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INTRODUCTION

Rationale

It is essential to optimize the production of calves in order to maximize economic
returns to producers and the availability of feeder cattle and replacement stock for
the industry. Morbidity and mortality in beef calves have negative impacts on beef
operations and are associated with considerable economic damage (2,3). By
implementing effective disease control strategies, morbidity and mortality caused by
Bovine Respiratory Disease (BRD) and Neonatal Calf Diarrhea (NCD) may be reduced.
Studies have shown that failed transfer of passive immunity (3-7), season of birth
(8), herd size (2,3), assistance at calving (3,9), and purchasing adult cattle and using
community pastures (10) are risk factors for morbidity and mortality in calves.
Disease control strategies are an essential component of the health management of
beef herds (11) and some preventive practices have shown financial benefits (12).
Herd demographics and management practices alter the epidemiology of disease
within the herd (13), with various strategies aiming to improve the animal
environment, boost the immune system (14), and diminish animal exposure to
potential pathogens (15). Risk factors associated with the multifactorial syndromes
of BRD and NCD have been explored mainly in dairy calves (5-8), but there are a
limited number of studies related to beef calves (16) and no efforts to summarize the

available literature have been reported.

A systematic review of the current scientific literature will be conducted focusing on
colostrum management, vaccination strategies, biosecurity, biocontainment,
metaphylactic use of antibiotics, and other strategies used to prevent mortality and
morbidity caused by BRD and NCD in pre-weaned beef calves. To the best of our
knowledge, there is no published systematic review on disease control strategies

used in beef calves during the preweaning stage.

Objectives

This protocol describes the methodology that will be used for a systematic review
that will evaluate the scientific evidence related to the question: Do disease control
strategy interventions reduce morbidity and mortality caused by BRD and NCD in
pre-weaned beef calves compared to those not receiving the interventions? The
objective of this systematic review is to evaluate critically the quality of evidence
about disease control strategies that reduce morbidity and mortality in pre-weaned
beef calves. The methodology follows the PRISMA-P guidelines (1).



METHODS

The review team will include four members including experts in infectious calfhood
diseases (VMS, SP, CW), epidemiological methods (CW, VMS), and database and
indexing (HG).

Eligibility criteria
The eligibility criteria will be based on the PICOS format framework (17):

Population (P) Intervention or exposure population: pregnant dams or pre-
weaned beef calves

Outcome population of interest: pre-weaned beef calves
(24h after birth until weaning)

Disease control strategies:
Colostrum management - dose, timing, route, source
Vaccination - antigen, dose, timing, route of administration

Intervention (I)/ Biosecurity - practice, timing, duration, production group

Exposure (E) Biocontainment - practice, timing, duration, production
group
Metaphylactic antibiotic treatment - active ingredient, dose,
timing

Comparator (C) For randomized control trials (RCT): placebo, standard

therapy, no treatment
For observational studies: no exposure, non-cases

Outcome (0O) Mortality, morbidity caused by BRD and NCD in beef calves
from 24 h after birth until weaning

Study designs (S) Randomized clinical trials and observational studies

Primary research studies of RCT and observational design will be retained. Case
reports and case series will be excluded. Only naturally occurring BRD or NCD studies

will be included.

Information sources

The following electronic databases will be searched with no language nor time
restrictions: CAB Abstracts, MEDLINE on the Ovid platform, Web of Science, and
ProQuest Dissertations. The search strategy that will be used is shown below. The
searches across databases will be carried out on the same day, before starting the

systematic review.

Search strategy
The search strategy will gather all possibly related research to have high sensitivity.

Not all PICOS/PECOS components will be included in the search strategy; in



particular, interventions (I) and exposures (E) will not be included so as to not limit

the potential disease control strategies to be assessed (17).

1. CAB Abstracts

Query

S1

(DE "calf diarrhoea rotavirus") OR (DE"diarrhoea" OR DE
"Bovine viral diarrhea virus 2" OR DE "Bovine viral diarrhea virus
1")

S2

(DE "Bovine respiratory syncytial virus") OR(DE "pneumonia"
OR DE "bacterialpneumonia” OR DE "pleuropneumonia")

S3

DE "Bovine coronavirus"

S4

DE "Cryptosporidium parvum

S5

DE "Escherichia coli" OR DE "Escherichia coli infections"

S6

DE "Salmonella Typhimurium" OR DE "Salmonella Dublin" OR
DE "Salmonella enterica"

