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ABSTRACT 

Meeting the Challenge of Antibiotic Stewardship in Livestock: Unleashing the 

Power of Evidence Synthesis through Scoping Reviews, Machine Learning, 

and Meta-epidemiology 
 

Lee Virginia Wisener  

University of Guelph, 2021 

Advisor: 

Dr. Jan M. Sargeant  

This thesis is an investigation into the opportunities and challenges of evidence synthesis 

for advancing antibiotic stewardship in livestock. The thesis includes two scoping reviews (ScR) 

of non-antibiotic interventions, one on veal and beef production, and one on nursery pig 

production for disease control or prevention. The objectives were to describe the volume, 

breadth, and depth of the research; identify specific topics that may support systematic reviews 

(SR); and identify knowledge gaps. Multiple databases were searched, then screened for 

relevance by two reviewers followed by data charting. Both ScR revealed a large volume of 

research, and wide breadth in intervention and outcome types. The veal-beef ScR had 7 specific 

topic areas that may support SR, the nursery pig had 13. For both ScR there was a dearth of 

clinical trials evaluating management interventions. Many vaccine clinical trials failed to report 

clinically important outcomes. 

Evidence syntheses are labour intensive. Automation of the relevance screening step 

could reduce that burden. The objective for the third study was to evaluate the DistillerSR 

(EvidencePartners Ltd.) machine learning (ML) prioritization tool using the two ScR databases. 

Simulations of the ML tool were used to emulate its performance for our ScR at three levels of 
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recall (sensitivity). The DistillerSR ML tool would have reduced the burden of screening by 70% 

for the veal-beef ScR and by 49% for the swine ScR at 95% recall. 

Bias from inadequate trial design and conduct may impact summary effect sizes (ES) and 

thus the quality of SR for non-antibiotic approaches. Trial characteristics such as random 

allocation and blinding have been shown to impact intervention ES in human and laboratory 

animal medical research. The objective for the fourth study was to use meta-epidemiological 

methods to assess the associations between inadequate random allocation or blinding on 

intervention ES using source data from six SR for livestock interventions for antibiotic 

stewardship. Inadequate random allocation or blinding has the potential to bias intervention ES 

in livestock intervention clinical trials in unpredictable ways. 
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INTRODUCTION 

Antibiotic use in the last 80 years has fueled advances in human health and livestock 

production (Laxminarayan, et al., 2013). However, antibiotic use contributes to selection 

pressure for antibiotic resistance in humans and animals alike (Laxminarayan et al., 2013). The 

complex nature of interspecies spread of resistant bacteria or their resistant genes highlights the 

need for all sectors using antibiotics to practice antibiotic stewardship (Levy et al., 1976; 

McEwen and Fedorka-Cray, 2002; Marshall and Levy, 2011; Harrison et al., 2013). Antibiotics 

used in livestock populations such as veal calves, feedlot beef cattle, and nursery pigs for disease 

prevention, control, or therapy are often the same or closely related antibiotics that are used in 

human medicine (World Health Organization (WHO), 2018). Reduced use of antibiotics in all 

species, particularly antibiotics belonging to classes of importance to human medicine, has the 

potential to help preserve the efficacy of available antibiotics now and in the future. This One 

Health challenge, to reduced antibiotic usage, is a shared global goal (Food and Agriculture 

Organization of the United Nations (FAO), 2016; World Organization for Animal Health (OIE), 

2016). Antibiotic stewardship in livestock, without compromise of production efficiencies and 

animal welfare, will require a comprehensive approach including wider use of vaccines, 

improved management practices and housing, antibiotic alternatives, improvements in veterinary 

advice, guidelines, and education (McEwen and Fedorka-Cray, 2002; Ribble et al., 2010). A 

thorough understanding of existing research for non-antibiotic approaches can help meet the 

challenge of antibiotic stewardship. 

Syntheses of research helps to bridge the gap between primary research and 

recommendations for clinicians and policy makers (Ioannidis, 2006; Tricco et al., 2011). The 
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same is true for research of non-antibiotic approaches in livestock animals. Research syntheses 

are needed to bridge the gap between primary research and recommendations for producers, 

veterinarians, policy makers, and research funding agencies. Confidence in scientific evidence 

regarding interventions is enhanced with replication of credible results (Ioannidis, 2006; Garg et 

al., 2008; Grimshaw, 2010; O’Connor and Sargeant, 2015). Trust in syntheses of evidence comes 

from the rigour of the synthesis itself and the credibility of the included studies (Tricco et al., 

2011). Trial credibility depends upon trial design, statistical power, and protection from bias 

(Ioannidis, 2006). 

This dissertation contributes to the evidence that will be needed to support non-antibiotic 

approaches in livestock in multiple ways. First, Chapters 2 and 3 describe two scoping reviews 

that map the published research for non-antibiotic approaches in veal calves, feedlot beef cattle, 

and nursery pigs. Secondly, Chapter 4 describes an evaluation of a machine learning (ML) 

program that can make knowledge syntheses projects more efficient and timely. Thirdly, Chapter 

5 demonstrates a method of assessing the association between intervention effects and clinical 

trial characteristics that may contribute to the risk of bias (ROB). Researcher awareness of the 

impacts of trial characteristics on intervention effect sizes (ES) can lead to trial conduct that 

reduces potential bias in research for non-antibiotic approaches in livestock. 

LITERATURE REVIEW 

Overview of antibiotic resistance, use, and stewardship in livestock 

Advances in human health care worldwide during the last 80 years have depended upon 

the availability of antibiotics that could effectively treat common bacterial infections 
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(Laxminarayan et al., 2013). Due to the effectiveness of antibiotics to treat bacterial infections, 

they have also contributed to achievements in organ transplant, major surgeries, and cancer 

chemotherapies (Laxminarayan et al., 2013). However, decreasing effectiveness through 

antibiotic resistance threatens the advances made in medicine (Laxminarayan et al., 2013). In 

human medicine, the consequence of resistance to antibiotics has led to longer duration of some 

illnesses, higher rates of mortality in patients with resistant bacterial infections and the associated 

increased cost of their treatment, and the inability to do procedures that rely on effective 

antibiotics to prevent infections (Laxminarayan et al., 2013). Compounding the impact of 

antibiotic resistance is the decline in the development of new antibiotics, driven in part by the 

economics of antibiotic development and approval and by potential future resistance itself 

(Conly and Johnston, 2005). 

Resistance to antibiotics is a consequence of selection pressure for competitively 

successful mutated bacterial strains that avoid the antibiotic’s effect (Laxminarayan et al., 2013). 

Antibiotic use contributes to selection pressure for antibiotic resistance (Laxminarayan, et al., 

2013). Resistant bacteria or resistance bacterial genes borne on chromosomal and transmissible 

extrachromosomal elements can spread through horizontal transfer. Interspecies spread of 

resistant bacteria or resistant bacterial genes directly from animals to humans, or indirectly 

through human exposure to resistant bacteria in the water, food, or the environment highlights 

the complexity of antibiotic resistance (Levy et al., 1976; McEwen and Fedorka-Cray, 2002; 

Marshall and Levy, 2011; Harrison et al., 2013). The increasing frequency of global travel and 

trade have contributed to the worldwide spread of antibiotic resistance (Laxminarayan et al., 

2013). 
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 In animal medicine, advances in animal health and welfare, food safety, and food security 

have been attributed to the availability of effective antibiotics (World Organization for Animal 

Health (OIE), 2016). The use of antibiotics in North American and European Union (EU) 

livestock includes the following three purposes: 1. treatment of individual animals with evidence 

of infection; 2. control of infection (metaphylaxis or disease control) with antibiotics given to 

individuals with subclinical infection, or to groups of animals in which some individuals have 

evidence of infection and risk spreading that infection to others in the group; and 3. prevention 

(prophylaxis) with antibiotics given to individuals to mitigate an anticipated risk of infection, or 

to groups of animals, none of which have evidence of infection but where risk of infection is 

anticipated (United States Government Accountability Office, 2011 (US GAO-11-801 report); 

American Veterinary Medical Association (AVMA), 2019). While overuse and misuse of 

antibiotics in agriculture has been described as contributing to antibiotic resistance in humans 

and animals alike (Laxminarayan et al., 2013; OIE, 2016) a thorough quantification of this 

impact is still lacking (Landers et al., 2012; Wee et al., 2020). Nevertheless, a systematic review 

and meta-analysis demonstrated that restrictions in the use of antibiotics in food animals were 

associated with a reduction in risk of antibiotic resistance in these animals and in human 

populations directly exposed to those animals (Tang et al., 2017). 

It is the goal of international institutions to preserve the efficacy of the antibiotics that are 

most important to human health, particularly those of critical importance (WHO, 2018). 

Although reduced overall use of antibiotics in livestock sectors may be desirable, reduction in 

the use of antibiotics belonging to classes of importance to humans is paramount (WHO, 2018). 

A WHO working group developed a classification system of antibiotic classes of importance to 
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humans to help guide specific preventive actions for human and non-human use that may be 

taken to help preserve antibiotic effectiveness. In 2005, the first WHO report listed three 

classifications based on two criteria: antibiotics of critical importance, highly important, and 

important. The two criteria were: i) antibiotics which were the sole, or one of limited available 

alternatives, to treat serious human disease, and ii) antibiotics used to treat diseases caused by 

organisms that may be transmitted via non-human sources or diseases that may acquire 

resistance from non-human sources (WHO, 2005). The initial list of antibiotic classifications and 

specific antibiotics has been refined since the first report and now includes veterinary drugs 

falling into the same classes as those in human medicine (WHO, 2018). The WHO list of 

critically important antibiotic classes include: aminoglycosides, ansamycins, carbapenems and 

other penems, cephalosporins (3rd, 4th, 5th generation), glycopeptides, glycycyclines, 

lipopeptides, macrolides and ketolides, monobactrams, oxazolidinones, penicillins 

(antipseudomonal, aminopenicillins, aminopenicillin with beta-lactamase inhibitors), phosphonic 

acid derivatives, polymyxins, quinolones, drugs used solely to treat tuberculosis or other 

mycobacterial diseases. Likewise, the OIE listed antimicrobials that were critically important, 

highly important, and important in veterinary medicine to compliment the WHO lists and allow a 

balance between the animal health needs and public health considerations (World Organization 

for Animal Health (OIE), 2015). These categories of antibiotics can be referenced to improve 

antibiotic stewardship practices. 

In a tripartite strategy that recognized the shared responsibility for antibiotic resistance, 

the WHO, OIE, and FAO, and other collaborators have promoted a One Health approach to 

global antibiotic resistance with the release of Global Action Plans to support prudent use of 
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antibiotics throughout all sectors that use them (FAO, 2016; OIE, 2016). Regulation and 

governance of antibiotic uses varies by region and country. For example, by 2022 the EU plans 

to entirely phase out the use of antibiotics for prophylaxis except in exceptional cases for the 

administration of antibiotics to individual animals only with a high risk of infection with severe 

consequences (EU regulation, 2019). Additionally, the EU advises that metaphylactic use of 

antibiotics in animals should be reserved for cases when the risk of infection spread in the group 

is high and no other appropriate alternatives exist (EU regulation, 2019). In North America, by 

2018, regulations and industry guidelines on limiting the use of antibiotics in livestock included 

a requirement for veterinary oversight for all antibiotics belonging to classes of medical 

importance to humans whether they are administered by injection or in feed or water 

(Government of Canada, 2018; United States Food and Drug Administration (US FDA), 2019). 

Regionally based initiatives to promote and practice antibiotic stewardship have been 

launched. For example, in Ontario, Canada, the Farmed Animal Antimicrobial Stewardship 

Initiative (FAAST), a collaborative initiative among the Ontario Veterinary Medical Association 

(OVMA), government, academic, and industry partners, describe antibiotic stewardship through 

the 5 R’s. These are: 1. Responsibility (developing standard operating procedures and treatment 

protocols), 2. Reduction (on-farm biosecurity and animal husbandry), 3. Refinement (finding the 

right drug, for the right condition, at the right dosage), 4. Replacement (vaccination and 

emerging technologies), and 5. Review (monitoring and recording) (OVMA, 2021). 

Comprehensive antibiotic stewardship practices such as wider use of vaccines, improved 

management practices and housing, introduction of antibiotic alternatives, improvements in 

veterinary advice, guidelines, and education may all play a role in minimizing further 
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development of resistance without compromising production efficiencies and animal welfare 

(McEwen and Fedorka-Cray, 2002; Ribble et al., 2010). Systematic synthesis research to 

identify, describe, and summarize research on non-antibiotic approaches in livestock animals are 

needed to bridge the gap between primary research and recommendations for producers, 

veterinarians, policy makers, and research funders. 

Overview of evidence synthesis in livestock research 

Because it is neither efficient nor always possible for students, clinicians, or policy 

makers to read all the relevant primary research on a topic, summaries of the research in the form 

of reviews have always been important to informed decision-making (O’Connor and Sargeant, 

2015). Results of primary intervention research are based on a sample population, taken from a 

source population within the target population; consequently, the results of a single study are a 

random event (Garg et al., 2008; O’Connor and Sargeant, 2015). Replication of results is critical 

to assessing the intervention under study (Garg et al., 2008; Grimshaw, 2010; O’Connor and 

Sargeant, 2015). Evidence synthesis (considered synonymous with research synthesis or 

knowledge synthesis by some groups) encompasses methods to integrate empirical research for 

the purpose of creating generalizations (O’Connor and Sargeant, 2015). The narrative review, a 

very common type of review, is a typical component in thesis projects, grant submissions, 

textbooks and peer-reviewed publications (O’Connor and Sargeant, 2015). Narrative reviews 

(also known as literature reviews) are useful to provide broad overviews, but they lack a clear 

methodology, are not replicable, and are at high risk of bias (Garg et al., 2008; Brennen et al., 

2020). Readers wanting to become knowledgeable about a topic with the assurance that the 

information provided is both comprehensive and unbiased need to find a synthesis type that uses 
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transparent and reproducible methodologies (Garg et al., 2008; Grimshaw, 2010). These 

transparent syntheses, or review types, are approached as scientific endeavours with attention to 

clear methods, sufficient information for replication, and minimization of bias (O’Connor and 

Sargeant, 2015). Syntheses can provide the basic evidence for other knowledge translation tools 

such as policy briefs, clinician aids, and practice guidelines (Tricco et al., 2011). Evidence 

synthesis is central to bridging the gap between research and evidence-based decision making 

(Ioannidis, 2006; Tricco et al., 2011). 

In a typology of review types, Grant and Booth (2009) identified 14 types but noted a 

diversity of terminology with overlap and lack of distinction among them. However, Gough et 

al., (2012) argued that there was insufficient consensus on review terminology to allow a 

typology. Nevertheless, there is sufficient consensus regarding the description of systematic 

reviews (SR), meta-analyses (MA), and scoping reviews (ScR), which are the more common 

types of evidence syntheses in the veterinary and livestock research literature (Sargeant and 

O’Connor, 2020). Both SR and ScR use structured and documented steps to synthesize existing 

literature however, they are designed to answer different research questions (Sargeant and 

O’Connor, 2020). 

Systematic reviews and meta-analyses 

Systematic reviews use systematic and explicit methods to identify all relevant research, 

select the citations according to prespecified criteria, critically appraise, extract, and synthesize 

data from individual studies to answer a clearly formulated question that may relate to clinical or 

policy decisions (Ticco et al., 2011; Sargeant and O’Connor, 2020). The goal of SR for questions 
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about efficacy or effectiveness of health care treatments or policy is to identify and summarize 

the research (Ioannidis et al., 2008; Grimshaw, 2010; Tricco et al., 2011; Sargeant and 

O’Connor, 2020). Meta-analyses encompass mathematical pooling of ES from individual study 

results to obtain a statistical synthesis of the data (summary ES) and assessment of the 

heterogeneity (differences among studies) (Garg et al., 2008; Borenstein et al., 2009). Not all SR 

include a MA (Ioannidis et al., 2008; Tricco et al., 2011; Chandler et al., 2020) but all MA 

should be preceded by a SR (Noordzji et al., 2009). An extension of meta-analysis known as 

network meta-analysis allows for a simultaneous synthesis of evidence of all pairwise 

comparisons for multiple interventions for the same outcome using both direct and indirect 

evidence (Coleman et al., 2012; Sargeant and O’Connor, 2020). With or without a MA as a 

quantitative summary of the evidence, the validity of a SR depends on both the validity of the 

included primary studies and the conduct of the review itself (Tricco et al., 2011). Readers rely 

on transparency of reporting to assess the review validity and applicability (Tricco et al., 2011). 

Guidance for reporting of SR and MA can be found in the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) statement and checklist (Moher et al., 2009). 

Guidance for reporting network meta-analyses can be found in PRISMA for Network Meta-

analysis (Hutton et al., 2015). 

Scoping reviews 

Scoping reviews (ScR) are descriptive in nature, unlike SR which aim to synthesize 

results from individual studies to answer a specific research question (Arksey and O’Malley, 

2005). Scoping reviews aim to systematically chart or map the research on a topic area with 

regard to its volume, range, and nature (Arksey and O’Malley, 2005; Levac et al., 2010). 
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Scoping reviews can be useful as preliminary ‘reconnaissance’ to explore the feasibility of 

undertaking a full SR for a specific review question within a topic area. Scoping reviews are also 

useful to identify knowledge ‘gaps’ in the existing research on a topic and make 

recommendations about future research (Arksey and O’Malley, 2005; Levac et al., 2010; Peters 

et al., 2015; Sargeant and O’Connor, 2020). Another distinction between SR and ScR is that SR 

assess the risk of bias of the included individual studies whereas, ScR provide an overview of the 

research on a topic, typically without a formal assessment of the risk of bias of the included 

studies (Peters et al., 2015). 

Scoping reviews, like SR, follow systematic steps and start with an a priori protocol 

describing the proposed methodology for each step (Colquhoun et al., 2014; Sargeant and 

O’Connor, 2020). The protocol ensures that there is transparency regarding decisions made prior 

to the conduct of the ScR and those made during the ScR (Sargeant and O’Connor, 2020). The 

steps are as follows: 1. Identifying a clear question, 2. Identifying the studies (i.e., searching for 

relevant studies), 3. Selecting the relevant studies for the review question using clear criteria, 4. 

Charting the data, 5. Collating, summarizing, and reporting the findings, and 6. An optional step 

involving consultation with stakeholders which could occur at various stages of the review 

(Colquhoun et al., 2014; Sargeant and O’Connor, 2020). A guidance document known as The 

Preferred Reporting Items for Systematic Reviews and Meta-analyses extension for Scoping 

Reviews (PRISMA-ScR) published in 2018 provided a useful checklist and explanation for 

reporting ScR (Tricco et at., 2018). 

The numbers of ScR with human health care topics increased steadily from 1999 through 

to 2014 (Tricco et al., 2016). In the veterinary and livestock research literature, ScR are a 
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relatively new method of evidence synthesis (Pham et al., 2014). In a scoping review of scoping 

reviews, Pham et al., (2014) found that ScR of agriculture and agri-food topics comprised 1.2% 

of the 344 ScR identified at the time. Scoping reviews can contribute to antibiotic stewardship in 

livestock by describing the extent and nature of the research on non-antibiotic approaches to 

livestock production, identifying specific topics for which it may be feasible to conduct SR to 

answer specific questions regarding summary ES, and identifying gaps in evidence. 

Quality of evidence syntheses 

Review quality for both SR and ScR is linked to three core attributes: systematic 

approach, comprehensiveness, and transparency (Greyson et al., 2019). A comprehensive, 

transparent, and replicable literature search often requires access to subscription-based materials 

housed within academic or government resources. Researchers with connections to a government 

or university library have access to their institutional repositories, academic databases and their 

electronic search engines which may be inaccessible to researchers without such access. Though 

researchers are actively exploring alternative access to evidence through freely available web-

based search engines such as Google Scholar in conjunction with the use of free-to-use software 

for efficient bulk downloads of citations (Haddaway et al., 2017), these approaches may not yet 

meet the requirement for full transparency, comprehensiveness, and repeatability (Falagas et al., 

2008). Within institutions, the suite of available databases is determined by subscriptions of the 

respective institutions (Grindlay et al., 2012) and databases differ in their coverage of the 

veterinary literature (Grindlay et al., 2012). 
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Access to grey literature (e.g., conference proceedings, reports, theses) provides a means 

to reduce retrieval bias, a form of publication bias associated with the accessibility of studies 

being related to their outcomes (Mahood et al., 2014; O’Connor and Sargeant, 2014a; Scherer et 

al., 2018; Page et al, 2020). However, finding grey literature is often difficult and time 

consuming (Mahood et al., 2014; Haddaway et al., 2017). Some grey literature is available 

through repositories, such as CABI’s CAB Abstracts, a bibliographic database with extensive 

coverage of the veterinary grey literature (Grindlay et al., 2012) and OpenGrey/GreyNet. Other 

sources of grey literature may be available through organization websites which may be 

searchable directly or through web-crawler software (Haddaway et al., 2017). However, direct 

access to the grey literature through organizations may require membership (e.g., The American 

Association of Swine Veterinarians, https://www.aasv.org/). The coverage of web-crawler 

software for veterinary topics at this time is unknown. Regardless of the sources of evidence 

used by review teams, it remains important that review teams maintain a high degree of rigour in 

the conduct of evidence synthesis reviews to achieve comprehensiveness, transparency, and 

replicability (Greyson et al., 2019). 

Machine learning to improve efficiencies for scoping review evidence synthesis 

Evidence based medicine requires that a comprehensive search of all relevant evidence be 

conducted, within resource limits, to minimize bias and, in the case of SR, to achieve more 

reliable estimates (Lefebvre et al., 2021). An electronic search strategy designed to be sensitive 

enough to locate records of all potentially relevant studies (i.e., 100% recall) may identify very 

large numbers of mostly ineligible records, resulting in an impractically large relevance 

screening workload for manual screening alone (Shemilt et al., 2013). Two reviewers can 



 

 

14 

 

correctly identify an average of 9% more eligible citations than one reviewer alone (Edwards et 

al., 2002), and thus acceptable traditional manual practice for evidence synthesis requires two 

reviewers to independently screen largely irrelevant citations. Scoping reviews, like any research 

project, require a balance between comprehensiveness and the finite resources of time and 

money (Daudt et al., 2013). Among the relatively few ScR that have reported the duration of the 

review, the reported ranges were from less than one month to over 20 months (Pham et al., 2014; 

Tricco et al., 2016). With the ever-increasing volume of research published annually (O’Mara-

Eves et al., 2015), the need for tools to improve the efficiency of the laborious relevance 

screening (study identification) step will only grow (Daudt et al., 2013).  Machine learning tools 

to semi-automate relevance screening have the potential to enable timely yet comprehensive ScR 

(Shemilt et al., 2013; O’Mara-Eves 2015). Current traditional literature searches for ScR are 

somewhat tailored to the resources available for screening (Thomas, 2013). 

Machine learning tools use different classification algorithms for relevance screening 

(Banach-Brown, et al., 2019). One such commonly used algorithm is the support vector machine 

(SVM) which finds the hyper-plane that separates positive and negative training instances by a 

maximum margin boundary based on the Structural Risk Minimization principle from 

computational learning theory (Joachims, 1998; Miwa et al., 2014). Machine learning tools for 

classification of citations as relevant or not relevant may use an active learning approach, in 

which citations labeled by human reviewers during initial screening are used to train the ML tool 

(Callaghan and Müller-Hansen, 2020). The ML tool then chooses which citations should next be 

screened by the reviewers, often those which are most likely to be relevant or those for which the 

tool is uncertain (Callaghan and Müller-Hansen, 2020). As the reviewers continue to classify the 
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citations, the ML tool continues to learn in an iterative process (Callaghan and Müller-Hansen, 

2020). 

Machine learning tools for relevance screening ‘learn’ to classify the citations according 

to the probability of inclusion. This ability can accomplish two important screening tasks: firstly, 

ML tools can prioritize the unreviewed citations in order of most likely to be relevant and 

secondly, by finding the citations most likely to be relevant they can reduce the screening 

workload by one or both reviewers (Matwin et al., 2010; O’Mara-Eves et al., 2015). 

Prioritization of citations improves the workflow by making the most likely relevant citations 

available for the next steps sooner in the review process than in a traditional manual approach in 

which the relevant citations would be randomly distributed throughout the unreviewed citations 

(Matwin et al., 2010; O’Mara-Eves et al., 2015). By finding the citations mostly likely to be 

relevant, the ML tool can reduce the number of citations needed to be manually screened by one 

or both reviewers) while minimizing the number of missed relevant citations (Thomas et al., 

2011; O’Mara-Eves et al., 2015). Missing relevant citations by misclassifying them as irrelevant 

has greater consequences than misclassifying citations as relevant (Wallace et al., 2010). The 

former case can threaten the integrity of the review whereas the latter case results in the 

additional burden of a reviewer manually reviewing the false positive citation (Wallace et al., 

2010). Effective ML tools for evidence review screening should maintain a high level of 

sensitivity while identifying at least some irrelevant citations (specificity) to achieve some 

reduction in screening burden (Wallace et al., 2010). 

One scenario to achieve workload reductions is to allow the ML tool to replace the 

second reviewer (O’Mara-Eves et al., 2015). The timing within the project for replacing the 
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second reviewer with the ML tool (e.g., at the outset, after a period of initial ML training, after 

an estimated 95% recall (sensitivity) has been achieved) would be a decision for the review team 

(Shemilt et al., 2016; Callaghan and Müller-Hansen, 2020). In a systematic review of ML 

approaches in SR, O’Mara-Eves et al., (2015), reported typical workload reductions of 30–70% 

with the potential loss of 5% of relevant studies (i.e., 95% sensitivity). With classifier automation 

performances of less than 100% recall, human oversight (i.e., at least one human reviewer), also 

known as ‘human-in-the-loop’ or semi-automation (Goodwin Burri 2019) was still highly 

recommended for SR (Rathbone et al., 2015; Paynter et al., 2017). 

While the strength of ScR lies in their breadth (range and distribution of eligible studies 

in terms of key characteristics for a topic) and depth (comprehensiveness through the 

identification of all eligible studies), the balance between the two has been a recognized 

challenge for ScR review teams working with limited resources (Levac et al., 2010; Pham et al., 

2014). In ScR in which ML tools are utilized, the impact of imperfect recall may be balanced by 

the feasibility of a more exhaustive search (Thomas, 2013). 

There are inherent challenges for ML relevance screening tools as used for SR and ScR 

of medical topics. Machine learning tools for text classification were first developed for 

newswire articles (Matwin et al., 2010). Unlike the relatively distinct vocabularies for particular 

topics in newsfeeds, there is commonality of vocabularies in relevant and irrelevant articles for 

medical evidence reviews which makes automatic text classification challenging (Matwin et al., 

2010). Datasets with broadly focused inclusion criteria, such as those found in some ScR, may 

exacerbate this challenge of close similarities between the includes (relevant citations) and the 

excludes (irrelevant citations), from the perspective of the ML algorithm, resulting in reduced 
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workload savings (Rathbone et al., 2015). In addition, datasets for SR and ScR are inherently 

imbalanced (i.e., far fewer relevant citations than irrelevant) (Miwa et al., 2014; Wallace et al., 

2012). Imbalanced datasets present a technical challenge to the task of ML if there are 

insufficient examples of the relevant citations within the available training set (i.e., labeled 

citations as screened for relevance by two human reviewers with disagreements resolved by 

consensus) generated from a random sample of the whole initial training set (O’Mara-Eves, et 

al., 2015). Despite the challenges to ML tools that may be inherent in ScR citation datasets and 

that may reduce potential workload savings, the workload reductions in terms of absolute 

numbers of citations that need to be screened are more pronounced for large datasets typical of 

ScR (Thomas, 2013; Rathbone et al., 2015). 

Automated ML citation screening tools are relatively novel in the knowledge synthesis 

community (O’Connor et al., 2019; Thomas et al., 2011). In a discussion of the multifactorial 

reasons for a slow uptake of ML tools by the SR community, O’Connor et al., (2019) suggested 

that one barrier was a lack of trust that automation tools were superior, or at least non-inferior, to 

manual methods. Though it is recognized that evaluation of ML tools using metrics meaningful 

to the SR community may help to establish ML as useful and trustworthy (Paynter et al., 2016; 

O’Connor et al., 2019), it has been noted that much work needs to be done in terms of 

developing and accessing metrics for evaluation of ML tools (Paynter et al., 2016). There is a 

need for the evaluation of ML tools in the context of ScR which are different in scope than SR 

and to demonstrate the use and performance of these tools to the animal research community. 

Issues regarding risk of bias for randomized clinical trials 
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Trust in scientific research is enhanced if it is viewed as an exercise in seeking the truth 

(Ioannidis, 2006). Ioannidis (2006) posited that replication and credibility of results may be more 

important than discovery of novel findings through statistical significance. Credibility of clinical 

trials (or other study designs) comes from study design, sufficient statistical power, and 

protection from bias (Ioannidis, 2006). Critical appraisal of individual trials is a key part of the 

scientific process to establish research credibility (i.e., believability) (Ioannidis, 2006; O’Connor 

and Sargeant, 2014b). Critical appraisal requires the reader to make some judgement about the 

validity of the trial (O’Connor and Sargeant, 2014b). In their critical appraisal, readers of 

intervention trials must rely on the information reported as they cannot know the actual conduct 

of the trial (O’Connor et al., 2010; Sargeant et al., 2010). The components of critical appraisal 

include external validity (i.e., the extent to which the results can be generalized to a target 

population) and internal validity (i.e., the extent to which the results based on a sample of the 

source population are ‘correct’ for the source population) (Dohoo et al., 2009). When assessing 

the internal validity of a trial, the reader must consider the potential factors other than the 

intervention of interest that may have influenced the study results (O’Connor and Sargeant, 

2014b). These factors, or biases, result from sources of systematic error or deviations from the 

truth in the trial results (Boutron et al., 2020). Biases can lead to an under or over estimation of 

the intervention true effect and can vary in magnitude from trivial to substantial (Boutron et al., 

2020). Furthermore, sources of bias can vary in direction across studies (Jüni et al., 2001). Biases 

arise from the actions taken by the trial investigators and may at times be unavoidable due to 

constraints on how research can be conducted in practice (Boutron et al., 2020). Though there is 

empirical evidence that features of trial design, conduct, and analyses can lead to bias on 
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average, it is impossible to know to what extent a bias has affected any particular study (Savović 

et al., 2012). Therefore, it is more advisable to consider if the results are at ‘risk of bias’ (ROB) 

rather than claim the results are biased on account of any features of the study (Boutron et al., 

2020). The Cochrane ROB 2 tool provides a framework for assessing ROB in clinical trials that 

includes the following five domains: 1) bias arising from the randomization process; (2) bias due 

to deviations from intended interventions; (3) bias due to missing outcome data; (4) bias in 

measurement of the outcome; (5) bias in selection of the reported result (Sterne et al., 2019, 

Higgins et al., 2020). 

Empirical evidence of bias related to trial characteristics in human randomized clinical 

trials has been evaluated through meta-epidemiological study methods (Sterne et al., 2019). In 

meta-epidemiological studies, results of collections of trials (e.g., from MA) are evaluated in 

terms of the presence or absence of reported trial characteristics often related to ROB (Sterne et 

al., 2019). For example, a meta-epidemiological study may categorize the trials into two 

subgroups based on the presence or absence of reported random sequence generation (i.e., 

randomization), then compare the intervention ES for the two subgroups by estimating a ratio of 

intevention odds ratios (ROR) (Sterne et al., 2019). Thereby, the relative impact on ES for the 

presence or absence of a trial characteristic related to ROB can be estimated. 

An early meta-epidemiological study based on 250 RCT from 33 MA concluded that 

trials with inadequate or unclear random allocation concealment yielded larger intervention 

effects compared to RCT that adequately concealed random allocation (Schulz et al., 1995). In 

the same study, RCT without double blinding also yielded larger intervention effects compared 

to adequately blinded RCT (Schulz et al., 1995). Meta-epidemiological empirical study results 
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themselves can be combined in MA (Jüni et al., 2001). In a meta-analysis of four empirical meta-

epidemiological studies, inadequate random allocation, inadequate allocation concealment, and 

inadequate double blinding all tended to be associated with larger intervention ES (Jüni et al., 

2001). Other meta-epidemiological studies of human RCT medical research suggested that 

inadequate random allocation or blinding were associated with larger intervention effects 

(Ioannidis et al., 2001; Gluud, 2006; Savović et al., 2012; Savović et al., 2018). Other 

researchers have reported inconsistent associations in terms of magnitude and direction of bias 

between inadequate random allocation or blinding and intervention ES (Balk et al., 2002; Gluud, 

2006; Wood et al., 2008; Odgaard-Jensen et al., 2011; Moustgaard et al., 2020). Still other 

researchers have used meta-epidemiological studies to explore the sources of heterogeneity of 

the bias associated with trial characteristic of interest. For example, the impact of inadequate 

random allocation or blinding was greater for subjective outcomes compared to objectively 

measured outcomes (Wood et al., 2008; Savović et al., 2012; Mills et al., 2015; Page et al., 

2016). Other researchers have used meta-epidemiological methods to explore review-level bias 

through the association of summary ES with publication bias and other non-reporting biases 

(Dwan et al., 2013; Boutron et al., 2020). 

It could be perceived that random allocation and blinding are not required for laboratory 

animal studies because these animals are more homogenous than humans, in that these 

populations tend to be of similar ages, have common or exactly the same genetic profiles, are 

housed under the same conditions, and are fed the same diets (Bebarta et al., 2003). However, a 

meta-epidemiological study of laboratory animal research showed that trials which reported 

inadequate random allocation were associated with larger intervention ES while inadequate 
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blinding had no association with ES (Hirst et al., 2014). Another meta-epidemiological study 

showed that larger ES were associated with trials that reported inadequate blinding while 

inadequate random allocation had no association with ES (Crossley et al., 2008). 

Livestock populations, like laboratory animals, share similar homogeneous features such 

as similar ages, similar housing conditions and in some cases similar feeds. There is a need for 

meta-epidemiological methods to fully explore the impact of trial characteristics in livestock 

intervention trials. 

THESIS OBJECTIVES 

Tackling the worldwide challenge of antibiotic stewardship in the context of livestock 

production will require multiple approaches ranging from regulation to education. Livestock 

animals will continue to need antibiotics for their wellbeing. However, practicing antibiotic 

stewardship may preserve the efficacy of available antibiotics for humans and animals for now 

and the future. Antibiotic stewardship involves both a reduction in use and replacement of 

antibiotics. Knowledge about non-antibiotic approaches that are effective in keeping livestock 

animals healthy is vitally needed. Knowledge comes from evidence. Evidence is based on 

replication of credible research. This thesis focusses on evidence synthesis, and the issues related 

to evidence synthesis, to help meet the challenge of antibiotic stewardship in livestock through 

credible knowledge. 

This thesis begins with two scoping reviews about non-antibiotic approaches for 

livestock species in which antibiotics are commonly used, veal calves and feedlot beef cattle, and 

nursery pigs. These scoping reviews provide an overview, or evidence map, of the research for 
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non-antibiotic approaches for the North American context. Evidence maps can help guide future 

research by demonstrating sufficient depth of research for specific topics that may feasibly 

support systematic reviews and they can help to identify gaps in evidence. 

Scoping reviews and systematic reviews can be very resource intensive projects, thus any 

means to introduce efficiencies without compromise of quality will permit these forms of 

evidence synthesis to be more available to other researchers, policy makers, and research 

funders. In this thesis we evaluated a commercial machine learning tool designed to make the 

relevance screening step of systematic and scoping reviews more efficient. We used our two 

scoping reviews for the databases in the evaluation. 

Credible evidence comes from the replication of valid research. The validity of clinical 

trial research is linked to freedom from bias due to trial characteristics. Using a convenience 

sample of meta-analyses of livestock intervention trials, we explored the impact of two trial 

characteristics, randomization and blinding, on ES in clinical trials using meta-epidemiological 

methods. 

The specific objectives are given as follows for each chapter: 

1. First, to examine and describe the volume, range, and nature of research on non-antibiotic 

approaches that may ultimately reduce the need for medically important antibiotics to 

prevent, control, or treat illnesses in beef and veal production; second, to identify areas 

where the available literature may support systematic reviews that could summarize the 

effect of specific non-antibiotic approaches within the broader topic area; and third, to 
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identify knowledge gaps where additional primary research might provide valuable 

insight into the effectiveness of different specific non-antibiotic approaches. 

2. First, to examine and describe the volume, range and nature of research on non-antibiotic 

approaches for disease prevention and control in commercial nursery pig production; 

second, to identify specific topics where available research literature may support 

systematic reviews; and third, to identify knowledge gaps in the primary literature on the 

effectiveness of various non-antibiotic approaches. 

3. To evaluate the performance of the DistillerSR software ML prioritization tool for 

relevance screening of titles and abstracts using two gold standard corpi scoping review 

datasets of animal and veterinary research topics created by the traditional manual 

methods using two reviewers. 

4. To systematically assess the association of two methodological trial characteristics, 

reported random allocation and blinding, with intervention effect sizes for morbidity 

outcomes in livestock clinical trials using meta-epidemiological methods. A second 

objective was to assess if these associations varied by livestock species/production 

category, or intervention category. 
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ABSTRACT 

Livestock producers are encouraged to reduce the use of antibiotics belonging to classes 

of medical importance to humans. We conducted a scoping review on non-antibiotic 

interventions in the form of products or management practices that could potentially reduce the 

need for antibiotics in beef and veal animals living under intensive production conditions. Our 

objectives were to systematically describe the research on this broad topic, identify specific 

topics that could feasibly support systematic reviews and identify knowledge gaps. Multiple 

databases were searched. Two reviewers independently screened and charted the data. From the 

13,598 articles screened, 722 relevant articles were charted. The number of relevant articles 

increased steadily from 1990. The Western European research was dominated by veal production 

studies whereas the North American research was dominated by beef production studies. The 

interventions and outcomes measured were diverse. The four most frequent interventions 

included non-antibiotic feed additives, vaccinations, breed type and feed type. The four most 

frequent outcomes were indices of immunity, non-specific morbidity, respiratory disease and 

mortality. There were seven topic areas evaluated in clinical trials that may share enough 

commonality to support systemic reviews. There was a dearth of studies in which interventions 

were compared to antibiotic comparison groups. 
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INTRODUCTION 

Antimicrobial resistance (AMR) poses a threat to the health and wellbeing of humans and 

livestock (Laxminarayan et al., 2014). The World Health Organization (WHO), the World 

Organization for Animal Health (OIE) and the Food and Agriculture Organization of the United 

Nations (FAO) have all published statements identifying antimicrobial use in humans and 

animals as the main driver of AMR and have called for a worldwide effort to reduce 

inappropriate and unnecessary antimicrobial use in all sectors (WHO, 2012; OIE, 2016; FAO, 

2016). 

The consequences of AMR in humans with serious infections are more severe when 

pathogens are resistant to antimicrobials of medical importance, particularly those of critical 

importance, because there exist limited or no alternative treatment options (WHO, 2018). 

Antibiotic classes have been categorized according to their importance for human health by the 

World Health Organization (WHO, 2018) and importance for animal health by the OIE (OIE, 

2015). These categorizations can be used to prioritize strategies to contain AMR, such as 

improved antibiotic stewardship. For example, WHO has developed guidelines that recommend 

certain restrictions on use of medically important antibiotics in non-human sectors (WHO, 2017). 

Antibiotics belonging to classes of medical importance to humans are used in livestock to treat ill 

animals, individually or in groups, or to prevent infections in vulnerable animals (CDDEP, 2015; 

Cameron and McAllister, 2016; WHO, 2018). 

