registration

A formal guidance document for scoping review pro-
tocols does not currently exist; therefore, the protocol 
was developed following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses Extension 
for Protocols, when appropriate (Moher et al., 2015). 
It can be found on the University of Guelph Atrium 
platform (see Notes). The protocol was published on 
September 1, 2022.

Eligibility Criteria

Studies were included in the scoping review if they 
were primary research articles published in English and 
available online with at least 500 words. Further, they had 
to provide a case definition for BRD in male or female 
dairy, dual-purpose, or dairy-beef calves at least once be-
fore 6 mo of age. Articles were excluded if they did not 
describe a BRD definition at the calf level, meaning there 
was no clear assessment of individual calves with a clear 
cut-off for diagnosing a case. For this scoping review, 
we included all definitions for BRD, inclusive of broad 
definitions as well as those specified as clinical or sub-
clinical in nature, and of upper or lower respiratory tract 
infections. For example, studies that assessed groups of 
calves but did not provide individual calf information 
were excluded, as were studies that only diagnosed BRD 
based on postmortem evaluation.

Information Sources

Seven electronic databases were searched for relevant 
published and gray literature: Medline (via Ovid), Ag-
ricola (via ProQuest), CAB Direct (via CABI), Science 
Citation Index (via Web of Science), Conference Pro-
ceedings Citation Index (via Web of Science), Emerg-

ing Sources Citation Index (via Web of Science), and 
ProQuest Dissertation and Theses. No publication date 
restriction was applied, aside from that of the databases 
themselves. Conference proceedings were not searched, 
as previous reviews have shown that the limited word 
count of conference proceedings would make it highly 
unlikely that enough usable data would be provided to 
meaningfully contribute to the review (Sargeant et al., 
2019a,b; Winder et al., 2019a,b,c).

Literature Search

The original search was run on September 1, 2022. 
After this, the strategy was evaluated for sensitivity 
by ensuring the identification of 20 relevant articles, 
which were identified by the second author and 2 re-
search assistants (refer to the protocol [see Notes] for 
more information). As per the Cochrane Handbook, 
the search was updated on August 31, 2023, to ensure 
the search was run within 12 mo of submission for 
publication (Cumpston, 2023). However, upon final 
review of the manuscript (summer 2024) it was identi-
fied that a key relevant paper published in early 2023 
was not picked up by the search update. The search up-
date was re-run in CABI Digital Library on August 13, 
2024 (CAB Direct migrated to CABI Digital Library 
in winter 2024), and in total, 3 additional publica-
tions reporting 6 case definitions were identified. The 
same search string was used in all 3 instances, which 
involved terms related to dairy calves and respiratory 
disease and is shown in Table 1 (as applied in CABI 
and then CABI Digital Library in 2024 due to CABI 
migrating to CABI Digital Library).

Data Management

Search results were uploaded into Endnote X9 (Clari-
vate Analytics, Philadelphia, PA) and subsequently 
de-duplicated using internal algorithms. Citations were 
then uploaded into DistillerSR (Evidence Partners Inc., 
Ottawa, Canada), a review management software with 
artificial intelligence capabilities. A second round of 
automated de-duplication was completed immediately 
following upload, and manual de-duplication was con-
ducted throughout both rounds of citation screening.

Selection of Sources of Evidence

DistillerSR was used to identify relevant articles us-
ing 2 stages of citation screening (Figure 1), with dis-
agreements resolved by consensus. For the first round 
of screening, 2 independent reviewers evaluated the title 
and abstract of citations for relevancy using the follow-
ing 3 questions:

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES
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	 1.	 Is the title or abstract written in English? (answer 
options: “yes,” “no,” “unclear”)

	 2.	 Does the title or abstract indicate as a primary re-
search study? (answer options: “yes,” “no,” “un-
clear”)

	 3.	 Does the title or abstract describe or mention BRD 
in dairy or veal or dual-purpose or dairy-beef 
calves ≤6mo of age? (answer options: “yes,” “no,” 
“unclear”)

These questions were piloted on 100 randomly selected 
citations by all 5 reviewers (KJC, HMG, DJW, TU, JM), 

the principal investigator (DLR), and a co-author with 
experience in evidence synthesis (CBW). No changes 
were made to the questions following the pilot testing. 
Thereafter, citations were independently screened by 2 
reviewers (HMG, KJC, DJW, TU, or JM). If the review-
ers agreed that the answer to any question was “no,” the 
citation was not assessed at full-text screening. Consen-
sus was at the form level: if both reviewers excluded a 
citation, the reason for exclusion did not need to match; 
only discrepancies where one reviewer included a cita-
tion and the other excluded it were flagged as conflicts 
that needed to be discussed by reviewers.

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Figure 1. A Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart (Page et al., 2021), created using an 
online tool and R package (Haddaway et al., 2022) for the scoping review of case definitions for BRD dairy calves.
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After an initial training set of 1,000 citations where 2 
reviewers evaluated each citation and agreed on inclusion 
or exclusion, DistillerSR’s internal machine learning rank-
ing program (Artificial Intelligence Preview and Rank) 
was implemented to reduce the number of citations for 
initial screening, following methods similar to previous 
studies (Sargeant et al., 2021; Wilson et al., 2023). The 
ranking program automatically re-ranked citations for 
presentation to the reviewers based on the probability that 
the citation would be relevant. As outlined in the protocol, 
after screening 500 consecutively ranked citations with 
no additional eligible articles identified, further screening 
was not conducted, as it was assumed that all, or almost 
all, eligible references would have been identified.