S7

DE "Bovine herpesvirus 1" OR DE "Bovine herpesvirus 5

S8

DE "Bovine torovirus"

S9

DE "Mannheimia haemolytica"

S10

DE "Pasteurella multocida" OR DE "Pasteurella multocida subsp.
gallicida" OR DE "Pasteurella multocida subsp. multocida" OR
DE "Pasteurella multocida subsp. septica"

S11

DE "Bovine parainfluenza virus 3"

S12

(DE "morbidity") OR (DE "mortality")

S13

TI ( BRD OR BVD OR NCD OR “cryptosporidium parvum” OR
“bovine coronavirus” OR “E. coli” OR “Escherichia coli” OR
rotavirus OR “salmonella typhimurium” OR "salmonella dublin"
OR "salmonella enterica" OR “bovine rhinotracheitis” OR "bovine
respiratory disease" OR “bovine herpes*” OR “bovine
respiratory syncytial virus” OR BRSV OR “mannheimia
haemolytica” OR “parainfluenza 3” OR “parainfluenza virus 3”
OR torovirus OR "“Pasteurella multocida” OR diarrh#ea OR
pneumonia OR scours OR morbidity OR mortality ) OR AB (BRD
OR BVD OR NCD OR “cryptosporidium parvum” OR “bovine
coronavirus” OR “E. coli” OR “Escherichia coli” OR rotavirus OR
“salmonella typhimurium” OR "salmonella dublin" OR
"salmonella enterica" OR “bovine rhinotracheitis” OR "bovine
respiratory disease" OR "“bovine herpes*” OR "“bovine
respiratory syncytial virus” OR BRSV OR “mannheimia
haemolytica” OR “parainfluenza 3” OR “parainfluenza virus 3”




OR torovirus OR "“Pasteurella multocida” OR diarrh#ea OR
pneumonia OR scours OR morbidity OR mortality )

S14 (DE "beef cattle") OR (DE "suckler herds")
S15 TI ( beef OR suckler*) OR AB ( beef OR suckler*)
S16 DE "calves" OR DE "calf diseases"
S17 TI (calf OR calves) OR AB (calf OR calves)
2. MEDLINE

Database(s): Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other

Non-Indexed Citations

Search Strategy:

# Searches

1 exp Bovine Respiratory Disease Complex/ or exp Diarrhea Viruses, Bovine Viral/
2 exp Coronavirus, Bovine/

3 exp Cryptosporidium parvum/

4 exp Escherichia coli/

5 exp Salmonella/

6 exp Herpesvirus 1, Bovine/

7 exp Torovirus Infections/ or exp Torovirus/
8 exp Mannheimia haemolytica/

9 exp Pasteurella multocida/

10 exp Parainfluenza Virus 3, Bovine/

11 exp Morbidity/




12 exp Mortality/
(BRD or BVD or NCD or cryptosporidium parvum or bovine coronavirus or E* coli or
Escherichia coli or rotavirus or salmonella typhimurium or salmonella dublin or
salmonella enterica or bovine rhinotracheitis or bovine respiratory disease or bovine

13 - ; T o )
herpes* or bovine respiratory syncytial virus or BRSV or mannheimia haemolytica or
parainfluenza 3 or parainfluenza virus 3 or torovirus or Pasteurella multocida or
diarrh?ea or pneumonia or scours or morbidity or mortality).kf,tw.

14 lor2or3or4or5or6or7or8or9orl0orlloril2orl3

15 (beef or suckler*).kf,tw.

16 (calf or calves).kf,tw.

17 14 and 15 and 16

3. Web of Science Search
TOPIC: (BRD OR BVD OR NCD OR “cryptosporidium parvum” OR “bovine coronavirus”
OR “E. coli” OR "“Escherichia coli” OR rotavirus OR “salmonella typhimurium” OR
"salmonella dublin" OR "salmonella enterica"” OR “bovine rhinotracheitis” OR "bovine
respiratory disease" OR “bovine herpes*” OR “bovine respiratory syncytial virus” OR
BRSV OR “mannheimia haemolytica” OR “parainfluenza 3”OR “parainfluenza virus 3"
OR torovirus OR “Pasteurella multocida” OR diarrh?ea OR pneumonia OR scours OR
morbidity OR mortality) AND TOPIC: (beef OR suckler*) AND TOPIC: (calf OR calves)

Timespan: 1900-2021. Indexes: SCI-EXPANDED, CPCI-S, ESCI.