Individual nations are responding to the call for reduced antibiotic use in livestock 

through various regulations and industry guidelines. For example, in Canada, regulations 
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imposed in December 2018 require veterinary oversight for administration by injection or by 

addition to feed or water all antibiotics belonging to classes of medical importance to humans, 

thereby eliminating their ‘over-the-counter’ use (Government of Canada, 2018). The US Food 

and Drug Administration Center for Veterinary Medicine promotes the prudent use of antibiotics 

belonging to classes of medical importance to humans in livestock by requiring their use be 

limited to purposes for assuring animal health and be administered with veterinary oversight. The 

use of medically important antibiotics in healthy animals for production purposes was prohibited 

by 2017 in the US (US FDA, 2017). 

In beef production, antibiotics belonging to classes of medical importance to humans are 

most commonly used in veal calves to prevent and treat diarrhea, in beef calves or stocker cattle 

newly arrived to feedlots to prevent and treat respiratory infections, and in finishing feedlot cattle 

to prevent liver abscesses (Ribble et al., 2010; Sneeringer et al., 2015; Reinhardt and Hubbert, 

2015; Cameron and McAllister, 2016; Amachawadi and Nagaraja, 2016). The rationale for the 

use of antibiotics in beef cattle and veal calves to treat or prevent infections caused by bacteria 

and other microbes stems from the complex polymicrobial nature of bovine infections. (Hodgins, 

Conlon and Shewen, 2002; Hässig and Kretschmar, 2016). For example, in cases of bovine 

respiratory disease (BRD), the upper respiratory tract may first be infected and immune-

compromised by a viral infection followed by a pulmonary infection of bacteria normally carried 

in the nasopharynx (Hodgins, Conlon and Shewen, 2002). A reduction in the use of antibiotics 

without compromising production efficiencies requires a comprehensive approach to the multiple 

modifiable risk factors that lead to beef and veal cattle infections that are currently prevented or 

treated with medically important antibiotics (Ribble, 2010). Management practices can 
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potentially reduce the need for antibiotic therapy through several pathways, including: ensuring 

passive immunoglobulin transfer to calves via adequate good quality colostrum intake; reducing 

stress at weaning, during transportation and immediately after relocation; and reducing exposure 

to viral and bacterial pathogens by limiting the mixing of animals from different sources 

(Sanderson, Dargatz and Wagner, 2008; Pardon et al., 2015). Products in the form of vaccines, 

non-antibiotic feed additives, or non-antibiotic medications may enhance health and potentially 

the need for antibiotics. Further, the prevalence and severity of liver abscesses is generally 

inversely proportional to the level of dietary roughage or neutral detergent fiber content in beef 

cattle diets, and so dietary alterations could also reduce the need for antibiotic use (Nagaraja and 

Lechtenberg, 2007; Hernández et al., 2014; Amachawadi and Nagaraja, 2016). 

Scoping reviews in the agriculture and agri-food sector are a relatively new method of 

knowledge synthesis (Pham et al., 2012). In a scoping review of scoping reviews, Pham et al. 

(2012) reported that 1.2 % of the 344 scoping reviews identified were on agriculture and agri-

food topics.  The purpose of scoping reviews is to systematically map the literature with regard 

to the extent, range and nature of the existing research in a particular topic area (Arksey and 

O’Malley, 2005; Levac, Colquhoun and O’Brien, 2010). In addition, scoping reviews are useful 

as preliminary ‘reconnaissance’ to investigate the feasibility of undertaking a full systematic 

review and to identify gaps in existing research (Arksey and O’Malley 2005; Levac, Colquhoun 

and O’Brien, 2010). In contrast, systematic reviews aim to address a specific research question 

by collating all of the evidence that fits pre-specified eligibility criteria while minimizing bias by 

using explicit, systematic methods (Higgins and Green, 2011). Scoping reviews are descriptive 

and broader in nature than systematic reviews (Arksey and O’Malley, 2005). A scoping review 
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of non-antibiotic approaches to beef and veal production at this time of increased attention to 

antibiotic stewardship may help researchers interested in advancing knowledge of alternative 

approaches by indicating research areas that could be subject to formal systematic reviews or 

merit further research. In addition, such a scoping review could illuminate current gaps in the 

research on non-antibiotic approaches to production for beef industry professionals, beef 

researchers and research funding agencies. 

The objectives of this scoping review were threefold: first, to examine and describe the 

range and nature of research on non-antibiotic approaches that may ultimately reduce the need 

for medically important antibiotics to prevent, control, or treat illnesses in beef and veal 

production; second, to identify areas where the available literature may support systematic 

reviews that could summarize the effect of specific non-antibiotic approaches within the broader 

topic area; and third, to identify knowledge gaps where additional primary research might 

provide valuable insight into the effectiveness of different specific non-antibiotic approaches. 

METHODS 

Our methods followed the scoping review framework as described by Arkesy and 

O’Malley with some modifications (Arksey and O’Malley, 2005). A protocol was not registered 

for this scoping review and its reporting follows the PRISMA-ScR (Preferred Reporting Items 

for Systematic reviews and Meta-Analyses extension for Scoping Reviews) guidelines for the 

reporting of scoping reviews (Tricco et al., 2018). 
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Our review question was as follows: What is the nature of the primary research literature 

published since 1990 that measures a health outcome and evaluates non-antibiotic interventions 

(i.e., products and management practices) to prevent or control bacterial and viral illnesses, 

which therefore might reduce the need for medically important antibiotics to be used in beef and 

veal production in North America and other regions and countries with similar production 

conditions? We included viral illnesses, based on the proposition that preventing viral infections 

may reduce the need to treat secondary bacterial infections. We make the assumption that some 

non-antibiotic interventions have the potential to improve animal health in the face of infectious 

disease challenges thereby ultimately reducing the need for antibiotics. However, our objective 

was to describe the literature, and summarizing or otherwise indicating the reported efficacy of 

various interventions therefore was beyond the scope of this review. An assessment of the 

quality or ROB in the included studies was also beyond our scope. In this article, we followed 

the definitions for disease prevention and control as given by the American Veterinary Medical 

Association (AVMA) and the United States Government Accountability Office (US GAO-11-

801 report) in which prevention of disease at the population level is the administration of an 

intervention to a group of animals, none of which have evidence of infection or disease, in 

situations where disease is likely to occur without the intervention. Whereas disease control 

refers to the administration of the intervention to a group of animals containing some individuals 

that exhibit clinical disease or infection with the intention of reducing the risk of further disease 

in the group. 

Expert stakeholder engagement 
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The amount of literature worldwide on this broad topic was potentially very extensive. 

Consequently, we sought to focus this scoping review to the body of literature pertaining to non-

antibiotic approaches most relevant to intensive beef production. The goal of the expert 

stakeholder engagement process was to inform the scope of this review. The stakeholder 

engagement included five specific objectives: first, to identify the countries or regions with 

similar intensive beef industries to those of Canada, second, to rate the importance of various 

antimicrobial types to antimicrobial stewardship in the beef industry (e.g., antibiotics belonging 

to medically important classes, ionophores, anticoccidials and anthelmintics), third, to rate the 

importance to Canadian beef producers of interventions, management practices and outcomes 

reported in research, four, to identify any  additional interventions or outcomes not included in 

the initial lists; and finally, to identify other experts who should be consulted. An anonymous 

online survey in Survey Monkey was used to gather information from expert stakeholders 

working in Canadian beef industry associations (national and provincial), provincial government 

representatives, scientists in Agriculture and Agri-Food Canada beef research centres and in 

Canadian universities engaged in beef agricultural and/or veterinary research. Survey 

respondents could select from a list of options for a particular question and/or respond in an 

open-ended format. We assumed that the stakeholder responses addressing the Canadian beef 

industry would apply similarly to the USA and other countries with intensive beef production. 

The most common responses and suggested additional responses were used to inform the 

parameters of the search, eligibility criteria and data items. Ethics approval was not necessary as 

the survey results were used to inform the review process rather than as a reported finding of the 

review. 
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Eligibility criteria 

English-language publications and unpublished evidence reported since 1990 were 

eligible information sources, as these were considered most likely to reflect research that was 

conducted under modern beef and veal production conditions similar to those in US and Canada. 

Eligible countries or regions for sources of information included North America including 

Mexico, United Kingdom, Western and Eastern Europe, Russia, Australia, New Zealand, Brazil, 

Argentina and Uruguay. Journal articles and unpublished sources such as theses, conference 

proceedings and technical reports were included if they described primary research such as 

clinical trials (i.e., natural exposures), challenge trials (i.e., deliberate exposure), or observational 

studies (i.e., natural exposures), and if the study evaluated non-antibiotic interventions in the 

form of products or management practices that may improve the health of US and Canada breeds 

or cross breeds of beef or veal animals, and if they measured an outcome of interest. Trials and 

observational studies reported within outbreak and case report articles were also eligible. For 

purposes of this review, ‘intervention’ also included both modifiable and non-modifiable risk 

factors such as breed, maternal antibody, environment and housing. Outcomes of interest were 

identified a priori and informed by our stakeholders. These outcomes were primarily restricted to 

bacterial or viral diseases, consequently studies evaluating other etiologies were excluded. In 

addition, though not strictly a health outcome, we included treatment cost as this was of 

particular interest to the stakeholders. Non-English language sources of information were 

excluded. The relevance screening form is available in Supplementary Appendix 2.1. 

Information sources 
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An ad hoc search in Google to identify ‘ideal papers’ that met the inclusion criteria for 

our search was conducted to aid in the development and validation of the search strategy. A total 

of 25 ‘ideal papers’ were identified, describing a variety of non-antibiotic interventions and 

management practices studied in trials or observational studies. 

The primary reviewer (LW) conducted the scoping review database search from October 

14–18, 2016, using two data platforms, ProQuest and Web of Science, which incorporate 

multiple databases (Table 2.1). The data platform CAB Direct was originally targeted for 

inclusion but was not used due to technical difficulties.  Additional unpublished articles were 

identified through the Google search engine in a search conducted from March 31 to April 7, 

2017. Beyond our contact with stakeholders regarding additional sources of articles, we did not 

attempt to contact authors to identify further sources. 

Full texts of journal articles, theses, proceedings or technical reports were obtained for 

relevant citations through the University of Guelph library resources, through Google, or using 

author requests via the researcher social networking site ResearchGate. 

Search 

The search was filtered by language (English), date of publication (from 1990) and by 

location filters for eligible countries if available. Additional filters were applied as available 

through the data platform and included source and document type (i.e., article, proceedings 

paper, meeting abstract, thesis and review), subject or research areas and MeSH headings or 

qualifiers. No limits were applied as to where the search terms appeared (i.e., title, abstract or 

full text). Citations were imported into the reference manager software EndNote (Clarivate 
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Analytics, Philadelphia, USA). Removal of exact match duplicates was conducted in EndNote. 

Further deduplication based on close matches was conducted using the systematic review 

software DistillerSR (Evidence Partners, Ottawa, Canada). 

The search included terms related to the specific cattle populations of interest (i.e., veal 

calves, dairy calves, beef cows, beef calves, stockers, feedlot cattle), as well as intervention 

terms in the form of products (e.g., vaccines, feed additives including the addition of specific 

dietary components, medications) or in the form of management practices (e.g., biosecurity, 

housing, feed types) (Table 2.2). Search terms were combined using the Boolean operator ‘OR’ 

and grouped according to population terms and intervention terms. These two search term 

groupings were connected by the Boolean operator ‘AND’ in a search string. The search was 

conducted by the first author in consultation with a librarian. A single reviewer (LW) conducted 

the grey literature search in Google and screened the results for relevance. Because the Google 

platform cannot interpret long search strings, the search terms were presented to Google in short 

strings with approximately 100 hits examined for each search string; each small group of 

population terms were combined with each small group of intervention terms. 

Selection of sources of evidence 

The review team consisted of veterinary epidemiologists, one of whom acted as the 

primary reviewer, and two trained epidemiologists who served as second reviewers. Pre-testing 

for relevance screening was conducted on 500 articles based on the title and abstract. The data 

charting form was pre-tested on 60 full text articles. Two independent reviewers performed the 

screening and data extraction using forms created in DistillerSR. Disagreements were resolved 
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by consensus or by a third reviewer. After pre-testing, the relevance screening and data charting 

questions did not change throughout the review, except on one occasion to simplify an 

ambiguous question distinguishing between experiments versus field trials. For purposes of this 

scoping review, field trials and experiments were combined into one category called clinical 

trials. 

Study selection and data charting were conducted as separate steps. Each citation was 

initially screened for relevance based on information in the title and abstract. If sufficient 

information was lacking in the title and abstract alone, the citation was screened for relevance 

based on the full text. 

Data charting process 

Data charting was conducted in duplicate by the primary reviewer and a second reviewer 

working independently using a form in DistillerSR. Disagreements were resolved by consensus 

or by a third reviewer. The form to determine which variables to extract was developed, piloted 

and updated iteratively by the veterinary epidemiologists. The form is available upon request. 

Data were charted from each article similarly; if more than one study was described, the data 

were collated so that all data charting was conducted at the article-level. Data charting was 

conducted using the full text, and consequently data were only charted from citations for which 

the full text could be obtained. For purposes of reporting in this review ‘article’ refers to journal 

article, thesis, proceeding, or technical report. 

Data items 
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We charted data on the study characteristics (e.g., study design, population settings, study 

location, study size and year of publication) and trial characteristics (e.g., population type, 

intervention, comparison groups and outcome(s) measured) (Table 2.3). The data charting was 

conducted using pre-selected response fields for all questions with an added text box for 

additional responses or clarification for the intervention type and outcomes measured. With one 

exception, we did not chart data that pertained to a common intervention among all the treatment 

group(s) (i.e., all groups that received the intervention of interest and control groups). An 

exception was made for studies in which a vaccine was given to all groups and another 

intervention was given only to the treatment group(s) for the purpose of comparing the 

intervention effect on the vaccine immune response. Data for interventions were treated 

similarly. Examples included breed, which in some studies was treated as a modifiable 

intervention (e.g., genetics for disease resistance and survivability) (Williams et al., 1990) and in 

other studies was evaluated as a risk factor (e.g., beef calves of different breeds evaluated in a 

BRD vaccination trial) (Stilwell et al., 2008). 

Data charted for comparison groups included a no treatment or conventional practice 

control group where one was clearly stated, otherwise the comparison group(s) was considered to 

be a different level or form of the treatment or exposure. For studies in which the treatment 

groups were given various levels or formats of the intervention of interest and comparisons were 

made among these groups, the data for the intervention type and the comparison groups were 

charted as ‘different levels of treatment’ (e.g., an article described the effects of various dietary 

levels of wet corn gluten feed on liver abscesses) (Hussein and Berger, 1995). 
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There was no attempt to distinguish between non-antibiotic interventions that were 

intended to prevent disease from those that were intended to treat or control disease because the 

distinction is often unclear in research reports. We defined the intervention type ‘medication’ to 

include any non-antibiotic medication, vitamin, mineral, antibody, or other treatment that was 

administered directly via injection or oral bolus to individual animals. The same medication 

given to the entire group of animals via their feed was charted as a feed additive. 

Some studies reported the outcome ‘treatment rate’ referring to the number of 

treatment(s) given to individual sick animals, but since a measure of time was not included in the 

denominator, the measure of disease frequency most were referring to was a risk rather than a 

rate.  For purposes of this review, we referred to the term as ‘treatments for illness’. For purposes 

of this review, surrogate measures of disease and susceptibility included detection of infection 

and indices of specific immunity. 

To meet our second objective of identifying feasible future systematic reviews, we 

identified topic areas for which there was commonality among clinical trials with regards to the 

population, intervention and clinically important outcomes measured. Observational study 

designs, non-randomized clinical trial or randomized clinical trial (RCT) design can be used in 

systematic reviews of interventions. However, the RCT is considered to have the best evidentiary 

value (Sargeant, Kelton and O’Connor, 2014). For this reason, we chose to focus our second 

objective on clinical trials. Clinically important outcomes were defined after data charting and 

included mortality, non-specific morbidity, respiratory disease, diarrhea, liver abscesses, acidosis 

and treatments for illness. Thus, not all outcomes of interest were considered clinically important 

outcomes. For example, infections with specific pathogens and indices of specific or non-specific 



 

 

47 

 

immunity may not reliably predict clinical outcomes, consequently these outcomes were not 

included as clinically important outcomes (Fleming and Powers, 2012). Study results were not 

extracted, and no attempt was made to determine the direction of the effect of the outcome (i.e., 

if the intervention showed a favorable outcome), as that was beyond the scope of this review. 

The topic areas identified as potentially extensive enough for systematic review were those with 

a minimum of five clinical trials reporting similar interventions or types of intervention (e.g., 

specific respiratory disease vaccines, probiotics, medications, minerals, feed type as roughage 

content) and the same specific population in which the outcome was measured (e.g., veal calves, 

feedlot cattle) and at least one, but not necessarily the same, reported clinically important 

outcome. 

Synthesis of results 

The charted data were entered into a database in Stata 15.1 (College Station, Texas, 

USA). Descriptive statistics were compiled according to our stated data charting scheme for all 

study designs and were presented in the form of tables and figures. We presented detailed results 

for articles that reported clinical trials or observational studies so as to emphasize the literature 

with the greatest evidentiary value (Sargeant, Kelton and O’Connor, 2014). For challenge trials, 

we presented details only for the types of challenges studied. 

RESULTS 

Expert stakeholder engagement 
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Seventy four experts received an invitation to the survey, of which 38 (51%) responded. 

The stakeholder engagement process helped to inform the search strategy and the data charting 

items. No publications were suggested by the stakeholders that had not been captured in the 

search. 

Selection of sources of evidence 

There were 13,598 unique citations identified by the search that underwent relevance 

screening and 1,110 (8%) were assessed for relevance based on the full text. There were 722 full 

text articles considered eligible for data charting (Figure 2.1). The majority of sources of 

evidence were full text published articles identified through the database searches. Theses, 

proceedings and technical reports from the database sources represented 6% of the relevant 

evidence (Figure 2.1). Interestingly, 11 of the 15 full text theses were identified through the 

Google search. 

Characteristics of sources of evidence 

Sixty eight articles (9%) described more than one study of the same design or different 

design within the same article. Among the 722 included articles, there were 752 studies 

described which comprised clinical trials (n=439, 61%), observational studies (n=162, 22%) and 

challenge trials (n=151, 21%). 

The clinical trials and challenge trials were conducted largely using animals living under 

experimental farm settings (n=363, 83%) and (n=148, 98%) respectively, whereas the 

observational studies were conducted largely in animals living under commercial farm settings 
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(n=128, 79%). Some articles included experimental and commercial settings and in 11 articles it 

was unclear if the farm settings were commercial or experimental. Among the articles in which 

the settings were clearly identified, the majority of the explicitly described beef populations (e.g., 

stockers, veal calves, feedlot cattle, beef calves, cow-calf pairs and cow/heifers) were animals 

living under experimental settings (83%, 81%, 75%, 73%, 62% and 51%) respectively whereas, 

the unspecified cattle populations were largely animals living under commercial settings (80%). 

The majority of articles described clinical trials, challenge trials and observational studies 

conducted in US and Canada (74%). The cattle populations most commonly studied in US, 

Canada and Australia/New Zealand were feedlot cattle, whereas in Western and Eastern Europe 

the cattle populations most often studied were veal calves (Table 2.4). In South American 

countries and Mexico, there were relatively few English articles (n=29) and they included nearly 

equal numbers of veal calf and cow-calf population types. In Canada, the majority of the studies 

(n=130), occurred in Alberta (n=60), Saskatchewan (n=47) and Ontario (n=23), where the 

majority of the country’s feedlot and cow-calf operations are located (Statistics Canada, 2018). 

In the USA, the majority of the studies (n=405), occurred in Texas (n=50), Kansas (n=45), 

Nebraska (n=33), Oklahoma (n=30), Florida (n=27) and California (n=23).  In addition, in North 

America, 13% and 6% of the studies spanned multiple provinces or states in Canada and the 

United States, respectively. In Western Europe (n=119), the two countries with the largest 

proportion of studies were Ireland (n=27, 23%) and Spain (n=14, 12%). 

The number of articles published per year increased in an approximately linear trend over 

the decades since 1990. There were 6–18 articles per year from 1990 to 1999, 13–48 from 2000 

to 2009 and 41–55 from January 2010 to October 2016 (Figure 2.2). 
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Synthesis of results for challenge trials  

Challenge trials (n=151) were used extensively for studies of vaccinations (n=49), non-

antibiotic feed additives (n=43) and non-antibiotic medications (n=19) (Figure 2.3). These trials 

described challenges with infectious agents or their toxins (n= 89) and immune stimulants (n=52) 

administered to detect a measurable immune response in conjunction with another intervention. 

The infectious agents or toxins included Haemophilus somnus, Bovine herpes virus 1 (BoHV-1), 

Pasturella spp., Mannheimia haemolytica, Bovine respiratory syncytial virus (BRSV), Bovine 

parainfluenza virus 3 (PI-3), Bovine rotavirus, Mycoplasma bovis, Salmonella spp., Salmonellae 

toxins, Fusobacterium necrophorum, Bovine viral diarrhea virus (BVDV), Bovine leukemia 

virus, Mycobacterium bovis, Leptospirira spp., Ureaplasma divesum,  Mycobacterium avium 

(MAP), Brucella abortus, Histophilus somni, lipopolysaccharide (LPS), Escherichia coli strain 

K99+ and Fasciola hepatica. The immune stimulants included ovalbumin, porcine red blood 

cells (RBC), human RBC, keyhole limpet haemocyanin (KLH), antigens (hen egg white 

lysozyme with DTH-inducing antigen Candida albicans), intradermal phytohemagglutinin 

(PHA). Other types of challenges (n=10) included acidosis challenge, ACTH challenge, 

amphotericin-induced lameness and induced wounds. 

Outcomes most commonly reported in challenge trials included surrogate measures of 

disease and susceptibility (n=112), morbidity (n=91), respiratory disease (n=48) and non-specific 

immunity (n=47) (Figure 2.4). 

Synthesis of results for clinical trials and observational studies 

Non-antibiotic interventions 
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The interventions evaluated in clinical trials and observational studies varied widely 

(Table 2.5). The most frequent interventions studied were feed additives, followed by breed type 

and then vaccines (Figure 2.3). Clinical trials were the most frequent study design for the 

evaluation of feed additives, vaccinations, feed types, maternal antibody, medications, milk 

replacer additives, weaning, transportation, feeding regimes and non-specific pre-conditioning. 

Observational studies were the most common study design for evaluation of breed type, 

biosecurity, environment and housing. We charted data for 15 categories of non-antibiotic 

interventions, which are presented in decreasing order of frequency in Table 2.5. Details of the 

specific vaccine interventions studied in clinical trials are listed in Supplementary Appendix 2.2, 

and details of the specific non-vaccine, non-antibiotic interventions studied in clinical trials are 

listed in Supplementary Appendix 2.3. 

Comparison groups 

Among the 601 clinical trials and observational studies, the most commonly reported 

comparison group was a control group that received a different form or level of the intervention 

or exposure (n=487). The next most commonly reported comparison group was the ‘no treatment 

control or conventional practice’ category (n=235). A placebo or sham treatment group (n=61) 

was utilized largely for vaccination trials (n=39). Direct breed-to-breed comparisons for specific 

breeds were reported in 15 studies. Among the 167 clinical trials that investigated a non-

antibiotic feed additive or medication, only 17 included an antibiotic comparison group 

(Supplementary Appendix 2.4). These 17 studies all evaluated the non-antibiotic approach for 

disease prevention or control, none for treatment in animals known to be clinically ill. 
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Outcomes measured 

We extracted data for 18 categories of health outcomes. It was common for studies to 

report results for multiple outcomes. The 10 most frequently reported categories are presented in 

Figure 2.4. Surrogate measures of disease and susceptibility was the most commonly reported 

outcome category among clinical trials (20%) whereas, surrogate measures of disease and 

susceptibility and mortality were equally the most commonly reported outcome categories 

among observational studies (29% each) (Figure 2.4). Details of the outcomes measured in the 

vaccine and non-vaccine clinical trials of non-antibiotic interventions are presented in 

Supplementary Appendix 2.2 and 2.3 respectively. 

Among clinical trials and observational studies, the outcome ‘treatments for illness’ 

(n=83) was most commonly reported in feedlot animals (n=48) followed by veal calves (n=22). 

The outcome diarrhea (n=77) was more frequently reported in veal calves (n=57) than other 

populations. Other clinical disease (i.e., non-respiratory, non-diarrheal infections) specifically 

identified by clinical disease (n=23) such as infectious bovine keratitis, omphalitis and otitis 

were reported in observational studies (n=11) typically evaluating breed factors, and in clinical 

trials (n=12) typically evaluating vaccines. Most studies reporting treatment cost (n=26) were 

clinical trials (n=23). 

Of the 27 vaccine clinical trials conducted in feedlot cattle, there were eight that did not 

measure a clinically important outcome but did measure indices of immunity. These eight studies 

ranged in size from 8–179 individuals and were all conducted under experimental farm settings. 

Similarly, of the 11 vaccine clinical trials conducted in veal calves, there were 3 that did not 
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measure a clinically important outcome. These three trials ranged in size from 10–200 calves 

with the largest being conducted on a commercial farm (Soehnlen et al., 2011). 

Study size 

Most studies reported the results and analyses at the individual level (n=568) as opposed 

to the group (n=28) or herd-level (n=66). Study sizes varied widely from 4 to 8,904,965 animals. 

The size of clinical trials in experimental settings varied from 4 to 12,617 animals, whereas the 

size of clinical trials in commercial settings varied from 10 to 79,171 animals. The smallest 

studies (n=4–6 animals) were typically clinical trials that evaluated feed type or a non-antibiotic 

feed additive in feedlot cattle housed under experimental settings with or without fistulae 

measuring acidosis, performance, digestion and bio-mechanisms. The two largest studies 

(n=2,542,266) and (n=8,904,965) were observational studies of commercial cattle. The study 

with 2,542,266 animals evaluated the impact of breed or genetics and the environment (i.e., 

season or year) on calf mortality and fertility of the British National herd (Gates, 2013), whereas 

the largest study evaluated the impact of cohort-level risk factors such as arrival month, sex and 

cohort mean arrival weight on the mortality rate and culling risk in 16 U.S. feedlots over multiple 

years (Babcock et al., 2013). 

Material for potential systematic review questions 

To meet our objective of assessing the feasibility of conducting systematic reviews, we 

explored the clinical trial data for all potential topic areas that shared some commonality of 

intervention, population and a clinically important outcome. We found seven topic areas that 

may feasibly lead to systematic review questions assessing non-antibiotic interventions to reduce 
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the need for medically important antibiotics in beef or veal production (Table 2.6, 

Supplementary Appendix 2.5). Within these seven topic areas, there was some variation of 

specific interventions used and outcomes measured (Table 2.6). The full range of the specific 

interventions used within the identified topic areas are listed in Supplementary Appendix 2.5. 

Though we identified material for seven potential systematic review questions, only the material 

for BRD vaccines and feed type roughage for the prevention of liver abscesses in feedlot cattle 

included more than one study in commercial settings (Table 2.6). 

DISCUSSION 

This scoping review of the research evaluating non-antibiotic approaches that may reduce 

the need to use medically important antibiotics in beef and veal production relevant in the North 

American context identified a large body of diverse literature. The diversity of this research 

pertained not only to the specific interventions and specific populations studied but also to the 

comparison groups and outcomes measured. Though there was a large volume of research 

evaluating a considerable variety of interventions, there was relatively little replication of 

studies. Our findings that this body of literature had breadth but limited depth, reflected those of 

Murphy et al. (2016) as reported in their scoping review of non-antibiotic factors or interventions 

to reduce antimicrobial resistance in North American cattle. Because the findings of a single trial 

can be the result of a random event, clinical and policy decisions are best guided by the findings 

found among multiple relevant studies (Garg, Hackam and Tonelli, 2008). Clinicians and policy 

decision makers can benefit from a credible summary of the primary research for a particular 

topic, particularly in the form of a systematic review (Garg, Hackam and Tonelli, 2008). 
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However, replication of research is a prerequisite for combining and summarizing the research 

on a specific topic. 

We charted data regarding the farm settings of the animals in the study in terms of 

experimental versus commercial farms. The majority of clinical trials occurred on experimental 

farms. Some experimental farms are as large as some commercial farms, and so may closely 

mimic commercial settings. However, it is unknown to what extent the experimental versus 

commercial farm settings impact external validity in beef cattle and veal calf research. 

We chose to focus our reporting on clinical trials rather than challenge trials as challenge 

trials have a tendency to report more favorable outcomes compared to clinical trials of the same 

intervention (Wisener et al., 2014; Theurer, Larson and White, 2015). Nevertheless, challenge 

trials serve an important purpose in the research continuum, providing proof of concept prior to 

field trials under natural exposure conditions (Sargeant, Kelton and O’Connor, 2014). 

Consistent with Ribble et al. (2010) we found that there was a dearth of clinical trials 

evaluating feedlot management interventions such as biosecurity, infection control, animal 

mixing and animal movement and pen densities. These types of interventions may be difficult to 

study under clinical trial conditions; moreover, it may be difficult to source funding for trials of 

non-antibiotic management interventions (Ribble et al., 2010) These types of interventions were 

more frequently studied though observational approaches, which can provide a high level of 

evidentiary value about an intervention and can be used in systematic reviews (O’Connor and 

Sargeant 2014a). However, even among the observational study designs that can be used for 

hypothesis testing, the inherent selection and confounding biases that can result from lack of 
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randomization must be carefully considered in the decision to base a systematic review on these 

studies (O’Connor and Sargeant 2014a). 

Had we focused exclusively on studies that compared a specific alternative intervention 

group to a preventive antibiotic group, our scoping review would have been very limited: firstly, 

because the studies in which a specific non-antibiotic alternative intervention group was 

compared to an antibiotic treatment group were limited to feed additive and medication 

interventions; and secondly, because there were relatively few feed additive or medication 

intervention studies with a preventive antibiotic comparison group. In the literature that 

described non-antibiotic approaches to improve the health of beef or veal animals and thereby 

reduce the need for antibiotics, this lack of direct comparison to a preventive antibiotic 

comparison group may represent a knowledge gap for decision-making regarding non-antibiotic 

alternatives. 

The comparison group(s) did not always include a ‘no treatment or conventional practice’ 

control group, but more commonly consisted of animals receiving different levels of the same 

treatment or a variation of the treatment. In some cases, including a no treatment control group 

would have resulted in an unacceptable standard of care for that group. For many studies, we 

found it difficult to determine what may have been considered the ‘no treatment or conventional 

practice’ control in the context of the study, and thus we may have misclassified these 

comparison groups. For example, one study evaluated the effect of late gestation drylot rations 

with two levels of protein degradability and fat content on subsequent calf feedlot morbidity and 

mortality without stipulating which level of protein degradability and fat content was the 

conventional practice for these diets (Wilson, Faulkner and Shike, 2015). 
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We found that, among the vaccine clinical trials under natural exposure conditions, there 

were some that did not report a clinically important outcome but rather reported indices of 

specific or non-specific immunity and other outcomes. This may represent a missed opportunity 

in vaccine clinical trial research, particularly for natural exposure studies for which a clinically 

important outcome could have been measured. Systematic reviews that do not include a 

clinically important outcome but rather only include indirect outcomes, such as indices of 

immunity, can be subject to downgrading the quality of evidence available to answer a specific 

review question in a Grades of Recommendation, Assessment, Development and Evaluation 

(GRADE) analysis (Ryan, Santesso and Hill, 2016). The GRADE approach to evaluating the 

quality of evidence incorporates an explicit evaluation of the importance of the outcomes 

measured, such that indirect outcomes provide a relatively lower quality of evidence than 

patient-important or animal-important outcomes, as determined by guidelines or the clinician, 

researcher, or patient perspectives (Guyatt et al., 2011a, Guyatt et al., 2011b). In the human 

medical literature, the assumption that the intervention effect on a biomarker reflects the 

intervention effect on a patient-important outcome can be false (Fleming and Powers, 2012). 

However, indices can serve as useful outcomes to provide insights for ‘proof of concept’ trials 

(Fleming and Powers, 2012). 

This scoping review described the literature on the broad topic of non-antibiotic 

interventions without attempting to demonstrate if these interventions could actually reduce the 

need for antibiotics. Summarizing the efficacy of various interventions and assessing the 

methodological quality or ROB of the included articles was beyond the scope of this review. 

However, in addition to mapping the broader intervention literature, we attempted to identify 



 

 

58 

 

areas where the available literature may support systematic reviews that could summarize the 

effect of particular non-antibiotic approaches within the broader topic area. Systematic reviews 

of interventions combine similar studies together to summarize the overall effectiveness of 

particular interventions. The purpose of the systematic review determines the scope of the review 

question as broad versus narrow (Higgins and Green, 2011). The scope then informs the degree 

of similarity among each of the study PICO components: specific population, intervention, 

comparison group and outcome measured. We found relatively few similar studies for any 

specific intervention. Theurer, Larson and White (2015) also reported finding limited published 

evidence to support a systematic review and meta-analysis of the effectiveness of commercially 

available vaccines against bovine respiratory diseases, a topic area of great importance for the 

reduction in the use of medically important antibiotics in the beef industry (Cameron and 

McAllister, 2016). Ribble et al. (2010) reported finding few non-vaccine intervention studies 

published in the last 20 years that did not involve the use of antibiotics in their review of 

alternative practices to antimicrobial use for disease control in commercial feedlots. Among the 

studies we identified with similar specific interventions we found a considerable range of 

outcomes reported. In systematic reviews, studies with disparate outcomes may not be 

meaningfully synthesized (i.e., combined). A lack of commonality in measured outcomes can 

result in some studies being excluded from a systematic review, resulting in an overall loss of 

research information needed to answer specific research questions about a summary effect size 

or to understand factors that affect that effect size. The outcome(s) selected for a systematic 

review of an intervention should be important to the end-user (O’Connor et al., 2014). Despite 

the availability of multiple studies evaluating a specific intervention in a specific population, a 
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lack of a common outcome restricts the number of studies that can contribute to the systematic 

review. 

We used an arbitrary minimum of five clinical trials with some commonality of the 

intervention, population and measured outcomes to identify potentially feasible topics for a 

systematic review and meta-analysis. Technically a minimum of two studies is sufficient to 

conduct a meta-analysis if those studies are similar enough to combine in a meaningful way 

(Borenstein et al., 2009). However, an insufficient number of studies limits the opportunity to 

assess between-study variability, which in turn impacts the interpretation and meaning of the 

meta-analysis (Borenstein et al., 2009). Depending on the systematic review question, there may 

be good reasons to combine studies that are somewhat dissimilar - for example, to explore the 

reasons for different results among the studies (Ioannidis, Patsopoulos and Rothstein, 2008). 

In this scoping review, we identified seven topic areas for which it may be feasible to 

conduct a systematic review to answer a specific question about a specific intervention in a 

specific population measuring a specific outcome. The topic area with the most clinical trials was 

vaccines for BRD. Theurer, Larson and White (2015) reported a systematic review and two 

meta-analyses for commercial BRD viral antigen vaccines in beef calves and in dairy calves in 

which two trials in beef calves and three trials in dairy calves with unspecified sex were included 

We found more trials than Theurer, Larson and White (2015) but we did not restrict BRD 

vaccines to commercially available vaccines. Larson and Step (2012) reported a meta-analysis 

for commercial BRD bacterial antigen vaccine effectiveness in feedlot cattle that included six 

clinical trials published since 1990. Though some knowledge synthesis has been conducted on 
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the topic of commercial BRD vaccines, updated systematic reviews into commercial BRD 

vaccines could explore factors that impact the summary effect of different vaccines. 

Within the identified seven topic areas, we observed some variation in the specifics of the 

interventions and the outcomes measured. Future primary research could focus on these seven 

specific topic areas with an emphasis on building a body of research on specific interventions 

with more depth. These primary studies could be further assessed using systematic review and 

meta-analysis methods to answer specific questions about the overall effectiveness of that 

intervention and to explore sources of variation among the studies. 

This scoping review had several potential limitations. Firstly, we included a wide variety 

of interventions in our search terms but may have failed to include all possible search terms for 

specific interventions, thereby potentially missing articles. Systematic reviews of specific 

interventions should include a more comprehensive search. Secondly, we may have overlooked 

some non-antibiotic interventions or health outcomes if they were not listed in the article title or 

abstract. Thirdly, we accessed only publicly available sources through data platforms available 

via the University of Guelph, and so we may have missed additional articles such as unpublished 

studies generated by companies testing products. We attempted to overcome this potential deficit 

using a Google search, but we recognize that any Google search is neither repeatable nor 

transparent. Google is a search engine and not a data platform, and so Google was unable to 

deliver meaningful results for our extensive number of search terms in a Boolean string 

(Grindlay, Brennan and Dean, 2012). Nevertheless, we obtained the majority of the theses, for 

which there were no subsequent published articles, through the Google search. Fourthly, we were 

unable to search the CAB Direct platform due to technical difficulties and without the addition of 
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studies identified through that platform we may not have achieved as comprehensive a search as 

intended. Grindlay, Brennan and Dean (2012) compared the coverage of veterinary journals by 

nine databases and found that CAB Abstracts had excellent coverage, and so it is possible that 

the CAB platform contained relevant articles that our search did not identify. Fifthly, our data 

charting process would have been more accurate had we charted the data at the individual study 

level rather than at the article level. However, with only 9% of our relevant articles describing 

more than one study we do not think that charting the data at the article level substantially 

impacted our findings. Finally, we did not chart data regarding inherent bias in the included 

studies such as randomization of clinical trials, lack of concealment or blinding, loss to follow-

up, or selective outcome reporting. Any systematic review utilizing the results of this scoping 

review should include a ROB assessment (Higgins and Green, 2011). 

CONCLUSIONS 

In this scoping review, we described the literature on non-antibiotic approaches for 

disease prevention and control in beef and veal production. Although there was considerable 

volume and breadth of research within this body of literature, there was limited depth.  The 

research diversity pertained not only to specific interventions and populations but also to the 

comparison groups and outcomes measured. Despite a large volume of research evaluating a 

huge variety of interventions there was relatively little replication of studies. There were 

relatively few clinical trials utilizing a preventive antibiotic comparison group. No studies 

evaluated a non-antibiotic treatment compared to an antibiotic treatment in ill animals. Some 

clinical trials did not report clinically important outcomes. 



 

 

62 

 

Systematic reviews and meta-analyses, if not already done, could be conducted for the 

seven topic areas identified as having sufficient literature with enough commonality to combine. 

These could potentially answer questions about the summary effectiveness of specific 

interventions and explore sources of variation among studies (i.e., what factors influence 

different results found among similar studies). Future primary research could focus on these 

seven topic areas, with the inclusion of clinically important outcomes, thereby enhancing the 

depth of this research and provide opportunities for exploration of variation among similar 

studies. Future primary research could also include preventive antibiotic use comparison groups 

where appropriate to enhance the evidence for antibiotic alternatives in beef and veal production. 
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Tables and figures 

Table 2.1. Data platform and database information sources used in the scoping review search on 

non-antibiotic approaches for disease prevention and control in beef and veal production. 

Data Platform  Databases 

ProQuest  Agricultural journals, ABI/INFORM (trade & industry, Global), Canadian 

Business & Current Affairs (Science & Technology, Business, Current 

Affairs, Social Sciences, History, Health & Medicine, Literature & 

Language, Arts), Dissertations & theses (A&I, Social Sciences, Science & 

Technology, Health & Medicine), Dissertations & Theses University of 

Guelph, Abstracts in Virology and AIDS, Toxicology, Genetics, 

Biotechnology Research, Industrial and Applied Microbiology, and 

Bacteriology 

ProQuest  AGRICOLA 

ProQuest  MEDLINE, PubMed (not MEDLINE) 

Web of Science Core Collection 

Web of Science MEDLINE 

Web of Science Current Contents Connect 
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Table 2.2 Search terms for non-antibiotic approaches for disease prevention and control in beef 

and veal production. 