For citations where the response to all screening 
questions was “yes” or “unclear,” full-text articles were 
acquired through the University of Guelph’s library re-
sources. A screening form to evaluate eligibility based 
on information in the full-text articles was developed in 
DistillerSR and was pre-tested by all reviewers on 10 ci-
tations. Thereafter, full-text articles were independently 
screened by 2 reviewers (HMG, KJC, DJW, TU, or JM) 
using the following questions, with any disagreements 
resolved by consensus or consultation with a third re-
viewer (DLR or CBW):

	 (1)	 Is the full text available? (answer options: “yes” or 
“no”)

	 (2)	 Is the full text available in English? (answer op-
tions: “yes” or “no”)

	 (3)	 Does the full text include at least 500 words? (an-
swer options: “yes” or “no”)

	 (4)	 Does the study describe a primary study? (answer 
options: “yes” or “no”)

	 (5)	 Does the study investigate BRD at a calf level with 
at least one BRD-related outcome/exposure mea-
sured in dairy, veal, dual-purpose or dairy-beef 
calves, or calves where breed was not reported? 
(exclude beef studies, studies not in live animals, 
answer options: “yes” or “no”)

	 (6)	 Does the study investigate calves assessed for BRD 
at least once at ≤6 mo of age? (e.g., exclude stud-
ies without information on age or poorly reported 
such as “post-weaned” only, answer options: “yes” 
or “no”)

	 (7)	 Does the study include a definition or clinical signs 
specific to BRD? (e.g., scoring system, BRD clini-
cal signs evaluated, answer options: “yes” or “no”)

Questions were answered sequentially until a “no” was 
identified, or until all 7 questions were answered “yes,” at 
which point the citation was included for data extraction. 
Consensus was at the question level, where reviewers had 

to exclude citations on the same question (i.e., for the 
same reason).

Data Charting Process

Two reviewers (HMG, KJC, DJW, TU, or JM) charted 
data independently and in duplicate using DistillerSR. 
Reviewers were trained by CBW and DLR by pretesting 
4 articles to ensure clarity of the form and consistency 
of application. In the event a citation reported more 
than one BRD case definition, the citation was dupli-
cated and data pertaining to each case definition was 
individually extracted. Conflicts were resolved by con-
sensus. Authors were not contacted for clarification or 
additional information.

Data Items

A full list of data items extracted can be found in the 
protocol (see Notes). Data extracted included the fol-
lowing:

●● Study information: location of study, year of publi-
cation, and study design and objectives;

●● Population information: sample size, type of farm, 
production system, breed, calf age at BRD assess-
ment, and calf sex; and

●● Information relevant to the BRD case definition: 
diagnostic tools and characteristics or components 
used (e.g., specific clinical signs); cut-off to define 
a case; any citation referenced as part the defini-
tion; the individual(s) who performed the diagno-
sis; insight to disease severity (e.g., mild, moderate, 
severe); frequency of assessment; any methods to 
determine validity of diagnosis; and method to de-
termine the validity of diagnosis (i.e., qualitative 
[e.g., veterinary oversight] or quantitative [e.g., 
kappa]), if the case definition was referred to as 
“validated” or “modified” (post-hoc item; i.e., pro-
tocol deviation).

Critical Appraisal of Individual Sources of Evidence

As this is a scoping review, a critical appraisal of the 
included literature was not conducted.

Synthesis of Results

Data were exported from DistillerSR to Microsoft 
Excel (Microsoft 365, version 2312) and summarized 
descriptively. Relevant characteristics (e.g., number of 
studies by type of farm) were synthesized using pivot 
tables in Microsoft Excel. The results were presented 

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES
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following recommendations by PRISMA-ScR (Tricco 
et al., 2018).

Due to the high number and diversity of diagnostic 
methods, 7 diagnostic method categories were created 
(definitions for each category are provided in Table 2). 
These categories were as follows:

	 (1)	 Clinical scoring system (i.e., disease-specific as-
sessment tools that are intended to be a system-
atic, quick, and inexpensive approach for disease 
diagnosis [e.g., Wisconsin clinical scoring system; 
Berman et al., 2022; Probo and Veronesi, 2022]) 
alone; 

	 (2)	 Clinical scoring system in combination with other 
diagnostic methods (e.g., farm treatment record 
review); or 

	 (3)	 Clinical scoring system in combination with TUS; 
	 (4)	 Physical exam parameters (i.e., the study did not 

provide a detailed description of how the calf were 
assessed for each component of the physical exam 
[i.e., no description or scoring options reported]) 
alone; 

	 (5)	 Physical exam parameters in combination with 
other diagnostic methods; 

	 (6)	 Thoracic ultrasound (noninvasive imaging tech-
nique that can be used to diagnose BRD through 
identification of lung consolidation; Ollivett and 
Buczinski, 2016) alone; and 

	 (7)	 Other diagnostic methods alone (any diagnostic 
method other than those described in categories 
(1) to (6), for example farm treatment records 
alone, or lung imaging other than ultrasound).

For this scoping review, physical exam parameters dif-
fered from clinical scoring systems, as physical exam 
parameters did not describe numeric scoring options 

or criteria (e.g., 0 to 3, where 0 = absence of clinical 
signs), nor was information provided related to using the 
sum of assessment scores to determine the presence or 
absence of BRD. Additionally, clinical scoring systems 
may be reported under physical exam parameters if scor-
ing details (i.e., scores and descriptions) of the scoring 
system were not provided by the publication. The “other” 
category was an umbrella category for all diagnostic 
methods other than the categories listed above, which 
included “based on another study” (scoring system not 
apparent), hematological parameters, farm treatment re-
cords, lung imaging other than ultrasound (e.g., thoracic 
radiography), or lung auscultation.

The primary objective of this review was to summarize 
entire case definitions (i.e., comparison of all components 
[e.g., clinical signs], scales, and cut-points) of BRD by 
diagnostic method. However, definitions within each di-
agnostic method category displayed significant diversity. 
Therefore, comparison of entire case definitions (e.g., 
these 5 clinical signs vs. these 5 clinical signs, with 
these scales [i.e., scoring options], descriptions and cut-
offs for diagnosis) was not possible. Instead, individual 
components of case definitions were compared (i.e., how 
many times were individual clinical signs [e.g., cough] 
were reported across case definitions).