4. ProQuest Dissertations

noft(BRD OR BVD OR NCD OR “cryptosporidium parvum” OR “bovine coronavirus”
OR “E. coli” OR “Escherichia coli” OR rotavirus OR “salmonella typhimurium” OR
"salmonella dublin" OR "salmonella enterica" OR “bovine rhinotracheitis” OR "bovine
respiratory disease" OR “bovine herpes*” OR “bovine respiratory syncytial virus” OR
BRSV OR “"mannheimia haemolytica” OR “parainfluenza 3” OR “parainfluenza virus 3"
OR torovirus OR “Pasteurella multocida” OR diarrh?ea OR pneumonia OR scours OR
morbidity OR mortality) AND noft(beef OR suckler*) AND noft(calf OR calves)



Study Records

Data management

Database records of the articles recovered will be imported into Covidence (Veritas
Health Innovation, Melbourne, Australia) and duplicates will be deleted by the same
software. Abstract and full screening will be recorded in Covidence. Data extraction
and risk of bias assessment will be documented in Microsoft Excel (Microsoft
Corporation, Redmond, WA). If statistical analysis is performed, it will be done in
STATA 16.1 software (StataCorp LP, College Station, Texas).

Selection process

The citations will be screened in two independent stages. The first stage of the
selection process will consist of titles and abstract screening. Two independent
reviewers (VMS and SP) will carry out this task using Covidence. Conflict will be
resolved with a third reviewer (CW). The studies that meet inclusion criteria will pass
to the next phase. The concordance among the reviewers will be evaluated by
randomly selecting 10% of the citations entering each stage of the process prior to
screening all papers. This pilot study will enable discussion and solve disagreement

before carrying out the full selection process by the two reviewers (adapted from 21).

First stage
e Does the title/abstract make reference to a primary research study published
in a peer-reviewed journal?

o Does the title/abstract refer to a disease control strategy of interest?

The potential answers are ‘yes’, ‘no’ or ‘unclear’, the last meaning that the question
above cannot be answered by only the information given in the abstract. Articles
classified as ‘no’ by both reviewers will be excluded. Articles with ‘unclear’ or ‘yes’
answers by both reviewers (VMS and SP) will go the next phase. Articles classified
differently by the two reviewers will be reviewed by a third reviewer (CW) to resolve
the conflict; this will be discussed among all three as necessary (VMS, SP, and CW)
(adapted from 22, 23).

Second stage
During the second stage of full-text screening, interest will be focused on the methods

section. Two independent reviewers (VMS and SP) will carry out this task using



Covidence. Those studies that meet inclusion criteria will go the next phase. Conflict
will be resolved with the third reviewer.

e Is the study design a RCT or an observational study?

e Does the study report a comparison or control group where the intervention
strategy was not applied?

e Does the study report morbidity and/or mortality caused by naturally

occurring BRD or NCD in beef calves from 24 h of birth until weaning?

Studies will only be included in case they get a combination of at least ‘yes’ or
‘unclear’ answers. All of those which receive a ‘no’ will be excluded. Conflict will be

resolved among the two reviewers and a third if necessary (adapted from 22, 23).

Data Extraction

The data extraction process will be carried out by using Endnote X9 (The EndNote
Team, Philadelphia, PA). Two reviewers will independently extract data from all
eligible studies (VMS and SP), and a third reviewer will supervise (CW).

Data to be extracted include:

e General information: bibliographic information (journal name, language,
country, year, authors, funding information)

o Study design: type of study, sample size

e Unit of observation: individual or herd

o Population characteristics: breed, sex, age, production system

e Pathogens: species

¢ Intervention/exposure assessed and comparator: characteristics of the
intervention/exposure (e.g. commercial name for vaccines, concentration,
dose, route of administration)

o Outcomes: case definition, estimate (adjusted and unadjusted) confidence

intervals, standard errors, P-values, odds ratios, risk ratios/relative risk.

Outcome Prioritization

Morbidity and mortality will be the main outcomes of interest.

Risk of Bias Assessment

This process will be carried out by two independent reviewers (VMS and SP) and a
pilot study will be done in order to resolve conflict among the reviewers based on the
Cochran Review Handbook (20).