Groupings  Search terms 

Population 

terms 

(cow-calf OR "beef calves" OR "grazing calves" OR "veal calves" OR "male 

dairy calves" OR "dairy beef steers" OR "stocker cattle" OR "backgrounders" 

OR "feedlot cattle" OR "finishing cattle" OR "fattening cattle" OR "feeder 

cattle" OR "fattening period" OR "finishing period" OR "feedlot finishing" OR 

"finishing steers" OR "fattening steers" OR "Holstein bulls" OR "Holstein 

steers" OR "beef heifers" OR "feedlot heifers" OR "finishing heifers" OR 

"fattening heifers" OR "beef steers" OR "feedlot calves" OR "beef herds" OR 

"feedlot animals" OR "Holstein calves" OR "feeder calves" OR "sale barn-

origin calves" OR "sale barn origin calves" OR "sales-barn origin calves" OR 

"sales barn origin calves" OR "beef cattle" OR "beef cows") 

 

Product 

intervention 

terms  

(vaccine OR vaccines OR "BVD vaccines" OR "BVDV vaccines" OR 

immunization OR vaccination OR "combination vaccines" OR “clostridial 

vaccines” OR minerals OR "mineral substances" OR vitamins OR "organic 

acids" OR "amino acids" OR "supplemental dietary protein" OR "supplemental 

dietary nitrogen" OR ammoniated OR "polyunsaturated fatty acids" OR "plant 

polysaccharides" OR "animal polysaccharides" OR "plant extracts" OR "plant 

extract" OR "feed enzymes" OR probiotics OR "DFM" OR "direct-fed 

microbials" OR "competitive exclusion products" OR "live cultures" OR "nasal 

probiotics" OR "bacterial extracts" OR "biological cytokines" OR yeast OR 

prebiotics OR immunostimulants OR "antimicrobial peptides" OR 

bacteriophages OR bacteriocins OR endolycins OR exolycins OR synbiotics 

OR "S. cerevisiae" OR hormones OR "egg yolk antibodies" OR "inhibitors of 

pathogenicity" OR "inhibitors targeting pathogenicity" OR "Chinese herbal 

medicines" OR "chemical synthetics" OR "ubenimex" OR "predatory bacteria" 

OR Optaflexx OR Ractopamine OR “Ractopamine Hydrochloride” OR Zelante 

OR RumeNext OR “RumeNext B” OR “RumeNext®- Beef” OR "Prime 

Purge" OR "Nutrisound" OR "Organo Pro" OR "CONVERT Calf Care" OR 

"CONVERTTM Calf Care" OR "TWEEN 80" OR “Tween 80” OR surfactante 

OR "hormone-like substances" OR nucleotides OR "nitric oxide" OR Bovinex 

OR homeopathics) 

 

Management 

intervention 

terms 

("non-conventional" OR "alternative beef" OR "sustainable farming" OR 

"natural beef" OR "organic beef" OR "certified humane" OR "reduced 

antibiotic" OR "reduced antimicrobial" OR "antibiotic free" OR "antimicrobial 
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free" OR biosecurity OR “pen hygiene” OR “infection control” OR 

“intermingling” OR “co-mingling” OR comingling OR “mixing of cattle” OR 

“pen density” OR “pen densities” OR “stocking density” OR “stocking 

densities” OR "test and quarantine" OR "all-in-all-out" OR "rumen pH" OR 

"ruminal acidosis" OR “liver abscesses” OR “high energy feeds” OR “high-

energy feeds” OR roughage OR "energy sources" OR "silage diet" OR "silage 

ration" OR "grain-based diet" OR "grain-based ration" OR "Ad libitum 

feeding" OR "restricted feeding" OR weaning OR “weaning stress” OR "low 

stress weaning" OR "weaning management" OR "alternative weaning" OR 

"two-stage weaning" OR “two-step weaning” OR preconditioning OR stressors 

OR "sick cattle" OR "sick calves" OR "environmental stress" OR "temperature 

stress" OR "housing modifications" OR "housing changes" OR "producer 

education" OR "farmer education" OR "quality assurance program" OR 

"education program" OR "selective breeding" OR "cross breeding" OR cross-

bred OR “cross bred” OR heterosis OR breeding) 

A search string included the population terms and either the product intervention terms or the 

management intervention terms connected by the Boolean operator ‘AND’.     
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Table 2.3. Description of data charting items for relevant journal articles, technical reports, 

proceedings or theses. 

Variable Description of items 

General study characteristics 

Study design Clinical trial (i.e., experimental or field-based trial under conditions 

of natural exposure), challenge trial (i.e., deliberate exposure to a 

pathogen or immune agent under the control of the investigator), 

observational study, case report/case series, outbreak report 

 

Population settings 

during the study 

Population settings (i.e., experimental research settings, commercial 

farm or unclear) 

 

Study location Country and region where the study was conducted as stated in the 

article or first author address if not stated 

 

Year of publication Year of publication of article 

Detailed trial or observational study characteristics 

Specific beef animal 

population type in 

which the intervention 

was given and/or 

outcome measured 

Veal calves (i.e., male veal calves or mixed sex dairy calves), cow-

calf (i.e., beef cows and their calves), beef calves only living under 

cow-calf conditions, beef cows or heifers only, stocker cattle (i.e., 

weaned beef calves fed pasture or mostly forage), feedlot cattle (i.e., 

weaned calves) housed in feedlots and fed mostly concentrates after 

initial adaptation period), cattle (i.e., unspecified cattle populations or 

beef cattle combined with dairy cattle) 

 

Interventions in the 

form of a product or 

management practice  

Breed or genetic characteristics, feeding regime (e.g., amount or 

schedule), diet type or format; non-antibiotic feed additives including 

the addition of specific dietary components, colostrum or milk 

replacer additive, maternal antibody as a measure of colostrum 

intake, non-antibiotic medication (e.g., any medication, vitamin, 

mineral, or antibodies administered directly to an individual), 

vaccination to treatment group only, vaccine given to all groups and 

another intervention given to the treatment group(s) for the purpose 

of comparing the intervention effect on the vaccine immune response, 

maternal vaccination, weaning method, castration method, 

biosecurity (e.g., comingling, mixing, introductions, contact with 

wildlife), comorbidities/coinfections, environmental conditions (e.g., 
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season, ambient temperature, rainfall), housing or flooring (e.g., 

animal density, feed bunk and water supply factors, shade, flooring), 

transportation factors, unspecified pre-conditioning 

 

Comparison group No treatment or conventional practice control, placebo or sham, 

antibiotic, different level of treatment or exposure level, breed type 

 

Health outcomes of 

interest  

Mortality, non-specific morbidity such as fever or generally ill 

appearance, diarrhea (i.e., non-specific diarrhea), respiratory disease 

(i.e., non-specific respiratory disease), other clinical disease (i.e., 

non-diarrhea, non-respiratory clinical disease such as otitis, infectious 

bovine keratitis, and omphalitis), pathology (i.e., post mortem 

findings other than liver abscesses), rumen or abomasum 

development, total tract barrier function, acidosis (i.e., specifically 

stated as acidotic, or not) liver abscesses, lameness or foot lesions, 

surrogate measures of disease and susceptibility (i.e., pathogen 

detection or indices of specific immunity such as serology and cell 

mediated immunity), indices of nonspecific immunity (i.e., 

immunoglobulins to non-infectious agents, immune markers: acute-

phase proteins, tumor necrosis factor), ‘treatments for illness’ as the 

number of treatments given to individual sick animals, injection site 

lesions, gene expression (e.g., immune resistance or susceptibility), 

abortion, treatment costs, total farm-level antibiotic use 

 

Levels at which the 

outcome was 

measured 

 

Individual, pen, herd 

Study size Number of study subjects in the analysis of each relevant study 

reported within the article.  
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Table 2.4. Numbers of studies involving specific beef populationsa by country or region where 

challenge trials, clinical trials and observational studies were conducted. 

Specific 

population 

Canada  

 (n=141) 

USA 

(n=485) 

Western 

Europe 

(n=124) 

Australia or 

New Zealand 

(n=29) 

South 

Americab 

or Mexico 

(n=29) 

Eastern 

Europe 

or 

Russia 

(n=12) 

Total 

(n=820) 

Veal calves  14 77 50 0 10 7 158 

Beef calves  13 43 7 3 1 0 67 

Beef cows/heifers 5 14 7 3 4 1 34 

Cow-calf 21 74 13 6 9 1 124 

Stockers 12 80 2 1 1 0 96 

Feedlot 74 186 22 13 2 3 300 

Cattle (mixed or 

unspecified 

populations) 

2 11 23 3 2 0 41 

a Some articles included more than one study and more than one specific population  

b South American countries included Brazil, Argentina and Uruguay 
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Table 2.5. Description of non-antibiotic interventionsa in beef or veal animals evaluated in 

clinical trials and observational studies from January 1990 to October 2016 presented in 

decreasing order of frequency.  

Non-antibiotic interventions 

that may reduce or prevent 

disease  

Description of interventions or risk factors in clinical trials and 

observational studies  

Feed additive including the 

addition of specific dietary 

components 

(non-antibiotic) 

Total (n=129) 

Clinical trial (n=121, 94%) 

Observational (n=8, 6%) 

Vitamins (A, E, thiamine), cysteine rich feather meal, trace 

minerals, maternal mineral supplementation, hormones, crude 

protein, fatty acids, organic acids, molasses, high fructose corn 

syrup, urea, rumen modifier, bicarbonate, anion-cation buffer, 

wet brewer’s grains, fibrolytic enzyme, wet brewer’s or 

distillers’ grains, ground flax, seaweed or plant extracts, 

essential oils, fish oil, yeast or yeast extracts, bicarbonate, 

probiotics, prebiotics, yeast fermentation extract, supplemental 

fat from safflower seed or cottonseed hulls, wheat straw vs. 

beet pulp, anti-phospholipase antibody, polyclonal antibody, 

Actigen ®, ractopamine or zilpaterol 

Breed 

Total (n=114) 

Clinical trial (n=32, 28%) 

Observational (n=82, 72%) 

Breed or breed combination comparisons, heterosis vs. 

purebred, sire and dam breed and heterosis, generations of 

rotational breeding, genome association with disease, breed 

type as risk factor for diseases, single nucleotide 

polymorphysisms, BoLA type and sire effects, heritabilities of 

pre-weaning mortality, heritability for disease susceptibility, 

haplotypes, familial associations 

Vaccinations  

(treatment group received 

vaccination, comparison 

group(s) received different 

vaccinations or vaccine 

protocol or no vaccination) 

Total (n=108) 

Clinical trial (n=82, 76%) 

Observational (n=26, 24%) 

Timing of vaccination, live vs. inactivated vaccines, booster 

vaccination, various adjuvants, novel combinations of 

vaccines, methods and routes of administration, season of 

vaccination, efficacy of needle-free vaccination under cold and 

warm conditions.  

Vaccine efficacy for specific infections including: BRD, 

IBVD, Moraxella bovis, S. typhimurium, S. cholerasuis, S. 

Newport, S. dublin, Mycoplasma bovis, M. bovis cytotoxin, 

Rota viruses, corona virus, bovine herpes virus-1,  Brucella 

bovis,  Infectious bovine rhinotracheitis virus, parainfluenza-3 

virus, bovine respiratory syncytial virus, Haemophilus somnus, 

Mannheimia haemolytica, Pasturella spp., E. coli, Clostridial 
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spp., Leptospira spp., Fusobacterium necrophorum bacterin or 

leukotoxin, Acranobacterium pyogenes polysin  

Feed type 

Total (n=107) 

Clinical trial (n=94, 88%) 

Observational (n=13, 12%) 

 

Forages sources, chop length, silage, and forage level in diet, 

grain types, brewers or distillers grains as wet or dry, with or 

without solubles, corn gluten, by-product pellets, grain 

processing methods, feedlot diet, calf starter format, pasture 

mix, crude protein concentration, dietary starch and energy 

concentration, molasses, waste milk, alkaline hydrogen 

peroxide treated wheat straw, summer vs. winter feeding 

strategies, self-selection of dietary ingredients vs. total mixed 

ration 

Environment 

Total (n=65) 

Clinical trial (n=13, 20%) 

Observational (n=52, 80%) 

Housed indoors vs. outdoors in high ambient temperature, 

shade provided, rain shelters, extended summer and winter 

feeding strategies, efficacy of needle-free vaccination under 

cold and warm conditions, environmental conditions and 

spatial allowances during transportation, ambient temperature 

at birth, birthing seasons, vaccination season spring vs. fall, 

exposure to sour gas sulfur dioxide, hydrogen sulfide, and 

volatile organic compounds (VOCs), high altitudes, geographic 

regions, climactic conditions upon feedlot entry 

Biosecurity 

Total (n=56) 

Clinical trial (n=8, 14%) 

Observational (n=48, 86%) 

Regrouping and relocation, multiple sources vs. single source, 

source of calves, infection control, disinfection and housing 

types, presence of other animals on the farm (wildlife, game 

farms, poultry, sheep, goats, dogs), animal movements, 

production systems, feedlot management practices, sick calf 

management, calving management, replacement heifers born 

on farm vs. purchased, community and rental pastures, bovine 

TB management, badger activity, paraTB previously diagnosed 

on farm, movement of pregnant cows with persistently infected 

BVD calves, Johnes test and control practices, application of 

producer knowledge regrading biosecurity 

Maternal antibody 

Total (n=52) 

Clinical trial (n=41, 79%) 

Access to and quality of maternal IgG colostrum antibody. In 

some studies, it was measured to indicate immune response to 

another intervention such as a feed additive.   
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Observational (n=11, 21%) 

Non-antibiotic medication or 

supplement administered 

directly by injection, 

implant, or bolus 

Total (n=51) 

Clinical trial (n=46, 90%) 

Observational (n=5, 10%) 

Trace minerals, yeast, hormones, recombinant bST, growth 

implant, beta-adrenergic agonists, non-steroidal anti-

inflammatory drugs (NSAIDs), Vitamin B, A, D, E, C, zinc, 

selenium yeast, parapox ovis-based immunomodulator, insulin, 

botanical extracts, DNA immunostimulant (Zelnate), 

mycobacterium cell wall fraction (Immunoboost®), nitric 

oxide, brown seaweed extract, probiotic, homeopathic 

treatment, Convert calf gel® mix, Tween 80®, non-pathogenic 

E. coli strain Nissle 1917 

Housing  

Total (n=42) 

Clinical trial (n=16, 38%) 

Observational (n=26, 62%) 

Single vs. group pen, grouping by age, animal pen density, 

presence of a sick bay, tie stall vs. free stall, calving facilities 

and protocols, winter housing, post weaning housing, bunk 

manger space and management, flooring and bedding, days on 

pasture 

Milk or colostrum replacer 

additive 

Total (n=41) 

Clinical trial (n=40, 98%) 

Observational (n=1, 2%) 

Prebiotic, probiotic, synbiotic, whey protein, Vit A and E 

levels, Lactoferrin, trace minerals (source and type), 

chromium, selenium, yeast or yeast extract, fermentation 

product, fatty acids, clinoptilolite (zeolite), milk-free vs. milk-

based, commercial lacteal-derived colostrum replacer, spray-

dried animal plasma, clenbuterol, plane of nutrition, roughage 

supplement, essential oils 

Weaning  

Total (n=38) 

Clinical trial (n=34, 89%) 

Observational (n=4, 11%) 

Weaning protocols (e.g., 2-stage weaning with nose flaps, 

levels of contact with dam, yard weaning with or without feed-

bunk training, weaned with or without trainer cow, early vs. 

late weaning, organic vs. conventional vs. intensive beef 

system), concentrate dependent weaning, milk vs. concentrate, 

creep feeding, time from weaning to shipping, dam age, 

weaned and housed vs. returned to pasture, weaned 

concurrently or consecutively with castration, length of 

weaning period and timing of vaccination before weaning or on 

arrival at feedlot, regular weaning protocol vs. Michigan State 

University protocol 

Feeding regime 

Total (n=37) 

Feed, energy, protein, or nutrient restriction, beef cow grain 

supplementation schedule, ad libitum vs. limit fed, rangeland 
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Clinical trial (n=34, 92%) 

Observational (n=3, 8%) 

protocols for supplementary forage and other nutrients, grain 

adaption protocol, amount of roughage fed, milk replacer 

delivery system or allowances, starter diet /creep feeding 

protocols at weaning, feed amounts at various periods of 

gestation and lactation, self-selection of dietary ingredients vs. 

total mixed ration 

Transportation 

Total (n=23) 

Clinical trial (n=17, 74%) 

Observational (n=6, 26%) 

 

Truck stocking density, distance travelled, transportation vs. 

none, transportation and co-mingling 

Maternal vaccination 

Total (n=16) 

Clinical trial (n=11, 69%) 

Observational (n=5, 31%) 

 

Vaccine timing, evaluation of specific disease agent vaccines  

Pre-conditioning  

(general or unspecified) 

Total (n=11) 

Clinical trial (n=8, 73%) 

Observational (n=3, 27%) 

Certified preconditioning program vs Kentucky Gold Tag 

program, vaccinated or conditioned calves sold through special 

auction types, timing of vaccination before or after shipment, 

number of vaccines prior to shipment, preconditioning program 

type, preconditioning nutrition, branding method, 

preconditioning and length of transportation 

a Some articles describing non-antibiotic interventions reported multiple studies and some studies 

reported multiple interventions.  

Total number of clinical trials and observational studies described (n=890) 

Study designs: clinical trials (n=583, 66%) and observational studies (n=293, 33%) 
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Table 2.6. Articles describing similar specific non-antibiotic interventions, specific populations, and clinically important outcomesa in 

beef or veal animals evaluated from among the clinical trials (n=439) from January 1990 to October 2016 that may feasibly support 

systematic reviews.  

Intervention  Intervention specifics Population Clinically important health 

outcomes 

Vaccinations (bovine 

respiratory disease 

(BRD)  

(n=24) 

Vaccine types (n=12) 

Vaccination-revaccination and vaccination 

schedules (n=10) 

Novel vaccine routes and novel combinations of 

viral-bacterial respiratory vaccines (n=1) 

Vaccination site on animal (n=1) 

 

Feedlot cattle 

Exp. b (n=15) 

Comm. c (n=8) 

Unclear (n=1) 

Respiratory disease (n=16) 

Morbidityd
 (n=22) 

Mortality (n=15) 

Treatments for illnesse (n=10) 

Feed additive  

(probiotics) 

(n=5) 

Yeast culture live (n=2), yeast (live or cell wall 

extract) (n=1), DFM product (Bovamine 

Defend®) (n=1), commercial feed additives 

containing probiotics and/or feed enzymes) (n=1) 

 

Feedlot cattle 

Exp. (n=5) 

Comm. (n=0) 

Respiratory disease (n=3) 

Morbidity (n=5) 

Mortality (n=4) 

Treatments for illness (n=3) 

Feed additive 

supplement 

(Daily Vitamin E) 

(n=5) 

Vit. E levels (n=1), Vit E 550 IU or cysteine-rich 

feather meal (n=1), Vit E 2,000 IU (n=1),  

Vitamin E with either flaxseed oil or safflower 

oil or alone (n=1), Vit E (2,000 IU) supplement 

for various lengths of time (n=1) 

 

Feedlot cattle 

Exp. (n=4) 

Comm. (n=1) 

Respiratory disease (n=1) 

Morbidity (n=4) 

Mortality (n=2) 

Treatments for illness (n=3) 

Feed additive  

(Chromium 

supplement) 

Organic vs. inorganic chromium (n=3), chelated 

chromium (n=2), unspecified chromium (n=1) 

Feedlot cattle 

Exp. (n=6) 

Comm. (n=0) 

Respiratory disease (n=1) 

Morbidity (n=6) 

Mortality (n=1) 
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(n=6) Treatments for illness (n=1) 

 

Medications 

NSAID f   

(n=5) 

 

Flunixin meglumine as ancillary treatment for 

BRD (n=2), flunixin, ketoprofen and carprofen 

tested as ancillary treatment for respiratory 

disease (n=1), meloxicam at castration (n=2) 

 

Feedlot cattle 

Exp. (n=3) 

Comm. (n=1) 

Unclear (n=1) 

Respiratory disease (n=4) 

Morbidity (n=5) 

Mortality (n=2) 

Treatments for illness (n=2) 

Feed type 

(roughage and grains) 

(n=41) 

Roughage type, processing methods, and 

roughage levels (n=14), forage feeding protocols 

(n=3), grain feeding protocols (n=3), grain 

processing methods (n=9), grain type (n=6), 

replacing barley grain (n=6) 

 

Feedlot cattle 

Exp. (n=36) 

Comm. (n=5) 

Unclear (n=1) 

Liver abscesses (n=26) 

Acidosis (n=21) 

Milk replacer additive 

(probiotics) 

(n=14) 

Probiotics including yeasts (n=6), prebioitcs 

(n=4), combination probiotic and/or prebiotic 

(n=4)  

Veal calves 

Exp. (n=14) 

Comm. (n=0) 

Diarrhea (n=14) 

Mortality (n=2) 

Morbidity (n=5) 
a Clinically important health outcomes (i.e., mortality, non-specific morbidity, respiratory disease, treatments for illness, liver 

abscesses, and acidosis) 
b  Exp. (i.e., populations living under experimental settings) 
c Comm. (i.e., populations living under commercial settings) 
d
  Morbidity (i.e., non-specific illness or pyrexia) 

e  Treatments for illness (i.e., sequential antibiotic treatments administered to sick animals)     
f  NSAID (nonsteroidal anti-inflammatory medication) 
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Figure 2.1. Scoping review of non-antibiotic approaches for disease prevention and control in 

beef and veal production PRISMA flow diagram of citations from literature search through to 

relevance screening and data extraction. 
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Figure 2.2. Articlesa included in data charting published by year from January 1990 to October 

2016. 

 

a Articles included full text journal articles, proceedings, reports, and theses   
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Figure 2.3. The 10 most frequently reported non-antibiotic interventiona,b categories in beef 

cattle and veal calf populations by study designb.  

 
a For purposes of this review, intervention also included both modifiable and non-modifiable risk 

factors  
b Some articles described more than one study design. Some studies reported multiple 

interventions. 
c Feed additive included the addition of specific dietary components 
d Medications included non-antibiotic medications or supplements administered directly to 

individual animals by injection, implant, or bolus 
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Figure 2.4. The 10 most frequently reported outcomes of interesta in beef cattle and veal calf 

populations by study designb. 

 

a Outcomes of interest included: surrogate measures of disease and susceptibility, indices of 

nonspecific immunity, non-specific morbidity, mortality, respiratory disease, diarrhea, treatments 

for illness, other infection (e.g., non-diarrheal, non-respiratory infections), pathology (e.g., post 

mortem findings), rumen or abomasum development, acidosis, liver abscesses, lameness or foot 

lesions  total farm-level antibiotic use, injection site lesions, gene expression of immunity, 

abortion, and treatment cost. 

b Some articles described more than one study design. Some studies reported multiple outcomes. 

c  Surrogate measures of disease and disease susceptibility (i.e., infection with pathogen and 

biomarkers of specific immunity such as serology and cell mediated immunity) 

d Morbidity (i.e., non-specific illness or pyrexia) 

e Non-specific immunity (i.e., immunoglobulins to non-infectious agents and immune biomarkers 

such as acute-phase proteins, and tumor necrosis factor)  

f Other disease (i.e., non-respiratory and non-diarrhea clinical infectious diseases) 
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ABSTRACT 

Swine producers are encouraged to practice antibiotic stewardship by reducing their use 

of antibiotics belonging to classes of medical importance to humans. We conducted a scoping 

review of non-antibiotic approaches in the form of products or management practices that might 

prevent or control disease and thus reduce the need for antibiotics in nursery pigs. Our objectives 

were to systematically describe the research on this broad topic for the North American context, 

identify specific topics that could feasibly support systematic reviews and identify knowledge 

gaps. A search of multiple databases identified 11,316 articles and proceedings for relevance 

screening. From these, 441 eligible clinical trials and observational studies were charted. 

The majority were clinical trials (94%). Study results from EU countries were mostly 

communicated through journal articles whereas, study results from the USA were mostly 

communicated through conference proceedings. Interventions and health outcomes were diverse. 

The two most frequent intervention categories were feed additives and piglet vaccines. The three 

most frequent outcomes reported were diarrhea, mortality and indices of vaccine immunity. 

There were 13 specific topics comprising various feed additives and vaccines that might 

feasibly support systematic reviews. There were relatively few studies in which interventions 

were compared to antibiotic comparison groups and relatively few studies evaluating 

management practices. 
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INTRODUCTION 

Antimicrobial resistance (AMR) poses a serious threat to advances in modern human 

medicine, livestock health and production, and animal welfare (1,2). There are limited or few 

alternative treatment options in patients infected with pathogens resistant to medically important 

antibiotics, particularly those with resistance to critically important antibiotics (3). The World 

Health Organization (WHO), the World Organization for Animal Health (OIE) and the Food and 

Agriculture Organization of the United Nations (FAO) regard antimicrobial use (AMU) in as a 

significant driver of AMR in humans and animals alike (2,4,5). In a tripartite “One Health” 

approach, these major global institutions have called for a worldwide effort to reduce 

inappropriate and unnecessary AMU in all sectors (2,4,5). The WHO and the OIE have 

categorized antibiotic classes according to their importance for human and animal health, 

respectively (3,6). Categorization of antibiotic classes is useful for prioritization of strategies to 

limit AMR, such as antibiotic stewardship. To help achieve this goal, WHO has published 

guidelines recommending certain restrictions on the use of medically important antibiotics in 

non-human sectors (7). Food production sectors use antibiotics of importance to humans that are 

the same or belong to the same antibiotic class as those used in human medicine for animal 

disease treatment or prevention in vulnerable individuals or groups (3,5,8). 

Worldwide, nations are heeding the call for reduced antibiotic use in food production 

through regulation and industry guidelines. For example, in the USA, the US Food and Drug 

Administration Center for Veterinary Medicine promotes prudent use of livestock antibiotics 

belonging to classes of importance to humans by requiring they be administered with veterinary 

oversight and be limited to the purpose of assuring animal health. The use of medically important 
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antibiotics in healthy animals for growth promotion was prohibited by 2017 in the USA (9). In 

Canada, similar regulations enacted by December 2018, eliminated the over-the- counter use of 

antibiotics belonging to classes of medical importance to humans by requiring veterinary 

oversight for administration of these antibiotics by injection or by addition to feed or water (10). 

In the European Union (EU), the use of antibiotics in feeds for growth promotion has been 

banned since 2006 (11). In their systematic review of antibiotic use in swine production from 

2000–2017, Lekagul et. al., (12) reported that there was geographical variation in antibiotic use 

by types of diseases. Choice of antibiotic was dependent upon the common pathogens associated 

with age-specific diseases and upon route of administration, typically oral in-feed medication in 

nursery pigs. Lekagul et al., (12) concluded that medically important antibiotics are still 

commonly used worldwide for disease prevention and control in swine production, particularly 

in modern commercial swine production during the suckling piglet and nursery pig stages. 

Scoping review methodology is used to systematically map the literature with regard to 

the extent, range, and nature of existing research of a particular topic area (13, 14). Scoping 

reviews are also useful as preliminary ‘reconnaissance’ to assess the feasibility of undertaking a 

full systematic review of a specific topic and to identify gaps in the existing research (13, 14). 

While, scoping reviews are descriptive and broad in nature, systematic reviews aim to address a 

specific research question by using explicit systematic methods to collate all the evidence that 

fits pre-specified eligibility criteria while minimizing bias (13, 15). To help inform antibiotic 

stewardship goals, a scoping review of non-antibiotic approaches to nursery pig health could 

help researchers advance the knowledge of alternative approaches by indicating topics that could 

be subject to formal systematic reviews or merit further research. In addition, a scoping review 
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could illuminate current gaps in research on non-antibiotic approaches to nursery pig health for 

swine industry professionals, swine researchers and research funding agencies. 

The objectives of this scoping review were threefold: i) to examine and describe the 

volume, range and nature of research on non-antibiotic approaches for disease prevention and 

control in commercial nursery pig production; ii) to identify specific topics where available 

research literature may support systematic reviews; iii) to identify knowledge gaps in the primary 

literature on the effectiveness of various non-antibiotic approaches. Summarizing the literature 

regarding intervention effectiveness was not an objective for this scoping review. 

METHODS 

This scoping review followed the framework for scoping reviews as outlined by Arksey 

and O’Malley (13) using the PRISMA-ScR (i.e., Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses Extension for Scoping Reviews) guidelines for reporting scoping 

reviews (16). The registered protocol can be located through UoG Atrium 

https://atrium.lib.uoguelph.ca/xmlui/handle/10214/12929. 

Our review question was as follows: What is the volume and nature of the primary 

research literature published between 2000 and 2018 that evaluated non-antibiotic interventions 

(i.e., products such as vaccines or feed additives and management practices such as weaning 

methods or biosecurity) to prevent or control bacterial and viral illnesses in nursery pig 

production in North America and regions or countries with similar production conditions? Viral 

illnesses were included because we presumed that preventing viral infections may reduce 

secondary bacterial illnesses. 

https://atrium.lib.uoguelph.ca/xmlui/handle/10214/12929)
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Expert stakeholder engagement 

As the volume of literature on the broad topic of non-antibiotic approaches for nursery 

pig health was potentially very extensive, we sought expert opinion to refine our research 

question and help to inform our search strategy and study eligibility criteria. More specifically, 

the stakeholder engagement served six objectives: i) to identify the countries or regions with 

similar commercial swine production practices to those of North America, ii) to select the swine 

production stage(s) for which non-antibiotic approaches could most effectively reduce total 

AMU in swine production, iii) to solicit opinions on the importance of various antimicrobial 

types to antimicrobial stewardship in the swine industry (e.g., antibiotics belonging to medically 

important classes used to prevent or control swine diseases, anticoccidials and anthelmintics), iv) 

to identify the health and production outcomes of greatest importance to swine producers, v)  to 

identify the most important non-antibiotic interventions in the form of specific products (e.g., 

vaccines, feed additives, medications, or supplements) or specific management practices (e.g., 

weaning practices, biosecurity, housing, feed type, restricted feeding), and vi) to identity any 

additional outcomes or interventions that we had not included on our initial lists. We also asked 

the stakeholders to recommend other experts who should be consulted. 

The expert opinion was gathered through an anonymous online survey (Qualticsxm). The 

respondents selected and ranked options from a list for a particular question and/or responded in 

an open-ended format. Expert stakeholders consulted included representatives within provincial 

or national Canadian swine industry associations, representatives in provincial agriculture 

departments, and Canadian scientists engaged in swine agriculture and/or swine veterinary 

research. We assumed that the responses from stakeholders of Canadian institutions would be 
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representative of experts from the USA and other countries with commercial swine production. 

Stakeholders’ most common responses and suggested additional responses were used to inform 

the parameters of the search, eligibility criteria and data items. Ethics approval for this survey 

was not required as the results were used strictly to inform the review process and not reported as 

a finding of the review. 

Eligibility criteria 

Eligible information sources were from North America, EU countries, Australia and New 

Zealand available since 2000, as these sources of evidence were most likely to reflect current 

commercial swine production systems most similar to those of North America. Eligible 

publication types included English-language journal articles, conference proceedings, theses, and 

technical reports. In addition to electronic databases, proceedings were sourced from the 

American Association of Swine Veterinarians (AASV) Annual Meeting and Pre-conference 

seminar from 2000 to 2018, and the International Pig Veterinary Society Congress biannual 

meetings from 2000 to 2016.  We included research reports that reported a challenge trial, 

clinical trial (i.e., controlled trial), or observational study of a modifiable intervention and 

reported a health or production outcome in nursery pigs. For purposes of this review 

‘interventions’ also included modifiable risk factors. Consistent with our stakeholder engagement 

results, interventions related to breed or genetic improvement were not included. Our stakeholder 

engagement also informed our a priori selected outcomes of interest. These included health 

outcomes of bacterial or viral infections significant to swine health in North America, treatment 

costs, and measures of performance. Studies evaluating toxicities or parasitic infections were 

excluded. Non-English information sources were excluded.  Quasi-experimental intervention 
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studies designed as “before period” versus “after period” of the intervention application were 

excluded. 

Information sources 

To aid in the development and validation of the search, we checked that it included 25 

known relevant citations. The primary reviewer (LW) performed the database search from March 

27, 2018 to April 19, 2018 using multiple databases hosted by the data platforms of ProQuest, 

Web of Science, and PubMed (Table 3.1). Though the database CAB Direct was originally 

targeted for inclusion, due to technical difficulties it was not used. The search for proceedings 

was conducted manually by the primary reviewer and a second reviewer working independently 

subsequent to obtaining access to the online AASV Swine Information Library through a 

membership, September 20, 2018. 

Search 

The database search was filtered by language (English), date of publication (published 

between 2000 and date of search in 2018), and by location filters for eligible countries if 

available. Additional filters were applied as were allowable within the data platform. These 

included source and document type (i.e., article, proceedings paper, meeting abstract, and thesis), 

subject or research areas, and Medical Subject Headings (MeSH) or qualifiers. The search terms 

were limited to the title or abstract in the PubMed and Web of Science platforms or ‘anywhere 

except full text’ for the ProQuest platform databases. Management of the identified citations was 

as follows: first they were imported into the reference manager software EndNote (Clarivate 

Analytics, Philadelphia, United States), second, they underwent exact match deduplication in 
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EndNote, third they were imported into the systematic review software DistillerSR (Evidence 

Partners, Ottawa, Canada) where they underwent further deduplication based on close matches. 

The database search strategy included a string of the population term groupings (e.g., weanling, 

nursery pig, starter pig), one of two intervention term groupings, and an outcome term grouping 

(e.g., health, diarrhea, or growth) with each grouping connected by the Boolean operator ‘AND’ 

(Table 3.2).  There were two intervention term groupings, one for interventions of interest in the 

form of a product (e.g., vaccine, feed supplement, or plant extract), another for interventions in 

the form of a management practice (e.g., antibiotic-free, late weaning as defined by the study 

authors, or disinfection). Within each term grouping, terms were combined by the use of the 

Boolean operator ‘OR’. The search was conducted by the primary reviewer (LW) in consultation 

with a University of Guelph research librarian. 

The online proceedings identified as being potentially relevant based on subject headings 

and titles were entered onto a Microsoft Excel (2010) spreadsheet for tracking of further 

screening decisions. Relevant full text proceedings were entered into the DistillerSR database. 

Proceedings that were duplicates of journal articles were removed. 

Selection of sources of evidence 

Our review team consisted of veterinary epidemiologists one of whom acted as the 

primary reviewer, a topic expert in swine research (TOS), and two trained MSc epidemiologists 

who acted as second reviewers. Pre-testing of the relevance screening form was conducted on 

100 citations based on title and abstracts. Pre-testing of the data charting was conducted on 25 

full text articles. Using forms created in DistillerSR, two independent reviewers screened and 
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charted the data. Any disagreements were resolved by consensus or a third reviewer. After pre-

testing, the level one relevance screening form did not change. 

  However, due to the large volume of literature identified after the first level of relevance 

screening, three additional relevance screening levels were applied to the titles and abstracts to 

refine the selection of relevant citations to the literature that was most pertinent to our research 

question (Appendix 3.1, Level 1–4 relevance screening forms). Level 2 screened by eligible 

countries or regions by first author address. Level 3 screened by study type and information 

regarding the challenge pathogen or antigen was collected but then challenge trials were 

excluded from further screening and data charting. Level 3 also screened by pig type (i.e., 

included only conventional or specific pathogen free pigs). Level 4 screened by intent of the 

intervention (i.e., included non-antibiotic interventions for viral or bacterial infections, excluded 

interventions for mycotoxins and soy allergens) and by eligible diseases (i.e., excluded reportable 

or rare diseases such as classic swine fever, Aujesky’s disease and foot and mouth disease, and 

outcomes only of public health impact such as swine hepatitis E virus and methicillin resistant 

Staphylococcus (Staph.) aureus). At level 4, the articles that only reported a performance 

outcome without any health outcomes of interest were excluded from data charting. Health 

outcomes of interest were defined a priori and included clinical outcomes (i.e., mortality all-

cause, diarrhea, respiratory disease and non-specific morbidity defined as non-diarrheal, non-

respiratory non-specific morbidity (e.g., pyrexia, removals or unthriftiness) or other morbidities 

such as lameness), surrogate health outcomes such as shedding of clinically important pathogens 

(i.e., Salmonella spp., Campylobacter spp., Enterotoxogenic Escherichia coli (ETEC E. coli), 

and measures of specific and non-specific immunity to vaccines or bacterins (Table 3.3). In 
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summary, articles that were selected for data charting reported research on non-antibiotic 

approaches to improve health outcomes of important viral and/or bacterial infections in 

conventional or specific pathogen free nursery pigs in North America, EU countries, UK, New 

Zealand or Australia. The additional relevance screening levels 2–4 were a protocol deviation 

intended to focus the data charting on studies that addressed our research question. 

Data charting process 

Data charting of full text articles (i.e., journal articles, technical reports, theses, and 

conference proceedings) was conducted by both the primary reviewer and a second reviewer 

working independently using a form in DistillerSR (Appendix 3.2, Data charting form). Any 

disagreements were resolved by consensus or a third reviewer. Data were charted at the 

individual study level. 

We focused the data charting on clinical trials and observational studies that reported a 

health outcome of interest in the nursery stage of production. However, for studies that reported a 

health outcome of interest, additional data charting related to other health outcomes and non-

health outcomes was completed. A further protocol deviation included an additional question 

regarding the stage of production at which the intervention was applied (e.g., reproduction, 

suckling, or nursery). 

Data items 

We charted data for the publication type and for the following study characteristics: study 

design, study location and year of publication or conference year, study size, and farm settings of 

the study population (i.e., experimental farm vs. commercial farm). In addition, we charted data 

for the following: production stage(s) of animals receiving the intervention, purpose of 
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intervention as disease prevention, and/or treatment, and/or performance, specific intervention 

evaluated, comparison group(s), health outcomes of interest reported, other outcomes reported, 

study size and the hierarchical level at which the outcome was measured (i.e., individual, 

group/pen, or herd/farm) (Table 3.3). Data were charted using preselected response options with 

an added text box for additional responses or clarification for the interventions, comparator 

groups, and outcomes reported (Appendix 3.2). 

In this review, interventions such as non-antibiotic medication, vitamin, mineral, or 

antibody given directly to individual animals via injection or oral bolus were charted as a 

‘medication’ whereas, the same intervention given to groups of animals via feed was charted as a 

‘feed additive’. There were two data charting options related to measures of immunity as an 

outcome, one specifically for vaccine immunity and another for non-vaccine immunity. 

Data charted regarding the purpose(s) of the intervention were based on information in the title 

or objective statement. Prevention was selected if the herd or group of pigs showed no clinical or 

subclinical evidence of disease or infection. Whereas treatment was selected if the pigs as 

individuals or groups in part or whole showed evidence of infection or were known to be 

exposed. Although we charted data for disease prevention and/or treatment, in the results we 

reported disease control for those studies which described an intervention given for both 

purposes, treatment and prevention (i.e., the intervention was given to groups of pigs assumed to 

comprise both healthy and clinically or sub-clinically affected or exposed pigs). Definitions for 

disease prevention, treatment, control, and pig performance were based on those provided by the 

United States Government Accountability Office (GAO) (17) and the American Veterinary 

Medical Association (18). 
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Comparison groups that were not clearly stated as ‘no treatment’ or ‘conventional 

practice’ were charted as comparison groups that received a ‘different form or level’ of the 

intervention or exposure. Studies could be charted with multiple types of comparison groups 

(i.e., both a ‘no treatment’ control group and ‘different form or level’ if additional comparison 

groups received various levels or form of the treatment or exposure). Zinc oxide (ZnO) was 

charted as an intervention when it was the study intervention of interest and charted as a 

comparison group when another non-antibiotic intervention of interest was compared to zinc 

treatment. 