RESULTS

Study Characteristics

Selection of Sources of Evidence. Of the initial retriev-
al of 20,437 articles across all databases, de-duplication 
yielded 12,001 unique publications (records) which were 
then screened for relevance using the title and abstract. 
A total of 1,353 publications were then included for full-
text screening, following which 310 relevant publications 
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Table 2. Diagnostic method categories and definitions used to categorize the 358 case definitions from the scoping review of case definitions for 
respiratory disease in preweaning dairy calves

Diagnostic method category   Definition for this scoping review

(1) Clinical scoring systems alone   Disease-specific assessment tools that are intended to be a systematic, quick, and inexpensive 
approach for disease diagnosis (e.g., Wisconsin clinical scoring system; Berman et al., 2022; 
Probo and Veronesi, 2022)

(2) Clinical scoring systems in combination with  
  other diagnostic methods

  (1) in combination with at least one other diagnostic method other than thoracic ultrasound 
(e.g., Wisconsin clinical scoring system, plus review of farm treatment records)

(3) Clinical scoring systems in combination with  
  thoracic ultrasound

  (1) in combination with thoracic ultrasound (e.g., Wisconsin clinical scoring system, plus lung 
consolidation depth of ≥3 cm)

(4) Physical exam parameters alone   The study did not provide a detailed description of how the calf was assessed for each 
component of the physical exam (i.e., no description or scoring options reported [e.g., “the calf 
was assessed for cough, fever and nasal discharge”])

(5) Physical exam parameters in combination with  
  other diagnostic methods

  (4) in combination with at least one other diagnostic method (e.g., “the calf was assessed for 
cough, fever and nasal discharge,” plus thoracic ultrasound)

(6) Thoracic ultrasound alone   Noninvasive imaging technique that can be used to diagnose BRD through identification of 
lung consolidation (Ollivett and Buczinski, 2016)

(7) Other diagnostic methods   Any diagnostic method other than those described in categories (1) to (6), for example, farm 
treatment records alone, or lung imaging other than ultrasound
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were included in the scoping review, composed of 294 
peer-reviewed publications (94.8%) and 16 academic 
theses (gray literature, 5.2%). These 310 publications 
reported 358 BRD case definitions, as 5 academic theses 
and 32 peer-reviewed publications reported multiple rel-
evant case definitions. As the aim of this scoping review 
was to synthesize and assess BRD case definitions, 358 
is used as the denominator throughout the synthesis. 
Extracted data were exported from DistillerSR into a Mi-
crosoft Excel spreadsheet for the descriptive results to be 
characterized. The flow of studies through the screening 
process including reasons for the full-text exclusions, are 
shown in Figure 1, generated using a PRISMA flow gen-
erator (Haddaway et al., 2022). Refer to Supplemental 
File S2 (see Notes) for the list of publications excluded at 
full-text screening and Supplemental File S3 (see Notes) 
for the list of included publications.

Characteristics of Sources of Evidence. Included pub-
lications were published between 1977 and 2023, with 
a median publication year of 2017 (interquartile range 
[IQR]: 2013 to 2020) and mode (i.e., most common) pub-
lication year of 2021 (Figure 2). Included publications 
were conducted in developed (n = 289, 77.7%), develop-
ing (n = 43, 11.6%), and in-transition economies (n = 4, 

1.1%; UN DESA, 2024), although some studies did not 
report country of conduct (n = 36, 9.7%; Supplemental 
File S4, see Notes). Across these economies, 39 countries 
were reported, with almost 90.0% of studies conducted 
in the developed economies of the United States (n = 
129, 34.7%), the European Union (n = 83, 22.3%), and 
Canada (n = 44, 11.8%; Supplemental File S4). Seven 
publications were conducted in multiple countries: 4 
publications were conducted in 2 countries, 2 publica-
tions were conducted in 3 countries, and 1 publication 
was conducted in 7 countries (Supplemental File S4). 
Most studies were observational (n = 207, 57.8%) or con-
trolled trials (n = 102, 28.5%), with some challenge (n = 
30, 8.4%) and diagnostic accuracy studies (n = 19, 5.3%; 
Supplemental File S4). Publications reported between 1 
and 3 objectives (mean = 2), resulting in 407 total objec-
tives. The most common objectives were to evaluate the 
effects of an intervention (n = 113, 27.2%) and evaluate 
disease or mortality risk factors (n = 102, 24.6%), alone 
or in combination with at least one other listed objective 
(Figure 3, Supplemental File S5, see Notes).

Characteristics of Included Populations. As per 
the inclusion criteria for this scoping review, calves in 
included publications were ≤6 mo of age, and of dairy 

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Figure 2. Publication year (minimum, first quartile, median, third quartile, maximum, and outliers) by diagnostic method for 358 publications 
included in the scoping review of case definitions for BRD dairy calves. Minimum = lower reach of error bar, first quartile = bottom of box to median 
line (the area marked with X), median = horizontal line in box, third quartile = top of box above median line, maximum = top reach of error bar, and 
outliers = individual circles outside the error bar reach.
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(n = 342, 95.5%), breed not reported (n = 7, 1.9%), 
cross-bred (n = 5, 1.4%), other breeds (n = 2, 0.6%), or 
mixed-purpose breeds (n = 2, 0.6%). Across all breeds, 
almost a third of calves each were mixed sex (n = 120, 
33.5%) or female only (n = 111, 31.0%). Some studies 
did not report sex (n = 71, 19.8%) or were male-only (n 
= 56, 15.6%). For studies using dairy breed calves (n = 
342, 95.5%), sex of calves included mixed sex (n = 115, 
33.6%), female only (n = 110, 32.2%), sex not reported 
(n = 64, 18.7%), or male only (n = 53, 15.5%). For stud-
ies where breed of calves was not reported (n = 7, 1.9%), 
sex of calves was often not reported (n = 6, 1.8%), and 
one study used female calves (0.1%). For studies with 
mixed-purpose or crossbreed calves (n = 5, 1.4%), sex 
of calves included male (n = 2, 0.6%), mixed sex (n = 2, 
0.6%) or sex not reported (n = 1, 0.3%). For the 2 studies 
using other breeds (0.6%), sex was not reported in either. 
For the 2 studies using mixed-purpose breeds (0.6%), 
calves were of mixed sex (n = 1, 0.3%) or sex was not 
reported (n = 1, 0.3%; Supplemental File S6, see Notes).

Almost half of publications were conducted on com-
mercial dairy farms (n = 172, 48.0%), with some re-
search (n = 62, 17.3%), commercial calf-rearing (n = 52, 
14.5%), or mixed facilities (n = 38, 10.6%) being used. 
A few publications did not report this information (n = 
24, 6.7%), were conducted in veterinary hospitals (n = 8, 
2.2%), or took place in another facility type (n = 2, 0.6%; 
Supplemental File S6).