The risk of bias will be evaluated using a ‘Risk of Bias’ tool developed by the Cochrane
Collaboration. Studies will be evaluated individually in terms of internal validity by
two reviewers qualitatively (low, high, and unclear). This tool can be adapted to
veterinary science and focuses on information bias, selection bias, and confounding
(20). Each domain is addressed firstly with specific questions outlined below.
Responses to the questions will be registered to justify the responses given. After
answering the questions, a risk-of-bias judgement will be made for each domain (21).
Finally, a global risk of bias will be determined by allocating the lowest risk of bias in

any of the three evaluated domains (19).

Selection bias is caused by factors affecting the selection of study subjects (22).
The selection bias associated with external validity will not be taken into account.

This domain will be approached using the following signalling questions:

e Besides treatment, were calves assigned to control and treatment groups in
systematically different ways?
e Did sampling methods differ systematically between control and treatment

groups?

Low risk of sample selection bias examples:

e Calves were randomly allocated to the different groups.

e The calves belonged to the same herd and breed (adapted from 21).

Information bias is caused by factors relating to attaining precise information on
the exposure, outcome, and covariates (22). This domain will be approached using

the following questions:

e Have the definitions of cases of BRD and/or NCD been clearly defined?
e Have the methods used to determine NCD and/or BRD been carried out in
such a way that assure truthfulness in the diagnosis? (adapted from 21).

Low risk of information bias example:

e The diagnosis has been carried out by the combination of clinical disease and

laboratory methods.



Confounding bias is caused by the effects of factors other than the exposure of
interest on the observed association (22). The question that will address this type of

bias is the following:

o Were measures taken into account to reduce potential confounding?

Examples of low risk of confounding:

e Treatment was randomly assigned to calves or herds.

e Characteristics such as husbandry practices were matched between control
and treatment groups.

e The statistical approaches used adjusted for potential confounding (adapted
from 21).

Data Synthesis

The evidence will be synthesized into a narrative review. If there is sufficient data
from homogeneous studies that report quantitative outcomes, a meta-analysis will
be carried out. Furthermore, publication bias will be evaluated using funnel plots,

where possible (23).

CONCLUSIONS

The overall objective of this systematic review is to examine carefully the available
literature on disease control strategies used to prevent infectious morbidity and
mortality in pre-weaned calves. This will help the decision-making process when
applying interventions in beef herds by producers and herd veterinarians and
suggestions made by policymakers. Moreover, the systematic review will suggest

gaps in knowledge that require more research in the future.

10



References

10.

11.

12.

13.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev [Internet]. 2015;4(1):1. Available
from: https://doi.org/10.1186/2046-4053-4-1

Murray CF, Fick LJ, Pajor EA, Barkema HW, Jelinski MD, Windeyer MC. Calf
management practices and associations with herd-level morbidity and
mortality on beef cow-calf operations. animal [Internet]. 2015/10/22.
2016;10(3):468-77. Available from:
https://www.cambridge.org/core/article/calf-management-practices-and-
associations-with-herdlevel-morbidity-and-mortality-on-beef-cowcalf-
operations/49D074D2E3C52B5ED2377427D5550935

Larson RL, Tyler JW. Reducing Calf Losses in Beef Herds. Vet Clin North Am
Food Anim Pract [Internet]. 2005;21(2):569-84. Available from:
http://www.sciencedirect.com/science/article/pii/S0749072005000289

Pearson JM, Pajor EA, Caulkett NA, Levy M, Campbell JR, Windeyer MC.
Benchmarking calving management practices on western Canada cow-calf
operationsl. Transl Anim Sci [Internet]. 2019 Jul 1;3(4):1446-59. Available
from: https://doi.org/10.1093/tas/txz107

Godden S. Colostrum Management for Dairy Calves. Vet Clin North Am Food
Anim Pract [Internet]. 2008;24(1):19-39. Available from:
http://www.sciencedirect.com/science/article/pii/S0749072007000758

Olson D, Papasian C, Ritter R. The effects of cold stress on neonatal calves.
II. Absorption of colostral immunoglobulins. Can J Comp Med Rev Can Med
Comp. 1980;44(1):19-23.

JD R, Stott G, DeNise S. Effects of passive immunity on growth and survival
in the dairy heifer. J Dairy Sci. 1988;71(5):1283-1287.

Windeyer MC, Leslie KE, Godden SM, Hodgins DC, Lissemore KD, LeBlanc SJ.
Factors associated with morbidity, mortality, and growth of dairy heifer
calves up to 3 months of age. Prev Vet Med [Internet]. 2014;113(2):231-40.
Available from:
http://www.sciencedirect.com/science/article/pii/S0167587713003292

Lombard J, Garry F, Tomlinson S, Garber L. Impacts of Dystocia on Health
and Survival of Dairy Calves. J Dairy Sci. 2007;90(4):1751-60.