To meet our second objective of identifying specific intervention topics that could be 

combined for systematic reviews, we considered only clinical trials with clinically important 

outcomes.  These included: mortality; non-diarrheal, non-respiratory non-specific morbidity or 

other morbidities such as lameness; diarrhea or fecal score; respiratory disease; and treatment for 

illness or antibiotic use. Thus, not all health outcomes of interest were considered as clinically 

important outcomes. The criteria for selection of topic areas as potentially extensive enough for 

systematic reviews was arbitrarily set at a minimum of 10 clinical trials reporting a similar 

intervention in the same population (e.g., amino acids in nursery pig feed, specific piglet 

vaccines and/or dam vaccines) and one or more clinically important outcomes, though not 

necessarily the same clinically important outcome among all clinical trials for the specific topic 

area. 

Synthesis of results 

Data charted in DistillerSR were entered into a database in Stata 15.1 (College Station, 

Texas, USA). These data were summarized descriptively and presented in the form of tables and 
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figures in accordance with our stated data charting scheme. So as to emphasize the research with 

the highest evidentiary value we present detailed results for articles that reported clinical trials 

and observational studies (19). For the challenge trials, we presented only details of the types of 

challenges evaluated as obtained during Level 3 screening. 

RESULTS 

Expert stakeholder engagement 

A total of 73 experts were invited to respond to the survey, of which 33 responded (45%). 

We incorporated the stakeholder input into our search strategy and data charting items. There 

were no suggested publications that were not identified through our search. 

Selection of sources of evidence 

There were 11,316 unique citations screened for eligibility, 6,644 were from the database 

search and 4,672 were from the grey literature proceedings of the AASV Swine Information 

Library sources (Figure 3.1). Two proceedings that were duplicates of journal articles were 

removed (Figure 3.1). A total of 536 challenge trials were identified at level 3 screening of 

database sources and at full text screening of proceedings. A description of the types of challenge 

agents is presented in Appendix 3.3. A total of 772 journal articles and proceedings that 

described clinical trials or observational studies but only reported a performance outcome or 

other outcome without reporting any health outcome of interest were excluded at level 4 

screening of the database sources and full text screening of proceedings. In total 589 citations 

(5%) describing clinical trials or observational studies and reporting a health outcome of interest 

were screened for eligibility based on full text. Among these, 398 were eligible for data charting. 
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Thirty-four eligible articles (8.5%) described one or more studies; in total there were 441 

relevant clinical trial or observational studies included for data charting.     

Characteristics of sources of evidence 

The majority of eligible studies were clinical trials (n=414, 94%). The remainder were 

observational studies (n=27, 6%). The observational studies were conducted exclusively using 

animals living in commercial farm settings whereas the clinical trials were conducted using 

animals living in experimental farm settings (n=206, 50%) and in commercial farm settings 

(n=182, 44%). The farm settings were unclear for 26 (6%) clinical trials of which 20 were 

reported in proceedings. 

The majority of the studies were conducted in EU countries or the UK (n=284, 64%) 

followed by the USA (n=110, 25%). There were 17 studies conducted in Australia or New 

Zealand. The five EU countries with the greatest numbers of studies were Spain, Denmark, 

Poland, Germany and France. The five specific states of the USA with the greatest numbers of 

studies were Minnesota, Iowa, North Carolina, Illinois and Nebraska. Among the 27 

observational studies, 19 were conducted in EU countries and five were conducted in Canada. 

Among the 414 clinical trials, 265 were conducted in EU countries or the UK, 108 were 

conducted in the USA and 25 were conducted in Canada. 

The body of eligible studies (n=441) was comprised of published articles (n=297, 67%) 

and proceedings (n=144, 33%). The 284 studies reported from EU countries and the UK were 

mostly communicated through published articles (n=212, 75%) whereas the 110 studies reported 

from the USA were mostly communicated through proceedings (n=60, 55%). 
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  The annual number of included studies reported in published articles increased in an 

approximately linear trend since 2000 whereas the number of proceedings varied every other 

year in accordance with the alternate year schedule of the International Pig Veterinary Society 

Congress and the number of accepted proceedings at the congress and the Annual Meeting of the 

AASV (Figure 3.2). 

Synthesis of results for clinical trials and observational studies 

The stated purpose(s) of the intervention as disease prevention, disease control, and/or 

performance varied according to the farm settings among the 414 clinical trials and 27 

observational studies. There were no studies that evaluated an intervention for the clearly stated 

purpose of treatment of individual sick pigs. 

Studies where the purpose of the intervention was for disease control (n=134) were 

conducted primarily on commercial farms (n=122, 91%) whereas when the purpose of the 

intervention as prevention (n=250), studies were conducted on both commercial farm (n=75, 

30%) and research farms (n=153, 61%). Among the 414 clinical trials, 238 (57%) evaluated an 

intervention for the purpose of prevention of which the majority were an evaluation of vaccines 

in piglets and/or dams (n=167, 70%). Although all included studies (n=441) reported a health 

outcome of interest in nursery pigs, many clinical trials (n=238, 57%) and some observational 

studies (n=5, 19%) also reported performance as a purpose of the intervention. 

Non-antibiotic interventions or risk factors 

All eligible studies measured a health outcome in nursery pigs; however, interventions 

were applied to one or more specific populations based on production stage comprising dams, 

suckling piglets, or nursery pigs. Some studies reported the application of the intervention to 



 

 

101 

 

more than one population. Among the total populations described in the eligible studies (n=553), 

interventions were most commonly applied to nursery pigs (n=406, 73%), followed by suckling 

piglets (n=86, 16%), and dams (n=61, 11%). Some studies reported the application of the 

intervention to all three populations (n=27). 

We charted data for 11 different categories of interventions or risk factors (Figure 3.3). 

Among the 414 clinical trial studies, there were 495 interventions described (Appendix 3.4). The 

two categories of interventions most frequently reported were feed additives (n=179) and nursery 

or suckling piglet vaccination (n=160) (Figure 3.3). Together, these two categories accounted for 

68% of all interventions. The least common categories were air quality (n=3) and producer 

education (n=4). Details of all specific interventions for clinical trials are presented in Appendix 

3.4 and further details for these specific interventions regarding comparison groups and health 

outcomes reported are available upon request. Among the 27 observational studies, there were 84 

interventions or risk factors described (Table 3.4). The two categories that were most frequently 

studied were biosecurity (n=19) and vaccinations of dams (n=14). 

Interventions evaluated as comparison groups 

Among the clinical trials and the observational studies there were 672 comparison groups 

described. The most frequently reported comparison group was ‘different form or level’ of the 

intervention or exposure (n=328, 49%), followed by a no treatment control group (n=221, 33%). 

The clinical trials also described comparison groups that received placebo (n=84, 13%), 

antibiotics (n=24, 4%), ZnO (n=8, 1%) or a combination product containing an antibiotic and 

ZnO (n=3, <1%). Note that some studies compared a non-antibiotic intervention group to a ZnO 
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comparison group whereas, other studies compared a ZnO treatment group to a no-treatment 

control group, antibiotic or other treatment comparison group. 

Among the 27 clinical trials that included an antibiotic comparison group, 21 investigated 

various feed additives, three investigated vaccinations to control Mycoplasma hyopneumoniae, 

one investigated a feed type, one investigated housing at the time of weaning and one 

investigated producer education in the form of individual pig care training versus standard 

metaphylactic antibiotic use in cases of nursery pig morbidities (20) (Appendix 3.4). Among the 

179 clinical trials that investigated feed additives, 10 included a ZnO comparison group 

(Appendix 3.4). 

Outcomes measured 

We charted data for nine health outcomes of interest. Among the clinical trials and 

observational studies there were 729 reported outcomes (Figure 3.4). The three most commonly 

reported outcomes included, clinical diarrhea (n=188, 26%), mortality (n=158, 22%) and vaccine 

immunity (n=140, 19%). Immunity to vaccines included measures of specific immunity (n=140) 

(e.g., serology and/or pathogen recovery or identification with PCR, and cell mediated 

immunity) and in five studies also included non-specific immunity. Reporting of measures of 

immunity to a vaccine, with or without reporting other outcomes, were common among vaccine 

clinical trials (n=118).  A total of 43 (36%) vaccine clinical trials only reported measures of 

immunity without reporting any clinically important outcomes. These trials were conducted on 

research farms (n=18), commercial farms (n=20), and farm settings in which it was unclear 

(n=5). Other outcomes reported included treatment for illness or antibiotic use (n=60, 8%). 

Antibiotic treatments were typically for diarrhea when specified. The metric used for treatment 
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for illness or antibiotic use varied (e.g., number of treatments, percent treated animals, treatment 

incidence calculated on an animal daily dose basis, and farm-level antibiotic use). Less 

commonly reported outcomes included non-diarrheal, non-respiratory non-specific morbidity 

(e.g., fever, removals or unthriftiness) or other morbidities such as lameness (n=55, 8%) and 

pathogen shedding (n=54, 7%). The remainder of the reported health outcomes of interest 

included non-vaccine immunity (n=32, 4%) which comprised studies that measured specific 

immunity (n=21), non-specific immunity (n=10), or both (n=1). Presence of pathological lesions 

(e.g., lung lesions at necropsy or injection site lesions) (n=26, 3.5%) and clinical respiratory 

disease (n=16, 2%) also were reported (Appendix 3.4). 

Among the 441 included clinical trials and observational studies, all of which reported a 

health outcome of interest, the most commonly reported additional outcomes included 

performance outcomes such as growth (n=297, 67%), feed efficiency (n=197, 45%) and feed 

intake (n=186, 42%). 

Study size 

Among both clinical trials and observational studies, the study size varied widely from 

the smallest study using 6 individuals to evaluate an autogenous vaccine (21) to the largest study 

using 331,592 individual pigs to evaluate the impact of a producer education program on nursery 

pig mortality (22) (Table 3.5). Some studies measured health outcomes at the individual level but 

performance outcomes at the pen level. Most studies measured outcomes at the individual level 

regardless of the level of intervention allocation (Table 3.5). Among the observational alone, 

studies varied from 160 to3,736 individuals. 

Material for potential systematic review questions 
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There were 13 interventions evaluated in clinical trials that met our inclusion criteria for 

studies that could feasibly support systematic reviews; these included feed additives (e.g., amino 

acids, diet acidification, organic acids, fiber, phytobiotics, prebiotics, probiotics, egg yolk 

antibodies, and ZnO), vaccination of piglets (e.g., Porcine circovirus 2 (PCV2) and Porcine 

Reproductive and Respiratory Syndrome Virus (PRRSV) and Mycoplasma hyopneumoniae), and 

vaccination of dams (e.g., PCV2) (Appendix 3.4). 

Knowledge gaps 

The selection of knowledge gaps identified were discretionary items based on the authors' 

opinions. We found that there were relatively few studies in which a non-antibiotic intervention 

was compared directly to an antibiotic comparison group. Among the vaccine clinical trials 

approximately one third failed to report a clinically important outcome. 

DISCUSSION 

This scoping review of non-antibiotic approaches for disease prevention or control that 

may reduce the need for antibiotics in nursery pigs relevant to the North American context 

identified a large body of literature with considerable breadth and depth. Since most of the 

studies described in this ScR were conducted in EU or the UK, we may have not captured a body 

of knowledge on this broad topic for the North American context. The breadth of this literature 

was reflected in the diversity of interventions or risk factors evaluated whereas the depth of this 

literature was reflected in the number of specific topic areas with similar studies that might 

feasibly support systematic reviews. 



 

 

105 

 

Clinical and policy decisions are generally regarded as best guided by the interpretation 

of findings of multiple studies evaluating the same research question rather than the findings of a 

single study, which is a random event from a distribution of possible results (23). A summary of 

multiple relevant studies in the form of a systematic review can provide a credible summary of 

the primary literature (23). However, a third of the literature included in this scoping review was 

sourced from proceedings which present at least three challenges to systematic reviews. Firstly, 

proceedings obtained through the AASV Swine Information Library were available exclusively 

to members and thus would not be available to review teams through database searches. 

Secondly, these proceedings databases were not searchable through word string searches, which 

are an efficient method to search the literature on a specific topic. Thirdly, these proceedings 

were not peer-reviewed and often were short; thus, the quality of research reporting in 

proceedings may be insufficient for inclusion into systematic reviews. Brace et al., (24), in an 

evaluation of the quality of reporting of vaccine trials at veterinary conferences, concluded that it 

would be difficult to assess validity from the information provided in most conference 

proceedings. Although, there was apparently considerable depth in this body of literature, 

without the inclusion of proceedings, the depth may actually be considerably less. Interestingly, 

the majority of research from the USA on this broad topic was available only through 

proceedings. Similarly, Brace et al., (24) reported that only 6% of 89 proceedings presented on 

swine vaccines at the AASV annual conference from 1988 to 2003 were later published as full 

articles. Although assessing the proceedings-to-publication ratio from AASV conferences was 

not our objective, our findings of only two duplicate journal articles with conference proceedings 
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suggest the ratio is still low. This may represent a lost opportunity for the communication of 

research. 

We chose to focus our data charting on controlled clinical trials. We did not include 

quasi-experimental trial design (i.e., before and after intervention comparisons), as this design 

does not provide an equal evidentiary value to clinical trials (19). Though challenge trials serve 

an important purpose in providing proof of concept prior to field trials under natural exposures, 

challenge trials tend to report more favourable outcomes compared to clinical trials of the same 

intervention (25). We found that the body of literature in this review was dominated by clinical 

trials with comparatively few observational studies. This may reflect the comparative ease of 

conducting and study design appropriateness of clinical trials vs. observational studies on swine 

farms. 

This scoping review identified a wide variety of vaccines and feed additives which 

together comprised the majority of interventions evaluated in clinical trials. There was a dearth 

of clinical trials that evaluated management interventions such as biosecurity and infection 

control, feed or nutrient restrictions, housing and weaning. This may reflect the difficulty of 

evaluating these types of interventions in clinical trial settings and/or the difficulty in sourcing 

funding for trials of these interventions (26). Biosecurity was the most frequently studied 

intervention among the relatively low number of observational studies identified by this scoping 

review. Thus, the depth of research available for synthesis on management practices was far less 

than for other interventions. 

Despite the approximately equal number of studies conducted on research farms vs. 

commercial farms, there was a strong predominance of research with the purpose of preventing 
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disease on research farms whereas research with the purpose of disease control was 

predominately conducted on commercial farms. Variables that may impact the outcome of a trial, 

such as prior disease-free status, could potentially be better controlled on research farms than 

commercial farms. Whereas, the field conditions of commercial farms, such as an existing 

disease problem, provides a better setting to truly test the effectiveness of an intervention under 

‘natural commercial’ conditions (27). However, it is unknown to what extent the research versus 

commercial farm settings impact external validity in swine research. 

Among the studies identified through this scoping review, approximately half reported a 

comparison group that was a different form or level of the intervention itself. Traditional 

systematic reviews and meta-analyses are not just based on studies with similar interventions, 

populations and outcomes, but also similar comparison groups. In the absence of sufficient 

studies with similar comparison groups, combining studies with the same outcome through 

network meta-analysis may prove useful. Network meta-analysis allows comparisons of 

interventions that may not have been directly compared in head-to-head trials by mathematically 

evaluating both direct and indirect comparison evidence of multiple interventions and 

comparisons (28). If we had restricted our scoping review to studies that compared a non-

antibiotic intervention group to an antibiotic intervention group our review would have been very 

limited: firstly, because most of these studies evaluated a feed additive intervention, and 

secondly because there were relatively few feed additive intervention studies with an antibiotic 

comparison group. In a body of literature that describes non-antibiotic approaches to improve the 

health of nursery pigs, this lack of comparisons to antibiotics may represent a knowledge gap for 

decisions about antibiotic alternatives. Where it may be appropriate to use an antibiotic 
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comparison group the results could potentially demonstrate the superiority or at least the 

noninferiority of a non-antibiotic intervention. 

Approximately one third of vaccine clinical trials did not report a clinically important 

outcome, though they did report measures of immunity. The lack of reporting clinically 

important outcomes when they could have been measured reduces our opportunity to build a 

body of evidence best suited for clinical decision-making. Clinically important outcomes as 

determined by guidelines, clinicians, patients, or the researcher provide the best evidence for 

inclusion in systematic reviews whereas, indirect outcomes such as measures of immunity 

provide a relatively lower quality of evidence (29,30,31,32,33). To enhance research efficiency, 

future vaccine clinical trials should report clinically important outcomes. 

Beyond describing the body of literature pertaining to non-antibiotic approaches that may 

reduce the need for antibiotics for disease prevention or control in nursery pigs, an additional 

objective of this review was to identify specific topic areas where there may be sufficient 

literature to support systematic reviews. We identified 13 specific topic areas with a minimum of 

ten clinical trials that may feasibly support systematic reviews. These topic areas were comprised 

of various vaccines and feed additives. Although, we listed the ZnO as an intervention for which 

there may be sufficient material to support a SR, we do not recommend knowledge synthesis for 

this intervention given that concerns regarding AMR co-selection with the use of ZnO in swine 

(34). Though this scoping review identified numerous specific topic areas that might be feasibly 

combined in systematic reviews, similarity among comparison groups and choice of outcome 

would need to be carefully considered. Nevertheless, systematic reviews of these topic areas for 

nursery pigs, if not already conducted, could provide a useful synthesis of existing knowledge. 



 

 

109 

 

Some systematic reviews of related topics have been conducted (35,36, 37,38,39) however, none 

of these systematic reviews pertained exclusively to health outcomes in nursery pigs. 

In determining the specific topic areas with sufficient similar studies to support systematic 

reviews, we used an arbitrary number of ten similar clinical trials with some commonality of the 

intervention and population. Technically, a minimum of two studies are all that is needed for 

combination in a meta-analysis if those studies are similar enough to combine in a meaningful 

way (40). However, having additional studies provides an opportunity to explore between-study 

variability which in turn impacts the interpretation and meaning of the meta-analysis (40,41). 

There were potential limitations that may have impacted the comprehensiveness of this 

scoping review. Firstly, we may have missed some articles if we did not include all possible 

terms for each of the many non-antibiotic interventions included in the search. Systematic 

reviews for specific interventions should maximize comprehensiveness by including all possible 

terms. Secondly, we may have overlooked some interventions or outcomes if they did not appear 

in the title or abstract. Thirdly, we accessed bibliographic sources available through the 

University of Guelph data platforms and two conference proceedings available through the 

AASV library. We may have missed additional published articles available through other 

databases, and unpublished studies generated by companies testing products or proceedings from 

other conferences. Fourthly, our search using the CAB Direct platform was unsuccessful due to 

technical difficulties. Without the additional studies identified through that platform, our search 

may not have been as comprehensive as we had intended. The coverage provided by CAB 

Abstracts was found to be excellent in a comparison of nine databases for veterinary journals 

(42) so it is possible that CAB platform contained relevant articles that our search did not 
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identify. Finally, due to limited resources we could not include all possibly relevant sources of 

grey literature such as symposia proceedings. We chose to focus on the grey literature of North 

America. 

In addition to limitations to comprehensiveness, this review may have two additional 

limitations. Firstly, we may have misclassified the purpose of the intervention for disease control 

by including in this category pig herds or groups that also had a known exposure to an infection 

and not solely groups that contained clinically ill or infected pigs as defined by AVMA and GAO 

reports. Finally, we did not assess inherent biases of included studies such as lack of appropriate 

randomization of clinical trials, lack of concealment or blinding, loss to follow-up, or selective 

outcome reporting. Any systematic reviews of non-antibiotic approaches that may reduce the 

need for antibiotic prevention or control in nursery pig production should include a risk of bias 

assessment (43). 

 

Contribution to the Field Statement 

  Scoping reviews systematically map the extent, range, and nature of research literature 

for a broad topic area.  They are useful as preliminary ‘reconnaissance’ to identify specific topics 

for full systematic reviews and to identify gaps in the existing research. In this scoping review 

we describe the literature on non-antibiotic approaches for disease prevention and control in 

nursery pig production. Though we found considerable volume, breadth and depth in this body of 

research, one third of the literature was in the form of proceedings which may not report enough 

detail to assess validity. Approximately one third of the vaccine clinical trials failed to report a 

clinically important outcome. There was a dearth of studies evaluating management practices or 
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interventions versus antibiotic comparison groups. There were 13 specific topics comprising 

various feed additives and vaccines that may feasibly support systematic reviews. Future clinical 

trials could focus on the 13 identified topics with the inclusion of clinically important outcomes. 

Future primary research could also include preventive antibiotic use comparison groups where 

appropriate to enhance the evidence for antibiotic alternatives in nursery pig production. 

Systematically mapping this literature provides a guide for future research and research funding. 
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Tables and figures 

 

Table 3.1. Data platform and database information sources used in the scoping review search on 

non-antibiotic approaches to reduce the need for antibiotics in nursery pig production. 

Data Platform Databases 

ProQuest Agricultural & environmental science AGRICOLA & TOXLINE 

Biological Sci Database [MEDLINE & TOXLINE], Dissertations & 

Theses Guelph, ProQuest Dissertations & theses 

 

ProQuest AGRICOLA 

 

PubMed PubMed (not MEDLINE) 

 

Web of Science Science Citation Index, Conference Proceedings Citation Index –Science 

 

Web of Science MEDLINE 

 

AASV Annual meeting proceedings 

 

AASV International Pig Veterinary Congress [biannual meetings] proceedings 
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Table 3.2. Search terms for non-antibiotic approaches to reduce the need for antibiotics in 

nursery pig production. A search string included the population terms and either the product 

intervention terms, or the management intervention terms plus the outcome terms connected by 

the Boolean operator ‘AND’. 

Groupings Search terms 

Population 

terms 

(Piglet* OR weaner* OR “weaning pig*” OR “weanling pig*” OR “weaner 

pig*” OR “weaned pig*” OR “weaner stage” OR “weaner phase” OR “nursery 

pig*” OR “young pig*” OR “younger pig*” OR “early-weaned pig*” OR “late-

weaned pig*” OR “nursery-age*” OR “naïve pig*” OR “starter pig*” OR 

“neonate pig*” OR “neonatal pig*” OR “suckling pig*”) 

 

Product 

intervention 

terms 

(Antibiotic* OR antimicrobial* OR vaccin* OR immunization OR “sow vacc*” 

OR “dam vacc*” OR “gilt vacc*” OR “sow immunization” OR “dam 

immunization” OR “gilt immunization” OR “trace mineral*”  OR “essential 

mineral*” OR “mineral source*” OR “mineral form*” OR  Zinc*OR vitamin* 

OR “dietary acid*” OR “organic acid*” OR “dietary fatty acid*” OR “medium 

chain fatty acid*” OR acidif* OR “feed enzyme*” OR fermentable OR 

fermented OR “plant extract*” OR herbal OR seaweed OR spice OR 

phytogenic OR “dietary lysine” OR “dietary tryptophan” OR lactoferrin OR 

lysozyme OR L-glutamine OR nutraceutical* OR neutraceutical* OR 

supplemental OR “dietary supplement*” OR “diet supplement*” OR “feed 

supplement*” OR “dietary additive*” OR “diet additive*” OR inulin OR 

oligosaccharide* OR polysaccharide* OR mannan* OR B-glucan* OR 

probiotic* OR prebiotic* OR synbiotic* OR “direct-fed microbial*” OR 

“competitive exclusion” OR yeast OR “Saccharomyces cerevisiae” OR 

“essential oil*” OR “fish meal” OR “ blood meal” OR “spray-dried” OR 

immunoprophylaxis OR immunotherapeutic* OR “egg-yolk antibod*” OR 

“IgY antibod*” OR bacteriophages OR “antimicrobial peptide*” OR “bovine 

colostrum” OR “epidermal growth factor*” OR “rare earth” OR clay OR 

“natural alternative*” OR homeopath*) 

 

Management 

intervention 

terms 

(“natural pig*” OR “organic swine” OR “organic pig*” OR “natural 

conditions” OR “non-conventional” OR “antibiotic-free” OR “weaning 

practice*” OR “weaning method*” OR “weaning procedure*” OR “weaning 

regime*” OR “weaning system” OR “conventional weaning” OR “weaning 

age” OR “early weaning” OR “late wean*” OR “age at weaning” OR “creep 

feed*” OR “stocking” OR crowding OR overcrowding OR “floor space” OR 

“feeder space” OR “housing system*” OR “housing design*” OR “housing 

environment*” OR “housing type” OR ventilation OR “air quality” OR  co-

mingling OR “mingl*” OR “mixed litter” OR mixing OR “batch system” OR 

“batch management” OR biosecurity OR “sanit*” OR “disinfect*” OR 

“cleaning” OR hygiene OR “all-in-all-out” OR “pig flow” OR “disease 

eradication” OR “disease control*” OR “multi-site” OR “liquid feed” OR “ 

liquid diet*” OR “pellet*” OR  “low protein” OR “decreased protein” OR 
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“restricted protein” OR “protein restrict*” OR “protein nutrition” OR “protein 

level” OR “protein source” OR “dietary protein” OR “restricted feed*” OR 

“feed restrict*” OR “control fed” OR “quality assurance” OR education) 

 

Outcome 

terms 

(health OR immun* OR diarrhea OR diarrhoea OR scours OR “colibacillosis” 

OR "fecal score" OR "clinical response*" OR "clinical parameters" OR "fecal 

shedding" OR "faecal shedding" OR morbidity OR mortality OR performance 

OR growth OR "daily weight gain" OR "average daily gain" OR "G:F" OR 

“gain-to-feed” OR "feed conversion" OR "feed intake" OR "ADG" OR ADFI 

OR "lightweight gain" OR productivity) 
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Table 3.3. Description of data charting items for relevant journal articles, technical reports, 

proceedings, or theses. 

Variable Description of items 

General study characteristics 

Study design Clinical trial (i.e., experimental or field-based trial under conditions of 

natural exposure), challenge trial (i.e., deliberate exposure to a pathogen 

or antigen under the control of the investigator), observational study 

 

Study location Country and region where the study was conducted as stated in the 

article or if not stated, first author address 

 

Year of publication Year of publication or year of proceeding 

 

Farm setting Population farm setting (i.e., experimental research farm, commercial 

farm, or unclear) 

Detailed trial or observational study characteristics 

Specific pig 

population in which 

the intervention was 

given 

 

Specific population based on production stage included dams, suckling 

piglets, nursery pigs 

 

Purposea of the 

intervention as stated 

in the title or 

objective statement 

Disease prevention (i.e., no pre-existing health problems or known 

exposures), disease treatment (i.e., individual pigs or groups in whole or 

part or the farm were known to have clinical disease or exposure to viral 

or bacterial pathogens. In addition, some studies included performance 

(e.g., feed intake, growth or body weight, feed efficiency) 

 

Non-antibiotic 

interventions in the 

form of a product or 

management practice 

or risk factor studied 

Products: 

Piglet vaccines, maternal vaccination, non-antibiotic feed or water 

additive including the addition of specific dietary components, non-

antibiotic medication (e.g., any medication, vitamin, mineral, 

antibodies, etc. administered directly to an individual). Combination 

products used as interventions that contained both an antibiotic (e.g., 

Zinc Oxide (ZnO) plus an antibiotic) were excluded. 

 

Management: 

Feeding regime as amount or schedule (e.g., protein level, creep 

feeding, restricted feeding); diet type or format (e.g., pelleted vs. mash, 

fermented feeds, complexity of feeds); weaning method or weaning 

stage as defined by the authors (e.g., early vs. late); biosecurity (e.g., 

comingling, mixing, introductions, animal movements); housing, 

flooring or feeders (e.g., animal density, feed troughs and water supply 

factors, flooring); air quality; producer education 
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Comparison groups 

 

 

No treatment or conventional practice comparison, placebo or sham, 

different level or form of treatment, antibiotic and/or ZnOb 

Health outcomes of 

interest reported 

Mortality (i.e., piglet deaths in absolute terms, deaths per time period, 

excess deaths, or other metric); clinical diarrhea (e.g., scours, fecal 

consistency or fecal score); clinical respiratory disease; non-diarrheal, 

non-respiratory non-specific morbidity (e.g., fever, removals or 

unthriftiness) or other morbidities such as lameness; treatment for 

illnesses or antibiotic use; pathology or lesions; fecal shedding of 

specific swine pathogens; measures of specific and non-specific 

immunity and infection (i.e., serology, cell mediated immunity, viremia, 

PCR, immune markers such as acute-phase proteins, or tumor necrosis 

factor (TNF) 

 

Other outcomes 

measured 

None, performance outcomes (i.e., feed intake, growth or body weight, 

or feed efficiency), farm economics or treatment costs, diet digestibility, 

gastrointestinal microflora, gastrointestinal morphology 

 

Study size Number of study subjects in each study at the hierarchical level of the 

analysis (e.g., individual, pen or group, herd or farm) 
a Studies in which the purpose included both prevention and treatment were counted as disease 

control in results 
b Some studies compared a non-antibiotic intervention group to a zinc oxide comparison group 

while other studies compared a zinc oxide treatment group to a no-treatment control group, 

antibiotic or other treatment comparison group. 
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Table 3.4. Risk factors described in observational studies (n=27). Categories of risk factors 

presented in order of decreasing frequency. 

Risk factorsa (n=84) Risk factor details 

Biosecurity (n=19) All-in-all-out vs. continuous flow (n=7), mixing/cross 

fostering (n=5), internal and external biosecurity (n=5), air 

space separation (n=2), piglet movement between stages 

(n=3), infection control (n=4), dead pig removal (n=1) 

 

Vaccination of dams (n=14) Porcine reproductive and respiratory syndrome virus 

(PRRSV) (n=4), Porcine Circovirus type 2 (PCV2) (n=3), 

Enterotoxigenic Escherichia coli (ETEC) (n=3), rotavirus 

(n=1), not clear or unspecified (n=3) 

Housing (n=13) Pen floor type (n=4), space allowance/pig density (n=4), use 

of bedding (n=2), drinker type (n=2), climatic and 

temperature conditions (n=3), age of buildings (n=1), 

indoors vs. outdoors (n=1) 

 

Vaccination of pigletsb 

(n=11) 

 

PRRSV (n=4), PCV2 (n=4), not clear or unspecified (n=5) 

Weaning (n=9) Weaning age (n=8), mixing at weaning or weaning 

management (n=3) 

 

Feed regime (n=5) Restricted feeding (n=4), creep feeding (n=3), starter diet 

protein content restriction (n=1) 

 

Producer education (n=4) Experience level of manager/producer/worker (n=3), 

Education level of manager/producer/worker (n=2) 

 

Feed type (n=3) Pelleted nursery feed (n=1), feed composition quality (n=1), 

level of soybean and canola (n=1) 

 

Feed additive (n=3) Zinc product (e.g., ZnO) (n=3) 

 

Air quality (n=3) Ventilation (n=3) 
a Risk factors included modifiable exposures regardless of the positive or negative impact of the 

exposure on an outcome 

b
 Piglet vaccination includes suckling piglet or nursery pig vaccination 
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Table 3.5. Study sizea of clinical trials and observational studies at the hierarchical level of the 

data analysis. 

 Number of 

studies 

Range of study 

sizes 

Experimental 

settings 

Commercial 

settings 

Unclear 

settings 

Individual 405 9–331,592 200 179 26 

Group/pen/room 113 2–653 63 45 5 

Herd 37 3–1,513 0 37 0 
a Study size was the number of study subjects included in the analyses. 

Some studies measured outcomes at multiple levels. 

For some studies some outcomes were measured at the individual level but performance was 

measured at the pen level. 
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Figure 3.1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

Flow Diagram of citations from literature search through to relevance screening and data 

extraction. 
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Figure 3.2. Annual number of included studies by study type from journal articles from 2000–

2017 and proceedings from 2000–2018. 
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Figure 3.3. Number of interventions or risk factors (n=579) described in clinical trials (n=414) 

and observational studies (n=27). 

 

 a
 Piglet vaccination includes suckling piglet or nursery pig vaccination. 
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Figure 3.4. Number of health outcomes of interesta (n=729) described in clinical trials (n=414) 

and observational studies (n=27). 

 

a Treatment for illness (e.g., number of treatments, antibiotic use)  
b Non-specific morbidity (e.g., body temperature, culls, unthriftiness) also included non-diahrreal 

or non-respiratory conditions (e.g., lameness, tail biting) 
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CHAPTER 4 

This chapter was formatted for submission to Preventive Veterinary Medicine. 
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ABSTRACT  

With an ever-increasing number of published research articles, automated tools will be 

essential to enable timely and transparent reviews for clinical and policy decisions. Scoping 

reviews (ScR) describe the volume, depth, and breadth of a body of research using structured, 

transparent, and replicable methods. Literature searches using search engines are typically far 

more sensitive than specific. Traditional practice for ScR requires two reviewers to 

independently screen largely irrelevant citations. Machine learning (ML) can accomplish two 

important screening tasks to increase review efficiency: ‘learn’ to correctly classify citations as 

relevant or irrelevant thereby reducing the screening workload by one or both reviewers and 

improve the workflow by prioritizing the citations to be reviewed so that those most likely to be 

included will be reviewed first. Our objective was to evaluate the performance of the proprietary 

DistillerSR software ML prioritization tool known as Re-rank, for relevance screening of titles 

and abstracts using two gold standard corpi ScR datasets of animal and veterinary research topics 

created by traditional manual methods (Beef ScR, Swine ScR). 

We used the DistillerSR simulation tool to emulate the performance of the ML Re-rank 

tool of our 2 previously conducted ScR at three levels of recall (sensitivity). Our evaluation 

demonstrated the value of the ML tool to reduce the burden of screening and improve the review 

workflow efficiency. Advantages in the reduction of screening burden by use of ML tool were 

greatest for the larger Beef ScR dataset and lesser for the smaller Swine ScR datasets with 

broader inclusion criteria at Level 1 screening (the first iteration of relevance screening). 

Training data that had clearly differentiated include versus exclude classes at title and abstract 
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screening provided the best information for training the prioritization tool and thus the best 

performance. Screening based on information not available to the Re-rank tool, such as the 

author address information, as occurred in our Swine ScR, reduced the availability of good 

training data and ultimately undermined the tool’s potential performance. 

Scoping review teams using DistillerSR Re-rank tool could optimize its advantages by 

planning the relevance screening step(s) to narrow the inclusion criteria at title and abstract 

screening based on information fully available in the titles and abstracts. Because the Re-rank 

tool trains using fully reviewed citations, timely conflict resolution during a live review would 

also contribute to more complete information available for training the tool as early in the 

screening process as possible. 
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INTRODUCTION 

Automated tools for reviewing the ever-increasing number of research articles published 

every year are essential to enabling timely and transparent reviews for clinical and policy 

decisions (O’Mara-Eves et al., 2015). Scoping reviews (ScR) and systematic reviews (SR) 

summarize the evidence of a body of research using methods that are structured, making these 

reviews transparent and replicable (Sargeant and O’Connor, 2020). While ScR describe the body 

of research on a topic area, SR summarize all the research results that address a specific question 

(Sargeant and O’Connor, 2020). An electronic search strategy designed to be sensitive enough to 

locate all potentially relevant studies may identify large numbers of ineligible records resulting 

in a high workload for manual screening (Shemilt et al., 2013). 

Because two reviewers can correctly identify an average of 9% more eligible citations 

than one reviewer alone (Edwards et al., 2002), acceptable traditional manual practice for SR and 

ScR requires two reviewers to independently screen largely irrelevant citations. A proposed 

solution to reducing this screening workload is to apply machine learning (ML) technologies to 

semi-automate relevance screening (Shemilt et al., 2013; O’Mara-Eves et al., 2015). Machine 

learning can accomplish two important screening tasks to increase review efficiency: to ‘learn’ to 

correctly classify citations as relevant or irrelevant thereby reducing the screening workload by 

one or both reviewers (Matwin et al., 2010; O’Mara-Eves et al., 2015), and to improve the 

workflow by prioritizing the citations to be reviewed so that those most likely to be included will 

be reviewed first (Matwin et al., 2010; O’Mara-Eves et al., 2015). 
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Challenges for ML relevance screening tools includes close similarities, from the 

perspective of the algorithm, between the includes and the excludes (i.e., the two classes). 

Datasets with broadly focussed inclusion criteria, as found in some ScR, may introduce this 

challenge. The ML challenges associated with the broad inclusion criteria of some ScR datasets, 

which typically are large, can be offset by workload reductions in terms of the absolute numbers 

of citations that need to be manually screened (Thomas, 2013; Rathbone et al., 2015). 

Automated ML citation screening tools are relatively novel in the knowledge synthesis 

community (Thomas et al., 2011; O’Connor et al., 2019). Evaluation of ML tools using 

standardized metrics that are meaningful to the SR community will help to establish ML as 

useful and trustworthy (Paynter et al., 2016; O’Connor et al., 2019). For citation screening ML 

tools, standard metrics used for diagnostic test evaluation (e.g., recall and precision compared to 

a human classifiers) could help build the evidence for their reliability (O’Connor et al., 2019). 

The ML community uses the metric balanced accuracy, a measure of accuracy that accounts for 

the imbalance in datasets wherein there generally is a high proportion of excludes relative to 

includes (Vuttipittayamongkol et al., 2021). Evaluation of these ML tools may also include an 

estimation of the work saved over sampling (WSS) (i.e., the proportion of citations that did not 

need to be screened by one or both reviewers by screening prioritized citations vs. randomly 

ordered citations for a given level of recall (i.e., sensitivity) and reduction in screening burden 

(i.e., reduction in the proportion of all citations that need to be screened by one or both reviewers 

to identify the included studies for a given level of recall) (Cohen et al., 2006; García Adeva et 

al., 2014; O’Mara-Eves, et al., 2015; Howard et al., 2016; Bannach-Brown et al., 2019; Hamel et 

al., 2020; Tsou et al., 2020). 
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Evaluations of ML automated relevance screening tools for the knowledge synthesis 

community have typically been done for SR of human medical topics. There is a need for the 

evaluation of these tools in the context of ScR, which are broader in scope and tend to be larger, 

to demonstrate the use and performance of these tools to the animal research community. Our 

objective was to evaluate the performance of the DistillerSR software ML prioritization tool for 

relevance screening of titles and abstracts using two gold standard corpi ScR datasets of animal 

and veterinary research topics created by the traditional manual methods using two reviewers. 

METHODS 

We evaluated DistillerSR’s ML artificial intelligence prioritization software version 

2.33.0 (Evidence Partners Incorporated; Ottawa Canada). The DistillerSR ML prioritization tool, 

known as Re-rank, uses a modified support vector machine (SVM) ML algorithm (Joachims, 

1998; Miwa et al., 2014; personal communication, Ian Stefanison, Evidence Partners, Nov. 3, 

2020) for relevance screening classification and prioritization based exclusively on information 

in citation titles and abstracts. In a live review, the prioritized citation list would be presented to 

the reviewers based on the likelihood of eligibility (personal communication, Ian Stefanison, 

Evidence Partners, Nov. 3, 2020). We used the DistillerSR simulation tool to evaluate the 

performance of the Re-rank prioritization tool had we used it during the screening stage of 2 

previously conducted scoping studies conducted by our research group. 

2.1.Data sets 
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We used two completed ScR datasets that had been managed in DistillerSR software as 

gold standard corpi. These datasets, a beef scoping review (Beef ScR) and a swine scoping 

review (Swine ScR), systematically described the breadth and depth of the research literature on 

non-antibiotic approaches for disease control or prevention in beef and veal production and in 

nursery pigs respectively (Wisener et al., 2019 [Beef ScR]; Wisener et al., 2021 [Swine ScR]). 

Both datasets included multiple eligible interventions, outcomes, and study designs (i.e., clinical 

trials, challenge trials, and observational studies) however, they differed in size and the breadth 

of the initial screening criteria. The Beef ScR was larger but had more narrowly focused 

inclusion criteria with only one level of title and abstract relevance screening. The proportion of 

includes for the Beef ScR dataset was 8.2% of the dataset (Table 4.1). The Swine ScR included 

four levels of screening as the scope for inclusion grew more focused during relevance 

screening. The proportion of includes at Level 1 (the first level, or iteration, of title and abstract 

screening) for the Swine ScR (28.7%) was relatively high, reflecting broader inclusion criteria 

compared to Level 1 of the Beef ScR dataset. Level 2 citations were screened based on first 

author address, information available to reviewers within DistillerSR settings, but not included in 

the titles or abstracts, thus unavailable the ML tool for training. Screening at Levels 3 and 4 used 

information in the titles or abstracts to reduce the numbers of relevant citations based on specific 

pig populations, specific outcomes, and study design. 