Synthesis of Results

The 358 included BRD case definitions were sorted into 
7 diagnostic methods categories for synthesis (Table 2): 
(1) clinical scoring system alone (n = 148, 41.3%), (2) 
in combination with other diagnostic methods (e.g., farm 
treatment record review, n = 23, 6.4%), or (3) in combina-
tion with TUS (n = 10, 2.8%); (4) physical exam param-
eters alone (n = 91, 25.4%) or (5) in combination with 
other diagnostic methods (n = 40, 11.1%); (6) TUS alone 
(n = 31, 8.6%); and (7) other diagnostic methods alone  
(n = 14, 3.9%; Figure 4, Supplemental File S7, see Notes).

Across all case definitions (n = 358), an assessment 
of severity of disease when present was frequently not 
reported (n = 336, 93.9%), but some 2-level (n = 13, 
3.6%), 3-level (n = 7, 2.0%), and 4-level (n = 1, 0.3%) 
severity classifications were reported. Only 4 case 
definitions (1.1%) were referred to as validated (all of 
which were referencing the California clinical scoring 
system), 9 (2.5%) were being validated by the publica-
tion they were extracted from, 28 (7.8%) were modify-
ing an existing case definition, and the remainder did not 
mention validity of the case definition (n = 317, 88.5%). 
Further, 106 (29.0%) reported assessments of accuracy, 
66 (18.4%) of which were reports of qualitative over-
sight (e.g., training of BRD assessors), and 40 (11.1%) 
of which were related to a quantitative assessment of 
accuracy (e.g., sensitivity [Se] and specificity [Sp]). It 
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Figure 3. Distribution of objectives of included studies from the scoping review of case definitions for BRD in dairy calves. The 358 publications 
included reported between 1 and 3 aims (mean: 2), resulting in a total of 415 aims.
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was frequently not reported who conducted the calf as-
sessment  (n = 144, 40.2%); however, a veterinarian (n 
= 64, 17.9%), researcher (n = 61, 17.0%), farmer (n = 
56, 15.6%), multiple assessors from the previously men-
tioned stakeholder categories (n = 29, 8.1%), and other 
assessors (n = 4, 1.1%) were also reported. Assessments 
for BRD were conducted at least daily (n = 120, 33.5%), 
only once (n = 76, 21.2%), frequency not reported (n 
= 67, 18.7%), 1 to 6 times weekly (n = 54, 15.1%), or 
another, longer frequency (n = 41, 11.5%).

Clinical Scoring System in Combination with Other 
Diagnostic Methods. Twenty-three case definitions used 
a clinical scoring system in combination with other di-
agnostic methods (n = 12, 52.2%). Most case definitions 
provided a reference (Figure 4) for at least one of the 
diagnostic methods (n = 19, 82.6%). The the Wisconsin 
clinical scoring system was most frequently referenced 
for the clinical scoring system, but no reference was pro-
vided for the “other” diagnostic method (n = 13, 56.5%) 
portion of the case definition. Individual or combinations 
of citations not referenced by other publications in this 
scoping review (n = 3, 13.0% and n = 2, 8.7%, respec-
tively) and the California clinical scoring system (Love 
et al., 2014; n = 1, 4.3%) were referenced for the clinical 
scoring system, without a reference for the “other” diag-
nostic method. The median publication year of studies 
using clinical scoring systems in combination with other 
diagnostic methods was 2018 (IQR: 2014 to 2021; Figure 
2). Comparisons of individual components of case defi-
nitions were made: the number of clinical signs ranged 
from 1 to 7, with a median of 4 clinical signs (IQR: 2 to 
5). Further, the number of levels a clinical sign could be 
assigned ranged from 1 to 4, with a median of 4 levels 

(IQR: 2 to 4). As evident through the variability in number 
of clinical signs and number of levels each clinical sign 
could be assigned, a synthesis of total scoring cut-offs to 
define a case would not be meaningful. Eleven clinical 
sign categories were reported by these case definitions 
(Figure 6), with the most reported clinical signs being 
cough (n = 21, 91.3%), nasal discharge (n = 18, 78.3%), 
and body temperature (n = 18, 78.3%). Most of the publi-
cations did not report if the combination of clinical scor-
ing systems and other diagnostic methods were referred 
to as validated (n = 16, 69.9%), provide insight into dis-
ease severity when present (n = 21, 91.3%), or report the 
accuracy (e.g., Se and Sp) of the case definition (n = 16, 
69.9%). For almost half of case definitions, the person 
who conducted the assessment was not reported (n = 9, 
39.1%); however, veterinarians (n = 5, 21.7%) or a com-
bination of researchers and farmers (n = 4, 17.4%) were 
also reported. Most often, calves were assessed for BRD 
at least once daily (n = 9, 39.1%) or only a single time 
(n = 5, 21.7%). A comprehensive overview of the details 
of the case definitions using a clinical scoring system in 
combination with other diagnostic methods can be found 
in Table 7C of Supplemental File S7.

Clinical Scoring System in Combination with TUS.  
Of the 10 case definitions using a clinical scoring system 
in combination with TUS, all referenced the Wisconsin 
clinical scoring system, and most provided a citation not 
used by other included publications for the TUS meth-
odology (n = 7, 70.0%; Figure 4, Supplemental File S7). 
The 5 clinical signs of the Wisconsin clinical scoring 
system were nasal discharge, cough, ocular discharge, 
body temperature, and ear position (Table 2). For the 
TUS component, lung consolidation surface area was 
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Figure 4. Distribution of diagnostic methods and composition of case definition references from the scoping review of 358 case definitions for 
BRD in preweaning dairy calves. Where Wisconsin = McGuirk and Peek (2014) or McGuirk (2008), California = Love et al. (2014), and unique = a 
reference used by ≤3 case definitions.



4039

Journal of Dairy Science Vol. 108 No. 4, 2025

most often used (≥1 cm2: n = 4, 40.0%; ≥2 cm2: n = 1, 
10.0%; ≥3 cm2: n = 3, 30.0%; Supplemental File S7). The 
median publication year of studies using clinical scoring 
systems in combination with TUS was 2021 (IQR: 2019 
to 2022; Figure 2). None of the publications reported if 
the referenced diagnostic methodology was validated 
or provided insight to disease severity when present. In 
half of the publications, the person who conducted the 
examination was not reported, and in the other half, a re-
searcher conducted the examinations. Most often, assess-
ments were conducted at least once daily (n = 4, 40.0%) 
or 1 to 6 times weekly (n = 3, 30.0%). The accuracy of 

the case definition was not reported by most studies (n 
= 7, 70.0%). A comprehensive overview of the details 
of the case definitions using a clinical scoring system 
in combination with TUS can be found in Table 7D of 
Supplemental File S7 (Figure 7).