Wennekamp TR. Biosecurity and bovine respiratory disease on beef
operations in western Canada [Internet]. University of Saskatchewan; 2020.
Available from:
https://harvest.usask.ca/bitstream/handle/10388/12899/WENNEKAMP-
THESIS-2020.pdf?sequence=18&isAllowed=y

Radostits OM. Herd health: Food animal production medicine. 3rd ed.
Saunders, editor. Philadelphia; 2001.

Meyer KF. Preventive Veterinary Medicine. Zentralblatt fiir Veterindrmedizin
[Internet]. 1954 Aug 1;1(6):505-24. Available from:
https://doi.org/10.1111/j.1439-0442.1954.tb00033.x

Waldner C, Jelinski MD, McIntyre-Zimmer K. Survey of western Canadian
beef producers regarding calf-hood diseases, management practices, and
veterinary service usage. Can Vet J = La Rev Vet Can [Internet]. 2013
Jun;54(6):559-64. Available from:
https://pubmed.ncbi.nim.nih.gov/24155446

11



14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

Windeyer MC, Gamsjager L. Vaccinating Calves in the Face of Maternal
Antibodies: Challenges and Opportunities. Vet Clin North Am Food Anim Pract
[Internet]. 2019;35(3):557-73. Available from:
http://www.sciencedirect.com/science/article/pii/S074907201930026X

Stokstad M, Klem TB, Myrmel M, Oma VS, Toftaker I, @steras O, et al. Using
Biosecurity Measures to Combat Respiratory Disease in Cattle: The
Norwegian Control Program for Bovine Respiratory Syncytial Virus and Bovine
Coronavirus. Front Vet Sci [Internet]. 2020 Apr 7;7:167. Available from:
https://pubmed.ncbi.nlm.nih.gov/32318587

Sanderson MW, Dargatz DA. Risk factors for high herd level calf morbidity
risk from birth to weaning in beef herds in the USA. Prev Vet Med.
2000;44(1):97-106.

O’Connor A, Anderson K, Goodell C, Sargeant J. Conducting systematic
reviews of intervention questions I: Writing the review protocol, formulating
the question and searching the literature. Zoonoses Public Health. 2014;61
Suppl 1:28-38.

Valeris-Chacin R, Nault AJ, Hwang H, Weber B, Bueno I, Johnson TJ, et al.
Systematic review protocol of the efficacy of prebiotics and probiotics in
reducing the colonization and shedding of Campylobacter and Salmonella in
broilers and turkeys [Internet]. 2020. Available from:
https://hdl.handle.net/11299/216459

Hwang, Haejin Miller, Elizabeth A. Johnson, Abigail Valeris-Chacin, Robert
Nault, Andre J. Singer, Randall S. Johnson TJ. Efficacy of prebiotics and
probiotics on growth performance in poultry: A protocol for a systematic
review. [Internet]. Retrieved from the University of Minnesota Digital
Conservancy 2020. Available from: https://hdl.handle.net/11299/216461

Sargeant JM, O’Connor AM. Conducting Systematic Reviews of Intervention
Questions II: Relevance Screening, Data Extraction, Assessing Risk of Bias,
Presenting the Results and Interpreting the Findings. Zoonoses Public Heal.
2014;61(S1):39-51.

Higgins JP, Savovi¢ J, Page MJ, Elbers RG, Sterne JA. Chapter 8: Assessing
risk of bias in a randomized trial. In: Higgins JPT, Thomas J, Chandler J,
Cumpston M, Li T, Page MJ WV, editor. Cochrane Handbook for Systematic
Reviews of Interventions version 62 (updated February 2021) [Internet].
Cochrane, 2021; 2021. Available from: www.training.cochrane.org/handbook

Dohoo IR, Martin SW, Stryhn H. Veterinary epidemiologic research. Charlotte,
P.E.I.: VER, Inc.; 2009.

Sargeant JM, O’Connor AM. Scoping Reviews, Systematic Reviews, and Meta-
Analysis: Applications in Veterinary Medicine. Front Vet Sci [Internet].
2020;7:11. Available from:
https://www.frontiersin.org/article/10.3389/fvets.2020.00011

12