The simulation tool allowed users the option of setting the screening level(s) from which 

the Re-rank tool could draw its training data of labeled included and excluded citations. For 

purposes of this evaluation to demonstrate the performance of the Re-rank tool, we created three 

ML simulation data sets based on the levels of the screening from the two corpi datasets (Table 
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4.1). One simulation dataset was the Beef ScR dataset itself with its single level of screening. 

The other two simulation datasets were derived from the Swine ScR dataset. The first Swine ScR 

simulation dataset was for Level 1 screening in which the ML tool trained using the manually 

labeled include/exclude information available at Level 1 alone. The second was for Level 4 

screening in which the ML tool trained with information only available at Level 4 to reflect the 

Re-rank tool performance after previous levels of screening had been completed. For example, 

only the citations that had been included through levels 1, 2, 3, and 4 by human reviewers were 

available for the ML training examples of the includes. All citations labeled as excludes prior to 

and at Level 4 were available for the ML training examples of excludes. The Swine ScR Level 4 

simulation dataset modeled the Swine ScR dataset as if we had collapsed all screening levels into 

a single level. 

2.2. DistillerSR ML tools 

i. ML prioritization tool (Re-rank) 

When used prospectively, the Re-rank tool uses the fully reviewed manually labeled 

citations from an initial group of citations reviewed by two reviewers for its training set, to learn 

which citations are most likely to be classified as relevant by the review team. The tool then 

reorders the unreviewed citations based on the probability of relevance and moves the most 

likely relevant citations to the top of the citation list. As the review team makes inclusion 

decisions on additional citations, the tool continues to learn with each Re-Ranking iteration. Re-

rank tool settings allow for automatic ML tool re-ranking triggered with every 25 citations 

reviewed. By frequently resorting the unreviewed citations by likelihood of inclusion, the Re-
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Rank tool employs active learning (personal communication Ian Stefanison, Evidence Partners, 

Nov.23,2020). The Re-Rank tool provides a re-rank report of the ‘number of predicted includes 

found’ in chart form to allow the project administers to monitor the probable level of recall 

achieved by the Re-Rank tool. 

ii. ML Simulation tool 

The ML Simulation tool modeled the proportion of included citations that the ML Re-

rank tool would have identified had we used it to prioritize our citations during the screening of 

titles and abstracts. Each simulation run began with a randomly shuffled labeled dataset. In the 

first iteration, the training set included a minimum of 25 randomly shuffled manually labeled 

citations or a set of 2% of the total labeled citations, which ever was greater but up to a 

maximum of 200 per first iteration. The remaining citations were assigned a score by the Re-rank 

tool corresponding to the likelihood of inclusion based on the ML learning from the initial 

training set. These citations were re-ranked accordingly. Subsequent simulation training sets of 

2% of the ordered citations taken from the top of the citation screening list were added iteratively 

and automatically to the previous training set(s). The ML simulation runs automatically repeated 

the re-ranking of remaining citations after each iterative batch (Figure 4.1). With each iteration, 

the ML simulation counted and reported the labeled includes (citations which passed eligibility 

screening based on consensus by two reviewers) and excludes (citations labelled as ineligible by 

the reviewers) that it found. The simulation run stopped once 100% of the labeled included 

citations had been found. For each iteration, reported results of the simulation included: iteration 

number; number of labeled includes found (true positives(TP)); percent of labeled includes found 

among the citations considered as includes by the machine (TP/(TP+FP)); number of labeled 
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excludes examined (e.g., number of excludes incorrectly identified as includes by the ML tool) 

(false positives (FP)); percent of labeled excludes examined (proportion of incorrectly identified 

labeled excludes (FP) among all the labeled excludes) (FP/(FP+TN)); total references examined 

(number of includes found (TP) plus number of excludes examined (FP); total number of 

citations examined (TP+FP) as a percentage of all citations (TP+FP)/N; ratio of FP/TP; and 

citation identity numbers for citations not yet found by the ML tool (e.g., incorrectly identified as 

excludes by the ML tool at that iteration (FN) (Table 4.2, Table 4.3). 

2.3.Evaluation metrics 

We evaluated the performance of the DistillerSR AI Re-rank tool for each of the three 

simulation datasets using the following metrics: sensitivity (i.e., recall), specificity, precision, F-

measure, accuracy and balanced accuracy, plus two metrics that specifically described the 

usefulness of the ML classifier. These were WSS (Table 4.2, Table 4.3) and screening burden 

(Hamel et al., 2020; Tsou et al., 2020). Definitions and formulae are given in Tables 4.2 and 4.3 

(Cohen et al., 2006; O’Mara-Eves et al., 2015; Tsou et al., 2020). Figures 4.2 and 4.3 graphically 

describe WSS and screening burden, respectively. 

All metrics were estimated for three levels of recall, at 95%, 99%, and 100% (O’Mara-

Eves et al., 2015). To account for the Re-rank tool random sampling for the training datasets, we 

derived our results from an average of 25 separate simulation runs (Hamel et al., 2020). The 

simulation iterations included data for levels of recall as continuous data but reported the results 

rounded to the nearest integer (for example, the first iteration that reported 95% recall was for 

95.0% recall and subsequent iterations may have achieved 95.1% recall but reported it as 95%). 



 

 

139 

 

Consequently, we took the first iteration of each simulation which reported 95%, 99% and 100% 

recall for the calculation of the average for that metric across the 25 simulation runs (Hamel et 

al., 2020). 

We also present an example of the DistillerSR simulation curve for the first completed 

simulation run achieving 100% recall for each of the three simulation datasets. The simulation 

curve represents the percent of labeled includes found by the machine (Y-axis) vs. the percent of 

the labeled excludes that the machine examined (i.e., the citations the machine classified as 

included) (X-axis) (Table 4.3) (personal communication, Ian Stefanison, April 8, 2021). 

RESULTS 

The results for the evaluation for all three datasets are shown in Table 4.4. The balanced 

accuracy at 95% and 99% recall was best for the Beef ScR Level 1 simulation dataset. Balanced 

accuracy was better for the Swine Level 1 simulation dataset than for the Swine Level 4 

simulation dataset. The precision and F-measure were better for the Swine ScR Level 1 

simulation dataset, compared to the other two simulation datasets. The Swine ScR Level 1 

simulation dataset had a higher proportion of inclusions; thus, it was comparatively less 

imbalanced and had relatively more TP, and fewer FP. All metrics were lower for all three 

simulation datasets as the level of recall increased from 95% to 99% to 100%. 

The DistillerSR simulation curves for one simulation run for each simulation dataset 

demonstrated that the Re-Rank tool found 95% of the incudes after examining 25%, 33%, and 

50% of the labeled excludes for the Beef ScR Level 1, Swine ScR Level 1, and Swine ScR Level 
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4 simulation datasets respectively (Figures 4.5, 4.6, 4.7). The simulation chart reflected the 

progress of the review process. For the Beef ScR Level 1 simulation dataset at 99% recall, 10 

labeled included citations had not yet been identified by the machine (FN). Among these 

citations, five were ultimately excluded at Level 2 and 3 of the four included citations had no 

abstract. 

The performance metric WSS at 95% and 99% recall also demonstrated that the 

advantages of prioritization were greatest for the Beef Level 1 ScR simulation dataset compared 

to the Swine ScR simulation datasets. The WSS at 100 % recall for the Beef Level 1 ScR 

simulation dataset prioritization was comparable to random ordering demonstrating minimal 

advantage of a ML tool. In a comparison between the Swine ScR Level 1 and Level 4 datasets, 

the WSS was similar at all levels of recall (Table 4.4). 

The performance based on screening burden also demonstrated a superior performance 

for the Beef ScR simulation dataset at 95% and 99% recall than for the Swine ScR simulation 

datasets at the same levels of recall (Table 4.4, Figure 4.8). The reduction in screening burden for 

the Beef ScR Level 1 simulation dataset was 70% and 46% at 95% and 99% recall respectively 

(Table 4.4, Figure 4.8). Whereas the reduction in screening burden for the Swine ScR Level 1 

simulation dataset was 49% and 31% at 95% and 99% recall respectively (Table 4.4, Figure 4.8). 

For the swine ScR Level 4 simulation dataset, the reduction in screening burden was 49% and 

26% at 95% and 99% recall respectively (Table 4.4, Figure 4.8). The ML tool reduced the 

absolute numbers of citations that did not need to be screened (reduction in screening burden) to 

achieve a 95% recall by 9,518 citations for Beef Level 1 ScR simulation dataset and by 3,255 

citations for the Swine Level 1 and Level 4 ScR simulation datasets. 
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DISCUSSION 

We used simulations of data from completed scoping reviews (Wisener et al., 2019; 

Wisener et al., 2021 in press) to evaluate how DistillerSR’s Re-rank prioritization tool would 

have worked if used for these reviews. Our evaluation compared a dataset characterized by its 

large size and relatively narrow inclusion criteria, the Beef ScR Level 1 simulation dataset, to the 

smaller dataset with broader inclusion criteria, Swine ScR Level 1 simulation dataset. Our 

evaluation demonstrated the value of the DistillerSR’s ML Re-rank tool to reduce the burden of 

screening and improve the efficiency of a review workflow. Consistent with Rathbone et al., 

(2015), we found that the advantages in the reduction of screening burden by use of the 

prioritization tool were greatest for the larger Beef ScR Level 1 simulation dataset and lesser for 

the smaller Swine ScR simulation datasets with broader inclusion criteria at the initial stage of 

screening. Training data that had clearly differentiated include versus exclude classes at Level 1 

screening provided the best information for training the prioritization tool and thus the best 

performance. Screening based on information not available to the ML tool, such as the first 

author address information, as occurred at Level 2 screening in our Swine ScR Level 4 

simulation dataset, reduced the availability of good training information and ultimately 

undermined the tool’s potential performance. For example, many of the citations excluded based 

on first author addresses at Level 2 screening may have closely resembled the citations included 

at Level 4. In effect, the ML tool could not readily distinguish between includes and excludes 

without full information. Scoping review teams using DistillerSR’ Re-rank tool could optimize 

its advantages by planning the relevance screening step(s) to narrow the inclusion criteria focus 

at a single level of screening based on information fully available in the titles and abstracts. 
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Because the Re-rank tool uses fully reviewed citations for its training data, timely conflict 

resolution during a live review would also contribute to more complete information available for 

training the tool as early in the screening process as possible. 

How review teams integrate an ML prioritization tool into their workflow would depend 

on the project screening goals, time, and resources available. The team must determine if it is 

necessary to continue screening to a 100% level of recall or if 99% or 95% recall is acceptable. 

For a systematic review and meta-analysis missing relevant citations by misclassifying them as 

irrelevant has greater consequences than misclassifying citations as relevant (Wallace et al., 

2010). The mathematical summary effect size, thus the integrity of the review can be impacted 

by missing studies (Wallace et al., 2010). Misclassifying irrelevant studies as relevant results in 

an additional burden of screening (Wallace et al., 2010). Effective ML tools for evidence review 

screening should strive for a high level of sensitivity while identifying at least some irrelevant 

citations (specificity) to realize at least some reduction in screening burden (Wallace et al., 

2010). We choose to evaluate the DistillerSR ML tool at three levels of recall: 100% and 95% as 

reported by O’Mara-Eves et al., (2015) and also 99% as a close approximation to 100%. By 

consulting the Re-Rank report for the predicted numbers of includes found, the project 

administrator can assess the Re-Rank AI tool prediction of recall achieved. For ScR, 95% may 

be an acceptable target (Shemilt et al., 2013; Rathbone et al., 2015). Callaghan and Müller-

Hansen (2020) provide some options for how this decision could be implemented. The team 

must also decide if the ML tool will be used to replace one or both reviewers at the desired level 

of recall. Shemilt et al., (2016) provide some guidance for these decisions. 
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Evaluations of AI for prioritization have used various metrics and datasets (O’Mara-Eves, 

et al. 2015; O’Connor et al., 2019). The evaluation of ML tools for relevance screening for SR 

and ScR, is a growing field and the SR community has not yet developed a consensus on which 

standardized metrics are the most meaningful (Olorisade et al., 2017; O’Connor et al., 2019). We 

presented evaluation metrics typical of diagnostic tests plus balanced accuracy, as described in 

the ML literature (Vuttipittayamongkol et al., 2021) and two metrics described in other 

evaluations of ML tools for relevance screening, WSS and screening burden (Cohen et al, 2006; 

Howard et al., 2016; Tzou 2020). The metrics precision and the related F-measure are sensitive 

to imbalanced datasets because FP and TP are not normalized with respect to class size. 

Consequently, for imbalanced datasets, the FP proportion is excessively greater than TP 

proportion so that precision and F-measure cannot truly reflect the ML classifier performance for 

the positive (included) class (Vuttipittayamongkol et al., 2021). 

Review teams can derive the potential number of hours saved, and thus reviewing costs, 

by using a prioritization screening tool from the screening burden metric should they choose to 

replace one or both reviewers with the screening tool after a designated level of recall has been 

achieved (Hamel et al., 2020). Our evaluation demonstrated that the reduction in burden of 

screening was impacted by the size of the datasets and the relative focus of the inclusion criteria 

(broad vs. narrow). Review teams estimating screening time and costs can take these factors into 

consideration as they plan and conduct their reviews. In this way, our evaluation of the 

DistillerSR ML prioritization Re-rank tool may help review teams in their decisions about how 

to use this particular ML prioritization tools and incorporate it into their workflow. Thus, the 
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metrics WSS and screening burden at various levels of recall may be the most useful metrics for 

the systematic review community. 

Our evaluation of a single proprietary product does not contribute to decisions about 

which ML prioritization products or tools perform best. The reproducibility of studies on ML 

screening tools is poor on account of a lack of specific information provided about how the ML 

tool generates its training dataset through partitioning and randomization (Olorisade et al., 2017). 

Olorisade et al., (2017), also pointed out that reproducibility of evaluations of ML screening 

tools is hampered by a lack of publicly available test datasets which can be used to provide an 

unbiased evaluation of fully specified ML classifiers. Although our evaluation of a proprietary 

product using our own completed datasets does not lend itself to reproducibility, our study 

highlights the features that should be included in test datasets for future evaluations of ML 

relevance screening tools for ScR. We suggest that the features of any ScR test datasets should 

include various sizes and various levels of focus (broad, narrow) for the inclusion criteria. 

CONCLUSIONS 

Our evaluation of the DistillerSR ML prioritization tool (Re-rank) for completed ScR 

datasets demonstrated that the tool has the potential to reduce the burden of relevance screening 

and to improve the workflow. Prioritization of the citations can improve the project workflow by 

making the relevant citations available earlier. The potential benefit from reduction of screening 

burden was greater for the larger of the datasets. Large ScR projects can reap proportionally 

large benefits through the use of a prioritization tool. The tool performed better for the dataset 

with more narrowly focused inclusion criteria at the first level of screening. The ML tool trains 
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best with full information as available in titles and abstracts. Any screening based on information 

not available to the tool through the titles and abstracts will reduce its potential performance. 
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Tables 

Table 4.1. Description of the simulation datasets derived from the gold standard corpi datasets 

used to evaluate the DistillerSR machine learning Re-rank tool for relevance screening based on 

title/abstracts.  

Gold standard corpi 

datasets  

Included  

(% of total screened) 

Excluded Total screened 

Beef ScR1 Level 1 1115 (8.2) 12483 13598 

Swine ScR2 Level 1 1909 (28.7) 4735 6644 

Swine ScR Level 4 422 (6.4) 6222 6644 
1 Wisener, et al., (2019) 
2 Wisener et al., (2021). 
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Table 4.2. Gold Standard manually reviewed decisions vs. machine learning classifier 

predictions. 

 Manually reviewed decision 

          True condition 

Positives 

(relevant) 

Negatives (non-

relevant) 

M
L

 

C
la

ss
if

ie
r 

p
re

d
ic

ti
o
n

 Positives TP FP 

Negatives FN TN 

TP = true positives  

TN = true negatives 

FP = false positives 

FN = false negatives 
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Table 4.3. Definitions and calculation formulae of performance metrics for the DistillerSR 

machine learning Re-rank classifier tool 

Metric  Calculation  Description 

Sensitivity  

[recall] (R) 

TP/(TP + FN) The proportion of correctly identified 

positives among all truea positives 

Specificity (Sp) TN/(TN + FP) The proportion of correctly classified 

negatives among all true negatives 

Precision (P) TP/(TP + FP) The proportion of correctly identified 

positives among all of the predicted positives  

Accuracy (TP + TN)/Nb Proportion of agreement to total number of 

citations 

Balanced accuracy (R + Sp)/2 An average of the sensitivity and specificity.  

Balanced accuracy attempts to account for the 

imbalance in classes (excludes > includes). 

F-measure F-measure, usually 

weighting both 

components equally 

and defined as  

2 (P X R)/(P + R) 

 

An average of precision and recall, which is 

sometimes weighted. The weighting can be 

determined on a review by-review basis, 

allowing reviewers to assess the relative 

importance of recall and precision in their 

context. 

WSS@95% recall 

Work saved over 

sampling 

((TN+FN)/N)-(1.0-R) 

or 

((TN+FN)/N)-0.05  

 

The WSSc (work saved over sampling) is a 

performance metric that defines, for a specific 

level of recall, the percent reduction in work 

of screening achieved by a ranking method as 

compared to a random ordering of the 

citations.  

 

WSS@99% recall 

 

((TN + FN)/N) – (1.0 

– 0.01) 

((TN+FN) /N) - 0.01. 

 

WSS@100% recall ((TN + FN)/N) – (1.0 

– 1.0) 

((TN+FN)/N) - 0.0 

DistillerSR ML 

simulation curve 

TP/(TP+FN) Y axis 

FP/(FP+TN) X axis 

The DistillerSR simulation curve reflects the 

percent of the labeled includes found by the 

machine (i.e., recall) (Y-axis) vs. the percent 

of the labeled excludes that it examined as 

potential includes (X-axis). The curve reflects 

the progress of the ML tool in finding the true 

positives (TP).  
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Screening burden 

(%) 

(TP + FP)/N Proportion of all citations that need to be 

screened to identify the included studies for a 

given level of true recall @ 95%, 99%, 100%  

aTrue as determined by the manually classified citations (TP+FN) (i.e., gold standard) 

bN = (TP + FP + FN + TN) 

cWSS The maximum possible WSS score is 1, indicating a 100 % reduction in screening burden. 

A WSS score of 0 or less indicates that random ordering would be just as effective or more 

effective than priority ranking.  
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Table 4.4. Results metrics for the scoping review simulation datasets at three levels of recall (i.e., 

sensitivity) (@95%, @99%, @100%).  

 Recall 

(Sensitivity) 

Beef ScR  

Level 1 

Swine ScR 

Level 1 

Swine ScR 

Level 4 

Specificity @95% 0.75 0.66 0.51 

 

 @99% 0.50 0.42 0.27 

 @100% 0.03 0.16 0.12 

Precision @95% 0.25 0.53 0.12 

 @99% 0.15 0.41 0.08 

 @100% 0.08 0.32 0.07 

Accuracy @95% 0.76 0.75 0.54 

 @99% 0.54 0.59 0.31 

 @100% 0.11 0.40 0.18 

Balanced accuracy  @95% 0.85 0.81 0.73 

 @99% 0.75 0.71 0.63 

 @100% 0.52 0.58 0.56 

F-measure @95% 0.40 0.68 0.21 

 @99% 0.26 0.58 0.15 

 @100% 0.16 0.49 0.13 

WSS1 @95% 0.64 0.43 0.43 

 @99% 0.45 0.29 0.24 

 @100% 0.03 0.11 0.12 

Screening burden  @95% 30.2 % 50.9 % 51.3 % 

 @99% 54.0 % 69.2 % 74.4 % 

 @100% 97.0 % 88.0 % 88.0 % 

1 Work saved over sampling (WSS). The maximum possible WSS score is 1, indicating a 100 % 

reduction in screening burden. A WSS score of 0 or less indicates that random ordering would be 

just as effective or more effective than priority ranking.  
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Figures 

Figure 4.1. DistillerSR machine learning simulation flow. 

 

 

From Hamel et al. 2020. Open Access This article is distributed under the terms of the Creative 

Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/). 
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Figure 4.2. Graphic description of the work saved over sampling (WSS) machine learning (ML) 

performance metric.  

 

From Howard et al., 2016. Open Access This article is distributed under the terms of the Creative 

Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).  

 

 

 

 

 

 

 “Work Saved over Sampling” (WSS) performance metric. The dotted black line illustrates the expected 

recall achieved when traversing a randomly ordered list. Similarly, the blue line shows the recall obtained 

when traversing a (hypothetical) ranked list. The length of the dotted red line indicates the percent 

reduction in effort achieved by ranking and corresponds to the WSS at 95 % recall, in this case, 

approximately 15 % (95–80 %). 

In a plot of recall as a function of the number of ranked documents screened, the WSS at a specific level 

of recall is simply the distance from a straight line with slope = 1. 

http://creativecommons.org/licenses/by/4.0/
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Figure 4.3. Graphic description of the concept of screening burden 

 

Screening prioritization and potential reduced screening burden. This figure demonstrates 

graphically how screening prioritization works. Prior to screening, the articles ultimately 

included are randomly dispersed (top half). Reviewers train the algorithm by manually 

including/excluding studies until a pre-specified number of studies are included. The algorithm 

then generalizes rules and prioritizes the remaining studies for evaluation by the reviewer.  

From Tsou et al., 2020. Open Access This article is licensed under a Creative Commons 

Attribution 4.0 International License. http://creativecommons.org/licenses/by/4.0/. 
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Figure 4.4. DistillerSR Machine learning simulation curve for one simulation of the Beef ScR 

Level 1 simulation dataset 

 

X-axis: percent excludes examined FP/(FP+TN) 

Y-axis: percent includes found TP/(TP+FN) (i.e., recall) 
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Figure 4.5. DistillerSR Machine learning simulation curve for one simulation of the Swine ScR 

Level 1 simulation dataset.  

 

X-axis: percent excludes examined FP/(FP+TN) 

Y-axis: percent includes found TP/(TP+FN) (i.e., recall) 
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Figure 4.6. DistillerSR Machine learning simulation curve for one simulation of the Swine ScR 

Level 4 simulation dataset.  

 

X-axis: percent excludes examined FP/(FP+TN) 

Y-axis: percent includes found TP/(TP+FN) (i.e., recall) 
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Figure 4.7. Screening burden with the use of the DistillerSR machine learning Re-rank 

prioritization tool expressed as the percentage of citations screened by the tool to achieve three 

different levels of recall for three simulation datasets. 
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CHAPTER 5 

This chapter was formatted for submission to Preventive Veterinary Medicine. 
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ABSTRACT 

Methodological trial characteristics such as random allocation or blinding have been 

associated with biased intervention effect sizes (ES) in human and laboratory animal research. 

Our objectives were to assess the association of inadequate random allocation or blinding with 

treatment ES for a body of livestock trial research using meta-epidemiological methods. We also 

explored how these associations varied by livestock species/production category and intervention 

category. 

The source data included 135 treatment arm comparisons from 109 trials from six 

systematic reviews with meta-analyses (SR-MA) which focused on antibiotic stewardship 

intervention research in livestock. Random allocation and blinding were categorized as 

inadequate or adequate. Interventions evaluated in the SR-MA included preventive antibiotics or 

vaccines for respiratory diseases in swine and beef cattle and teat sealants or antibiotic teat 

infusions for mastitis prevention in dairy dry cows compared to non-active controls. Outcomes 

included morbidity for the beef and swine trials and early lactation intramammary infections in 

dairy cows. The source data were stratified three different ways, by review, species/production 

category (beef, swine, dairy cow), and intervention category (preventive antibiotics, vaccines). 

The association between inadequate vs. adequate trial characteristics and treatment arm 

comparison ES were estimated using random effects meta-regression. Meta-analyses were used 

to visualize the heterogeneity and display results in forest plots. Both inadequate random 

allocation and blinding were associated with less beneficial (underestimated) intervention ES for 

four reviews and more beneficial (exaggerated) intervention ES for two reviews. The 
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heterogeneity among the meta-regression models stratified by review varied widely. In meta-

regression models stratified by species/production category, inadequate random allocation was 

associated with less beneficial intervention ES among all three species/production categories. 

Inadequate blinding was associated with less beneficial intervention ES for dairy cow 

interventions and more beneficial intervention ES for beef and swine interventions. In meta-

regression models stratified by intervention category, inadequate random allocation or blinding 

was associated with less beneficial intervention ES for preventive antibiotic interventions and 

with more beneficial intervention ES for vaccine interventions. 

Inadequate random allocation or blinding may bias treatment ES in livestock intervention 

clinical trials however, the magnitude and direction of the bias is unpredictable. The livestock 

research community should minimize potential biases in the design and conduct of trials to 

minimize the potential for unpredictable interpretation of clinical trial data. 
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INTRODUCTION 

Systematic reviews (SR) of well conducted randomized clinical trials (RCT) are 

considered the best source of quantitative evidence for human clinical and policy decisions 

(Schultz et al., 2010; Berlin and Golub, 2014). Similarly, the randomized clinical trial (RCT) is 

considered the gold standard for evaluating the efficacy of interventions in livestock populations 

for evaluating medical, performance, and food safety outcomes (Sargeant et al., 2010). Although 

methodological rigor is essential to trial validity, readers of published RCT cannot know exactly 

how a trial was conducted, they can only assess the internal and external validity of the trial from 

the information reported. Authors of RCT can only assure the reader of unbiased conduct of the 

trial by reporting the details of methods used to reduce bias in their RCT (Sargeant et al., 2010). 

The validity of systematic reviews and meta-analyses themselves are dependent upon the 

validity of the primary studies included and the quality of the review process (Sterne et al., 2002; 

Tricco et al., 2011). Inadequate quality of primary controlled clinical trials such as inadequate 

random allocation or blinding can distort the findings of systematic reviews and meta-analyses 

(SR-MA) (Jüni et al., 2001). 

The impact of methodological trial characteristics on intervention (i.e., treatment) effect 

sizes (ES) can be examined using meta-epidemiological study methods using collections of SR-

MA for which reported trial characteristics have been classified (Sterne et al., 2002; Siersma et 

al., 2007). For example, a meta-epidemiological study may divide the trials into two subgroups 

based on the presence or absence of reported random sequence generation (i.e., randomization), 

then compare the intervention ES for the two subgroups by estimating a ratio of odds ratios 
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(ROR) (Sterne, et al., 2019). Thereby, the association between the presence or absence of a trial 

characteristic related to risk of bias and ES can be estimated. 

Meta-epidemiological studies of human medical research methodological trial 

characteristics have suggested that a lack of reported adequate random allocation or blinding 

may be associated with more beneficial intervention effects (Ioannidis, et al., 2001; Gluud, 2006; 

Savović et al., 2012; Savović et al., 2018) and that the impacts may be greater for subjective 

outcomes (Wood, et al., 2008; Savović et al., 2012; Mills et al., 2015; Page et al., 2016). 

However, other researchers have reported inconsistent associations in terms of magnitude and 

direction of bias between inadequate reported random allocation or blinding and intervention ES 

(Balk et al., 2002; Gluud, 2006; Wood et al., 2008; Odgaard-Jensen, et al., 2011; Moustgaard et 

al., 2020). 

Though adequate random allocation to intervention group and blinding are accepted as 

components of internal validity in human clinical trials (Jüni et al., 2001), reporting on 

randomization and blinding in animal model research of human pre-clinical disease has been 

poor (Bebarta et al., 2003; van der Worp et al., 2005; Egan et al., 2016). It may be perceived that 

random allocation and blinding are not required for laboratory animal studies because these 

animals are more homogenous than humans, in that they are generally selected to be of similar 

ages, have similar or identical genetic profiles, are housed in the same conditions, and are fed the 

same diets (Bebarta et al., 2003). However, a meta-epidemiological study of laboratory animal 

research showed that trials that reported inadequate random allocation were associated with 

larger ES while inadequate blinding had no association with ES (Hirst et al., 2014). Another 

meta-epidemiological study showed that larger ES were associated with trials that reported 
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inadequate blinding while inadequate random allocation had no association with ES (Crossley et 

al., 2008). 

Livestock populations, like laboratory animals, share similar features of homogeneity 

such as similar ages, similar housing conditions and in some cases similar feeds. Random 

allocation to intervention group and blinding of outcome assessors and/or animal 

owner/managers may not be well reported in livestock trials (Sargeant et al., 2009). To address 

the deficiency in reporting of trial characteristics in livestock studies, the REFLECT statement 

reporting guidelines for RCT in livestock and food safety was published in 2010 to provide 

guidance to authors of clinical trials in livestock and food safety (O’Connor et al., 2010; 

Sargeant et al., 2010). In the last decade, there has been documented improvements in trial 

characteristic reporting of livestock-focused research. Totton et al., (2018) found improvements 

in reporting of random allocation and blinding of outcome assessors in the clinical trials of 

interventions for bovine respiratory disease since the publication of the REFLECT statement in 

2010. Similarly, Moura et al., (2019) found an improvement in reporting of random allocation 

among swine vaccine trials since the publication of the REFLECT statement. There is a need to 

explore and quantify the potential association between inadequate random allocation or blinding 

and ES as reported in clinical trials in livestock. 

The objectives for this study were to systematically assess the association of two 

methodological trial characteristics, reported random allocation and blinding, with intervention 

effect sizes for morbidity outcomes in livestock clinical trials using meta-epidemiological 

methods. A second objective was to assess if these associations varied by livestock 

species/production category, or intervention category. 
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METHODS  

1.1. Source data 

Treatment arm comparison data from the trials of six published systematic reviews (SR) 

that reported meta-analyses (MA) or network meta-analyses (NMA) which focused on antibiotic 

stewardship intervention research in livestock were utilized as the source data for this study 

(Table 1). The source data were from two reviews for feedlot beef cattle interventions (i.e., 

respiratory vaccines and preventive antibiotics to prevent respiratory disease) (O’Connor et al., 

2019a; O’Connor et al., 2019b), two reviews for swine interventions (i.e., bacterial respiratory 

vaccines and preventive antibiotics to prevent respiratory disease) (Sargeant et al., 2019a; 

Sargeant et al., 2019b), and two reviews for dairy cow intramammary interventions at dry-off 

(i.e., dry cow teat sealants and preventive antibiotics) (Winder et al., 2009a; Winder et al., 

2019b). The beef reviews included the outcome morbidity, the swine reviews included data for 

three outcomes (morbidity, mortality, and lung lesions at slaughter), and the dairy cow reviews 

included intramammary infection (IMI) as the outcome (Table 5.1). For all reviews, the 

treatment arm comparisons included in this study were interventions compared to a non-active 

control (NAC) (e.g., placebo, no treatment, or sham). For the swine reviews, to avoid the 

potential influence of the outcome on the associations between the trial characteristics and ES, 

we restricted the source data to treatment arm comparisons for morbidity only. 

1.2. Data stratification 
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We stratified the data by review (i.e., the six SR), by species/production category (beef 

cattle, swine, dairy), and by intervention category (all preventive antibiotics as one category and 

all vaccines as a second category). To create the datasets for stratification by species/production 

category, we appended the treatment arm comparison logodds ratio ES for swine antibiotic and 

vaccine interventions together; likewise, we appended the treatment arm comparison ES for beef 

antibiotic and vaccine interventions and similarly appended the dairy teat sealant and antibiotic 

infusion interventions treatment arm comparison ES together. To create the datasets for 

stratification by treatment category, we appended the treatment arm comparison ES for 

preventive antibiotic interventions for beef and swine together and the treatment arm comparison 

ES for beef and swine vaccines together. There were no vaccine trials in dairy cows. Antibiotic 

interventions in dairy cows were given locally by intramammary infusion unlike the systemic 

antibiotic interventions given to beef and swine either in feed or by injection. Because of these 

differences between the dairy data and the beef and swine data, dairy data were excluded from 

the strata of preventive antibiotic interventions. 

1.3. Trial characteristics 

Two methodological trial characteristics were investigated: the use of random allocation 

to intervention group (randomization) and blinding. For each trial in the source data, information 

at the trial level was collected regarding random allocation to intervention group and blinding. 

For the purposes of this study, categories were combined so that the trial characteristics of 

random allocation and blinding were dichotomized to inadequate or adequate as shown in Table 

5.2. 
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1.4. Statistical analyses 

The source data treatment arm comparison ES and their standard errors (SE) in the 

natural logodds ratio scale were obtained from the authors (co-authors of this study) of the six 

reviews. Summary adjusted measures of association were prioritized if available during their 

data extraction. Trial interventions were intended to reduce adverse outcomes so that OR < 1 

indicated a beneficial effect of the intervention compared to the NAC (i.e., the effect for the 

intervention was the numerator and the NAC effect was the denominator). The sample size was 

determined based on author access to systematic reviews with the necessary data and the number 

of trials was the result of the included reviews. Thus, this study was not powered to detect 

statistically significant differences. Therefore, although confidence intervals (CIs) are presented 

to illustrate the precision of estimates, statistical comparisons were not presented, instead all 

results were presented qualitatively. 

Meta-regression models 

Separate random effects (RE) meta-regression models for random allocation and for 

blinding were developed. The associations between inadequate random allocation or blinding vs. 

adequate random allocation or blinding (i.e., OR inadequate / OR adequate) and intervention ES 

for morbidity outcomes were estimated. Adequate random allocation or blinding were the 

referent categories in all models. The meta-regression coefficients and their confidence intervals 

for these ratios of treatment arm logodds ratios were exponentiated to enable reporting as ratios 

of odds ratios (ROR) for the trial characteristics. For example, a pooled ROR < 1 reflected that 

inadequate random allocation was associated with more beneficial ES compared to adequate 
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random allocation (i.e., more beneficial ES or exaggerated intervention ES vs. less beneficial ES 

or underestimated intervention ES). 

To explore the associations between inadequate random allocation or blinding and ES, 

we performed two modeling steps. In the first step we used random effects (RE) weighted meta-

regression models to estimate the ROR (i.e., pooled effect size OR (inadequate) / pooled effect 

size OR (adequate)) for each trial characteristic (Sterne et al., 2002). We performed separate 

meta-regression analyses on data stratified by review, by species/production category, and by 

intervention category. Thus, for example, for each review, univariable RE meta-regression was 

used to estimate the association (ROR) between the trial characteristic (random allocation or 

blinding) and intervention ES while accounting for the precision of the intervention effect via the 

SE of the logodds ratio for each treatment arm comparison (Sterne et al., 2002). Similarly, 

univariable RE meta-regression was used to estimate the RORs for each species/production 

category (swine, beef, dairy) and for the intervention categories (preventive antibiotics, 

vaccines). 

The meta-regression models used a RE approach based on the a priori assumption that 

there was a true distribution of effects (Borenstein et al., 2009; Zhang, 2016). That is, we 

assumed that the association between the trial characteristic and treatment arm ES varied. In the 

RE meta-regression models, the weighted mean ROR was estimated using restricted maximum 

likelihood (REML) to incorporate an estimate of variation (i.e., heterogeneity) into the 

calculation of the common effect in Stata v16 (StataCorp LP, College Station, Texas, USA) 

(Borenstein et al., 2009; Chang and Hoaglin, 2017; Langan, et al., 2019). 
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Meta-analyses 

In the second step, we used the estimated RORs (in logodds ratio coefficients format and 

their SE) from the univariable RE meta-regression models as inputs into RE MA. The purpose of 

the RE MA was to visualize the variability in the association of trial characteristics on ES in 

Forest Plots according to the strata groupings (Sterne et al., 2002). With our small sample of 

treatment arm comparisons and the assumed heterogeneity of the data, we were not interested in 

calculating and interpreting the overall summary ROR. Meta-analyses of ROR were conducted 

separately for each trial characteristic, random allocation and blinding. Meta-analyses were 

conducted by strata groupings, thus there were six separate MA, three for random allocation 

(stratified by review, stratified by species/production category, stratified by intervention 

category) and three MA for blinding (stratified by review, stratified by species/production 

category, stratified by intervention category). The meta-analyses models used a RE approach 

based on the a priori assumption that there was a true distribution of effects (Borenstein et al., 

2009; Zhang, 2016). That is, it was assumed that the association between the trial characteristic 

and intervention ES, modeled as ROR, varied. In the RE MA models, the weighted mean ROR 

was estimated using restricted maximum likelihood (REML) to incorporate an estimate of 

variation (i.e., heterogeneity) into the calculation of the common effect in Stata v16 (StataCorp 

LP, College Station, Texas, USA) (Borenstein et al., 2009; Chang and Hoaglin, 2017; Langan, et 

al., 2019). 

For both the meta-regression and the MA models, heterogeneity was evaluated using the 

Higgins’ I2 statistic, a ratio of true heterogeneity to total variation in observed effects (Higgins 

and Thompson, 2002; Borenstein et al., 2009). 
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RESULTS  

The data from the source data used for this study comprised 135 trial arm comparisons 

(range 10–40 per review) from 109 trials (Table 5.1). There were more trial arm comparisons 

than trials because some trials had more than two intervention groups compared to a NAC, 

leading to potential for non-independence (Table 5.1). The majority of the trial arm comparisons 

were adequately randomized (68%) vs. inadequately randomized (32%) (Table 5.3), whereas the 

trial arm comparisons were equally adequately blinded (50%) and inadequately blinded (50%) 

(Table 5.4). All 135 trial arm comparisons contributed to the analyses trial characteristics across 

all reviews and the analyses stratified by species/production category. A total of 103 trial arm 

comparisons contributed to the analyses of the data stratified by intervention category. 

3.1.Inadequate random allocation vs. adequate 

In the RE meta-regression, ROR results for the data stratified by review indicated that 

there was a less beneficial effect for the intervention group associated with inadequate random 

allocation for the dairy dry cow teat sealant and antibiotic teat infusion interventions and for the 

beef antibiotic interventions (Table 5.3, Figure 5.1). There was also a less beneficial effect for 

the intervention groups associated with inadequate random allocation for the swine antibiotic 

interventions, but with larger magnitude numerically (Table 5.3, Figure 5.1). There was a more 

beneficial effect for the intervention groups associated with inadequate random allocation for the 

beef and the swine vaccine interventions (Table 5.3, Figure 5.1). In meta-regression analyses 

stratified by review the heterogeneity (I2) of the RORs varied widely for random allocation 
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(range 2.7% – 87.3%) (Table 5.3). The heterogeneity of the RORs in the meta-analysis stratified 

by review was 68.6% for random allocation (Figure 5.1). 

The RE meta-analysis for the data stratified by species/production category showed that 

inadequate random allocation was associated with a less beneficial effect for the intervention 

groups for all three species/production categories: beef cattle, swine, and dairy cow (Figure 5.2). 

The heterogeneity of the RORs in the meta-analysis stratified by species/production category 

was 0.0 % for random allocation (Figure 5.2). 

The RE meta-analysis for the data stratified by intervention category reflected that 

inadequate random allocation was associated with a less beneficial effect for the intervention 

groups for antibiotic interventions (Figure 5.3). In contrast, inadequate random allocation was 

associated with a more beneficial effect for the intervention groups for vaccine interventions 

(Figure 5.3). The heterogeneity of the RORs in the meta-analysis stratified by intervention 

category was 87.0% for random allocation (Figure 5.3). 

3.2.Inadequate blinding vs. adequate 

In the RE meta-regression, ROR results for the data stratified by review indicated that 

there was a less beneficial effect for the intervention groups associated with inadequate blinding 

for the dairy dry cow teat sealant and antibiotic teat infusion interventions and for the beef 

antibiotic interventions (Table 5.4, Figure 5.1). There was a less beneficial effect for the 

intervention groups associated with inadequate blinding for the swine antibiotic interventions, 

but with larger magnitude numerically (Table 5.4, Figure 5.1). There was a more beneficial 

effect for the intervention groups associated with inadequate blinding for the beef vaccine 
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interventions and a more beneficial effect, but with larger magnitude numerically, for the swine 

vaccine interventions (Table 5.4, Figure 5.1). In meta-regression analyses, heterogeneity (I2) of 

the RORs for the stratified reviews varied widely for blinding (range 0.0 – 88.7%) (Table 5.4). 