Physical Exam Parameters Alone.  Of the 91 case 
definitions utilizing physical exam parameters, the ma-
jority did not provide a reference (n = 66, 72.5%; Figure 
4). For the 25 case definitions that provided a reference 
(27.5%), most used individual citations not used in other 
included publications (n = 18, 19.8%), a few referenced 
the Wisconsin clinical scoring system but did not pro-

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Figure 6. Components of the 23 case definitions using clinical scoring systems in combination with other diagnostic methods (i.e., physical 
exam parameters, imaging, or both) from the scoping review of case definitions for BRD in preweaning dairy calves. Other clinical signs included 
hydration and tachypnea, other diagnostic methods included referencing a scoring system without describing it, and other lung imaging included 
radiography.

Figure 5. Components of the 148 case definitions using clinical scoring systems from the scoping review of case definitions for BRD in prewean-
ing dairy calves. Other clinical signs were diverse but included general state, lacrimal consistency, hematological parameters, and tachycardia.
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vide scoring details (n = 4, 4.4%), and a few referenced 
combinations of citations not used in other included 
publications (n = 3, 3.3%). The median publication year 
of studies using physical exam parameters alone was 
2014 (IQR: 2006 to 2018; Figure 2). Comparisons of 
individual components of case definitions were made: 
the number of clinical signs ranged from 1 to 10, with a 
median of 5 clinical signs (IQR: 4 to 6). Thirteen clinical 
signs or other assessment categories were reported by 
these case definitions (Figure 8), with body temperature 
(n = 68, 74.7%), cough (n = 66, 72.7%), nasal discharge 

(n = 56, 63.7%), and respiratory rate (n = 54, 59.3%) 
most commonly reported. Almost all publications did not 
report if the set of physical exam parameters being refer-
enced were validated (n = 88, 96.7%) nor provide insight 
to disease severity when present (n = 87, 95.6%). The 
person who conducted the physical examination was not 
reported by many studies (n = 34, 37.4%), but farmers 
(n = 22, 24.2%) and veterinarians (n = 21, 23.1%) were 
common. Calves were most frequently assessed for BRD 
at least once daily (n = 35, 38.5%), at a single time point 
(n = 22, 24.2%), or this information was not reported (n 

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Figure 7. Thoracic ultrasound components of the 10 case definitions using clinical scoring systems in combination with thoracic ultrasound from 
the scoping review of case definitions for respiratory disease in preweaning dairy calves. In all 10 case definitions, the Wisconsin clinical scoring 
system was used.

Figure 8. Components of the 91 case definitions using physical exam parameters from the scoping review of case definitions for respiratory 
disease in preweaning dairy calves. Examples of “other” physical exam parameters included diarrhea and lack of liquid or soft feces in combination 
with fever and aggravated breathing.
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= 17, 18.7%). The accuracy (e.g., Se and Sp) of the case 
definition used was not reported by most studies (n = 67, 
73.6%). A comprehensive overview of the details of the 
case definitions using physical exam parameters can be 
found in Table 7E of Supplemental File S7.

Physical Exam Parameters in Combination with 
Other Diagnostic Methods.  Of the 40 case definitions 
using physical exam parameters in combination with 
other diagnostic methods, the majority did not provide a 
reference for the case definition (n = 28, 70.0%; Figure 
4). For the 12 case definitions that provided a reference, 
some referenced the Wisconsin clinical scoring system 
but did not provide scoring details (n = 5, 41.6%), some 
used combinations of citations not used in other included 
publications (n = 4, 33.3%), a few referenced an individ-
ual citation not used in other included publications (n = 2, 
16.6%), and 1 referenced the California clinical scoring 
system but did not provide scoring details (8.3%). The 
median publication year of studies using physical exam 
parameters in combination with other diagnostic methods 
was 2011 (IQR: 2005 to 2019; Figure 2). Comparisons 
of individual components of case definitions were made: 
the number of clinical signs ranged from 1 to 10, with a 
median of 3 clinical signs (IQR: 3 to 5). Twelve clinical 
sign categories were reported by these case definitions 
(Figure 8). Seven other diagnostic methods were used in 
combination with physical exam parameters to diagnose 
BRD (Figure 9), most commonly farm treatment records 
(n = 18, 45.0%) or lung auscultation (n = 16, 40.0%). 
Almost all of the publications did not report if the combi-
nation of physical exam parameters and other diagnostic 

methods were considered validated (n = 38, 95.0%). In-
sight to disease severity when present was not reported by 
most case definitions (n = 37, 92.5%). A farmer (n = 16, 
40.0%) or multiple assessors (e.g., farmer and veterinar-
ian, n = 11, 27.5%) most often conducted the examina-
tions. Frequency of BRD assessment was not reported by 
almost half of studies (n = 16, 40.0%), but for those that 
did report this information, calves were assessed at least 
once daily (n = 10, 25.0%) or used another frequency (n 
= 9, 22.5%). The accuracy (e.g., Se and Sp) of the case 
definition used was not reported by almost half of studies 
(n = 19, 47.5%). A comprehensive overview of the case 
definitions using physical exam parameters in combina-
tion with other diagnostic methods can be found in Table 
7F of Supplemental File S7.

Thoracic Ultrasound Alone.  Of the 31 case defini-
tions using TUS alone, all provided a reference (Figure 
3). Most commonly, unique citations (combinations [n 
= 12, 38.7%] or individual citations [n = 6, 19.4%]) not 
used in other included publications were reported; how-
ever, Ollivett and Buczinski (2016; n = 10, 32.7%), and 
Ollivett et al. (2015; n = 3, 9.6%) were also referenced 
(Figure 4). The median publication year of studies us-
ing TUS alone was 2020 (IQR: 2018 to 2021; Figure 
2). Most definitions used depth of lung consolidation to 
define a case, specifically presence of ≥1 cm (n = 13, 
41.9%) or ≥3 cm (n = 6, 19.4%). The remaining studies 
used consolidation surface area, such as ≥1 cm2 (n = 3, 
19.7%) or ≥3 cm2 (n = 1, 3.2%), or another cut-off pa-
rameter (n = 8, 25.8%: e.g., a score ≥2 [3 to 5 cm of con-
solidation] on a 4-point scale, or “numerous small comet 

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Figure 9. Components of the 40 case definitions using physical exam parameters in combination with other diagnostic methods (e.g., lung 
auscultation or farm treatment record review) from the scoping review of case definitions for respiratory disease in preweaning dairy calves.
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tails in multiple fields, multiple large comet tails, focal 
or extensive consolidation, or abscesses”; Deepak et al., 
2021, p. 3). See Figure 10 and Table 7G of Supplemental 
File S7 for more details. Almost all of the publications 
did not report if the referenced TUS methodology was 
validated (n = 28, 90.3%), or provide insight to disease 
severity when present (n = 28, 90.5%). A researcher most 
often conducted the examinations (n = 13, 41.9%), but 
almost as often this information was not reported (n = 9, 
29.0%). Most often, calves were assessed for BRD at a 
single time point (n = 15, 48.4%) or another frequency (n 
= 7, 22.6%). The accuracy (e.g., Se and Sp) of the case 
definition used was not reported by most studies (n = 19, 
61.3%). A comprehensive overview of the details of the 
case definitions using TUS alone can be found in Table 
7G of Supplemental File S7.

Clinical Scoring Systems Alone. Of the 148 case 
definitions utilizing a clinical scoring system alone, most 
provided a reference (n = 124, 83.7%; Figure 4). The Wis-
consin clinical scoring system (including McGuirk, 2008; 
McGuirk and Peek, 2014; and respiratory components 
of the Calf Health Scoring Chart [https:​/​/​fyi​.extension​
.wisc​.edu/​heifermgmt/​files/​2015/​02/​calf​_health​_scoring​
_chart​.pdf], which all reference the same clinical signs 
and scoring structure) was cited in more than half of these 
case definitions (n = 68, 53.1%), followed in frequency 
by the California clinical scoring system (n = 17, 13.2%). 
Due to the commonality of referencing to these scoring 
systems, a breakdown of their components is provided in 
Table 3. For the remaining case definitions for which the 
publication they were extracted from provided a citation 
for the case definition, some cited a unique citation (i.e., 
not otherwise used by other included publications) case 
definitions (n = 14, 10.9%), others reported combinations 
of unique citations (n = 10, 8.6%), and 4 citations were 

cited 3 or 4 times each (Heinrichs et al., 2003; McGuirk, 
2005; Lago et al., 2006; Berge et al., 2009). Details of 
these citations can be found in Supplemental File S7. 
Twenty-four (18.8%) case definitions did not provide a 
reference. The median publication year of studies using 
clinical scoring systems alone was 2018 (IQR: 2015 to 
2021; Figure 2). The case definitions displayed signifi-
cant diversity which limited the ability to compare them 
at the full case definition level. Instead, comparisons of 
individual components of case definitions were made. 
The number of clinical signs included in these case 
definitions ranged from 1 to 14, with a median of 5 clini-
cal signs (IQR: 1 to 6). Further, the number of levels a 
clinical sign could be assigned ranged from 1 to 5 (e.g., 
3 levels: 0 = not present, 1 = mild discharge, 2 = heavy 
discharge), with a median of 3 levels (IQR: 2 to 4). As 
evident through the variable number of clinical signs and 
number of levels each clinical sign could be assigned, a 
synthesis of total scoring cut-offs to define a case would 
not be meaningful. Eleven clinical sign categories were 
reported by these case definitions (Figure 5), with the 
most commonly reported clinical signs being nasal dis-
charge (n = 108, 72.9%), cough (induced or spontaneous, 
n = 106, 71.6%), ocular discharge (n = 95, 64.2%), body 
temperature (n = 91, 61.5%), and ear position (n = 75, 
50.7%). Calves were most commonly assessed at least 
once daily (n = 59, 39.9%) or 1 to 6 times weekly (n = 34, 
23.0%). The majority of publications did not report the 
following: if the clinical scoring system was validated  
(n = 122, 82.4%); provide insight to disease severity when 
present (e.g., mild, moderate, severe; n = 138, 93.2%); 
indicate who conducted the clinical scoring assessment 
(n = 76, 51.3%); or include the diagnostic accuracy of the 
case definition (n = 112, 79%). Among the 14 publica-
tions that reported a quantitative assessment of the diag-

Churchill et al.: RESPIRATORY DISEASE IN DAIRY CALVES

Figure 10. Components of the 31 case definitions using thoracic ultrasound from the scoping review of case definitions for respiratory disease in 
preweaning dairy calves.

https://fyi.extension.wisc.edu/heifermgmt/files/2015/02/calf_health_scoring_chart.pdf
https://fyi.extension.wisc.edu/heifermgmt/files/2015/02/calf_health_scoring_chart.pdf
https://fyi.extension.wisc.edu/heifermgmt/files/2015/02/calf_health_scoring_chart.pdf
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nostic accuracy of the case definition, 5 reported inter-
rater reliability (i.e., kappa, agreement beyond chance) 
and 8 reported Se and Sp (Supplemental File S7). Similar 
inter-rater reliability was reported for the Wisconsin (3 
publications: 0.31 to 97) and California (2 publications 
0.49 to 0.87) BRD scoring systems. Similar accuracy was 
reported for the Wisconsin (Se: 0.26 to 0.94; Sp: 0.26 to 
1.0) and California (Se: 0.67 to 0.82; Sp: 0.26 to 0.79) 
scoring systems. Calves were often assessed for BRD at 
least once a day (n = 59, 39.9%) or 1 to 6 times weekly  
(n = 34, 23.0%). A comprehensive overview of the details 
of the case definitions using a clinical scoring system can 
be found in Table 7B of Supplemental File S7.