The heterogeneity of the RORs in the meta-analysis stratified by review was 73.8% for blinding 

(Figure 5.1). 

The RE meta-analysis for the data stratified by species/production category reflected that 

inadequate blinding was associated with a more beneficial effect for the intervention groups for 

all beef and swine interventions. A less beneficial effect was associated with inadequate blinding 

for the dairy interventions (Figure 5.2). The heterogeneity of the RORs in the meta-analysis 

stratified by species/production category was 0.0 % for blinding (Figure 5.2). 

The RE meta-analysis for the data stratified by intervention category reflected that 

inadequate blinding was associated with a less beneficial effect for the intervention groups for 

antibiotic interventions (Figure 5.3). In contrast, inadequate blinding was associated with a more 

beneficial effect for the intervention groups for vaccine interventions (Figure 5.3). The 

heterogeneity of the RORs in the meta-analysis stratified by intervention category was 90.1% for 

blinding (Figure 5.3). 

DISCUSSION 

The association between intervention ES and the trial characteristics, random allocation 

or blinding, were inconsistent within this source data. Thus, although inadequate randomization 

or blinding may impact trial results, the magnitude and direction of the bias impacting 

intervention ES in livestock studies was inconsistent. Authors of meta-epidemiological studies of 
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human medicine research have also reported inconsistent associations between inadequate 

randomization or blinding and ES (Gluud, 2006; Odgaard-Jensen et al., 2011). Inconsistent 

associations also have been reported in meta-epidemiological studies of the impacts of trial 

characteristics in pre-clinical human research using laboratory animal trials (Crossley et al., 

2008; Hirst et al., 2014). 

The assumption of homogeneity of the methodological trial characteristic coefficients for 

the entire dataset may underestimate standard errors of the mean bias if the actual bias was 

heterogenous across the reviews (Siersma et al., 2007). For example, inadequate random 

allocation may not have had the same impact on ES of swine trials as dairy trials. Stratification 

of the data can address the challenge of heterogeneity (Siersma et al., 2007). Given the high 

degree of heterogeneity in our data, our stratification approach was appropriate. 

The findings may suggest that inadequate random allocation or blinding impact ES of 

preventive antibiotic intervention and vaccine clinical trials differently. Alternatively, our 

findings could be a random event that warrants attempted replication in future meta-

epidemiological studies of livestock research trial characteristics. 

The meta-epidemiological aspect of the study had several limitations; the most important 

was the small number of studies and small number of trial comparisons included in the source 

data. This limited the power to detect differences in impact of trial characteristics on intervention 

ES. In meta-regression, statistical power to detect an association between a covariate (random 

allocation or blinding in this case) and ES arise from the strength of that association and the 

precision of the estimate, which is related to the total number of study units (trial arm 
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comparisons in this case) within each stratum (Borenstein et al., 2009). Large collections of 

meta-analyses (reviews) are needed to estimate the impacts of trial characteristics on effects sizes 

with precision and to explore the sources of variability in these effects according to other factors 

(Savovic et al., 2012) such as intervention type, species/production category, or outcome 

measure in livestock research. 

In a study of seven meta-epidemiological studies in the human medical literature Savovic 

et al., (2012) reported that the association between inadequate random allocation or blinding and 

more beneficial intervention ES was greater for subjective outcomes compared to objective 

outcomes. To reduce potential influence of outcome on our results, we restricted the swine 

datasets to the single outcome, morbidity. However, this may have limited the external validity 

of our findings to trials with other outcomes. We recognize the potential influence of non-

independence within our data for trials with more than two trial comparison arms potentially 

using the same non-active comparison group. The extent that this clustering may have affected 

the results could not be determined. 

By combining the subcategories of trial characteristics into dichotomous independent 

variables for adequate random allocation and blinding, we may have been unable to detect more 

specific differences in the impact of design features intended to reduce bias. For example, 

because of the way that we dichotomized the trial characteristics, we were not able to evaluate 

any differences in impact between random allocation reported without information provided 

about the random sequence generation and random allocation reported with this information 

provided. Similarly, by combining blinding of both outcome assessors and owner/managers with 

blinding of either, we were unable to detect a difference in impact between blinding both tasks 
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vs. blinding either outcome assessors or owner/managers. This level of detailed reporting for 

random allocation or blinding would need to be consistently reported in future livestock clinical 

trials for these differences to be explored in future meta-epidemiological studies. 

Future meta-epidemiological studies evaluating the impacts of trial characteristics in 

livestock trial research should explore the distinct impacts with a larger number of reviews and 

included trials. Future studies should also explore trial characteristics such as different 

intervention categories and species/production category to assess consistency with our findings. 

Different trial characteristics associated with bias are unlikely to have independent 

impacts on ES (Sterne et al., 2002). For example, trials with inadequate random allocation may 

be more likely to also have inadequate blinding. Consequently, it also may be beneficial to 

explore the impact of multiple trial characteristics potentially associated with bias in 

multivariable models to explore confounding or interactions of these factors (Sersima et al., 

2007). In a SR of meta-epidemiological studies and a simulation study of human medical 

interventions, Mills et al., (2015) suggested that commonly examined sources of bias from trial 

characteristics such as random allocation and blinding may play a small role in bias of summary 

intervention effects. In livestock research, it may also be beneficial to explore the impact of other 

trial characteristics such as loss to follow-up. 

Other potential sources of bias in a body of literature, such as publication bias, may also 

be important sources of ES bias in synthesized research (Mills et al., 2015; Egger et al., 2003). 

With a larger sample of SR-MA, the influence of review-level sources of bias such as publication 
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bias (i.e., small study effects) on intervention ES could be explored for the livestock and 

veterinary clinical trial research. 

CONCLUSIONS 

Inadequate random allocation or blinding may bias intervention ES in livestock 

intervention clinical trial research, and the magnitude and direction of the bias may be 

unpredictable. The livestock research community should not ignore the possibility that 

inadequate random allocation and blinding may impact trial intervention effect sizes. The design 

and conduct of livestock clinical trials should include adequate random allocation and blinding to 

minimize the unpredictable impact of these potential biases on intervention research. Assessing 

the extent of potential bias from reported trial characteristics is necessary to draw appropriate 

conclusions about the believability of the reported intervention effects for any individual study or 

meta-analytic studies of collections of individual trials. 
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Tables 

Table 5.1. Description of the datasets from published systematic reviews used to assess the 

impact of reported random allocation and blinding on intervention summary estimates.  

Review  Review subject Outcome  Number of 

trials in the 

review 

Number of trial 

arm comparisons  

(intervention vs.   

non-active 

control) 

Feedlot beef cattle  

O’Connor et al., 

(2019a) 

 

A SRa and NMAb of 

bacterial and viral 

vaccines, administered 

at or near arrival at the 

feedlot, for control of 

BRD in beef cattle. 

BRDc 

morbidity 

within 1st 45 

days of arrival 

at feedlot 

morbidity 

12 16 

O’Connor et al., 

(2019b) 

 

A SR and NMA of 

injectable antibiotic 

options for the control 

of BRD in feedlot beef 

cattle. 

BRD 

morbidity 

within 1st 45 

days of arrival 

at feedlot 

34 40 

Swine 

Sargeant et al., 

(2019a) 

Efficacy of bacterial 

vaccines to prevent 

respiratory disease in 

swine: a SR and NMA 

Morbidity  19 29 

Sargeant et al., 

(2019b)  

A SR of the efficacy 

of antibiotics for the 

prevention of swine 

respiratory disease. 

Morbidity 13 18 

Dairy cows 

Winder et al., 

(2019a) 

 

Comparative efficacy 

of teat sealants given 

prepartum for 

prevention of IMId and 

clinical mastitis: a SR 

and NMA. 

IMI at calving 

or early in 

lactation 

10 10 
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Winder et al., 

(2019b) 

 

Comparative efficacy 

of antimicrobial 

intrventions in dairy 

cows at dry-off to 

prevent new IMI 

during the dry period 

or clinical mastitis 

during early lactation: 

a SR and NMA. 

IMI at calving 

or early in 

lactation 

21 22 

Total    109 135 
a Systematic review (SR) 
b Network meta-analyses (NMA) 
c Bovine respiratory disease (BRD)  
d Intramammary infection (IMI) 
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Table 5.2. Definitions for risk of bias assessment scores used to assess the impact of reported 

blinding and random allocation on estimated intervention effect sizes in clinical trials of 

livestock interventions. 

ROB parameter Adequate Inadequate 

Random allocation  

(randomization) 

Reported random allocation to 

intervention group (s) with or 

without the provision of information 

on the random sequence generation 

The allocation method was non-

random, unclear, or not reported  

Blinding Outcome assessors and/or 

owner/managers were blinded 

Neither outcome assessor nor 

owner/managers were blinded, or 

information provided was unclear or 

not reported 
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Table 5.3. Estimated ratio of odds ratios associated with inadequate vs. adequate random 

allocation for trial-arm comparisons stratified by review as estimated by random effects meta-

regression models. 

Review 

(number of trial arm 

comparisonsa) 

Random allocation 

(inadequate/adequate) 

RORb  

 

ROR  

(95% CI) 

 

P-value I2 (%) 

Winder et al., (2019)  

Dairy cow teat sealants 

at dry-off (n=10) 

4/6 1.05 (0.60, 1.85) 0.862 17.83 

Winder et al., (2019)  

Dairy dry cow 

antibiotic teat infusions 

at dry-off (n=22) 

10/12 1.48 (0.81, 2.71) 0.199 87.33 

O’Connor et al., (2019)  

Beef feedlot cattle 

BRDc vaccines (n=16) 

8/8 0.83 (0.60, 1.15) 0.256     2.73 

O’Connor et al., (2019)  

Beef feedlot cattle 

BRD antibiotics (n=40) 

4/36 1.65 (0.85, 3.22) 0.139 86.36 

Sargeant et al., (2019)  

Swine respiratory 

vaccines (n=29) 

13/16 0.84 (0.50, 1.43) 0.526     72.61 

Sargeant et al., (2019)  

Swine respiratory 

antibiotics (n=18) 

4/14 3.33 (1.61, 6.89) 0.001      59.70 

a All trial arm comparisons were between an intervention group and a non-active control group. 

Trial arm outcomes were clinical morbidity for beef and swine trials, and intramammary 

infections in dairy cow trials.  
b A ratio of odds ratios (ROR) <1 implies that inadequately randomly allocated trial arm 

comparisons were associated with more beneficial intervention effects compared to those in 

which random allocation was adequately employed or reported. 
c Bovine respiratory disease (BRD) 
d Meta-analyses (MA) 
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Table 5.4. Estimated ratio of odds ratios associated with inadequate vs. adequate blinding for 

trial-arm comparisons stratified by review as estimated by random effects meta-regression 

models. 

Review 

(number of trial arm 

comparisonsa) 

Blinding  

(inadequate/adequate) 

RORb  

 

ROR  

(95% CI) 

P-value I2 

(%) 

Winder et al., (2019)  

Dairy cow teat sealants 

at dry-off (n=10) 

7/3 1.33 (0.91, 1.95) 

 

0.136 0.00 

Winder et al., (2019)  

Dairy dry cow antibiotic 

teat infusions at dry-off 

(n=22) 

17/5 1.17 (0.56, 2.42) 0.681 88.68 

O’Connor et al., (2019)  

Beef feedlot cattle BRDc 

vaccines (n=16) 

3/13 0.82 (0.48, 1.41) 0.472     11.06 

O’Connor et al., (2019)  

Beef feedlot cattle BRD 

antibiotics (n=40) 

17/23 1.09 (0.71, 1.68) 0.691     87.03 

Sargeant et al., (2019)  

Swine respiratory 

vaccines (n=29) 

14/15 0.54 (0.34, 0.87) 0.011     65.41 

Sargeant et al., (2019)  

Swine respiratory 

antibiotics (n=18) 

10/8 2.99 (1.40, 6.40) 0.005      64.14 

a All trial arm comparisons were between an intervention group and a non-active control group. 

Trial arm outcomes were clinical morbidity for beef and swine trials and intramammary 

infections in dairy cow trials.  
b A ratio of odds ratios (ROR) <1 implies that inadequately blinded trial arm comparisons were 

associated with more beneficial intervention effects compared to those in which blinding was 

adequately employed or reported. 
c Bovine respiratory disease (BRD) 
d Meta-analyses (MA) 
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Figures 

Figure 5.1. Forest plots of ratio of odds ratios for the association between two methodological 

trial characteristics with intervention effect sizes for interventions compared to non-active 

controls measuring morbidity in livestock clinical trials stratified by systematic review. 
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Figure 5.2. Forest plots of ratio of odds ratios for the association between two methodological 

trial characteristics with intervention effect sizes for interventions compared to non-active 

controls measuring morbidity in livestock clinical trials stratified by livestock species/production 

category. 
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Figure 5.3. Forest plots of ratio of odds ratios for the association between two methodological 

trial characteristics with intervention effect sizes for interventions compared to non-active 

controls measuring morbidity in livestock clinical trials stratified by intervention type. 
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CHAPTER 6 
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OVERVIEW 

One definition for the word ‘power’ is the “capacity or ability to direct or influence the 

behaviour of others or the course of events” (Oxford English dictionary, Lexico.com). This thesis 

unleashed the power of evidence synthesis to meet the challenge of antibiotic stewardship in 

three ways. Firstly, by presenting two scoping reviews of the research literature for non-

antibiotic approaches in livestock thereby providing guidance for future research. Secondly, by 

evaluating a commercially available machine learning (ML) program that could make the 

conduct of evidence syntheses more efficient and timely. Thirdly, this thesis used meta-

epidemiological methods to explore the impact of methodological trial characteristics that may 

affect results of those trials, and thus ultimately the results of systematic reviews. This thesis 

demonstrated the unpredictable impact of inadequate random allocation and blinding on ES, 

thereby bringing awareness of this possibility to researchers of livestock interventions. 

For Chapters 2 and 3, our objectives for both scoping reviews were to describe the 

relevant research on non-antibiotic approaches (in the form of products or management 

practices) to intensive livestock production for disease prevention and control in the veal and 

beef feedlot sectors (Beef ScR) (Chapter 2) and the nursery pig sector (Swine ScR) (Chapter 3) 

for the North American context. Objectives of the scoping reviews were to identify specific 

topics which may feasibly support systematic reviews and to identify knowledge gaps. Our 

objectives did not include a summary of research findings or an assessment of the quality of the 

research. Our methods followed the ScR framework as described by Arkesy and O’Malley 

(Arksey and O’Malley, 2005). Both ScR began with expert consultations to help inform the 

scope of the reviews. For each ScR, multiple databases were searched followed by relevance 
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screening and data charting done by two reviewers independently. The reporting followed the 

PRISMA-ScR (Preferred Reporting Items for Systematic reviews and Meta-Analyses extension 

for Scoping Reviews) guidelines for the reporting of ScR (Tricco et al., 2018). 

For Chapter 4, our objective was to evaluate the proprietary DistillerSR ML Re-rank 

prioritization tool using the DistillerSR simulation tool to assess the performance of the Re-rank 

prioritization tool had we used it during the relevance screening stage of our 2 previously 

conducted ScR (Wisener et al., 2019, Wisener et al., 2021). Our two ScR provided gold standard 

corpi of fully reviewed databases for the evaluation. The DistillerSR Re-rank ML tool uses 

active learning for its training. In an iterative fashion, with humans providing the training data as 

they label the citations as relevant or not, the ML tool prioritizes the remaining citations for 

reviewing with those most likely to be relevant presented to the reviews first. Ultimately, this 

facilitates the identification of all relevant citations after viewing only a fraction of all citations 

(Callaghan and Müller-Hansen, 2020). 

For Chapter 5, our objectives were to use meta-epidemiological methods to assess the 

association of inadequate random allocation or blinding with intervention effect sizes (ES) for a 

convenience sample of systematic reviews with meta-analyses (SR-MA) which focused on 

antibiotic stewardship intervention research in livestock. We also explored how the associations 

varied by livestock species/production category and intervention category. We used a 

convenience sample of six systematic reviews with meta-analyses (SR-MA), which included 135 

treatment arm comparisons from 109 systematically selected trials (O’Connor et al., 2019a; 

O’Connor et al., 2019b, Sargeant et al., 2019a; Sargeant et al., 2019b, Winder et al., 2019a; 

Winder et al., 2019b). Interventions evaluated in the SR-MA included preventive antibiotics or 
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vaccines for respiratory diseases in swine and beef cattle and teat sealants or antibiotic teat 

infusions for mastitis prevention in dairy dry cows compared to a non-active control. Outcomes 

included morbidity for the beef and swine trials and intramammary infections in early lactation 

of dairy cows. Random allocation was categorized as inadequate (reported method was 

nonrandom or method of allocation was not reported vs. adequate (reported as random with or 

without providing information regarding random sequence generation). Blinding was categorized 

as inadequate (neither animal owner/managers nor outcome assessors were reported to be 

blinded or information was not reported) vs. adequate (blinding was reported for either 

owner/managers or outcome assessors or both). We stratified the entire dataset three different 

ways, by review, species/production category (swine, beef, dairy cow), and intervention category 

(preventive antibiotic, vaccines). For each of the strata, the associations between the trial arm ES 

and inadequate vs. adequate trial characteristic were estimated using random effects meta-

regression to generate ratios of odds ratios (ROR) for the relative impact of presence of the trial 

characteristic as inadequate or adequate. Using the ROR as inputs from the meta-regression 

models, we conducted meta-analyses to visually explore the heterogeneity of entire dataset as 

stratified in three different ways. 

KEY FINDINGS 

Chapter 2.  

Non-antibiotic approaches for disease prevention and control in beef and veal production: A 

scoping review 
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Among the 13,598 articles screened for relevance in the scoping review (ScR) of non-

antibiotic approaches for disease prevention and control for the veal calves and feedlot beef 

cattle (Ch. 2), 722 (5.3%) were ultimately charted. The number of relevant articles increased 

steadily between 1990 and 2016. The research from European Union (EU) countries was 

dominated by veal production research whereas, the North American research was dominated by 

beef production research. The Beef ScR identified a large volume of research with extensive 

breadth but limited depth. This was a similar finding in a ScR of non-antibiotic interventions to 

reduce antibiotic resistance in North American cattle conducted by Murphy et al., (2016). 

The diversity of research pertained to the specific interventions and populations, but also 

to comparison groups and outcomes measured. Thus, despite the large volume of research 

evaluating an extensive variety of interventions, there was relatively little replication of studies. 

Nevertheless, there were seven specific topic areas evaluated in clinical trials with enough 

commonality to feasibly support systematic reviews (SR). These included vaccines for 

respiratory diseases, feed additives (probiotics, vitamin E, chromium), non-steroidal anti-

inflammatory drugs (NSAID) as ancillary medications, feed type (i.e., roughage) in feedlot cattle 

and probiotic or prebiotic milk replacer additive in veal calves. The four most commonly studied 

types of interventions were non-antibiotic feed additives, vaccinations, breed type, and feed type. 

There was a dearth of clinical trials evaluating feedlot management interventions such as 

biosecurity, infection control, animal mixing and animal movement, and pen densities. The four 

most commonly reported outcomes in veal calves or feedlot cattle were indices of immunity, 

non-specific morbidity, respiratory disease, and mortality. As many as 30% of the 27 beef 

feedlot vaccine clinical trials failed to report clinically important outcomes. There was a dearth 
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of trials in which a non-antibiotic alternative intervention group was compared to an antibiotic 

group. Studies often failed to include a ‘no treatment or conventional treatment’ control group 

but rather included a group of animals receiving different levels of the same treatment or a 

variation of the treatment. For many studies it was not reported or difficult to determine what 

constituted a ‘no treatment or conventional treatment’ control group. 

Chapter 3. 

Non-antibiotic approaches for disease prevention and control in nursery pigs: A scoping review 

Among the 11,316 articles and proceedings screened for relevance in the ScR of non-

antibiotic approaches for disease prevention and control for nursery pigs, 441 (3.9%) were 

ultimately charted. The majority (94%) of these were clinical trials, the remaining 6% were 

observational studies. Challenge trials had been excluded from data charting. Study results from 

the USA were largely communicated through conference proceedings (55%), whereas the study 

results from EU countries and the UK were largely communicated through published journal 

articles (75%). 

There was a large volume of literature and wide diversity of interventions described and 

outcomes measured. Similar to the Beef ScR, there was considerable breadth in the literature; 

however, there was more depth for the Swine ScR. There were 13 specific topic areas with 

enough commonality to feasibly support systematic reviews (SR). These included vaccinations in 

nursery pigs (PCV2, PRRS, Mycoplasma hyopneumoniae, Haemophilus parasuis, SIV, E. coli), 

feed additives (amino acids, acidification, organic acids, fiber, phytobiotics, prebiotics, egg yolk 

antibodies, and zinc), and vaccination of dams (PCV2). The two most commonly reported 

interventions were feed additives and piglet vaccines. Similar to the Beef ScR, there were 
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relatively few trials evaluating management practices. The three most commonly reported 

outcomes in nursery pigs were diarrhea, mortality, and indices of vaccine immunity. Similar to 

the Beef ScR, there were relatively few studies in which potential antibiotic alternative 

interventions were compared to antibiotic comparison groups and relatively few studies 

evaluating management interventions such as biosecurity, infection control, animal mixing and 

animal movement, and pen densities. As many as 36% of the vaccine clinical trials failed to 

report clinically important outcomes. 

Chapter 4. 

Evaluation of the DistillerSR machine learning automated prioritization tool for relevance 

screening for two scoping reviews of animal and veterinary research topics 

The DistillerSR ML tool, known as Re-rank tool, demonstrated value for prioritizing 

citations to improve the workflow efficiency and had potential to reduce the burden of screening 

if used to replace one or both reviewers at a given level of recall. The potential to reduce the 

burden of screening in terms of absolute numbers of citations was greatest for the larger dataset 

(Beef ScR) and lesser for the smaller dataset (Swine ScR). Beyond the differences in sizes of the 

Beef ScR and Swine ScR, there was also a difference in the nature of the inclusion criteria at 

level 1 screening (the first iteration of relevance screening) that had the potential to impact the 

reduction in screening burden. The Beef ScR had only one level of screening whereas the Swine 

ScR had four levels of screening, reflecting the comparatively broad inclusion criteria for level 1 

screening for the Swine ScR. This broad inclusion criteria challenged the Re-rank tool’s training 

which resulted in a lesser potential to reduce the screening burden for the Swine ScR compared 

to the Beef ScR. In addition, the ML tool’s training was further hampered for the Swine ScR 
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because we had screened citations at the second level of screening based on author address 

information; information that was not available to the Re-rank tool for training which relied 

solely on information in the titles and abstracts. Thus, from the perspective of the ML tool, 

citations screened out at the second level of screening closely resembled citations that were 

included. 

Chapter 5. 

Impact of reported random allocation and blinding on estimated intervention effects in 

controlled trials of livestock interventions: A meta-epidemiological study 

In this meta-epidemiological study, inadequate random allocation and blinding were both 

associated with less beneficial (under estimated) ES for four of the reviews and with more 

beneficial (over estimated) ES for two of the reviews. However, the heterogeneity among the 

reviews was substantial. With the data stratified by species/production category (beef, swine, 

dairy) rather than by review, inadequate random allocation was associated with less beneficial 

ES for all three species/production categories. Inadequate blinding was associated with less 

beneficial ES only for the dairy cow intervention data and associated with more beneficial ES for 

the beef and swine interventions. Heterogeneity among the species/production category strata 

was minimal. With the data stratified by intervention category, inadequate random allocation or 

blinding were associated with less beneficial ES for preventive antibiotic interventions and with 

more beneficial ES for the vaccination interventions. Heterogeneity between the intervention 

category strata was substantial. 
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LIMITATIONS 

Chapters 2 and 3. Scoping reviews of non-antibiotic approaches in livestock 

The comprehensiveness of our scoping reviews may have been limited by a few factors. 

Grindlay et al., (2012) reported that Scopus and CAB Abstracts gave the best coverage of the 

veterinary literature (Grindlay et al., 2012). CAB Abstracts were noted to have particularly good 

coverage of the grey literature (Grindlay, et al., 2012). We were limited to the databases for 

which the University of Guelph has subscription access, which did not include Scopus, and we 

experienced poor functionality of CAB Abstracts for the long search strings used in our scoping 

reviews. To cover the broad topic area of non-antibiotic approaches, our search terms for 

interventions were extensive. However, we may have missed some citations if we had not 

included all possible terms for each of the many interventions. 

By limiting our context to North America and countries with similar livestock production 

practices, we may have missed applicable research from other countries. This may have 

impacted the Swine ScR the most as there seemed to be, based on anecdotal evidence obtained 

during our relevance screening, an extensive volume of research for antibiotic alternatives from 

Chinese and South Korean researchers. We followed the guidance of our expert stakeholders 

regrading geographic sources of research. 

Chapter 4. Evaluation of the DistillerSR machine learning automated prioritization tool for 

relevance screening of two scoping reviews for animal and veterinary research topics 
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The principal limitation of this evaluation was that it was conducted for fully labeled 

complete datasets and thus, may not be a true representation of the tool’s performance for a live 

review. Additional datasets would have provided a larger sample for the evaluation and been 

more representative of the tool’s performance. As an evaluation of a single commercially 

available ML tool our findings have limited external validity as they cannot be extrapolated to all 

similar tools. 

 Chapter 5. Impact of reported blinding and random allocation on estimated intervention 

effects in controlled trials of livestock interventions: A meta-epidemiological study 

This study had two important limitations, the first was the relatively small sample size of 

six SR-MA with 135 treatment arm comparisons from 109 systematically selected trials to 

statistically explore the associations between trial characteristics and intervention ES. Two recent 

meta-epidemiological studies using human medical SR-MA listed in Cochrane Reviews were 

based on 228 MA of 3443 RCT (Savović, et al., 2018) and 142 MA of 1153 RCT (Moustgaard et 

al., 2020). The larger sizes of the human medical meta-epidemiological studies gave them more 

power to detect statistical differences in the associations between trial characteristics and ES and 

to explore sources of heterogeneity. A second limitation was that the six SR-MA that comprised 

our source data for the study came from a convenience sample. As such, our results may not 

validly represent the target population of similar studies (Dohoo et al., 2009). 

An additional limitation of this study was due to insufficient reporting regarding the exact 

method used for random sequence generation. For example, our category for adequate random 

allocation was based on randomization being reported with or without the method of random 
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allocation being reported. Thus, we did not have the opportunity to explore the differential 

impact on effects sizes based on random allocation with and without the method reported. 

CHALLENGES AND LESSONS LEARNED 

Chapters 2 and 3. Scoping reviews of non-antibiotic approaches in livestock 

We approached the challenges of comprehensiveness in our scoping reviews in two ways. 

For the Beef ScR we conducted a Google search with the aim of accessing more grey literature. 

To overcome the Google search 50 search term limit, we sub-divided the search terms into 

smaller groups (https://support.google.com/gsa/answer/4411411#requests). There may have been 

more effective ways to conduct this google search. However, Google searches are not replicable 

thus not a recommended solution to the challenges in the comprehensiveness of searches for 

evidence synthesis projects. To obtain grey literature for the Swine ScR, we hand searched the 

AASV conference proceedings, as recommended by our content experts. However, this was a 

laborious process as noted by Daudt, et al., (2013), requiring initial screening by broad topic area 

followed by individual proceedings titles within the topic areas. The requirement of paid 

membership to obtain access to the conference proceeding databases added an additional cost to 

the project. There may have been other sources of grey literature that we missed. Though we 

consulted a University of Guelph librarian, working with a librarian with more specific expertise 

on searches for evidence syntheses may have proved helpful. 

Balancing the scope of the ScR projects with available resources is a recognized 

challenge (Levec, et al., 2010, Daudt et al., 2013, Thomas, 2013, Pham et al., 2014). It was a 

https://support.google.com/gsa/answer/4411411#requests
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challenge to determine how to focus the scope of the project not only for the resources available 

but also to provide the most meaningful results while still adhering to the goal of capturing the 

breadth of the topic area (Tricco, et al., 2016). We gained invaluable guidance for establishing 

the ScR scope and focus from our stakeholder engagement conducted at the outset of each 

project. Nevertheless, we learned from the Beef ScR that including challenge trials may not have 

contributed significantly to our overall goals. Consequently, we did not include challenge trials 

in our charting for the Swine ScR.. Another lesson learned from the Beef ScR, was to take 

advantage of the citation management DistillerSR software to continue to narrow the focus of the 

Swine ScR as we became more familiar with the literature during the screening. We 

accomplished this by iteratively adding levels of screening questions for the included citations 

from the previous level. Had we known the nature of the literature more intimately, we would 

have had a more efficient process by screening based on all the criteria at the lowest possible 

screening level. 

An additional lesson learned from the Beef ScR that we applied to the Swine ScR was to 

collect data at the individual study level rather than the article level. Although we do not think 

that the Beef ScR findings were impacted substantially by data collection at the article level, we 

think that collecting and charting data the study level gave a more accurate description of the 

body evidence for the Swine ScR. 

Finally, we learned the value of the protocol to help maintain the consistency during 

screening. The Beef ScR did not have a protocol but we included one for the Swine ScR, and it 

proved to be useful. As scoping reviews are becoming more established in the veterinary 

literature, it is now the expectation that all scoping reviews should have an a priori protocol. 
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Chapter 4. Evaluation of the DistillerSR machine learning automated prioritization tool for 

relevance screening of two scoping reviews for animal and veterinary research topics 

Our experience demonstrated to us that the use of an automated prioritization active 

learning ML tool for relevance screening can help all reviews by improving the review efficiency 

(O’Mara-Eves et al, 2015). Beyond efficiency gains through citation prioritization, review teams 

can use ML prioritization tools to reduce the burden of screening in absolute terms. Our findings 

were consistent with those of Callaghan and Müller-Hansen, (2020) for which the reductions in 

screening burden were optimal for larger databases. There is a tradeoff between the screening 

burden reduction and the level of recall desired. As stated by Callaghan and Müller-Hansen, 

(2020), for large datasets with a comparatively large proportion of relevant citations, typical of 

some ScR, the additional work needed to achieve the level of recall (e.g., 100%) will be small 

compared to the reduction in screening burden realized from using ML compared to not using it. 

In a live review, the teams would need to decide how they would use the ML tool to replace one 

or both reviewers to realize the reductions in screening burden offered by the tool. In a recent 

article, Callaghan and Müller-Hansen, (2020) offer some guidance on appropriate stopping 

criteria. 

Because we used completed scoping reviews to retrospectively evaluate DistillerSR Re-

rank tool, we did not have direct experience with the ML tool in a live review. We used the 

simulation tool to view how the Re-rank tool would have worked had we used it and found it 

easy to use. For our purposes, the simulation tool readily provided all the data needed (true 

positive, false positive, false negative, total excludes) to calculate the metrics needed for our 

evaluation (specificity, precision, accuracy and balanced accuracy, F-measure, work saved over 
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screening, and burden of screening) at multiple levels of recall (i.e., sensitivity). The simulation 

tool provided a visual representation of the progress of the screening via the DistillerSR 

simulation curve at progressive levels of recall. Additionally, the simulation tool provided a 

display of the citations not yet included by their citation identification number and the likelihood 

of inclusion. During a live review using the DistillerSR software, the reviewers have the option 

of viewing discrepancies between the automated screening results and the reviewer labels 

through the AI Audit tool. In this way, an audit of potential accidental excludes could be viewed 

by a reviewer. The ML tool performed best on the dataset with more focused inclusion criteria at 

the first level of screening. This presents a challenge to review teams which find themselves 

needing to add additional levels of screening to focus the review further during the screening 

process. Nonetheless, in cases where additional levels of screening are needed, the use of the ML 

prioritization tool offers advantages. 

The ML tool performed best when the training from information exclusively available in 

the titles and abstracts. Labeling citations based on information unavailable to the machine (e.g., 

author address information) proved to be a challenge. To optimize the benefits of the ML, the 

review teams may take into consideration that the tool learns best from information in titles and 

abstracts. 

Chapter 5. Impact of reported random allocation and blinding on estimated intervention 

effects in controlled trials of livestock interventions: a meta-epidemiological study 

The meta-epidemiological approach to exploring the associations between trial 

characteristics and intervention ES provides a useful framework for answering questions about 
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the impact of inadequate trial characteristics, random allocation or blinding for example, for 

clinical trials in livestock. More detailed reporting regarding the exact method used for random 

sequence generation and regrading blinding of animal managers/owners or outcome assessors 

would provide the opportunity to explore the impact of these trial characteristics with more 

accuracy. 

A limitation of our study was the small convenience sample size of our populations of 

reviews. A better approach may have been to select all or a random sample of SR-MA for 

clinical trials of interventions in livestock from those listed in a recent ScR (Vriezen et al., 2019). 

Our time and resources limited us to the use of readily available source data for this exploratory 

study. 

Our meta-regression models were simple univariable models. Siersma et al., (2007) 

suggested that ROB trial characteristics co-occur and thus should be explored in multivariable 

models. Savović, et al., (2018) reported a significant interaction between sequence generation 

and blinding which suggested that inadequate blinding may introduce more biased ES within 

studies that also had inadequate random allocation compared to those with adequate random 

allocation. Ours was an exploratory study for meta-epidemiological methods as applied to 

livestock evidence syntheses. Our relatively small dataset limited our ability to create stable 

complex models within the dataset strata. 

FUTURE DIRECTIONS 

Chapters 2 and 3. Scoping reviews of non-antibiotic approaches in livestock  
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If not already done, SR should be conducted for the specific topic areas identified as 

having enough commonality to feasible support formal synthesis (e.g., seven topics for beef, 13 

topics for swine). It should be noted that, O’Connor et al., 2019b published a systematic review 

and network meta-analysis of bacterial and viral vaccines for respiratory diseases in feedlot beef 

cattle. However, for nursery pigs, zinc oxide (ZnO), at pharmacological doses, was one of the 

areas identified as potentially feasible. The use of ZnO is a controversial preventive treatment for 

diarrhea due to concerns regarding antibiotic resistance co-selection with ZnO use in swine 

(Cheng et al., 2019). Consequently, preventive treatment with pharmacological doses of ZnO 

will be phased out in the EU by 2022 under Regulation (EU) 2019/6. We suggest that evidence 

synthesis of pharmacological doses of ZnO in nursery pigs is of limited value. Though we 

identified these topic areas as feasibly supporting SR now, further replication of trials within 

these specific topic areas would enhance the ability to explore heterogeneity in future SR. 

To build more depth within these bodies of research, particularly the beef and veal 

literature which had less depth, replication of clinical trials for potentially promising 

interventions, beyond those identified among the topics with a potentially sufficient body of 

evidence for synthesis, would help develop the necessary base for future evidence synthesis. 

Evidence syntheses such as SR-MA are valued as credible summaries of evidence and 

can also support clinical practice guidelines (Tricco, 2011). In an international survey of swine 

veterinarians, barriers to continuing education on infectious disease research included the poor 

efficiency and stress associated with learning from primary research articles (Keay et al., 2020). 

Keay et al., (2020) noted that there is a need to improve the knowledge translation (KT) 

infrastructure for swine veterinarians. Evidence syntheses and practice guidelines have the 
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potential to improve KT infrastructure for swine veterinarians and very likely beef veterinarians 

as well. 

Among the evidence gaps, there were relatively few clinical trials for management 

interventions such as biosecurity, infection control, animal mixing and animal movement, and 

pen densities. Ribble et al., (2010) also noted a similar evidence gap. Future clinical trials or 

cohort studies could provide the needed evidence to support future knowledge syntheses for 

these interventions. An additional evidence gap was the paucity of antibiotic comparison groups 

among the clinical trials of feed additives that may potentially serve as antibiotic alternatives. To 

provide credible evidence of non-inferiority or superiority to antibiotics, it would be most 

informative to compare the antibiotic alternative intervention group to an antibiotic group. 

Researchers should consider this for future clinical intervention trials in appropriate situations. A 

third evidence gap that we noted was a failure to report clinically important outcomes in 

approximately one third of the vaccine trials for both ScR. These trials reported on indices of 

immunity but not health outcomes. Reporting on clinically important outcomes improves the 

quality of evidence (Ryan et al., 2016). 

More consistent reporting of comparison groups for feed trials, such as information on 

what constitutes conventional practice and inclusion of this group would make studies more 

comparable and amenable to future synthesis. We recognize that conventional practice changes 

over time and possibly location as well, however clarity of conventional practice for the context 

of the study would make future syntheses more feasible. 
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For the Swine ScR, a large proportion of the proceedings from the USA were never 

published as journal articles. This failure can contribute to accessibility bias, a form of 

publication bias, if the decision to publish results in a journal is related to the statistical 

significant of the findings of the study. Authors of proceedings should be encouraged to publish 

their findings in journal articles regardless of the statistical significance of their results. 

Alternatively, if full journal publication of these studies is not possible, improved reporting on 

the proceedings themselves would help improve their value as evidence. We did not formally 

evaluate the quality of reporting in the conference proceedings but anecdotally we found missing 

information. Reporting of abstracts and proceedings can be improved by following CONSORT 

reporting guidelines for conference abstracts (Hopewell et al., 2008). 

Chapter 4. Evaluation of the DistillerSR machine learning automated prioritization tool for 

relevance screening of two scoping reviews for animal and veterinary research topics 

When considering metrics for evaluation of ML prioritization tools, consensus around the 

most meaningful metrics for the review community would be helpful. We suggest that the 

metrics related to workload reduction (burden of screening, worked saved over sampling) at 

various levels of recall (95%, 99%, 100%) would be the most meaningful for review team 

decisions about which tool to use for specific projects. Knowledge of potential workload savings 

can be used by review teams for planning their project resources. Hamel et al., (2020) evaluated 

the DistillerSR Re-rank tool using the reduction in screening burden at 95% recall as the 

performance metric. Comparisons among ML relevance screening tools with the most 

meaningful metrics to help review teams choose the most appropriate tool are lacking. Shemilt et 

al., (2016) conducted cost-effective economic analyses to compare approaches to relevance 
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screening with or without ML tools (e.g., ‘safety first’, ‘double screening’, ‘single screening’ and 

‘single screening with ML’). This type of cost-effective economic analyses framework to 

compare ML tools available to review teams using common datasets may be useful. For such a 

study, various ML tools would be compared rather than approaches to screening as done by 

Shemilt et al., (2016). 

Evaluating the performance during a live review of a particular ML tool would be 

difficult. If the review team has expectations regarding the burden of screening based on 

previous experiences, they may be able to compare their expectations to the actual burden of 

screening with use of the ML prioritization tool. 

To enable reproducibility of ML screening software, Olorisade et al., (2017) published a 

checklist of reporting. They suggest that a lack of information regarding the ML algorithms, the 

datasets used, and partitioning of the test and validation dataset used during the algorithm 

development, hinders the reproducibility of evaluations of ML software. This checklist focused 

on reporting of the following metrics: recall, precision, and F-measure. Olorisade et al., (2017) 

also noted that there were very few shared common datasets available for use in an evaluation of 

specific ML tools. The checklist provided by Olorisade et al., is useful guidance for evaluation of 

algorithms; however, review teams may be better guided in their decisions about which ML 

software best suits their needs by evaluations of the actual functionality of various ML software 

through cost-effectiveness analyses framework using common datasets similar to Shemilt et al., 

(2016). 
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Chapter 5. Impact of reported blinding and random allocation on estimated intervention 

effects in controlled trials of livestock interventions: A meta-epidemiological study 

Our meta-epidemiological study was useful as an example of this approach for livestock 

and veterinary topics but was limited by our small convenience sample of reviews. Larger meta-

epidemiological studies comprising more SR-MA with many trials would provide more 

credibility to the findings and offer more opportunities to explore heterogeneity among the 

reviews. A recently published ScR of SR and MA in animal health, performance, and on-farm 

food safety noted a dramatic increase in SR-MA since 2013 (Vriezen et al., 2019). Researchers 

conducting meta-epidemiological studies will have a larger source population of SR-MA for 

intervention research in livestock in the near future as the rate of SR-MA publication continues 

to increase. 