Other Diagnostic Methods. Of the 15 case defini-
tions using other diagnostic methods, two-thirds did not 
provide a reference (n = 9, 60.0%). Of the references 
provided, all were individual citations not used in other 
included publications (n = 6, 40.0%; Figure 4). The me-
dian publication year of studies using other diagnostic 
methods was 2020 (IQR: 2001 to 2021; Figure 2). Al-
most half of these case definitions used retrospective 
review of farm treatment records (n = 6, 40.0%), and a 
few each used lung imaging other than ultrasound (n = 
3, 20.0%), hematological parameters (n = 3, 20.0%, i.e., 
haptoglobin concentration [n = 2, 13.3%] or neutrophil 
levels [n = 1, 6.7%]), referred to another study, but the 
scoring method was not apparent (n = 2, 13.3%) or used 

farm treatment records in addition to another diagnostic 
method (n = 1, 6.7%; Figure 11). None (100%) of the 
publications reported if the diagnostic methodology was 
validated or provide insight to disease severity when 
present. A farmer most often conducted the examinations 
(n = 6, 40.0%), but this information was also often not 
reported (n = 4, 26.7%). Most often, frequency of as-
sessment was not reported (n = 8, 53.3%), but a single 
time point (n = 4, 26.7%) was also commonly used. The 
accuracy (e.g., Se and Sp) of the case definition was not 
reported by most studies (n = 11, 73.3%).

A comprehensive overview of the details of the case 
definitions using other diagnostic methods can be found 
in Table 7H of Supplemental File S7.

DISCUSSION

Summary of Evidence

Reflection on Study Characteristics. A total of 358 
case definitions for evaluating BRD in dairy calves were 
identified in the literature from peer-reviewed journals 
and the gray literature. Publications included in this 
scoping review demonstrate a growing body of research, 
with the earliest included publication being from 1977, 
but a median publication year of 2017 and mode (i.e., 
most common) publication year of 2021. This indicates a 
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Table 3. Wisconsin (McGuirk, 2008; McGuirk and Peek, 2014; Calf Health Scoring Chart) and California (Love et al., 2014) clinical scoring systems 
comparison, from the scoping review of case definitions for respiratory disease in preweaning dairy calves1

Clinical sign  

Scales and descriptions

Wisconsin clinical scoring system   California clinical scoring system2

Rectal temperature, °C (°F)   0: 37.8–38.2 (100–100.9)   0: <39.2 (102.5)
  1: 38.3–38.8 (101–101.9)  
  2: 38.9–39.4 (102–102.9)   2: ≥39.2 (102.5)
  3: ≥39.5 (103)  

Cough score   0: No cough   0: No spontaneous cough
  1: Induce single  
  2: Induce repeated or occasional spontaneous   2: Any spontaneous cough
  3: Repeated spontaneous coughing  

Nasal discharge score   0: Normal, serous discharge   0: Normal
  1: Small amount of unilateral, cloudy discharge   4: Any abnormal discharge
  2: Bilateral, cloudy, or excessive mucus  
  3: Heavy ocular discharge, severe head tilt, or bilateral ear droop  

Eye score   0: Normal eye   0: Normal
  1: Mild ocular discharge   2: Any abnormal discharge
  2: Moderate bilateral ocular discharge  
  3: Heavy ocular discharge  

Ear score   0: Normal ear   0: No ear droop, head tilt, or ear flick
  1: Mild ear flicking  
  2: Slight unilateral ear drop   5: Any ear droop or head tilt
  3: Severe head tilt or bilateral ear droop  

Respiratory quality   NA   0: Normal respiration
    2: Abnormal respiration

Defining a BRD case   Total score ≥5 (provided that ≥2 abnormal parameters are 
observed)

  Total score ≥5

1BRD = bovine respiratory disease, NA = not applicable.
2This categorization comparison of the 2 scoring systems is narratively outlined in the California clinical scoring system paper (Love et al., 2014).
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growing interest in BRD in dairy calves. Among the 256 
publications published in the last decade (2014 to 2023), 
79.7% (n = 204) provided a reference for the method 
used to classify BRD. Among these, nearly half (n = 100, 
49%) referenced either the Wisconsin clinical scoring 
system (n = 79, 39%) or the California clinical scoring 
system (n = 21, 10%).

Reflection on Diagnostic Methods and Case Defini-
tions. Clinical scoring systems alone (1) were the most 
commonly used diagnostic method (n = 148, 41.3%), 
followed by (4) physical exam parameters alone (n = 
91, 25.4%), a term used to describe case definitions 
where publications did not provide assessment guid-
ance for assessment of clinical signs. Case definitions 
were also reported for (5) physical exam parameters 
in combination with other diagnostic methods (n = 
40, 11.1%), (6) TUS alone (n = 31, 8.6%), (2) clinical 
scoring system in combination with other diagnostic 
methods (n = 23, 6.2%) or (3) in combination with TUS 
(n = 10, 2.8%), and (7) other diagnostic methods (n = 
15, 4.2%). Three categories involved clinical scoring 
systems, 2 of which extrapolate the diagnosis of BRD 
beyond the intended assessment parameters, to include 
other diagnostic methods. As these extrapolations were 
not intended by the scoring system authors, and have not 
been validated, it is difficult to assess their appropri-
ateness or accuracy. Two categories involved physical 
exam parameters, which due to the category definition 
in this scoping review likely have subjective applica-
tions and are therefore difficult to replicate accurately 
or apply consistently. An attempt was made to compare 
case definitions at the entire case definition level (i.e., 
comparison of all components [e.g., these 5 clinical 
signs vs. these 4 clinical signs], scales, and case cut-
points) within each diagnostic method; however, they 
displayed significant diversity which limited the ability 
to compare them. Instead, the commonality of individual 
factors used for each diagnostic method was evaluated. 
The common factors included in case definitions across 
diagnostic method categories involving clinical scoring 
systems and physical exam parameters included cough, 
nasal discharge, and body temperature. Diagnostic 
methods categories involving TUS commonly used lung 
consolidation depth ≥1 or ≥3 cm as a cut-off to define or 
contribute to defining a case.

Other diagnostic methods (e.g., farm treatment records 
or hematological parameters; in categories 2, 5, and 7) 
had extremely diverse compositions with no common 
trends identified or reports of validity. Further, many of 
these other diagnostic methods (farm treatment records 
or hematological parameters) have not been well defined 
in the literature, are difficult to implement in real-time 
for BRD assessment, and may have other barriers such as 
cost and equipment availability.

Several knowledge gaps and areas for improvement 
were identified in this scoping review. Case definitions 
displayed high diversity which inhibited comparison 
of entire definitions. Comparison of individual compo-
nents of case definitions resulted in the identification 
of high variability of components between and within 
the 7 diagnostic method categories. However, as seen 
in Figure 2, it appears that a move away from unclear 
case definitions using predominantly physical exam pa-
rameters (a term used to describe case definitions where 
publications did not provide assessment guidance for 
assessment of clinical signs) and toward diagnosis with 
clinical scoring systems (providing assessment guidance 
for clinical signs) and TUS in recent years is occurring. 
Although this recent shift in popularity toward standard-
ized case definitions of clinical scoring systems is an 
improvement (n = 148), as previously mentioned, this 
diagnostic method exhibits some key challenges, includ-
ing diagnosis restricted to clinical cases; only moderate 
Se, Sp, and inter-rater reliability; and a still-present di-
versity of case definitions within this diagnostic method 
category. Diagnosis with TUS exhibits many previously 
mentioned benefits, including the ability to identify 
subclinical BRD cases; higher Se, Sp, and inter-rater 
reliability; and the similarity of case definitions identi-
fied by this scoping review (generally 1 or 3 cm depth 
or surface area [cm2] cut-off). Publications reporting 
case definitions using TUS are even more recent (Figure 
2) and may contribute to fewer case definitions being 
identified (n = 31), which may be due to a few reasons. 
Thoracic ultrasound does require equipment and training 
and therefore may have more challenges for widespread 
adoption than clinical scoring systems. Additionally, 
it may be attributable to what is referred to in human 
medical research as the implementation gap. This is the 
observation that it takes an average of 17 yr for evidence 
to change practice (Morris et al., 2011), and with the 
first case definition identified by this scoping review 
that leveraged TUS alone for diagnosis being published 
in 2014, in 2024 we are only 10 yr into this 17-yr gap be-
fore widespread adoption. Overall, these findings appear 
to indicate that clinical scoring systems remain popular 
for use, but TUS provides more accurate diagnosis of 
BRD and may be in the preliminary phase of its use.

Frequently, no reference was provided for the case 
definition, calling into question the rationale of how it 
was formulated, and its validity and accuracy. The most 
commonly referenced methodology was the Wiscon-
sin clinical scoring system (McGuirk, 2008; McGuirk 
and Peek, 2014; Calf Health Scoring Chart [https:​/​/​
fyi​.extension​.wisc​.edu/​heifermgmt/​files/​2015/​02/​calf​
_health​_scoring​_chart​.pdf]). Of the 358 included case 
definitions, only 4 (1.1%) were referred to by the pub-
lication they were extracted from as validated (all of 
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which referenced Love et al., 2014), and 9 (2.5%) were 
being validated by the publication they were extracted 
from. This may raise questions about how researchers 
choose their case definition, and the ability for them to 
identify and reproduce validated methodologies as they 
become available.

Severity of disease was not reported by the majority of 
case definitions, but a proportional comparison between 
diagnostic method categories shows that severity was 
most commonly reported by (6) TUS alone (9.7%, n = 
3); (2) clinical scoring systems in combination with other 
diagnostic methods (8.7%, n = 2); (5) physical exam pa-
rameters in combination with other diagnostic methods 
(7.5%, n = 3); (1) clinical scoring systems (6.8%, n = 
10); and (4) physical exam parameters alone (4.4%, n = 
4). In 2 of the categories, (3) clinical scoring systems in 
combination with TUS and (7) other diagnostic methods, 
no case definitions reported severity of disease. Severity 
of disease is important to report because it gives insight 
to the burden of disease on the calf and likely will guide 
treatment decisions.

Parameters around implementing the case definition 
(e.g., who conducted the assessment or how often) were 
not well reported across all diagnostic methods, limiting 
reproducibility. Reporting these parameters is important 
for replication and aiding in the identification of reasons 
for inconsistent estimates of disease prevalence and 
should therefore be reported when possible.

With the growing interest in BRD diagnosis, a need 
and opportunity exists to establish a validated and stan-
dardized list of criteria to diagnose BRD, through the de-
velopment of a COS. The findings of this scoping review 
(i.e., that clinical scoring systems are most commonly 
used but Se, Sp, and inter-rater reliability are only mod-
erate, and TUS is the most accurate for diagnosis) align 

with the a priori decision outlined in the COS protocol 
(see Notes) to develop a COS for BRD diagnosis using 
TUS alone, a clinical scoring system alone, and a com-
bination of both (to balance the pros and cons of each 
individual diagnostic method).

Limitations

More than 75.0% (n = 289) of included publications 
were conducted in developed economies. In 2022, 
76.5% of the world’s reported dairy cow population 
(n = 617,171,000) was located in India, a developing 
economy (Agriculture Canada, 2024; UN DESA, 2024). 
The developing economies of Brazil (n = 16,111,000), 
Pakistan (n = 15,100,000), and China (n = 10,943,000) 
also surpassed the United States, the developed econo-
my with the highest reported population of dairy cows 
(n = 9,448,000; Agriculture Canada, 2024). The num-
bers of included publications for India (n = 1), Brazil 
(n = 16), Pakistan (n = 1), and China (n = 2) were ex-
ceedingly low, far surpassed by publications from the 
United States (n = 129), the European Union (n = 83), 
or Canada (n = 40). Given this information, it is pos-
sible that parameters surrounding BRD in dairy calves 
worldwide vary by the country’s economic status (due 
to factors such as breeds of cattle used, management 
practices and housing), and therefore that the findings 
of this scoping review may not have global representa-
tion or application.

Only English-language articles were eligible for inclu-
sion due to language capacity of the review team. A total 
of 125 articles were excluded at full-text screening due 
to not being available in English, and many others were 
excluded at title and abstract screening for this reason. 
More than 75% (n = 283) of included publications were 
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Figure 11. Components of the 15 case definitions other diagnostic methods from the scoping review of case definitions for respiratory disease in 
preweaning dairy calves. Other = drinking speed.
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conducted in developed economies, the majority of 
which were conducted in the English-language dominant 
countries of the United States, Canada, and the United 
Kingdom, which may reflect a bias due to the language 
restriction imposed, due in the search terms used to iden-
tify studies and article screening criteria.

CONCLUSIONS

This scoping review characterized the literature in-
vestigating BRD in dairy calves, including the study and 
population characteristics, the case definitions used, and 
the diagnostic method parameters used to implement 
the case definitions. Substantial diversity was present 
throughout the identified body of evidence, indicating 
probable difficulty in further synthesizing the data in a 
systematic review and meta-analysis. The development 
of a COS for BRD diagnosis in calves would support 
more consistent assessment of the disease and opportuni-
ties for evidence synthesis.
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