Future meta-epidemiological studies should explore the influence of the various 

species/production categories, intervention category, and outcomes while assessing the 

associations between random allocation and blinding and ES. Future meta-epidemiological 

studies could also extend the approach to investigate the associations between intervention ES 

other trial characteristics such as loss to follow-up. 

CONCLUSIONS 

Credible evidence is based on replication and evaluation. Evidence synthesis is needed to 

bridge the gap between primary research and decision making for producers, veterinarians, 

policy makers, and research funders. This thesis is an investigation into the opportunities and 

challenges of evidence synthesis for advancing antibiotic stewardship in livestock. 
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Scoping reviews of non-antibiotic approaches for veal, beef, and nursery pig production 

identified extensive volume and breadth of research for a range of interventions. The ScR also 

provided reconnaissance for specific topics for future SR not yet done. Evidence gaps were 

identified to help guide future research projects and research funders. 

Evidence synthesis through ScR and SR are resource intensive. With every increasing 

research available for syntheses there is an imperative to make them more efficient and timely. 

The evidence synthesis community is beginning to embrace ML programs that promise to make 

the very labour-intensive relevance screening step more efficient and to reduce the burden of 

screening. Evaluations of these ML tools are needed to enhance the trust in their usefulness. In 

our evaluation of one proprietary ML tool using our own completed ScR databases we show that 

the ML had the potential to prioritize citations thereby make the screening step more efficient. 

The ML tool also demonstrated potential to reduce the screening burden, but the extent of that 

reduction was related to both the size of the citation database and the degree of focus of inclusion 

criteria early in the screening process. Some consensus about how to evaluate ML tools will 

guide the synthesis community in developing the needed evaluations. Subsequently, knowledge 

of the tools themselves and how to incorporate them into their workflow will help the evidence 

synthesis community to realize the potential of ML tools. 

The credibility of evidence is rooted in the validity of the included research. Risk of 

biases from trial characteristics are an expression of that validity. We presented an example of 

how meta-epidemiological methods could help explore the relative impact of two trial 

characteristics with potential links to ROB, inadequate random allocation and blinding. Using 

meta-epidemiological methods, we explored the impact of inadequate random allocation or 
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blinding on the intervention ES with data from six SR-MA for antibiotic stewardship 

interventions in livestock. The direction and size of the impact of these trial characteristics on 

intervention ES are difficult to predict. A larger pool of clinical trials with improved reporting 

and subsequent SR-MA reviews will support further exploration of these, and other trial 

characteristics related to potential ROB in veterinary and livestock research. 
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APPENDICES  

Appendix 2.1. Relevance screening questions and guide for the scoping review of non-antibiotic approaches in beef and veal 

production scoping review 

   Question  Answer Options Action within Distiller  

Included (rationale) 

Action within Distiller  

 Excluded (rationale) 

1 Is this primary research 

involving cattle? 

 

Yes clinical trial, Experiment, challenge 

trial (i.e., the pathogen is given to the 

comparative groups), outbreak report, 

case study, case series, observational 

study including a survey (if risk factors 

assessed) 

 

  Unclear Unclear – kept for look at full text  

  No [review, SR, 

MA, risk, analysis, 

erratum/correction] 

[and SUBMIT]* 

 Narrative reviews, systematic review 

(SR), meta-analysis (MA). 

  No, other  

[and SUBMIT] 

 NOT: 

o In vitro study (e.g., Rusitec 

fermenter) 

o Rumen contents alone even if 

taken from live cattle. 

o Other document types: 

[Comm.entary, testimonials, 

business reports 

o product reports UNLESS a trial 

is described 

o prevalence/ incidence studies 

o Another species 
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2 Does the study involve 

beef herds OR beef 

cattle of any age?  

Yes cow-calf OR "beef calves" OR 

"grazing calves" OR "veal calves" OR 

"male dairy calves" OR "dairy beef 

steers" OR "stocker cattle" OR 

"backgrounders" OR "feedlot cattle" 

OR "finishing cattle" OR "fattening 

cattle" OR "feeder cattle" OR 

"finishing steers" OR "fattening steers" 

OR "Holstein bulls" OR "Holstein 

steers" OR "beef heifers" OR "feedlot 

heifers" OR "finishing heifers" OR 

"fattening heifers" OR "beef steers" 

OR "feedlot calves" OR "beef herds" 

OR "feedlot animals" OR "Holstein 

calves" OR "feeder calves" OR "sale 

barn-origin calves" OR "sale barn 

origin calves" OR "sales-barn origin 

calves" OR "sales barn origin calves" 

 

dairy calves if they are male or sex 

unknown 

[Bos traus or bos Indicus type breeds 

are included with some exceptions] 

 

Also include 

producers/veterinarians/farm mangers 

that are making decisions about what 

interventions/management measures 

are used 

 

  Unclear Unclear – kept for look at full text  

  No  NOT: 
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o dairy cows/Holstein cows  

o dairy replacement heifers 

o dairy heifers 

o Friesian heifers 

o Holstein heifers 

o Female dairy calves 

o Female Holstein calves 

o Holstein breeding bulls 

o Bison 

o Buffalo 

o yaks 

 

NOT the following breeds:  

Japanese, Korean [e.g., Hanwoo], other 

Asian breeds, including ‘Chinese 

Holsteins’ for example   

3 Does the study report on 

a targeted risk factor, 

intervention, vaccine, 

feed additive or targeted 

management practice? 

 

 

 

Yes Intervention:  

o Something that is fed directly 

or as a feed additive or 

administered to the cattle by 

injection, implant, or in the 

water [e.g., probiotic, DFM, 

plant extracts, Ractopamine, 

minerals, vitamins, amino 

acids, feed enzymes, urea, 

others] 

o Include vaccines and adjuvants 

o Any antibiotics  

o growth promotants in feed 

[e.g., Rumensin, lasalocid, 

others]  
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o hormones for AI or growth 

promotion 

Management practice:  

Weaning practice 

Housing 

Density 

Stress reduction 

Feed type/feed stuff/pasture type 

Feeding frequency/feed energy 

Producer education 

Genetics/breeding/cross-

breeding/breed type 

Genetic markers/candidate genes [for 

disease prevention or performance 

characteristics] 

Artificial Insemination protocols 

biosecurity/infection control 

animal introductions 

  Unclear  Unclear – kept for look at full text  

  No, other 

 [and SUBMIT] 

 NOT: 

o Dewormers/anthelminthics  

              Anticoccidial drugs, 

pyrethroid,  

 

o Test technology/test 

comparisons/ BLUP evaluations 

[accuracy/sensitivity/specificity]  

 

o Detection of sick cattle 
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4. Does the study measure 

one of the targeted 

health outcomes?  

Yes Antimicrobial/antibiotic use, vaccine 

efficacy or serologic/immune/humoral  

response, mediators of inflammation 

interleukins [ IL-2, IL-8, IFN-γ, etc.], 

tumor necrosis factor (TNF), acute-

phase response, oxidative burst of 

leucocytes, natural killer cells, 

neutrophil bactericidal activity, animal 

health/calf health, risk of disease, 

mortality/morbidity, bovine respiratory 

disease, diarrhea,  fecal score, scours, 

bovine viral diarrhea, bacterial 

diseases, survival to weaning, 

treatment cost, return on treatment 

cost, treatment rate, condemnations, 

liver abscesses, rumenitis, 

acidosis/subacute ruminal acidosis, 

dietary cation-anion difference 

(DCAD), metabolic acid load/urine 

pH, grain overload, total tract barrier 

function, Abomasal ulcers, rumen 

development, mastitis, injection site 

lesions regardless of injection type,  

and 

Lameness if it could be related to an 

infection [viral or bacterial infections], 

Abortions related to infection [viral or 

bacterial infections], 

IF IT SAYS ‘HEALTH’ in the abstract 
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Any outbreak reports of viral or 

bacterial conditions [not parasites, not 

toxins, not fungal] 

  Unclear  Unclear outcome  

  No, outcome is an 

animal performance 

parameter  

[and SUBMIT] 

o weight gain, days in feed, 

finished weight, average daily 

gain (ADG), dry matter intake 

(DMI), feed cost per unit of 

gain, feed to gain ratio/feed 

conversion ratio/feed 

efficiency/residual feed intake 

(RFI) 

o weaning body weight in calves 

on cow-calf farms  

o carcass weight or grade, 

marbling, intramuscular fat, fat 

thickness 

o farm profitability, break even 

cost  

 

 

  No, other 

[and SUBMIT] 

 NOT: 

o Mechanistic studies 

o prevalence/ incidence studies [if 

no risk factors of interest] 

o Gene expression 

o rumen fermentation/nutrient 

digestibility/rumen pH 

o clinicopathologic variables (i.e., 

blood parameters, heart rate) 

o fertility/reproductive efficiency/ 

pregnancy rate/estrus/ovulation, 
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reproductive efficiency [age at 

first calving (AFC), first calving 

interval (FCI) and non-return 

rate (NRR)  

o antimicrobial/antibiotic 

resistance (AMR) 

o meat nutrients [e.g., fatty acids, 

Omega-3 fatty acids] 

o meat tenderness 

o parasitic [worms/nematodes, 

ticks, lice] and protozoan 

diseases 

o Methane production 

o Milk production 

o Asymptomatic food-borne 

pathogen carriage/shedding 

[e.g., Campylobacter, 

Salmonella, E. coli (EHEC) 

grp.] 

o Body condition score or weight 

gain in breeding beef cows or 

heifers 

o Lameness or ill health 

associated with toxin or 

congenital disease 

o Abortions related to toxicosis 

o Immunity to fertility hormones 

OR growth hormone  

5 Was the study conducted 

in a country of interest? 

Yes Canada, USA, EU [include Eastern 

European countries and Switzerland] 
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and Britain, Australia/NZ, Mexico, 

Brazil, Argentina, Uruguay, Russia 

  Unclear unclear  

  No 

[and SUBMIT] 

 NOT: 

[Asian or African countries, Kurdistan 

or other ‘…stans’, Middle Eastern 

countries or Turkey] 

also NOT Greece, not Alaska 
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Appendix 2.2. Clinical trials of vaccine interventions for beef cattle and veal calf populations. 

Disease 

type 

Description of vaccination pathogen Production stage 

population type 

Outcomes of interesta  

Gastro-

intestinal  

Salmonella dublin  Veal calves 

Comm.b (n=1) 

 

Diarrhea (n=1)  

Morbidity c (n=1)   

Mortality (n=1) 

Surrogate measuresd
 (n=1) 

Treatments for illnesse (n=1) 

Respiratory disease (n=1) 

Respiratory 

disease 

Bovine viral diarrhea virus (BVD), Bovine Herpes 

Virus-1 (BoHV-1), commercial culture supernatant 

vaccine, Pasteurella haemolytica, Mycoplasma bovis, 

trivalent [IBR, BVD, Bovine respiratory syncytial 

virus (BRSV)] vaccine, unspecified bovine 

respiratory disease (BRD) vaccines with biological 

response modifiers, intranasal modified live virus 

(MLV) BRD vaccine 1 dose vs. 2 doses 

Veal calves  

Exp.f (n=5) 

Comm. (n=2) 

Unclear (n=1)  

Respiratory disease (n=4) 

Mortality (n=3) 

Morbidity (n=3) 

Surrogate measures (n=8) 

Non-specific immunityg 

(n=2) 

Treatments for illness (n=2) 

Treatment cost (n=1) 

Pathologyh (n=3) 

Diarrhea (n=1) 

Respiratory 

disease 

Commercial inactivated commercial MLV vaccine 

[BVBV, BVH-1, BRD pathogens], combined 

Pasturella haemolytica and Haemophilus somnus, 

BRD antigens, commercial inactivated BVDV and 

BRD vaccinations 

Cow-calf 

Exp. (n=2) 

Comm. (n=4)  

Respiratory disease (n=1) 

Mortality (n=2) 

Morbidity (n=1) 

Surrogate measures (n=6) 

Non-specific immunity (n=1) 

Treatments for illness (n=1) 

Pathology (n=1) 

Respiratory 

disease 

BRSV, Somnu-Star Ph, P. haemolytica, BRDV 

vaccines, BVD and IBRV with needle free device, 

priming with a MLV BRD vacc, commercial BRSV 

Beef calves  

Exp. (n=4) 

Comm. (n=7)  

Respiratory disease (n=6) 

Mortality (n=3) 

Morbidity (n=7) 

Surrogate measures (n=4) 
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given at various stages of production, Experimental 

BRD vaccines, BRD revaccination 

Non-specific immunity (n=2)  

Treatments for illness (n=2) 

Treatment cost (n=2) 

Pathology (n=2) 

Respiratory 

disease 

BRSV, Somnu-Star Ph, M. bovis and various 

adjuvants, M. bovis cytotoxin, BRD vaccines, novel 

combinations and routes of BRD vaccines, 

inactivated vs. MLV BRSV, Mannheimia 

haemolytica, various recombinant interleukin 

vaccines with MLV BRD and killed BVD vaccines, 

P. haemolytica, commercial BRD vaccines  

Stockers 

Exp. (n=12) 

Comm. (n=2) 

 

 

Respiratory disease (n=2) 

Mortality (n=2) 

Morbidity (n=8) 

Surrogate measures (n=9) 

Non-specific immunity (n=2) 

Treatments for illness (n=2) 

Pathology (n=1) 

Respiratory 

disease 

Infectious bovine rhinotracheitis virus (IBR),  

Parainfluenza virus-3 (PI-3), BVD, BRSV, Re-17 

mutant Salmonella typhimurium bacterin-toxoid, P. 

haemolytica, H. somnus, BRD vaccines, IBR-P1-3, 

novel combinations and routes of BRD vaccines, M. 

haemolytica, commercial BRD vaccines, M. bovis 

[novel route and adjuvants], BRD vaccine timing, 

priming with a MLV BRD vacc, commercial BRSV 

given at various stages of production, revaccination 

of sick calves with BRD [IBR,PI-3,BRSV), 

revaccination with MLV BRD, BRD with BVD, 

Experimental BRD vaccines, BRD revaccination, 

MLV BRD vaccine with killed BVD, MVL BRD 

vaccine timing, BVDV type-1 vs. type-2, MLV 

bovine rota/corona viruses 

Feedlot 

Exp. (n=21) 

Comm. (n=10)  

Unclear (n=2) 

Respiratory disease (n=17) 

Mortality (n=18) 

Morbidity (n=23) 

Surrogate measures (n=16) 

Non-specific immunity (n=6) 

Treatments for illness (n=12) 

Treatment cost (n=5) 

Pathology (n=6) 

Liver 

abscesses/ 

Acidosis 

Fusobacterium necrophorum bacterin (n=1), F. 

necrophorum leukotoxin and Acranobacterium 

pyogenes polysin at high or low levels (n=1), F. 

necrophorum leukotoxin (n=1) 

Feedlot  

Exp. (n=1) 

Comm. (n=2) 

Mortality (n=2) 

Liver abscess (n=3) 

Lameness (n=2) 

Surrogate measures (n=1) 

Acidosis (n=0) 
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a Outcomes of interest included: surrogate measures of disease and susceptibility, indices of nonspecific immunity, non-specific 

morbidity, mortality, respiratory disease, diarrhea, treatments for illness, other disease (e.g., non-diarrheal, non-respiratory infectious 

disease), pathology (e.g., post mortem findings), rumen or abomasum development, acidosis, liver abscesses, lameness or foot lesions  

total farm-level antibiotic use, injection site lesions, gene expression of immunity, abortion and treatment cost. 
b Comm. (i.e., populations living under commercial farm settings) 
c Morbidity (i.e., non-specific illness or pyrexia) 
d Surrogate measures of disease and disease susceptibility (i.e., pathogen detection or indices of specific immunity such as serology 

and cell mediated immunity) 
e Treatments for illness (i.e., sequential treatments administered to sick animals)     
f Exp. (i.e., populations living under experimental research farm settings) 
g Indices of non-specific immunity (i.e., immunoglobulins to non-infectious agents and immune biomarkers such as acute-phase 

proteins and tumor necrosis factor)  
h Pathology (i.e., post mortem findings excluding liver abscesses) 

 

 

 

 

 

 

 

 



 

 

227 

 

Appendix 2.3. Clinical trials of non-vaccine, non-antibiotic interventions for beef cattle and veal calf populations presented in 

decreasing order of frequency. 

Intervention type Intervention description Production stage 

population type 

Outcomes of interesta 

Feed additive 

non-antibiotic  

Total (n=121) 

Se supplement above recommended levels (n=1), 

crude protein (n=1), yeast extract (n=1), yeast 

culture (n=5), plant extracts [flavonoid and 

catchins] (n=1), cation and calcium level (n=2), 

probiotic products (n=1), prebiotic 

mannanoligosaccharide (MOS) (n=1), 

commercial blend of essential oils (n=1), Vit. E 

supplement (n=1), cotton seed hulls (n=1), 

fermentation extract of Aspergillus (n=1), 

molasses (n=1), two roughages [wheat straw vs. 

beet pulp] (n=1)  

Veal calves 

Exp.b (n=16) 

Comm.c (n=2) 

 

Respiratory disease (n=4) 

Diarrhea (n=15) 

Mortality (n=1) 

Morbidityd (n=5) 

Surrogate measures 
e (n=3) 

Non-specific immunityf(n=2) 

Abomasum/rumeng (n=6) 

Treatments for illnessh (n=1) 

Treatment cost (n=3) 

Pathologyi (n=1) 

Liver abscesses (n=1) 

Acidosis (n=5) 

 

 Mineral supplement (n=1), selenium source 

(n=1), level and source of selenium (n=2), 

selenium subclinical toxicosis (n=1), trace 

mineral [organic vs. inorganic] (n=3), late 

gestation protein and mineral supplement (n=1), 

Vit E supplement (n=1), beta-carotene (n=1), 

molasses with added urea or protein meal (n=1), 

prebiotic Mannan-oligosaccharides (MOS) and 

urea (n=1), rumen protected methionine (n=1), 

supplemental fat [safflower seed, cotton seed] 

(n=1), omega-3 fatty acids (n=1), supplemental 

feed level (n=1)  

Cow-calf 

Exp. (n=14) 

Comm. (n=3) 

Respiratory disease (n=4) 

Diarrhea (n=2) 

Mortality (n=7) 

Morbidity (n=7) 

Surrogate measures (n=10) 

Non-specific immunity (n=3) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

Lameness (n=1) 

Gene expression (n=1) 

Abortion (n=1) 

Other diseasej: infectious 

bovine keratitis (IBK) (n=1) 
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 Dietary cation-anion difference [molasses with 

or without buffer] (n=1), selenium (n=1), 

saturated and unsaturated fatty acid (n=1) 

Cows/heifers 

Exp. (n=3) 

Comm. (n=1) 

 

Morbidity (n=1) 

Surrogate measures (n=1) 

Non-specific immunity (n=1) 

Acidosis (n=1) 

 Pre-weaning concentrates (n=1), Vit. E, 

selenium, copper (n=1)  

Beef calves  

Exp. (n=2) 

 

Morbidity (n=1) 

Surrogate measures (n=1) 

Non-specific immunity (n=2) 

 Vit A level (n=1), Vit. E level (n=4), Vit E or 

cysteine-rich feather meal (n=1), Vit E with 

various fatty acids (n=1),  Vit E and/or selenium 

(n=1), Vit E, selenium source (n=1), selenium, 

copper (n=1), selenium enriched hay (n=1), 

chromium with urea-corn vs. soybean meal 

(n=1), chromium (n=5), chromium source (n=2), 

inorganic chromium with or without niacin vs. 

organic chromium (n=1), trace minerals with 

iodine (n=1), trace mineral [organic vs. 

inorganic] (n=2), magnesium (n=1), trace 

mineral sources of Cu and Zn (n=1), copper 

level and source (n=1), zinc level and source 

(n=1), zinc source (n=1), calcium oxide level 

(n=1), mineral supplement with or without an 

ionophore (n=1), late gestation protein and 

mineral supplementation (n=1), dry distillers 

grains with moderate vs.  high sulfur content 

(n=1), bicarbonate (n=1), sodium bicarbonate 

[free choice or part of total mixed ration (TMR) 

(n=1), potassium level (n=1), exogenous 

fibrolytic enzyme (n=1), anti-phospholipase 

antibody (n=2), polyclonal antibody (n=2), yeast 

(n=2), yeast [live or cell wall extract] (n=1), 

Feedlot  

Exp. (n=67) 

Comm. (n=10) 

 

Respiratory disease (n=14) 

Diarrhea (n=3) 

Mortality (n=17) 

Morbidity (n=35) 

Surrogate measures (n=23) 

Non-specific immunity 

(n=18) 

Abomasum/rumen (n=2) 

Treatments for illness (n=14) 

Treatment cost (n=5) 

Pathology (n=1) 

Liver abscesses (n=11) 

Acidosis (n=15) 

Lameness (n=1) 

Gene expression (n=1) 
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yeast [active  dried vs. killed] (n=1), 

enterococcus faecium with or without yeast 

(n=1), direct-fed microbial (DFM) product 

(n=1), lactobacillus (n=1), commercial feed 

additives [Prime Purge, Organo-Pro, Convert 

calf gel containing probiotics and/or feed 

enzymes] (n=1), pre-biotic oligofructose (n=1),  

Tasco-Forage® a brown seaweed extract (n=2), 

essential oils (n=4), Ground flax seed (n=1), 

RummNext® plant extract product (n=2), de-

sugared molasses (n=1), rumen modifier (n=1), 

lipid source (n=1), fish oil (n=1), fatty acid 

supplementation (n=4), organic acids (n=1), 

metabolizable protein supply (n=1), molasses 

and urea (n=1), urea concentration (n=1), 

glycerin partial roughage replacement (n=1), 

ractopamine or zilpaterol  (n=4) 

Feed type 

Total (n=111) 

Milk replacer type (n=1), milk replacer plus 

solid feed of barley grain or ground wheat straw 

(n=1),  milk replacer plus access to hay (n=2),  

milk replacer plus corn and wheat straw 

mixtures (n=1), milk replacer plus concentrate of 

corn silage and barley straw started early or late 

(n=1), conventional vs. organic pasture with or 

without concentrate (n=1),  concentrate 

type/roughage source (n=8), roughage particle 

length (n=1), corn processing type (n=1), high 

fibre vs. ground corn (n=1), starter format 

[ground, pelleted, texturized, flakes, meal] (n=6), 

pelleted starter with or without oats (n=1), 

varying protein, fat and calcium concentrations 

Veal calves 

Exp. (n=23) 

Comm. (n=6) 

 

Respiratory disease (n=5) 

Diarrhea (n=11) 

Mortality (n=3) 

Morbidity (n=9) 

Surrogate measures (n=4) 

Non-specific immunity (n=2) 

Abomasum/rumen (n=17) 

Treatments for illness (n=8) 

Treatment cost (n=1) 

Pathology (n=1) 

Acidosis (n=13) 
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or starter diets (n=2), protein level of starter diet 

started early or later (n=1),  early vs. late 

concentrate (n=1), corn diet contaminated with 

Fusarium mycotoxin (n=1) 

 Rotational feed management (n=1), late 

gestation dry-lot rations (n=1), rangeland with or 

without complementary forage (n=1), grazed 

forage type and endophyte (n=1), grass vs. straw 

silage late gestation (n=1) 

Cow-calf  

Exp. (n=5) 

 

Mortality (n=3) 

Morbidity (n=1) 

Surrogate measures (n=3) 
 

 Dry lot weaning vs. pasture (n=1), creep feeding 

vs. supplement feeding after weaning (n=1), 

preconditioning program (n=1) 

Beef calves  

Exp. (n=3) 

Comm. (n=2)  

Respiratory disease (n=1) 

Mortality (n=1) 

Morbidity (n=2) 

Non-specific immunity (n=2) 

 Dry lot weaning vs. pasture (n=1), forage 

infected with endophyte fungus (n=1), 4 types of 

pasture treatments (n=1), level of concentrate 

with hay ad lib (n=1), anti-phospholipase 

antibody in a forage-based vs a grain-based diet 

(n=1), preconditioning program (n=1), wet 

brewer’s grains at 2 supplementation rates and 

frequencies (n=1), conventional or natural beef 

production maintained on grass (n=1)  

Stockers  

Exp. (n=7) 

Comm. (n=3) 

Respiratory disease (n=2) 

Mortality (n=1) 

Morbidity (n=4) 

Surrogate measures (n=1) 

Non-specific immunity (n=1) 

Liver abscesses (n=1) 

 Grain adaptation protocol (n=1), dried distillers 

grains (n=1), corn or wheat dried distillers grains 

(n=1),  varied proportion of wheat dried distillers 

grains with solubles, barley grain vs. barley 

silage (n=2), triticale dried distillers grains with 

solubles (n=1), effects of Sulfur concentration on 

dried distillers grains with solubles (n=1), wet 

distillers grains with solubles (n=2), level of dry 

or modified wet corn distillers grains plus 

Feedlot  

Exp. (n=41) 

Comm. (n=7) 

Unclear (n=1) 

Respiratory disease (n=7) 

Mortality (n=4) 

Morbidity (n=9) 

Surrogate measures (n=3) 

Non-specific immunity (n=4) 

Abomasum/rumen (n=3) 

Treatments for illness (n=4) 

Pathology (n=2) 

Liver abscesses (n=22) 
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solubles in whole corn grain-based finishing 

diets (n=1), modified wet distillers grains plus 

solubles fed high fat (n=1), wet corn gluten 

(n=2), high-lipid by-product pellets (n=1), 

dietary crude protein concentration (n=2), 

metabolizable protein supply (n=1), corn silage 

with various grains (n=1), grain concentrate plus 

barley straw vs. silage based total mixed ration 

(TMR) (n=1), corn processing method (n=2), 

grain  processing methods (n=2), mixed ration 

vs. pelleted (n=1), critical roughage part (n=1), 

various roughage content and roughage timing 

(n=1), steam-flaked corn and dietary roughage 

concentration (n=2), increasing straw intake by 

adding molasses (n=1), levels of concentrate 

with ad lib hay (n=1), effect of the inclusion of 

different levels and sources of dietary roughage 

(n=1), levels of barley concentrate vs. barley 

silage (n=1), sliced vs. baled alfalfa hay (n=1), 

limit fed grain based diet  vs. access to ad  lib 

forage (n=2), maize silage and 4 isofibrous diets 

(n=1),  chop length of barley silage with or 

without an esterase-producing inoculant (n=1), 

alkaline hydrogen peroxide treated wheat straw 

vs. corn silage (n=1),  self-selection of dietary 

ingredients vs. total mixed ration (TMR) (n=2), 

grain mix as corn, barley or both (n=1), barley-

based vs. oat-based diet (n=1), hulless barley vs. 

conventional covered barley (n=1), dietary starch 

and energy concentration (n=1), concentrate 

level (n=1), sunflower seed forage replacement 

Acidosis (n=18) 

Lameness (n=3) 
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and effect of its processing method (n=1), 

backgrounding or a finishing diet (n=1), anti-

phospholipase antibody (aPLA-2) during change 

from forage to grain-based diet (n=1), 

conventional vs. natural pasture raised (n=1) 

 

 

Medications 

Total (n=46)  

[Medication as 

any medication, 

vitamin, mineral, 

or antibodies 

administered 

directly to 

individual 

animals] 

Hormone cocktail (n=2), recombinant bST 

(n=1), parapox ovis based immunomodulation 

(n=1), Tween 80® (n=1), zinc methionine or 

zinc oxide (n=1), selenium yeast (n=1),  

Non-pathogenic E. coli starin Nissle 1917 (n=1), 

probiotics and seaweed extracts (n=1), 

mycobacterium cell wall fraction 

[Immunoboost®] (n=1) 

 

Veal calves 

Exp. (n=5) 

Comm. (n=3) 

Unclear (n=1) 

Respiratory disease (n=3) 

Diarrhea (n=4) 

Mortality (n=3) 

Morbidity (n=6) 

Surrogate measures (n=4) 

Non-specific immunity (n=3) 

Treatments for illness (n=3) 

Treatment cost (n=1) 

 Heifers implanted with zeranol (n=1) Cow-calf  

Exp. (n=1) 

Mortality (n=1) 

Abortion (n=1) 

 GnRH controlled release (n=1) Cows/heifers  

Exp. (n=1) 

Non-specific immunity (n=1) 

 Timing of estrogenic implant relative to weaning 

(n=1), meloxicam at castration (n=1) 

Beef calves 

Exp. (n=3) 

 

Morbidity (n=1) 

Surrogate measures (n=1) 

Non-specific immunity (n=1) 

 Flunixin meglumine (n=1), prolactin (n=1), 

meloxicam (n=2), meloxicam at castration (n=1), 

trace mineral injection (n=2), vitamin and 

mineral drench (n=1), timing of estrogenic 

implant relative to weaning (n=1), trenbolone 

actetate and estradiol (n=1), forage:concentrate 

diet with selenium and Vit E injection (n=1) 

Stockers  

Exp. (n=10) 

Comm. (n=2) 

Respiratory disease (n=1) 

Morbidity (n=3) 

Surrogate measures (n=2) 

Non-specific immunity (n=6) 

Liver abscess (n=1) 

Lameness (n=1) 
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Other disease (n=1) [scrotal 

infection] 

 Nitric oxide releasing solution (n=4), ancillary 

NSAID  treatment (n=8), trace mineral injection 

(n=2), Zinc drench or nasal spray (n=1), 

Vitamins A,D, C and E injection (n=1), Vitamin 

A and C (n=1), delayed implantation of 

steroid/growth implant (n=2), timing of 

estrogenic implant relative to weaning (n=1), 

beta-adrenergic agonists (n=1), trenbolone 

actetate and estradiol (n=1), Zelnate® 

immunostimulant (n=2), mycobacterium cell 

wall fraction [Immunoboost®] (n=1), Convert 

calf gel® mix of direct-fed microbial (DFM) and 

organic acids (n=1) 

Feedlot  

Exp. (n=14) 

Comm. (n=10) 

Unclear (n=3) 

Respiratory disease (n=15) 

Diarrhea (n=1) 

Mortality (n=12) 

Morbidity (n=18) 

Surrogate measures (n=6) 

Non-specific immunity (n=7) 

Abomasum/rumen (n=) 

Treatments for illness (n=12) 

Treatment cost (n=4) 

Pathology (n=3) 

Liver abscesses (n=2) 

Acidosis (n=) 

Lameness (n=1) 

Genes (n=) 

Abortion (n=) 

Other disease (n=1) [scrotal 

infections] 

Colostrum or 

milk replacer 

additive 

Total (n=40) 

Yeast or yeast extract (n=5),  

mannanoligosaccharide (n=4), probiotic (n=4), 

prebiotic (n=2), pre and pro-biotic combination 

product (n=3), clonoptilite adsorbent (Zeolite) 

(n=4), milk-free vs. milk based (n=1), added IgG 

(n=1), commercial lacteal-derived colostrum 

replacer (n=1), commercially available plasma 

derived colostrum replacer (n=2), spray-dried 

animal plasma (n=1), whey protein with or 

without spray-dried animal plasma (n=1), level 

of concentrations of Vit A and Vit. E (n=1), 

Vit.E (n=2), Vit. A (n=2), fatty acid supplement 

Veal calves 

Exp. (n=39) 

Comm. (n=2) 

 

Respiratory disease (n=10) 

Diarrhea (n=29) 

Mortality (n=4) 

Morbidity (n=12) 

Surrogate measures (n=19) 

Non-specific immunity (n=4) 

Abomasum/rumen (n=6) 

Treatments for illness (n=6) 

Treatment cost (n=2) 

Pathology (n=3) 
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(n=2), clenbuterol (n=1), chromium (n=1), 

source of trace minerals (n=1), lactoferrin (n=2), 

excess Selenium supplementation (n=1), plane 

of nutrition (n=1), roughage supplement (n=1), 

essential oils (n=1) 

 

 

Feeding regime 

Total (n=35) 

Milk fed vs. concentrate and early weaned vs. 

late weaned (n=2), high vs. low plane of 

nutrition of milk replacer or concentrate (n=1), 

conventional weaning vs. concentrate dependent 

(n=1), once daily vs. twice daily feeding and 

weaning timing (n=1), milk replacer for various 

periods (n=1), low protein starter diet (n=1), 

various milk replacer allowances (n=1)  

Veal calves 

Exp. (n=9) 

 

Respiratory disease (n=1) 

Diarrhea (n=3) 

Morbidity (n=1) 

Surrogate measures (n=1) 

Non-specific immunity (n=2) 

Abomasum/rumen (n=5) 

Treatments for illness (n=1) 

Acidosis (n=3) 

 Feed amounts at various periods of gestation and 

lactation (n=3), timed nutrient or amount of 

limitation (n=4), energy restriction and calf 

management systems (n=1), proportion dried 

distillers’ grains with solubles and soybean hulls 

(n=1)  

  

Cow-calf  

Exp. (n=7) 

Unclear (n=1) 

Mortality (n=3) 

Surrogate measures (n=4) 

Gene expression that may 

impact immunity (n=1) 10372  

 Negative energy balance (n=1) 

 

Cows/heifers 

Exp. (n=1) 

Non-specific immunity (n=1)  

 Rate of body gain during winter grazing (n=1), 

wet brewers’ grains at different supplementation 

rate and frequency (n=1), nutrient supplement ad 

libitum vs. range delivered 3 times weekly (n=1) 

Stockers  

Exp. (n=3) 

Comm. (n=1) 

Mortality (n=1) 

Morbidity (n=1) 

Surrogate measures (n=1) 

 

 Amount and timing of feed delivered (n=2), 

previous rate of body weight gain during winter 

grazing (n=1), nutrient supplement ad libitum vs. 

Feedlot  

Exp. (n=12) 

Comm. (n=2) 

Mortality (n=2) 

Morbidity (n=2) 

Surrogate measures (n=1) 
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range delivered 3 times weekly (n=1), limit fed 

grain vs. ad libitum (n=2), proportion dried 

distillers grains with solubles and soybean hulls 

(n=1), wet corn gluten feed fed ad libitum vs. 

restricted (n=1), grain adaptation protocol (n=1), 

ad libitum forage vs. limit fed high grain diet 

(n=1), self-selection of feed ingredients (n=1), 

dietary crude protein concentration (n=1), 

amount of roughage fed (n=1) 

Unclear (n=1) Non-specific immunity (n=1) 

Abomasum/rumen (n=1) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

Liver abscesses (n=5) 

Acidosis (n=5) 

Gene expression (n=1)10372 

Weaning  

Total (n=34) 

Reared with or without various level of contact 

with the dam (n=1), feeding regime pre-weaning 

vs. post weaning (n=1), concentrate dependent 

weaning (n=1), early vs. late weaning with milk 

vs. concentrate feeding (n=2), Jersey vs. 

Holstein calves gradually weaned (n=1) 

Veal calves 

Exp. (n=7) 

 

Respiratory disease (n=1) 

Diarrhea (n=1) 

Morbidity (n=2) 

Surrogate measures (n=1) 

Non-specific immunity (n=3) 

Abomasum/rumen (n=3) 

Treatments for illness (n=1) 

Acidosis (n=2) 

Genes (n=1) 

 Early vs. late weaning and pasture rotational 

management of Neotyphodium-infected fescue 

at weaning (n=1), time from maternal separation 

and shipping (n=1), dam age (n=1), 

supplementation with dried distillers’ grains with 

solubles and soy hulls (n=1), 2-stage weaning 

with nose flaps (n=1), weaning age (n=2) 

Cow-calf  

Exp. (n=6) 

Comm. (n=1) 

 

Respiratory disease (n=3) 

Diarrhea (n=1) 

Mortality (n=2) 

Morbidity (n=3) 

Surrogate measures (n=3) 

Treatments for illness (n=2) 

Pathology (n=1) 

Liver (n=1) 

Lameness (n=1) 

Genes (n=1) 

Other disease (n=1) [IBK] 

 Weaned with access to creep feed before 

shipping or weaned at time of shipping (n=1), 

Beef calves  

Exp. (n=15) 

Respiratory disease (n=6) 

Mortality (n=2) 
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optimum time to wean fall calves grazing 

Neotyphodium infected fescue pasture (n=1), 

mingling with animals from multiple sources vs. 

single source (n=1),  

yard weaning with or without feed-bunk training 

(n=1), calves weaning in presence of dam or not 

(n=2) [40263], weaned vs. not weaned (n=2), 

genetic effects on response to weaning (n=2) 

[29258], weaning concurrently or consecutively 

to castration (n=1), weaning at trucking or 30 

days prior and weaning method  (n=1), time 

between weaning and shipping (n=2), length of 

weaning period and timing of vaccination before 

weaning or on arrival (n=1) 

Comm. (n=3) Morbidity (n=9) 

Surrogate measures (n=2) 

Non-specific immunity (n=8) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

Pathology (n=2) 

Liver (n=2) 

Lameness  

Gene (n=1) 

Abortion  

 

 Weaned vs. not weaned (n=1), Regular weaning 

protocol vs. Michigan State University (MSU) 

protocol (n=1), early weaned vs. late weaned 

(n=1), weaning at trucking or 30 days prior and 

weaning method  (n=1), time between weaning 

and shipping (n=1), calves weaning in presence 

of dam or not (n=2), optimum time to wean fall 

calves grazing Neotyphodium infected fescue 

pasture (n=1) [27894], weaned and housed or 

returned to pasture (n=1), weaned with or 

without a trainer cow (n=1), genetic effects on 

response to weaning (n=1) 

Stockers 

Exp. (n=8) 

Comm. (n=3) 

Respiratory disease (n=3) 

Mortality (n=1) 

Morbidity (n=6) 

Surrogate measures (n=3) 

Non-specific immunity (n=5) 

Treatments for illness (n=1) 

Pathology (n=1) 

Liver (n=1) 

Abortion  

 

Breed 

Total (n=32) 

Holstein vs. Jersey calves (n=1)  

 

 

Veal calves 

Exp. (n=1) 

 

Surrogate measures (n=1) 

Non-specific immunity (n=1) 

Gene expression (n=1) 
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 Pure bred vs. Heterosis (n=3), breed type/breed 

cross (n=2), 10 years of yearling weight 

selection (n=1)  

 

 

 

Cow-calf 

Exp. (n=6) 

Mortality (n=5) 

Surrogate measures (n=1) 

 

 BoLA type and sire effects (n=1) Cows-heifers 

Exp. (n=1) 

Surrogate measures (n=1) 

 Sire and dam breed and heterosis (n=2), genetic 

markers for BRSV susceptibility in Charolais-

Holstein crosses (n=1), genetic markers of 

response to BRSV vaccine (n=1), immune 

response heritability and markers (n=1) 

 

 

 

Beef calves 

Exp. (n=5) 

 

Respiratory disease (n=1) 

Surrogate measures (n=2) 

Non-specific immunity (n=2) 

Pathology (n=1) 

Gene expression (n=1) 

 Sire and dam breed and heterosis (n=1), yearling 

weight selection approach to breeding (n=1)  

Stockers 

Exp. (n=2) 

Mortality (n=1) 

Non-specific immunity (n=1) 

 Sire and dam breed and heterosis (n=2), 

vaccination against BRD in Mertolenga, Preta, 

and mixed-breed calves (n=1), beef vs. dairy 

steers (n=1), breed cross effect on myostatin 

allele associated mortality (n=1)  

 

 

Feedlot 

Exp. (n=4) 

Unclear (n=1) 

Respiratory disease (n=1) 

Mortality (n=2) 

Morbidity (n=1) 

Surrogate measures (n=1) 

Non-specific immunity (n=2) 

Pathology (n=1) 

Liver abscesses (n=1) 

Transportation 

Total (n=17) 

Chromium supplement and transportation (n=1), 

transportation and co-mingling (n=1)  

 

Transportation plus another intervention (n=3)  

Stockers 

Exp. (n=2) 

 

Non-specific immunity (n=2) 
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 Space allowance during transportation (n=1), 

transport vs. not transported (n=2), long haul vs. 

short (n=1) 

 

Transportation plus another intervention (n=11) 

Feedlot 

Exp. (n=4) 

 

Respiratory disease (n=1) 

Mortality (n=1) 

Morbidity (n=3) 

Surrogate measures (n=2) 

Non-specific immunity (n=3) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

Housing 

Total (n=16) 

Concentrate feeder design (n=1), single pen vs. 

group pen (n=3), pen density (n=1), hutches vs. 

pens in an open sided barn (n=1) 

 

Housing plus another intervention (n=1)  

Veal calves 

Exp. (n=5) 

Comm. (n=1) 

 

Respiratory disease (n=2) 

Diarrhea (n=3) 

Morbidity (n=2) 

Surrogate measures (n=1) 

Non-specific immunity (n=4) 

Abomasum/rumen (n=1) 

Treatments for illness (n=1) 

Liver (n=1) 

Acidosis (n=1) 

Gene (n=1) 

 Tie stall vs. free stall housing (n=1), abrupt 

weaning and subsequent housing (n=1), 

insulated vs. uninsulated winter housing and 

outdoors with a rain shelter (n=1)    

Cows-heifers 

Exp. (n=2) 

Comm. (n=1) 

Morbidity (n=1) 

Non-specific immunity (n=3) 

Lameness (n=1) 

 Housed or pastured after weaning (n=1)  Stockers 

Exp. (n=1) 

Morbidity (n=1) 

Non-specific immunity (n=1) 

 Manger space and flooring (n=1), bunk 

management [cleaned vs. traditional] (n=1), bare 

floor vs. mats (n=1), slats vs. mats (n=1) 

 

Housing effect on another intervention (n=1) 

(tail docking or not in calves all living on slatted 

floors) 

Feedlot 

Exp. (n=2) 

Comm. (n=2) 

 

Mortality (n=1) 

Morbidity (n=1) 

Non-specific immunity (n=2) 

Lameness (n=2) 

Liver (n=1) 

Acidosis (n=1) 
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Environment 

Total (n=12) 

Housed indoors vs. outdoors during high 

ambient temp. (n=1)  

Veal calves 

Exp. (n=1) 

Morbidity (n=1) 

Surrogate measures (n=1) 

 Shade treatment (n=1), maternal heat stress and 

2 planes of nutrition (n=1)  

 

 

Cow-calf 

Exp. (n=2) 

 

Respiratory disease (n=1) 

Diarrhea (n=1) 

Morbidity (n=1) 

Surrogate measures (n=2) 

 

 Efficacy of needle-free vaccine injection under 

cold and warm conditions (n=1) 

Beef calves 

Comm. (n=1) 

Surrogate measures (n=1) 

 

 Environmental conditions and spatial allowance 

during transportation (n=1)  

Feedlot 

Exp. (n=1) 

Morbidity (n=1) 

Non-specific immunity (n=1) 

Biosecurity 

Total (n=8) 

Regrouping and relocation (n=1)  Veal calves 

Exp. (n=1) 

Morbidity (n=1) 

Abomasum/rumen(n=1) 

 Specific education regarding biosecurity (n=1)  Cow-calf 

Comm. (n=1) 

Surrogate measures (n=1) 

Other disease (n=1) [BVD] 

 Multiple sources vs. single source ranch (n=1) Beef calves 

Exp. (n=1) 

 

 

Respiratory disease (n=1) 

Mortality (n=1) 

Morbidity (n=1) 

Surrogate measures (n=1) 

Non-specific immunity (n=1) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

 Comingling and transportation (n=1),  

regular weaning protocol vs. Michigan State 

University protocol (n=1)  

Stockers 

Exp. (n=1) 

Comm. (n=1) 

Mortality (n=1) 

Morbidity (n=1) 

Non-specific immunity (n=1) 

 Multiple sources vs. single source (n=2), regular 

weaning protocol vs. Michigan State University 

protocol (n=1), cattle source (n=1), comingled or 

not (n=1) 

Feedlot 

Exp. (n=2) 

Comm. (n=4) 

 

Respiratory disease (n=3) 

Mortality (n=4) 

Morbidity (n=3) 

Surrogate measures (n=3) 

Non-specific immunity (n=1) 

Treatments for illness (n=2) 
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Treatment cost (n=2) 

 

Unspecified 

preconditioning 

 

Total (n=3) 

Preconditioning program (n=1), timing of 

vaccination before or after shipment (n=1), 

number of RBD vaccines prior to shipment 

(n=1)  

 

 

Beef calves  

Comm. (n=3) 

Respiratory disease (n=2) 

Mortality (n=3) 

Morbidity (n=2) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

Pathology (n=1) 

 Preconditioning program type (n=2), 

preconditioning nutrition (n=1) 

Sockers 

Exp. (n=2) 

Comm. (n=2) 

Respiratory disease (n=1) 

Mortality (n=3) 

Morbidity (n=3) 

Treatments for illness (n=1) 

Treatment cost (n=1) 

 Preconditioning program type (n=2), 

preconditioning and length of transportation 

(n=1), branding method (n=1), preconditioning 

nutrition (n=1), timing of vaccination before or 

after shipment (n=1), number of RBD vaccines 

prior to shipment (n=1) 

 

 

Feedlot 

Exp. (n=4) 

Comm. (n=4) 

Respiratory disease (n=4) 

Mortality (n=5) 

Morbidity (n=7) 

Surrogate measures (n=2) 

Non-specific immunity (n=2) 

Treatments for illness (n=3) 

Treatment cost (n=4) 

Pathology (n=1) 

 
a Outcomes of interest included: surrogate measures of disease and susceptibility, indices of nonspecific immunity, non-specific 

morbidity, mortality, respiratory disease, diarrhea, treatments for illness, other disease (e.g., non-diarrheal, non-respiratory infections), 

pathology (e.g., post mortem findings), rumen or abomasum development, acidosis, liver abscesses, lameness or foot lesions  total 

farm-level antibiotic use, injection site lesions, gene expression of immunity, abortion and treatment cost. 
b Exp. (i.e., populations living under experimental research farm settings) 
c Comm. (i.e., populations living under commercial farm settings) 
d Morbidity (i.e., non-specific illness or pyrexia) 
e Surrogate measures of disease and disease susceptibility (i.e., pathogen detection or indices of specific immunity such as serology 

and cell mediated immunity) 
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f Indices of non-specific immunity (i.e., immunoglobulins to non-infectious agents and immune biomarkers such as acute-phase 

proteins and tumor necrosis factor)  
g Abomasum/rumen (i.e., abomasum or rumen development) 
h Treatments for illness (i.e., sequential treatments administered to sick animals) 
i Pathology (i.e., post-mortem findings excluding liver abscesses) 
j Other disease (i.e., non-diarrhea, non-respiratory infectious clinical disease)  
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Appendix 2.4. Studies of non-antibiotic interventions in beef and veal animals that included an antibiotic comparison group (n=21). 

Study type Intervention Population  Outcomes of interesta 

Challenge trial 

Total (n=2) 

Fatty acid supplement non-antibiotic feed 

and milk replacer additive vs. milk replacer 

with neomycin sulfate and oxytetracycline 

antibiotic (n=1) 

Veal calves 

Exp.b (n=1) 

Morbidityc (n=1) 

Diarrhea (n=1) 

Surrogate measuresd (n=1) 

Non-specific immunitye 

(n=1) 

 Acrobose non-antibiotic feed additive vs. 

monensin (n=1) 

Feedlot 

Exp. (n=1) 

Acidosis (n=1) 

Clinical trial 

Total (n=18) 

Prebiotic and probiotic milk replacer 

additive vs. neomycin and oxytetracycline) 

(n=1), prebiotic and milk replacer additive 

vs. neomycin and oxytetracycline) (n=1) 

Veal calves 

Exp. (n=2) 

 

Respiratory disease (n=1) 

Diarrhea (n=2) 

Morbidity (n=1) 

Treatments for illnessf 

(n=1) 

 Mineral supplement plus nothing, 

monensin or chlorotetracyline (n=1) 

Cow-calf 

Comm.g(n=1) 

Respiratory disease (n=1) 

Morbidity (n=1) 

Other diseaseh (n=1) 

[infectious bovine keratitis] 

 Non-antibiotic feed additive [nutraceutical 

Actigen®] vs. chlortetracycline or 

Rumensin® (n=1), supplementation of 

anti-phospholipase A(2) vs. monensin and 

tylocin (n=1), rumen modifier vs. 

chlortetracycline (n=1) 

Stockers  

Exp. (n=3) 

Non-specific immunity 

(n=3) 

 

 Commercial DNA immune stimulant non-

antibiotic medication [Zelnate®] vs. 

timlicocin medication (n=1) or 

tulathromycin (n=1), chromium non-

antibiotic feed additive vs. long acting 

oxytetracycline medication (n=1), non-

Feedlot  

Exp. (n=8) 

Comm. (n=5) 

Unclear (n=1) 

Respiratory disease (n=4) 

Mortality (n=7) 

Morbidity (n=7) 

Surrogate measures (n=2) 

Non-specific immunity 

(n=2) 
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antibiotic feed additive anti-phospholipase 

A2 vs. monensin and tylocin (n=1), rumen 

modifier vs. chlortetracycline or monensin 

(n=1), Nitric oxide solution vs. tilmicocin 

(n=2), commercial plant extract 

[Rumnex®] feed additive vs. rumensin 

(n=1),  sunflower seeds feed supplement 

vs. tylocin (n=1), commercial essential oil 

mixture non-antibiotic feed additive 

[NEXT ENHANCE®] vs. 

monensin/tylocin (n=1), avian derived 

polyclonal antibodies vs. monensin/tylocin 

(n=1), multivalent polyclonal antibodies 

vs. monensin (n=1), non-antibiotic feed 

additive zilpaterol hydrochloride with or 

without monensin and tylocin (n=1), non-

antibiotic rumen modifier vs. 

chlortetracycline or monensin (n=1), 

Fusobacterium necrophorum leukotoxin 

and Acranobacterium pyogenes polysin 

vaccine vs. tylocin (n=1) 

Treatments for illness(n=4) 

Liver abscess (n=5)  

Acidosis (n=2) 

Pathology (n=1) 

 

Observational  

Total (n=1) 

Non-antibiotic alternative treatment 

including homeopathy vs. conventional and 

intensive beef production systems (n=1)  

Cow-calf, 

stockers, 

feedlot 

Comm. (n=1) 

Respiratory disease (n=1) 

Mortality (n=1) 

Morbidity (n=1) 

Diarrhea (n=1) 

Treatments for illness 

(n=1) 

Liver abscess (n=1)  

Lameness (n=1) 

Pathology (n=1) 

Abortion (n=1) 



 

 

244 

 

 

a Outcomes of interest included: surrogate measures of disease and susceptibility, indices of nonspecific immunity, non-specific 

morbidity, mortality, respiratory disease, diarrhea, treatments for illness, other disease (e.g., non-diarrheal, non-respiratory infectious 

disease), pathology (e.g., post mortem findings), rumen or abomasum development, acidosis, liver abscesses, lameness or foot lesions  

total farm-level antibiotic use, injection site lesions, gene expression of immunity, abortion and treatment cost. 
b Exp. (i.e., populations living under experimental research settings) 
c Morbidity (i.e., non-specific illness or pyrexia) 
d Surrogate measures of disease and disease susceptibility (i.e., pathogen detection or indices of specific immunity such as serology 

and cell mediated immunity) 
e Indices of non-specific immunity (i.e., immunoglobulins to non-infectious agents and immune biomarkers such as acute-phase 

proteins and tumor necrosis factor)  
f Treatments for illness (i.e., sequential treatments administered to sick animals)     
g Comm. (i.e., populations living under commercial settings) 
h Other disease (i.e, non-diarrhea, non-respiratory infectious clinical disease)  
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Appendix 2.5. Details of studies describing specific non-antibiotic interventions, specific populations and clinically important 

outcomesa in beef and veal animals from among the clinical trials (n=439) from January 1990 to October 2016 that may feasibly 

support systematic reviews. 

 

Intervention  

Intervention specifics Population Clinically important health 

outcomes 

Vaccinations 

[bovine 

respiratory 

disease 

(BRD)] 

(n=24) 

Vaccine types (n=12): 

Inactivated vaccine vs. modified live vaccine 

for specific pathogens (n=1),  

univalent vs. multivalent vaccines (n=1),  

various experimental and/or commercial 

multivalent vaccines containing various 

combinations of antigens with or without 

specific bacterial toxoids (n=10) 

 

Novel vaccine routes and novel combinations 

of viral-bacterial respiratory vaccines (n=1), 

 

Vaccination site on animal (n=1): 

Clostridial vaccination at base of ear of neck 

(n=1) 

 

Vaccination-revaccination and vaccination 

schedules (n=10): 

BRD  vaccination at  weaning, followed  by  

a  revaccination [0, 1, 2, or 3 vaccinations] 

(n=1), BRD-vaccination treatment of 0, 1, 2, 

or 3 vaccinations (n=1), vaccination once or 

twice [modified-live virus vaccine containing 

BHV1, PI3V, BVDV1a, BVDV2a,  and  

BRSV] (n=1), Pasteurella haemolytica and 

Feedlot cattle 

Exp.b (n=15) 

Comm.c (n=8) 

Unclear (n=1) 

Respiratory disease (n=16) 

Morbidityd (n=22) 

Mortality (n=15) 

Treatments for illnesse 

(n=10) 
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Haemophilus somnus vaccine given once or 

twice by IM or SQ route (n=1), vaccine 

timing [modified-live respiratory viral 

vaccine (bovine herpes virus-1, bovine viral 

diarrhea virus, bovine parainfluenza-3, 

bovine respiratory syncytial virus] given on d 

0 or on d 14 of a receiving period (n=1), two 

vaccination timing treatments for multivalent 

modified live virus (MLV) BRD vaccine 

(n=1), modified-live infectious bovine 

rhinotracheitis virus (IBRV), bovine viral 

diarrhea virus types 1 (BVDV1) and 2 

(BVDV2), parainfluenza type 3 virus and 

bovine respiratory syncytial virus vaccine 

and Mannheimia haemolytica and Pasteurella 

multocida bacterin-toxoid at 67, 167 days or 

190 days of age (n=1), commercial bovine 

respiratory syncytial virus (BRSV) vaccine 

[given at various stages of production/ages 

(n=1), Pasteurella haemolytica bacterial 

extract before or after shipping (n=1), 

ancillary treatment revaccination with 

intranasal vaccination  IBR,PI3,BRSV at 

time of treatment for BRD (n=1) 

Feed additive  

[probiotics] 

(n=5) 

Yeast culture live (n=2), yeast [live or cell 

wall extract] (n=1), DFM product [Bovamine 

Defend®] (n=1), commercial feed additives 

containing probiotics and/or feed enzymes] 

(n=1) 

Feedlot cattle 

Exp. (n=5) 

Comm. (n=0) 

Respiratory disease (n=3) 

Morbidity (n=5) 

Mortality (n=4) 

Treatments for illness (n=3) 

Feed additive 

supplement 

Vit. E levels [285, 570, 1,140 IU] (n=1), Vit 

E 550 IU or cysteine-rich feather meal (n=1), 

Feedlot cattle 

Exp. (n=4) 

Respiratory disease (n=1) 

Morbidity (n=4) 
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[Daily  

Vitamin E] 

(n=5) 

Vit E 2,000 IU (n=1), Vitamin E with either 

flaxseed oil or safflower oil or alone (n=1), 

Vit E [2,000 IU] supplement for various 

lengths of time (n=1) 

Comm. (n=2) Mortality (n=2) 

Treatments for illness (n=3) 

Feed additive  

[Chromium 

(Cr) 

supplement] 

(n=6) 

Various organically complexed Cr (n=1), 

chelated Cr (n=1), 0.14 ppm chelated Cr 

(n=1), unspecified chromium (n=1), 

inorganic or organic chromium (n=1), 

inorganic Cr with or without niacin vs. 

organic chromium (n=1) 

Feedlot cattle 

Exp. (n=6) 

Comm. (n=0) 

Respiratory disease (n=1) 

Morbidity (n=6) 

Mortality (n=1) 

Treatments for illness (n=1) 

Medications 

NSAIDf    

(n=5) 

 

Flunixin meglumine (n=2), meloxicam at 

castration (n=2), flunixin, ketoprofen and 

carprofen as treatments for respiratory 

disease (n=1), meloxicam (n=1) 

Feedlot cattle 

Exp. (n=3) 

Comm. (n=1) 

Unclear (n=1) 

Respiratory disease (n=4) 

Morbidity (n=5) 

Mortality (n=2) 

Treatments for illness (n=2) 

Feed type 

[roughage 

and grains] 

(n=41) 

Forage format 

Roughage type, processing methods and 

roughage levels (n=14) 

Feed presentation form (concentrate and 

straw offered separately or mixed in form of 

briquettes (n=1), sliced alfalfa hay vs. 

traditionally baled alfalfa (n=1), chop length 

and inoculation of barley silage [ensiled 

without or with an esterase-producing 

bacterial inoculant] (n=1), bulk densities of 

steam-flaked corn and dietary roughage 

concentration (n=1), effects of wet distillers 

grains with solubles and dietary 

concentration of alfalfa hay (n=1), critical 

roughage part (n=1), level of roughage 2% 

vs. 10% from day 22–84 with 10% fed to 

finish at day 133 (n=1), 

Feedlot cattle 

Exp. (n=36) 

Comm. (n=5) 

Unclear (n=1) 

 

Liver abscesses (n=26) 

Acidosis (n=21) 
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maize silage as sole forage, four isofibrous 

diets were formulated with stepped 

substitution of wheat straw with maize silage 

(n=1), sunflower seeds [suitability as 

replacement for  forage; the  effect of  

processing before feeding] (n=1), barley 

(Hordeum vulgare L.) grain-based 

concentrate plus barley straw (CONC) and 

maize (Zea mays L.) silage-based total 

mixed ration (n=1), alkaline hydrogen 

peroxide-treated wheat vs corn silage, 

different supplemental CP sources and levels 

(n=1), increasing straw intake by adding 

molasses (n=1), different levels and sources 

of dietary roughage (n=1), conventional vs 

natural beef production systems (n=1) 

 

Forage protocols (n=3) 

Ad lib forage-based diet vs. limit fed high 

grain diet (n=1), limit fed grain vs ad lib 

forage (n=1) 

 

Grain feeding protocols (n=3) 

Assess if self-selection of dietary ingredients 

modulates ruminal pH and improves rumen 

function of feedlot finishing cattle. (n=1), 

relative energy value of wet corn gluten feed 

vs corn when diets were ad lib or at restricted 

feed intake (n=1), grain adaptation protocol 

(n=1) 
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Grain processing methods (n=9) 

Grain processing methods  (grinding vs. 

pelleting) (n=1), effect of grinding or dry-

rolling cereals in a concentrate based on 

maize  or barley (n=1), steam-flaked grain 

sorghum in combination with steam-flaked, 

dry-rolled), or high-moisture corn (n=1), 

steam-rolled or ground corn supplemented 

with laidlomycin and chlortetracycline or 

monensin and tylosin (n=1), corn silage in 

combination with barley grain, corn or wheat 

distillers' grain or wheat middlings (n=1), 

inclusion or absence of wet distillers grains 

with solubles [steam-flaked form with or 

without corn] (n=1), dried distiller's grains vs  

dried   distillers    grains  with  solubles  and  

corn   silage (n=1), corn processing method 

used (n=1), increasing level of dry or 

modified wet corn distillers grains plus 

solubles in whole corn grain-based finishing 

diets (n=1) 

 

Grain type (n=6) 

Hulless vs conventional covered barley 

(n=1), wet corn gluten feed that replaced 

portions of steam-flaked corn (SFC), 

molasses, urea and soybean meal (n=1), 

barley-based diets containing wheat dried 

distillers grains with solubles (n=1), effects 

of sulfur concentration in dried distillers 

grains with solubles (n=1), diet grain mix 
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(n=1), fed high fat, modified wet corn 

distiller's grains plus solubles (n=1) 

 

Replacing barley grain (n=6) 

Replacing barley and canola meal with high-

lipid by-product pellets (n=1), corn or wheat 

dried distillers' grains with solubles to 

replace barley (n=1), varied in proportion of 

wheat dried distillers grains with solubles 

replacing barley grain or barley silage (n=1), 

substituting soft or hard wheat for barley 

grain (n=1), typical feedlot diets vs. oat 

treatment diet (n=1), triticale dried distillers 

grains with solubles as a replacement for 

barley silage in addition to a portion of the 

dry-rolled barley (n=1) 

Milk replacer 

additive 

[probiotics] 

(n=14) 

Probiotics including yeasts (n=6) 

Probiotics containing different probiotic 

species of human origin, or a calf-specific 

probiotic (n=1), mixed microbial concentrate 

containing Lactobacillus acidophilus, 

Lactobacillus lactis and Bacillus subtilis 

(n=1), probiotic (n=1), 0.5 g of live yeast 

added to the milk and 0.5 g of live yeast 

added to the grain and to the milk (n=1), 

fermentation extract of Aspergillus oryzae 

(n=1), Saccharomyces cerevisiae (n=1),  

 

Prebioitcs (n=4) 

Mannanoligosaccharides [Bio-Mos®] (n=2), 

Veal calves 

Exp. (n=14) 

Comm. (n=0) 

 

Diarrhea (n=14) 

Mortality (n=2) 

Morbidity (n=5) 
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prebiotic supplement (n=1), spray-dried 

animal plasma in milk replacer without or 

with the addition of additives containing 

fructooligosaccharides and spray-dried 

serum (n=1), 

 

Combination probiotic and/or prebiotic 

(n=4)  

Enteroguard® [blend of 

fructooligosaccharides, allicin and gut-active 

microbes] (n=1), mannanoligosaccharide, 

Streptococcus faecium, or a combination of 

both (n=1), live yeast product vs.  

mannanoligosaccharide (n=1), combined 

prebiotics and probiotics product 

(Enterococcus faecium M74 with a non-

digestible oligosaccharide) (n=1) 

 
a Clinically important health outcomes (i.e., mortality, non-specific morbidity, respiratory disease, treatments for illness, liver 

abscesses and acidosis) 
b Exp. (i.e., populations living under experimental research settings) 
c Comm. (i.e., populations living under commercial settings) 
d Morbidity (i.e., non-specific illness or pyrexia) 
e Treatments for illness (i.e., sequential treatments administered to sick animals)     
f NSAID (nonsteroidal anti-inflammatory medication) 
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Appendix 3.1. Relevance Screening forms from Level 1–4, swine scoping review. 

 

Level 1 Relevance Screening. 

1.   
Hypothesis testing study involving live pigs: clinical trial, challenge trial, or analytical 

observational study? [choose one] 

Yes 

Unclear 

No [and SUBMIT] 

2.   Does this study report an outcome measured in nursery stage pigs? [choose one] 

Yes 

Unclear 

No [and SUBMIT] 

3.   Does this study report an intervention or management practice of interest? [choose one] 

Yes 

Unclear 

No [and SUBMIT] 

4.   Does the study measure a health or performance outcome of interest? [choose one] 

Yes 

Unclear 

No [and SUMBIT] 

5.   Was this study conducted in a country/region of interest? [choose one] 

Yes or Unclear 

ignore this button 

No [and SUBMIT] 

 

Level 2 Relevance screening by country of interest 

1.   

Does the first author address correspond to a country of interest? 

[Canada, USA, Western EU [include Poland, Hungary, and Czech Republic] Britain, 

Australia/NZ] 

Yes 

Unclear 
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No 

 

Level 3 Relevance screening by study design and type of pig population 

1.   

What type of study is this? 

  

Challenge trial [list agent or pathogen] [i.e., enterotoxigenic E. coli, 

ovalbumin, etc.] EXCLUDED 
 

Clinical trial_ INCLUDED  

Both challenge AND clinical trial [list challenge agent] INCLUDED  

Observational study INCLUDED  

Unclear INCLUDED  

2.   What type of pigs? 

Conventional INCLUDED 
 

SPF [specific pathogen free] INCLUDED 
 

Gnotobiotic / cesarean born / germ free EXCLUDED 
 

Cannualted / metabolic chamber EXCLUDED 
 

Transgenic EXCLUDED 
 

Conventional or SPF + other [please list] INCLUDED  
 

  Level 4 Relevance screening by intervention and outcome of interest 

 

Top of Form 

 

1.   

Does the study report on interventions of NO interest? [EXCLUDE] 

1. Interventions to mitigate feed mycotoxins (Fusarium toxins, Aflatoxin, CON, ZON, etc.] 

2. Interventions to mitigate soy allergens 

No, some other NON-ANTIBIOTIC 

intervention [INCLUDE] 
 

Yes intervention to mitigate feed 

mycotoxins [EXCLUDE] 
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Yes intervention to mitigate effects 

of soy allergen [EXCLUDE] 
 

2.   Does this study evaluate an intervention to prevent or treat a disease of NO interest? 

No, some other disease or performance outcome [INCLUDE] 
 

Yes, Classic Swine Fever (CSF) [EXCLUDE] 
 

Yes, pseudorabies aka Aujesky's disease [EXCLUDE] 
 

Yes, Foot and mouth disease (FMD) [EXCLUDE] 
 

Yes, Hepatitis E [EXCLUDE] 
 

Yes, methicillin resistant Staph. aureus (MRSA) [EXCLUDE] 
 

3.   Does this citation report ONLY a performance outcome? 

No, THERE IS a CLINICALLY IMPORTANT health outcome reported [diarrhea, scours,f 

ecal consistency or fecal score, morbidity, mortality, clinically important infections, shedding 

clinically important pathogens [Salmonella, Campylobacter, Enterotoxogenic E.coli or any E.coli 

linked to diarrhea, immunity for vaccines/bacterins] [INCLUDE] 

Yes, ONLY performance outcomes reported, or other health outcome EXCLUDE 

 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 3.2. Level 5: Data Charting form. Swine ScR    

  

1.   
Does this reference/citation meet level 1-4 inclusion criteria? 
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i.e., intervention of interest, in country of interest, health outcome of interest measured in 

nursery stage piglets. 

Yes 
 

No, not relevant [SUBMIT] [see previous 

exclusions] 

 

No, not the right country/region [SUBMIT] 
 

No, outcome is performance or 'other health' 

outcome ONLY [SUBMIT] 

 

2.   What is the reference/citation type? 

Full text article 
 

Full text proceeding [e.g., short research paper cited in association with a conference or 

meeting), research report, or product report 

 

Full text thesis 
 

Abstract only [SUBMIT] 
 

Clear Response 

3.   

How many RELEVANT studies are included in this reference? 

[relevant based on Level 1-4 criteria] 

Add a comment if needed for clarification. 

1  
 

2  
 

3  
 

4  
 

5  
 

6  
 

   

4.   
To which RELEVANT study does this form apply? 

Use the order as they appear in the M&M. 

# 1  
 

# 2  
 

# 3  
 

https://v2dis-prod.evidencepartners.com/Submit/ScreenArticles.php?formid=5&levelid=5&refid=74507&set_id=21530
https://v2dis-prod.evidencepartners.com/Submit/ScreenArticles.php?formid=5&levelid=5&refid=74507&set_id=21530
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# 4  
 

# 5  
 

# 6  
 

  

5.   In what country/region did this study take place? 

Canada [list province code]  

USA [list state code]  

EU [list country]  

Australia/New Zealand 

Unknown 

6.   

What type of study design was used? 

[choose all that apply] 

Clinical trial 
 

Observational study 
 

7.   Year of publication? 

 

8.   

What was the sample size at the level of which the outcome was analyzed? 

[choose all that apply] 

# Individuals  
 

# 

Pens/groups/litters 
 

 

# Herds or farms  
 

9.   

Was the population an experimental or commercial population? 

[choose all that apply] 

Experimental [living on a university or pharmaceutical company farm] 
 

Commercial [explicitly stated as commercial conditions] 
 

Unclear 
 

10.   

What was the purpose of the intervention? 

[choose all that apply] 
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Prevent disease [e.g., improve immunity or gut function, reduce stress or 

exposure, etc.] 

 

Treat disease [e.g., given after exposure to mitigate clinical disease] [List 

disease] 
 

Improve performance  

11.   

At what stage(s) was the intervention administered? 

[choose all that apply] 

Nursery 
 

Suckling 
 

Sow/gilt 
 

12.   

What intervention/management practice or risk factors were studied? 

[choose all that apply] 

Vaccination to piglet [please list]  

Maternal vaccination [please list]  

Feed or water additive (non-antibiotic) [e.g., amino acids, probiotics, feed 

enzymes, plant extracts, zinc or copper, etc.] [please list] 
 

Medication (non-antibiotic medication administered directly to the pig by 

injection or orally, etc.] [please list] 
 

Feeding regime [e.g., creep feed, feed restriction, protein restriction, etc.] 

[please list] 
 

Diet type or format [e.g., distillers’ grains, pelleted or liquid feed, complexity, 

etc.] [please list] 
 

Weaning method [age at weaning, mixing litters, intermittent suckling, etc.] 

[please list] 
 

Biosecurity or bio-containment [exposures from other farm, comingling from 

off farm, comingling within farm, introductions, disease eradication, pig flow, all-

in-all-out, etc.] [please list] 
 

Housing, flooring, feeders [please list]  

Air quality [please list]  

Producer education [please list]  

Other or clarification [please list]  



 

 

258 

 

 

13.   

What comparison group(s) was used? 

[choose all that apply] 

no treatment 
 

placebo or sham treatment  
 

different treatment or different level of treatment or exposure level [please 

list] 
 

 

antibiotic [please list]  
 

zinc oxide [please list]  
 

14.   

What health outcome was measured? 

[choose all that apply] 

Mortality 
 

Diarrhea/fecal score or consistency/scours/dysentery 
 

Respiratory disease 
 

Fecal shedding of a pathogen [please list pathogen]  

Immunity to a vaccine or bacterin [e.g., virology, serology, cell mediated 

immunity, viremia, other] [please list] 
 

Immunity related to a non-vaccine intervention  

Morbidity [unspecified or a non-diarrhea or non-respiratory condition [please 

list] 
 

Antibiotic usage or # treatments  

Pathology [lesions]  

Other [please list]  

None [no health outcome measured]  

15.   

What production, or other type of health, outcome was measured? 

[choose all that apply] 

None [no performance or 'other health' OC measured] 
 

Performance [feed intake, ADFI] 
 

Performance [growth, ADG, body wt.] 
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Performance [efficiency, G:F ratio] 
 

Farm economics, treatment costs [please list]  
 

Diet digestibility   

GI microflora   

GI morphology   

16.   Comments if needed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 3.3. Description of pathogen and immune agents used in challenge trials (n=536) for 

the swine scoping review. 

Challenge agents Number of 

challenge trialsa 

Pathogens 

Enterotoxigenic Escherichia coli (ETEC): 

K88 (n=43), O149 (n=13), unspecified (n=72) 

128 

Porcine reproductive and respiratory syndrome virus (PRRSV) 78 

Porcine circovirus type 2 (PCV2) 58 

swine influenza A virus (IAV) previously known as SIV 52 

Salmonella spp.: 

Salmonella typhimurium (n=35), Salmonella choleraesuis (n=7), 

unspecified (n=2) 

44 

Mycoplasma hyopneumoniae 39 

Lawsonia intracellularis 23 

Haemophilus parasuis (now known as Glaesserella parasuis (GPS)) 14 
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Streptococcus suis (S. suis) 10 

Actinobacillus pleuropneumoniae (APP) 6 

Porcine epidemic diarrhea virus (PEDV) (coronavirus) 5 

Bordetella bronchiseptica 3 

Brachyspira hyodysenteriae 2 

Immune agents 

Lipopolysaccharide (LPS), E. coli endotoxin 23 

Ovalbumin 6 

Keyhole limpet haemocyanin (KLH) 4 

Tetanus toxoid 3 
a Some studies described more than one challenge agent 

 

 
 

 

 

 
 
 
 
 
 
 
 
Appendix 3.4. Interventions described in clinical trials (n=414) for the swine scoping review. 

Categories of interventions presented in order of decreasing frequency. Some studies included 

multiple interventions. 

Intervention by 

categories 

(n=495) 

Intervention details (some studies described more than one 

type of intervention within a category) 

Farm setting 

Feed additive 

(n=179) 

Amino acids (n=14), acidification (n=7). Organic acids 

(n=10), algae/seaweed /seaweed extracts [laminarin and 

fucoidan] (n=7), clinoptilolite (n=4), colostrum (n=2), 

copper (n=5), enzymes (n=2), fermentable protein (n=1), 

fiber (n=10), flavor (n=1), nucleotide (n=1), medium chain 

triglycerides (MCT) (n=1), phytobiotics (n=10), prebiotics 

(n=17), probiotic (n=8), synbiotics (n=2), egg yolk 

antibodies (n=2), spray-dried plasma (n=3), sweetener 

(n=1), yeast (n=5), zinc product (Zna) (n=15) 
 

Experimental 

(n=124) 
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 Acidification (n=4), amino acids (n=3), egg yolk antibodies 

(n=8), electrolytes (n=1), enzymes (n=2), fatty acids (n=1), 

fish oil (n=1), iodine (n=1), organic acids (n=3), 

phytobiotics (n=6), prebiotics (n=1), probiotics (n=8), 

spray dried plasma (n=3), Vit. E (n=2), Zn product (n=4), 

Cu (n=1) 

 

Commercial 

(n=48) 

 Prebiotic (n=1), probiotic (n=1), acidification, organic 

acids (n=1), nucleotide (n=1), fatty acids [MCFA] (n=2), 

Copper (n=1) 

 

Unclear 

(n=7) 

Vaccination of 

piglets (n=160) 

 

Reproductive and Respiratory Syndrome Virus (PRRSV) 

(n=9), Porcine rhusiopathiae type 2 (PCV2) (n=3), 

Actinobacillus  pleuropneumoniae (APP) (n=2), adenovirus 

serotype 5 (n=1), Clostridium  difficile (n=2), 

Enterotoxigenic Escherichia coli (ETEC) (n=7), 

Erysipelothrix rhusiopathiae) (n=1), Glaesserella parasuis 

(GPS) (previously known as Haemophilus parasuis (Hps)) 

(n=2), Lawsonia  intracellularis (n=3), Mycoplasma 

hyopneumoniae  (M. hyo) (n=2), Porcine epidemic diarrhea 

virus (PEDC) [coronavirus] (n=1), Salmonella 

typhimurium (n=1), swine influenza A virus (IAV) 

(previously known as swine influenza virus (SIV) (n=8), 

Streptococcus suis (n=1) 

 

Experimental 

(n=42) 

 PCV2 (n=37), M. hyo (n=33), PRRSV (n=14), ETEC 

(n=6), Lawsonia intracellularis (n=5), Histophilus somni 

(n=1), APP (n=1), Salmonella typhimurium (n=2), 

Salmonella choleraesuis (n=1), Erysipelothrix 

rhusiopathiae (E. rhusiopathiae) (n=1), GPS (n=9), 

Clostridium spp. (n=1), unspecified (n=4) 

 

Commercial 

(n=104) 

 

 PCV2 (n=6), IAV (n=4), APP (n=2), Clostridium 

perfringens (n=1), Lawsonia intracellularis (n=1) 

Unclear 

(n=14) 

 

Feed type (n=39) Fermented soybean meal (n=5), pelleted vs. mash (n=2), 

oat hulls vs. main cereal (n=2), high quality vs. low quality 

(n=2), non-fermented soybean products, soybean meal or 

concentrate (n=8), diet complexity (n=1), dry feed vs. wet 

feed (n=1), Australian sweet lupins (n=1), cooked white 

rice (n=1), barley, wheat, corn, mixture (n=1), diet type 

with or without enzyme supplementation (n=1), heat 

processed maize vs. animal origin ingredients (n=1), 

Experimental 

(n=27) 
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starfish meal (SM) vs. fish meal (FM) vs. extruded soybean 

meal (ESBM) (n=1)   

 

 Diet complexity (n=4), rice vs. corn or other grains (n=3), 

pelleted vs. meal (n=1), dry vs. gruel creep feed (n=1), heat 

treated wheat (n=1), unspecified (n=1) 

 

Commercial 

(n=11) 

 home mixed vs. pelleted diet (n=1) Unclear 

(n=1) 

 

Vaccination of 

dams (n=29) 

IAV (n=2), GPS (n=1), E. rhusiopathiae (n=1), ETEC 

(n=1) 

Experimental 

(n=5) 

 

 PCV2 (n=10), M. hyo (n=4), GPS (n=4), S. suis (n=1), IAV 

(n=1), S. typhimurium (n=1), unspecified (n=1) 

Commercial 

(n=21) 

 

 Bordetella bronchiseptica - Pasteurella multocida (n=1), 

IAV (n=1), PVC2 (n=1) 

Unclear 

(n=3) 

 

Feed regime 

(n=23) 

Protein level (n=8), feed restriction (n=3), creep feeding 

(n=2), fiber level (n=1), duration of feeding high quality vs. 

low quality (n=1) 

Experimental 

(n=15) 

 

 Protein level (n=1), feed restriction (n=2), fiber level (n=1), 

creep feed (n=1) 

Commercial 

(n=5) 

 

 Creep feed (n=1), Zn deficiency (n=1), supplemental milk 

to suckling piglets (n=1) 

Unclear 

(n=3) 

 

Medication 

(n=17) 

Hormone -glucagon-like peptide 2 (GLP-2) (n=4), garlic-

derived diallyl disulfide (DADS) and diallyl trisulfide 

(DATS) (n=2), Beta-Glucan extract (n=1), chlorate-nitrate-

lactate (chlorate) orally (n=1), Bacillus pumilus WIT  572 

from seaweed (n=1), Loperimide (n=1), 

phytohemagglutinin (PHA) (n=1) 

 

Experimental 

(n=11) 

 Antiserum (n=3), acetaminophen (n=1), hormone -

glucagon-like peptide 2 (GLP-2) (n=1), polyoxyethylene 

and polyoxypropylene nonionic block copolymers (POE-

POP) (n=1) 

Commercial 

(n=6) 

  Unclear 

(n=0) 

 

Biosecurity 

(n=14) 

Mixing litters (n=1), infection control [cleaning] (n=9) Experimental 

(n=10) 
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 Mixing litters (n=3), internal and external biosecurity (n=1) Commercial 

(n=4) 

  Unclear 

(n=0) 

 

Weaning (n=14) Weaning age (n=4), mixing at weaning (n=1), moving at 

weaning (n=1), abrupt vs. gradual (n=1), pen enrichment 

pre and post weaning (n=1) 

Experimental 

(n=8) 

 

 Weaning age (n=5), gilt and sow litters weaned and kept 

separately (n=1) 

Commercial 

(n=6) 

 

  Unclear 

(n=0) 

 

Housing (n=13) Multi-litter housing system vs. conventional single-litter 

housing pre and post weaning (n=1), separate zones or 

open mixed zones (n=1), pen enrichment (n=2), indoors vs. 

outdoors (n=1), flooring (n=1), feeder space allowance 

(n=1) 

 

Experimental 

(n=7) 

 Pig density (n=3), pen size at same pig density (n=1), 

nursery pens with open or solid partitions (n=1), 

unspecified (n=1) 

Commercial 

(n=6) 

 

  Unclear 

(n=0) 

 

Producer 

education (n=4) 

 Experimental 

(n=0) 

 

 Individual pig care approach (IPC) (n=4) Commercial 

(n=4) 

 

  Unclear 

(n=0) 

 

Air quality (n=3) Airborne dust and ammonia (n=1) Experimental 

(n=1) 

 

 Climactic conditions (n=1), electrostatic particle ionization 

system (n=1) 

Commercial 

(n=2) 

 

  Unclear 

(n=0) 
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a Zn products were charted as an intervention when stated as an intervention of interest of the 

study and as a comparison treatment when compared to a different intervention of interest. 

 

 

 

 


